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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,%20Se
wer%20and%20Water/Water%20Services/CSA11%2010%2019%202011%20Public%20Meet%20
Pres.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,%20
Sewer%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%20Assessm
ent%20Report%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_fin
al_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. 

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

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. 

http://www.sscrcd.org/publications.php#pwep
http://sfwater.org/Modules/ShowDocument.aspx?documentid=3104
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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 

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 

http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.shtml
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
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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. 

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.  
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STREAM INVENTORY REPORT 
 

Unnamed Tributary #1 of Lagunitas Creek 
 
 
INTRODUCTION  
 
A stream inventory was conducted during 11/10/2011 to 11/16/2011 on Unnamed Tributary #1 
of Lagunitas Creek.  The survey began at the confluence with Lagunitas Creek and extended 
upstream 0.6 miles.  Stream inventories and reports were also completed for two adjacent 
unnamed tributaries of Lagunitas Creek  
 
The Unnamed Tributary #1 of Lagunitas Creek inventory was conducted in two parts:  habitat 
inventory and biological inventory.  The objective of the habitat inventory was to document the 
habitat available to anadromous salmonids in Unnamed Tributary #1 of Lagunitas Creek.  The 
objective of the biological inventory was to document the presence and distribution of juvenile 
salmonid species, 
and to document the habitat available to anadromous salmonids in Unnamed Tributary #1 of 
Lagunitas Creek.  
 
The objective of this report is to document the current habitat conditions and recommend options 
for the potential enhancement of habitat for Chinook salmon, coho salmon, and steelhead trout.  
Recommendations for habitat improvement activities are based upon target habitat values 
suitable for salmonids in California's north coast streams. 
 
WATERSHED OVERVIEW 
 
Unnamed Tributary #1 of Lagunitas Creek is a tributary to Lagunitas Creek, is a tributary to 
Pacific Ocean,  located in Marin County, California (Map 1).  Unnamed Tributary #1 of 
Lagunitas Creek's legal description at the confluence with Lagunitas Creek is T000 R000 S00.  
Its location is (  38:02:08.0N ) north latitude and (122:44:44.0W) west longitude, LLID number 
1227456380355.  Unnamed Tributary #1 of Lagunitas Creek is a first order stream and has 
approximately --- miles of blue line stream according to the USGS Inverness 7.5 minute 
quadrangle.  Unnamed Tributary #1 of Lagunitas Creek drains a watershed of approximately --.- 
square miles.  Elevations range from about --- feet at the mouth of the creek to ----- feet in the 
headwater areas.  Mixed hardwood forest dominates the watershed.  The watershed is primarilyk 
national park and is managed for recreation.  Vehicle access exists via Sir Francis Drake blvd 
   
METHODS 
 
The habitat inventory conducted in Unnamed Tributary #1 of Lagunitas Creek follows the 
methodology presented in the California Salmonid Stream Habitat Restoration Manual (Flosi et 
al, 1998).  The California Conservation Corps (CCC) Technical Advisors and Watershed 
Stewards Project/AmeriCorps (WSP) Members that conducted the inventory were trained in 
standardized habitat inventory methods by the California Department of Fish and Game (DFG).  
This inventory was conducted by a two-person team. 
 
SAMPLING STRATEGY 
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The inventory uses a method that samples approximately 10% of the habitat units within the 
survey reach.  All habitat units included in the survey are classified according to habitat type and 
their lengths are measured.  All pool units are measured for maximum depth, depth of pool tail 
crest (measured in the thalweg), dominant substrate composing the pool tail crest, and 
embeddedness.  Habitat unit types encountered for the first time are measured for all the 
parameters and characteristics on the field form.  Additionally, from the ten habitat units on each 
field form page, one is randomly selected for complete measurement. All pools are fully 
sampled.   
 
HABITAT INVENTORY COMPONENTS 
 
A standardized habitat inventory form has been developed for use in California stream surveys 
and can be found in the California Salmonid Stream Habitat Restoration Manual.  This form was 
used in Unnamed Tributary #1 of Lagunitas Creek to record measurements and observations.  
There are eleven components to the inventory form.   
 
1.  Flow: 
 
Flow is measured in cubic feet per second (cfs) near the bottom of the stream survey reach using 
a Marsh-McBirney Model 2000 flow meter. 
 
2.  Channel Type: 
 
Channel typing is conducted according to the classification system developed and revised by 
David Rosgen (1994).  This methodology is described in the California Salmonid Stream Habitat 
Restoration Manual.  Channel typing is conducted simultaneously with habitat typing and 
follows a standard form to record measurements and observations.  There are five measured 
parameters used to determine channel type:  1) water slope gradient, 2) entrenchment, 3) 
width/depth ratio, 4) substrate composition, and 5) sinuosity.  Channel characteristics are 
measured using a clinometer, hand level, hip chain, tape measure, and a stadia rod.  
 
3.  Temperatures: 
 
Both water and air temperatures are measured and recorded at every tenth habitat unit.  The time 
of the measurement is also recorded.  Both temperatures are taken in degrees Fahrenheit at the 
middle of the habitat unit and within one foot of the water surface. 
      
 
4.  Habitat Type: 
 
Habitat typing uses the 24 habitat classification types defined by McCain and others (1990).  
Habitat units are numbered sequentially and assigned a type identification number selected from 
a standard list of 24 habitat types.  Dewatered units are labeled "dry".  Unnamed Tributary #1 of 
Lagunitas Creek habitat typing used standard basin level measurement criteria.  These 
parameters require that the minimum length of a described habitat unit must be equal to or 
greater than the stream's mean wetted width.   All measurements are in feet to the nearest tenth.  
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Habitat characteristics are measured using a clinometer, hip chain, and stadia rod. 
 
5.  Embeddedness: 
 
The depth of embeddedness of the cobbles in pool tail-out areas is measured by the percent of 
the cobble that is surrounded or buried by fine sediment.  In Unnamed Tributary #1 of Lagunitas 
Creek, embeddedness was ocularly estimated.  The values were recorded using the following 
ranges:  0 - 25% (value 1), 26 - 50% (value 2), 51 - 75% (value 3) and 76 - 100% (value 4).  
Additionally, a value of 5 was assigned to tail-outs deemed unsuited for spawning due to 
inappropriate substrate like bedrock, log sills, boulders or other considerations. 
 
6.  Shelter Rating: 
 
Instream shelter is composed of those elements within a stream channel that provide juvenile 
salmonids protection from predation, reduce water velocities so fish can rest and conserve 
energy, and allow separation of territorial units to reduce density related competition for prey.  
The shelter rating is calculated for each fully-described habitat unit by multiplying shelter value 
and percent cover.  Using an overhead view, a quantitative estimate of the percentage of the 
habitat unit covered is made.  All cover is then classified according to a list of nine cover types.  
In Unnamed Tributary #1 of Lagunitas Creek, a standard qualitative shelter value of 0 (none), 1 
(low), 2 (medium), or 3 (high) was assigned according to the complexity of the cover.  Thus, 
shelter ratings can range from 0-300 and are expressed as mean values by habitat types within a 
stream. 
 
7.  Substrate Composition: 
 
Substrate composition ranges from silt/clay sized particles to boulders and bedrock elements.  In 
all fully-described habitat units, dominant and sub-dominant substrate elements were ocularly 
estimated using a list of seven size classes and recorded as a one and two, respectively. In 
addition, the dominant substrate composing the pool tail-outs is recorded for each pool.       
 
8.  Canopy: 
 
Stream canopy density was estimated using modified handheld spherical densiometers as 
described in the California Salmonid Stream Habitat Restoration Manual.  Canopy density 
relates to the amount of stream shaded from the sun.  In Unnamed Tributary #1 of Lagunitas 
Creek, an estimate of the percentage of the habitat unit covered by canopy was made from the 
center of approximately every third unit in addition to every fully-described unit, giving an 
approximate 30% sub-sample.  In addition, the area of canopy was estimated ocularly into 
percentages of coniferous or hardwood trees. 
 
9.  Bank Composition and Vegetation: 
 
Bank composition elements range from bedrock to bare soil.  However, the stream banks are 
usually covered with grass, brush, or trees.  These factors influence the ability of stream banks to 
withstand winter flows.  In Unnamed Tributary #1 of Lagunitas Creek, the dominant 
composition type and the dominant vegetation type of both the right and left banks for each 
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fully-described unit were selected from the habitat inventory form.  Additionally, the percent of 
each bank covered by vegetation (including downed trees, logs, and rootwads) was estimated and 
recorded. 
 
10.  Large Woody Debris Count: 

 
Large woody debris (LWD) is an important component of fish habitat and an element in channel 
forming processes.  In each habitat unit all pieces of LWD partially or entirely below the 
elevation of bankfull discharge are counted and recorded.  The minimum size to be considered is 
twelve inches in diameter and six feet in length.  The LWD count is presented by reach and is 
expressed as an average per 100 feet. 
  
 
11.  Average Bankfull Width: 

 
Bankfull width can vary greatly in the course of a channel type stream reach.  This is especially 
true in very long reaches.  Bankfull width can be a factor in habitat components like canopy 
density, water temperature, and pool depths.  Frequent measurements taken at riffle crests 
(velocity crossovers) are needed to accurately describe reach widths.  At the first appropriate 
velocity crossover that occurs after the beginning of a new stream survey page (ten habitat 
units), bankfull width is measured and recorded in the appropriate header block of the page.  
These widths are presented as an average for the channel type reach. 
 
 
BIOLOGICAL INVENTORY 
 
Biological sampling during the stream inventory is used to determine fish species and their 
distribution in the stream.  Fish presence was observed from the stream banks in Unnamed 
Tributary #1 of Lagunitas Creek.   
  
DATA ANALYSIS 
 
Data from the habitat inventory form are entered into Stream Habitat 2.0.18, a Visual Basic data 
entry program developed by Karen Wilson, Pacific States Marine Fisheries Commission in 
conjunction with the California Department of Fish and Game.  This program processes and 
summarizes the data, and produces the following ten tables: 
 

• Riffle, Flatwater, and Pool Habitat Types 
• Habitat Types and Measured Parameters  
• Pool Types 
• Maximum Residual Pool Depths by Habitat Types 
• Mean Percent Cover by Habitat Type 
• Dominant Substrates by Habitat Type 
• Mean Percent Vegetative Cover for Entire Stream 
• Fish Habitat Inventory Data Summary by Stream Reach (Table 8) 
• Mean Percent Dominant Substrate / Dominant Vegetation Type for Entire Stream 
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• Mean Percent Shelter Cover Types for Entire Stream 
 
 
Graphics are produced from the tables using Microsoft Excel.  Graphics developed for Unnamed 
Tributary #1 of Lagunitas Creek include: 
 

• Riffle, Flatwater, Pool Habitat Types by Percent Occurrence 
• Riffle, Flatwater, Pool Habitat Types by Total Length 
• Total Habitat Types by Percent Occurrence 
• Pool Types by Percent Occurrence 
• Maximum Residual Depth in Pools 
• Percent Embeddedness 
• Mean Percent Cover Types in Pools 
• Substrate Composition in Pool Tail-outs 
• Mean Percent Canopy 
• Dominant Bank Composition by Composition Type 
• Dominant Bank Vegetation by Vegetation Type 

 
 
HABITAT INVENTORY RESULTS 
 
* ALL TABLES AND GRAPHS ARE LOCATED AT THE END OF THE REPORT * 
 
The habitat inventory of 11/10/2011 to 11/16/2011, was conducted by C. Neill, D. Dela Vega, 
(WSP).  The total length of the stream surveyed was 3,094 feet. 
 
Stream flow was not measured on Unnamed Tributary #1 of Lagunitas Creek.  
 
Unnamed Tributary #1 of Lagunitas Creek is  a A4 channel type for 1,240 feet of the stream 
surveyed (Reach 1), a G4 channel type for 1,609 feet of the stream surveyed (Reach 2), and N/A 
for 245 feet of the stream surveyed (Reach 3).  
 
A4 channels are steep, narrow, cascading, step-pool streams, high energy debris transporting 
channels associated with depositional soils, and gravel dominant substrates.   G4 channels are 
entrenched “gully” step-pool channels on moderate gradients with low width /depth ratios and 
gravel dominant substrates.  The channel associated with Reach 3 was extremely high gradient 
with boulder dominant substrate.  
 
Water temperatures taken during the survey period ranged from 46 to 48 degrees Fahrenheit.  Air 
temperatures ranged from 50 to 53 degrees Fahrenheit.   
 
Table 1 summarizes the Level II riffle, flatwater, and pool habitat types.  Based on frequency of 
occurrence there were 28% riffle units, 40% pool units, 2% culvert units, 27% flatwater units, 
3% dry units, (Graph 1).  Based on total length of Level II habitat types there were 21% riffle 
units, 21% pool units, 3% culvert units, 54% flatwater units, 2% dry units,    (Graph 2). 
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10 Level IV habitat types were identified (Table 2).  The most frequent habitat types by percent 
occurrence were  22% Low Gradient Riffle units, 27% Mid-Channel Pool units, and 23% Step 
Run units (Graph 3).  Based on percent total length, 15% Low Gradient Riffle units, 52% Step 
Run units, and 10% Step Pool units.  
 
A total of 24 pools were identified (Table 3).  Main Channel pools were the most frequently 
encountered, at 83%, and comprised 83% of the total length of all pools (Graph 4). 
 
Table 4 is a summary of maximum residual pool depths by pool habitat types.  Pool quality for 
salmonids increases with depth. 0 of the 24 pools ( 0% ) had a residual depth of two feet or 
greater (Graph 5). 
 
The depth of cobble embeddedness was estimated at pool tail-outs.  Of the 24 pool tail-outs 
measured, 12 had a value of 1 (50%); 10 had a value of 2 (41.7%); 2 had a value of 5 (8.3%); 
(Graph 6).  On this scale, a value of 1 indicates the best spawning conditions and a value of 4 the 
worst. Additionally, a value of 5 was assigned to tail-outs deemed unsuited for spawning due to 
inappropriate substrate such as bedrock, log sills, boulders, or other considerations. 
 
A shelter rating was calculated for each habitat unit and expressed as a mean value for each 
habitat type within the survey using a scale of 0-300.  Riffle habitat types had a mean shelter 
rating of  15 , flatwater habitat types had a mean shelter rating of  4 , and pool habitats had a 
mean shelter rating of  14 (Table 1).  Of the pool types, the Main Channel pools had a mean 
shelter rating of 14, and Scour pools had a mean shelter rating of 15 (Table 3). 
 
Table 5 summarizes mean percent cover by habitat type.  Boulders are the dominant cover types 
in Unnamed Tributary #1 of Lagunitas Creek.  Graph 7 describes the pool cover in Unnamed 
Tributary #1 of Lagunitas Creek.  Boulders are the dominant pool cover type followed by small 
woody debris. 
 
Table 6 summarizes the dominant substrate by habitat type.  Graph 8 depicts the dominant 
substrate observed in pool tail-outs. Gravel observed in 58% of pool tail-outs, and small Cobble 
observed in 21% of pool tail-outs.  
 
The mean percent canopy density for the surveyed length of Unnamed Tributary #1 of Lagunitas 
Creek was 93%.  The mean percentages of hardwood and coniferous trees were 98% and 2%, 
respectively.  7  percent of the canopy was open.  Graph 9 describes the mean percent canopy in 
Unnamed Tributary #1 of Lagunitas Creek.  
 
For the stream reach surveyed, the mean percent right bank vegetated was 87%.  The mean 
percent left bank vegetated was 95%.  The dominant elements composing the structure of the 
stream banks consisted of  54% cobble/gravel  (Graph 10). Brush was the dominant vegetation 
type observed in 53% of the units surveyed.  Additionally, 41% of the units surveyed had 
hardwood trees as the dominant vegetation type, and 6% had grass as the dominant vegetation 
(Graph 11).  
 
BIOLOGICAL INVENTORY RESULTS 
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In Reach 1 of LB Tributary#001 of Lagunitas multiple salmonid YOY, as well as other 
unidentified fish were observed from the stream banks.  
 
DISCUSSION 
 
(Use the following data to fill in the channel type and reach length fields below.)    a A4 channel 
type for 1,240 feet of the stream surveyed (Reach 1), a G4 channel type for 1,609 feet of the 
stream surveyed (Reach 2), a NA channel type for 245 feet of the stream surveyed (Reach 3),   
  
Unnamed Tributary #1 of Lagunitas Creek is an A4 channel type for the first 1,240feet of stream 
surveyed and a G4 channel type for the next 1,609 feet and a N/A channel type for the remaining 
245 feet.  The suitability of A4 and G4 channel types for fish habitat improvement structures is 
as follows: These channel types are good for bank-placed boulders, fair for plunge weirs, 
opposing wing-deflectors, and log cover, and poor for boulder clusters, and single wing-
deflectors.  
 
The water temperatures recorded on the survey days 11/10/2011 to 11/16/2011, ranged from 46 
to 48 degrees Fahrenheit.  Air temperatures ranged from 50 to 53 degrees Fahrenheit.  To make 
any further conclusions, temperatures would need to be monitored throughout the warm summer 
months, and more extensive biological sampling would need to be conducted. 
 
Flatwater habitat types comprised 54% of the total length of this survey, riffles 21%, and pools 
21%. The pools are relatively shallow, with only 0 of the 24 (0% ) pools having a maximum 
residual depth greater than 2 feet.  In general, pool enhancement projects are considered when 
primary pools comprise less than 40% of the length of total stream habitat. In first and second 
order streams, a primary pool is defined to have a maximum residual depth of at least two feet, 
occupy at least half the width of the low flow channel, and be as long as the low flow channel 
width Installing structures that will increase or deepen pool habitat is recommended for locations 
where their installation will not be threatened by high stream energy, or where their installation 
will not conflict with the modification of the numerous log debris accumulations (LDA's) in the 
stream.  
 
Twenty-two of the 24 pool tail-outs measured had embeddedness ratings of 1 or 2.  None of the 
pool tail-outs had embeddedness ratings of 3 or 4.  2 of the pool tail-outs had a rating of 5, which 
is considered unsuitable for spawning.  Cobble embeddedness measured to be 25% or less, a 
rating of 1, is considered to indicate good quality spawning substrate for salmon and steelhead.  
Sediment sources in Unnamed Tributary #1 of Lagunitas Creek should be mapped and rated 
according to their potential sediment yields, and control measures should be taken. 
 
19  of the 24 pool tail-outs measured had gravel or small cobble as the dominant substrate.  This 
is generally considered good for spawning salmonids. 
 
The mean shelter rating for pools was 14. The shelter rating in the flatwater habitats was 4.  A 
pool shelter rating of approximately 100 is desirable.  The amount of cover that now exists is 
being provided primarily by Boulders in Unnamed Tributary #1 of Lagunitas Creek.  Boulders 
are the dominant cover type in pools followed by small woody debris.  Log and root wad cover 
structures in the pool and flatwater habitats would enhance both summer and winter salmonid 
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habitat.  Log cover structure provides rearing fry with protection from predation, rest from water 
velocity, and also divides territorial units to reduce density related competition. 
 
The mean percent canopy density for the stream was 93%.  Reach 1 had a canopy density of 
92.5%, Reach 2 had a canopy density of 94.2%, Reach 3 had a canopy density of 92.9%. In 
general, revegetation projects are considered when canopy density is less than 80%. 
 
The percentage of right and left bank covered with vegetation was 87% and 95%, respectively.  
In areas of stream bank erosion or where bank vegetation is sparse, planting endemic species of 
coniferous and hardwood trees, in conjunction with bank stabilization, is recommended. 
 
RECOMMENDATIONS 
 
 

1) Access for migrating salmonids should be assessed at Culvert #1 at the cross marin 
trail road crossings.  This, crossings should be replaced or modified to improve fish 
passage. 

 
2) Where feasible, design and engineer pool enhancement structures to increase the 

number of pools.  This must be done where the banks are stable or in conjunction 
with stream bank armor to prevent erosion. 

 
3) Increase woody cover in the pools and flatwater habitat units.  Most of the existing 

cover in the pools is from Boulders.  Adding high quality complexity with woody 
cover in the pools is desirable. 

 
4) Due to the high gradient of the stream like at 1,240 feet into survey, access for 

migrating salmonids is an ongoing potential problem.  Fish passage should be 
monitored and improved where possible. 

 
 
 
COMMENTS AND LANDMARKS 
 
The following landmarks and possible problem sites were noted.  All distances are approximate 
and taken from the beginning of the survey reach.  
 
 
Position Hab Unit # Comments 

0 0001.00 Start of Survey: SOS: WP # 032 

54 0002.00 General Comment: Unidentified fish observed 
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Position Hab Unit # Comments 

66 0003.00 General Comment: Culvert 001: Trail on top of culvert has 
collapsed. 1+ Steelhead observed in/under culvert. 
 

66 0003.00 Structures: Culvert #001 in stream. Trail, Cross Marin Trail. # of 
culv, 1. Made of CMP. H=7' W=7' L=7'. Diam, 7. Plunge height, 1'. 
Max Dep w/in 5'=0.8'. Culv slope <2%. Condition: rusted through, 
smashed. Likely a barrier to juvenile  and adult salmonids.. N38.03552 
W122.74548 

326 0007.00 General Comment: 2 + unidentified fish 

399 0010.00 General Comment: Calibration WP # 034 N38.03514 W122.74678 

845 0018.00 Bio Sample: (Bank Observation) Multiple salmonid YOY observed 

871 0019.00 Erosion Site: (Bank) Landslide on RB near top of unit 20 ft x 40 
ft 

948 0020.00 General Comment: Calibration WP# 035: N 38.03492 W 122.74801 

948 0020.00 Erosion Site: (Bank) Landslide along unit 

963 0021.00 Fish Passage: (Other) Gradient approx. 10-15%, at 56 ft from 
bottom Hu to top is massive boulder blocking channel- potentially 
massive fish barrier 

1054 0022.00 Erosion Site: (Bank) 78 ft from bottom Hu is massive landslide 
and slumping RB 

1147 0023.00 Bio Sample: (Bank Observation) Unidentified YOY obs. at top of Hu 

1240 0024.00 General Comment: Massive boulder cluster blocks wet channel, water 
goes sub-surface, gradient of Habitat unit appox. 5-8 % 

1377 0030.00 General Comment: Calibration WP # 036 N 38.03481 W 122.74928 

1428 0032.00 General Comment: 20 ft into Hu is RB Trib #001- WP # 037, Trib 
mostly dry with isolated pools, substrate dominant gravel, fairly 
entrenched channel, lots of poison oak 
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Position Hab Unit # Comments 

1428 0032.00 Tributaries: RB Trib #1. Unnamed enters LBTrib #1 Lagunitas. 
Flowing, no, partial dry. Discharge, 0. Contributes 0% of flow. 
Water temps d/s 47, u/s 47 & trib 48F. Accessible to fish, yes, 
checked 150' up trib. Slope, 10%. No fish observed. N38.03488 
W122.74940 

1575 0037.00 General Comment: Aquatic veg is Equistum Spp. (Horsetail) 

1763 0040.00 General Comment: Calibration WP # 038 N 38.03481 W 122.75039 

1774 0041.00 General Comment: 40 ft up unit is LB Trib #002, WP # 039, Trib 
substrate is gravel and cobble, channel is entrenched but 
accessible 

1774 0041.00 Tributaries: LB Trib #2. Unnamed enters LB Trib #1 Lagunitas. 
Flowing, no, dry. Discharge, 0. Contributes 0% of flow t. Water 
temps d/s 48, u/s 48 & trib dryF. Accessible to fish, yes, checked 
300' up trib. Slope, 2-5. No fish observed. N38.03471 W122.75061 

2128 0047.00 General Comment: RB Trib # 003 is 20 ft from top of unit, WP # 
040, Trib substrate is sand and small gravel, poorly entrenched, 
probably contributes sm. to no water in high flow, at confluence 
is 4-5 ft plunge to creek. Old irrigation pipe in stream near trib 

2128 0047.00 Tributaries: RB Trib #3. Unnamed entersLB Trib # 1 Lagunitas. 
Flowing, no, dry. Discharge, 0. Contributes 0% of flow. Water 
temps d/s uk, u/s uk & trib dryF. Accessible to fish, no, checked 
120' up trib. Slope, uk. No fish observed. N38.03363 
W122.122.75182 

2413 0050.00 General Comment: Calibration WP# 041 N 38.03372 W 122.75203 

2425 0051.00 General Comment: 47 ft in is RB Trib # 004, WP # 042, Trib 
entrenchment makes channel look boxy, First 175 ft is low 
gradient, after is high gradient boulders with plunge. 67 ft in 
unit is old diversion pipe from potential marijuana grow 
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Position Hab Unit # Comments 

2425 0051.00 Tributaries: Unnamed RB Trib #4. enters LB Trib #1 Lagunitas. 
Flowing, yes, wet Discharge, 0.05-0.1. Contributes 2-6% of flow. 
Water temps d/s 46, u/s 47 & trib 47F. Accessible to fish, yes, 
checked 175' up trib. Slope, 2-4. No fish observed. N38.03357 
W122.75213 

2553 0053.00 General Comment: 63 ft in unit is fence up LB 75 ft from creek, 
approx 50 ft long 

2849 0054.00 Erosion Site: (Bank) Pool Created by landslide slump on LB 

2865 0055.00 Erosion Site: (Bank) Landslide/ slump on LB 30 ft/ 15 ft, RB cut 
by water exposing wall, highly erodible 

2891 0056.00 Erosion Site: (Bank) RB cut by water exposing wall, highly 
erodible 

2906 0057.00 Erosion Site: (Bank) RB cut by water exposing wall, highly 
erodible 

2925 0058.00 Erosion Site: (Bank) RB cut by water exposing wall, highly 
erodible 

2925 0058.00 Fish Passage: (> 10% Gradient) gradient > 15% 

3014 0059.00 General Comment: Plunge by boulders approx 8 ft tall 

3027 0060.00 General Comment: Gradient > 15%, continual slump/ landslide on 
both sides of Creek, WP # 043 N 38.03314 W 122.75398 

3094 0060.00 End of Survey: EOS WP # 043, Consecutive barriers occurring between 
Hu 56-60. Channel changes at Hu 54 and becomes very high gradient. 
Calculated slope= 20.3% for Hu 56-60 
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 LEVEL III and LEVEL IV HABITAT TYPES 
 
RIFFLE 
Low Gradient Riffle     (LGR)  [1.1]  { 1}  
High Gradient Riffle     (HGR)  [1.2]  { 2} 
 
CASCADE 
Cascade      (CAS)  [2.1]  { 3}  
Bedrock Sheet      (BRS)  [2.2]  {24} 
 
FLATWATER 
Pocket Water      (POW)  [3.1]  {21} 
Glide       (GLD)  [3.2]  {14}  
Run       (RUN)  [3.3]  {15} 
Step Run      (SRN)  [3.4]  {16} 
Edgewater      (EDW)  [3.5]  {18} 
 
MAIN CHANNEL POOLS 
Trench Pool      (TRP)  [4.1]  { 8 }  
Mid-Channel Pool     (MCP)  [4.2]  {17} 
Channel Confluence Pool    (CCP)  [4.3]  {19} 
Step Pool      (STP)  [4.4]  {23} 
 
SCOUR POOLS 
Corner Pool      (CRP)  [5.1]  {22} 
Lateral Scour Pool - Log Enhanced   (LSL)  [5.2]  {10} 
Lateral Scour Pool - Root Wad Enhanced  (LSR)  [5.3]  {11} 
Lateral Scour Pool - Bedrock Formed  (LSBk) [5.4]  {12} 
Lateral Scour Pool - Boulder Formed   (LSBo)  [5.5]  {20} 
Plunge Pool      (PLP)  [5.6]  { 9 }  
 
BACKWATER POOLS 
Secondary Channel Pool    (SCP)  [6.1]  { 4 }  
Backwater Pool - Boulder Formed   (BPB)  [6.2]  { 5 }  
Backwater Pool - Root Wad Formed   (BPR)  [6.3]  { 6 } 
Backwater Pool - Log Formed   (BPL)  [6.4]  { 7 } 
Dammed Pool      (DPL)  [6.5]  {13} 
 
ADDITIONAL UNIT DESIGNATIONS 
Dry       (DRY)  [7.0] 
Culvert      (CUL)  [8.0] 
Not Surveyed      (NS)  [9.0] 
Not Surveyed due to a marsh    (MAR)  [9.1] 
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 Table 8 - Fish Habitat Inventory Data Summary 
 Stream  1227456380355  LLID: 1227456380355 Drainage Tomales Bay 
 Survey Dates: 11/10/2011 to 11/16/2011 Survey Length (ft.): 3094 Main Channel (ft.): 3094 Side Channel (ft.): 0 
 Confluence Location: Quad INVERNESS Legal Description: T000R000S00 Latitude: 38:02:08.0N Longitude: 122:44:44.0W 

 Summary of Fish Habitat Elements By Stream Reach 

 STREAM REACH: 1 
 Channel Type: A4 Canopy Density (%): 92.5 Pools by Stream Length  34.5 
 Reach Length (ft.): 1240 Coniferous Component (%): 1.8 Pool Frequency (%): 39.1 
 Riffle/Flatwater Mean Width (ft.): 3.9 Hardwood Component  98.2 Residual Pool Depth (%): 
 BFW: Dominant Bank  Brush < 2 Feet Deep: 100.0 
 Range (ft.): 11.00 to 13.00 Vegetative Cover (%): 96.1 2 to 2.9 Feet Deep: 0.0 
 Mean (ft.): 11.87 Dominant  Boulders 3 to 3.9 Feet Deep: 0.0 
 Std. Dev.: 0.99 Dominant Bank Substrate  Cobble/Gravel >= 4 Feet Deep: 0.0 
 Base Flow (cfs): 0 Occurrence of LWD (%): 8.6 Mean Max Residual Pool Depth  0.98 
 Water (F): 46 - 48 Air (F): 50 - 52 LWD per 100 ft.: Mean Pool Shelter  16 
 Dry Channel (ft.): 15 Riffles: 1 
 Pools: 2 
 Flat: 2 
 Pool Tail Substrate (%): Silt/Clay: 11.1 Sand: 22.2 Gravel: 11.1 Sm Cobble: 44.4 Lg Cobble: 11.1 Boulder 0.0 Bedrock: 0.0 
 Embeddedness Values (%): 1. 22.2 2. 66.7 3. 0.0 4. 0.0 5. 11.1 

 STREAM REACH: 2 
 Channel Type: G4 Canopy Density (%): 94.2 Pools by Stream Length  12.0 
 Reach Length (ft.): 1609 Coniferous Component (%): 2.2 Pool Frequency (%): 46.7 
 Riffle/Flatwater Mean Width (ft.): 2.2 Hardwood Component  97.8 Residual Pool Depth (%): 
 BFW: Dominant Bank  Brush < 2 Feet Deep: 100.0 
 Range (ft.): 7.00 to 11.00 Vegetative Cover (%): 94.8 2 to 2.9 Feet Deep: 0.0 
 Mean (ft.): 8.67 Dominant  Boulders 3 to 3.9 Feet Deep: 0.0 
 Std. Dev.: 1.70 Dominant Bank Substrate  Cobble/Gravel >= 4 Feet Deep: 0.0 
 Base Flow (cfs): 0 Occurrence of LWD (%): 6.2 Mean Max Residual Pool Depth  1.01 
 Water (F): 47 - 48 Air (F): 50 - 53 LWD per 100 ft.: Mean Pool Shelter  14 
 Dry Channel (ft.): 33 Riffles: 2 
 Pools: 3 
 Flat: 1 
 Pool Tail Substrate (%): Silt/Clay: 0.0 Sand: 0.0 Gravel: 85.7 Sm Cobble: 7.1 Lg Cobble: 7.1 Boulder 0.0 Bedrock: 0.0 
 Embeddedness Values (%): 1. 71.4 2. 21.4 3. 0.0 4. 0.0 5. 7.1 
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 Summary of Fish Habitat Elements By Stream Reach 

 STREAM REACH: 3 
 Channel Type: NA Canopy Density (%): 92.9 Pools by Stream Length  6.5 
 Reach Length (ft.): 245 Coniferous Component (%): 0.0 Pool Frequency (%): 14.3 
 Riffle/Flatwater Mean Width (ft.): 2.0 Hardwood Component  100.0 Residual Pool Depth (%): 
 BFW: Dominant Bank  Brush < 2 Feet Deep: 100.0 
 Range (ft.): 11.00 to 11.00 Vegetative Cover (%): 57.9 2 to 2.9 Feet Deep: 0.0 
 Mean (ft.): 11.00 Dominant  Boulders 3 to 3.9 Feet Deep: 0.0 
 Std. Dev.: 0.00 Dominant Bank Substrate  Boulder >= 4 Feet Deep: 0.0 
 Base Flow (cfs): 0 Occurrence of LWD (%): 0.0 Mean Max Residual Pool Depth  0.6 
 Water (F): 48 - 48 Air (F): 51 - 51 LWD per 100 ft.: Mean Pool Shelter  0 
 Dry Channel (ft.): 0 Riffles: 2 
 Pools: 0 
 Flat: 
 Pool Tail Substrate (%): Silt/Clay: 0.0 Sand: 0.0 Gravel: 100. Sm Cobble: 0.0 Lg Cobble: 0.0 Boulder 0.0 Bedrock: 0.0 
 Embeddedness Values (%): 1. 0.0 2. 100.0 3. 0.0 4. 0.0 5. 0.0 
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 Table 9 -Mean Percentage of Dominant Substrate and Vegetation 
 Stream Name: 1227456380355  LLID: 1227456380355 Drainage: Tomales Bay 
 Survey  11/10/2011 to 11/16/2011 
 Confluence Location: Quad: INVERNESS Legal Description: T000R000S00 Latitude: 38:02:08.0N Longitude: 122:44:44.0W 

 Mean Percentage of Dominant Stream Bank Substrate 
 Dominant Class Number of Units  Number of Units  Total Mean  
  of Substrate Right Bank Left Bank Percentage (%) 

 Bedrock 4 2 5.1 
 Boulder 14 11 21.2 
 Cobble/Gravel 28 36 54.2 
 Sand/Silt/Clay 13 10 19.5 

 Mean Percentage of Dominant Stream Bank Vegetation 
 Dominant Class Number of Units Number of Units Total Mean  
  of Vegetation  Right Bank  Left Bank Percentage  

 Grass 3 4 5.9 
 Brush 35 27 52.5 
 Hardwood  20 28 40.7 
 Coniferous  0 0 0.0 
 No Vegetation 1 0 0.8 

 Total Stream Cobble Embeddedness Values: 2 
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 Table 10 - Mean Percent of Shelter Cover Types For Entire Stream 
 Stream Name: 1227456380355  LLID: 1227456380355 Drainage: Tomales Bay 
 Survey  11/10/2011 to 11/16/2011 
 Confluence Location: Quad: INVERNESS Legal Description: T000R000S00 Latitude: 38:02:08.0N Longitude: 122:44:44.0W 

 Riffles Flatwater Pools 

 UNDERCUT BANKS (%) 17 1 8 
 SMALL WOODY DEBRIS (%) 5 13 9 
 LARGE WOODY DEBRIS (%) 1 9 8 
 ROOT MASS (%) 0 0 8 
 TERRESTRIAL VEGETATION  9 4 7 
 AQUATIC VEGETATION (%) 6 3 0 
 WHITEWATER (%) 0 0 0 
 BOULDERS (%) 15 12 35 
 BEDROCK LEDGES (%) 0 2 4 



Unnamed Tributary #2 of Lagunitas Creek                                   DRAFT 

 

California Department of Fish and Game  
Marin County  

Lagunitas Creek Watershed 
Stream Habitat Assessment Reports 

 

Unnamed Tributary #2 
of Lagunitas Creek 

           Surveyed 2011 



Unnamed Tributary #2 of Lagunitas Creek                                   DRAFT 

STREAM INVENTORY REPORT 
 

Unnamed Tributary # 2 of Lagunitas 
 
 
INTRODUCTION  
 
A stream inventory was conducted 11/8/2011 to 11/10/2011 on Unnamed Tributary # 2 
of Lagunitas.  The survey began at the confluence with Lagunitas Creek and extended 
upstream 0.2 miles.   
 
The objective of the habitat inventory was to document the habitat available to 
anadromous salmonids in Unnamed Tributary # 2 of Lagunitas.  
 
The objective of this report is to document the current habitat conditions and recommend 
options for the potential enhancement of habitat for Chinook salmon, coho salmon, and 
steelhead trout.  Recommendations for habitat improvement activities are based upon 
target habitat values suitable for salmonids in California's north coast streams. 
 
WATERSHED OVERVIEW 
 
Unnamed Tributary # 2 of Lagunitas is located in Marin County, California (Map 1). It is 
a tributary to Lagunitas Creek, which flows into Tomales Bay, which flows into Bodega 
Bay, which flows into Pacific Ocean.   Unnamed Tributary # 2 of Lagunitas's legal 
description at the confluence with Lagunitas Creek is T02N R08W Sec.4.  Its location is 
(38:02:19.0N) 38.0386 north latitude and (122:44:46.0W) 122.7462 west longitude, 
LLID number 1227462380386.  Unnamed Tributary # 2 of Lagunitas is a first order 
stream and has approximately 0.5 miles of blue line stream according to the USGS SAN 
GERONIMO 7.5 minute quadrangle.  Unnamed Tributary # 2 of Lagunitas drains a 
watershed of approximately 0.2 square miles.  Elevations range from about 85 feet at the 
mouth of the creek to 325 feet in the headwater areas (average elevation of headwaters, 
not highest point).  Grasslands or Herbaceous vegetation dominates the watershed.  The 
watershed is entirely federally owned, which accounts for 100% of the land area.  One 
hundred percent of the land is considered natural.  Vehicle access exists via Sir Frances 
Drake Blvd to the first access road to the Samuel P Taylor Campground. From this point 
the Cross Marin Trail to the north provides access to the confluence. 
 
METHODS 
 
The habitat inventory conducted in Unnamed Tributary # 2 of Lagunitas follows the 
methodology presented in the California Salmonid Stream Habitat Restoration Manual 
(Flosi et al, 1998).  The Watershed Stewards Project/AmeriCorps (WSP) Members that 
conducted the inventory were trained in standardized habitat inventory methods by the 
California Department of Fish and Game (DFG).  This inventory was conducted by a 
two-person team. 
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SAMPLING STRATEGY 
 
The inventory uses a method that samples approximately 10% of the habitat units within 
the survey reach.  All habitat units included in the survey are classified according to 
habitat type and their lengths are measured.  All pool units are measured for maximum 
depth, depth of pool tail crest (measured in the thalweg), dominant substrate composing 
the pool tail crest, and embeddedness.  Habitat unit types encountered for the first time 
are measured for all the parameters and characteristics on the field form.  Additionally, 
from the ten habitat units on each field form page, one is randomly selected for complete 
measurement. All pools, except step-pools, are fully sampled. 
 
 
HABITAT INVENTORY COMPONENTS 
 
A standardized habitat inventory form has been developed for use in California stream 
surveys and can be found in the California Salmonid Stream Habitat Restoration 
Manual.  This form was used in Unnamed Tributary # 2 of Lagunitas to record 
measurements and observations.  There are eleven components to the inventory form. 
 
1.  Flow: 
 
Flow is measured in cubic feet per second (cfs) near the bottom of the stream survey 
reach using a Marsh-McBirney Model 2000 flow meter. 
 
2.  Channel Type: 
 
Channel typing is conducted according to the classification system developed and revised 
by David Rosgen (1994).  This methodology is described in the California Salmonid 
Stream Habitat Restoration Manual.  Channel typing is conducted simultaneously with 
habitat typing and follows a standard form to record measurements and observations.  
There are five measured parameters used to determine channel type:  1) water slope 
gradient, 2) entrenchment, 3) width/depth ratio, 4) substrate composition, and 5) 
sinuosity.  Channel characteristics are measured using a clinometer, hand level, hip chain, 
tape measure, and a stadia rod. 
 
3.  Temperatures: 
 
Both water and air temperatures are measured and recorded at every tenth habitat unit.  
The time of the measurement is also recorded.  Both temperatures are taken in degrees 
Fahrenheit at the middle of the habitat unit and within one foot of the water surface. 
 
 
 
4.  Habitat Type: 
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Habitat typing uses the 24 habitat classification types defined by McCain and others 
(1990).  Habitat units are numbered sequentially and assigned a type identification 
number selected from a standard list of 24 habitat types.  Dewatered units are labeled 
"dry".  Unnamed Tributary # 2 of Lagunitas habitat typing used standard basin level 
measurement criteria.  These parameters require that the minimum length of a described 
habitat unit must be equal to or greater than the stream's mean wetted width.   All 
measurements are in feet to the nearest tenth.  Habitat characteristics are measured using 
a clinometer, hip chain, and stadia rod. 
 
5.  Embeddedness: 
 
The depth of embeddedness of the cobbles in pool tail-out areas is measured by the 
percent of the cobble that is surrounded or buried by fine sediment.  In Unnamed 
Tributary # 2 of Lagunitas, embeddedness was ocularly estimated.  The values were 
recorded using the following ranges:  0 - 25% (value 1), 26 - 50% (value 2), 51 - 75% 
(value 3) and 76 - 100% (value 4).  Additionally, a value of 5 was assigned to tail-outs 
deemed unsuited for spawning due to inappropriate substrate such as bedrock, log sills, 
boulders or other considerations. 
 
6.  Shelter Rating: 
 
Instream shelter is composed of those elements within a stream channel that provide 
juvenile salmonids protection from predation, reduce water velocities so fish can rest and 
conserve energy, and allow separation of territorial units to reduce density related 
competition for prey.  The shelter rating is calculated for each fully-described habitat unit 
by multiplying shelter value and percent cover.  Using an overhead view, a quantitative 
estimate of the percentage of the habitat unit covered is made.  All cover is then classified 
according to a list of nine cover types.  In Unnamed Tributary # 2 of Lagunitas, a 
standard qualitative shelter value of 0 (none), 1 (low), 2 (medium), or 3 (high) was 
assigned according to the complexity of the cover.  Thus, shelter ratings can range from 
0-300 and are expressed as mean values by habitat types within a stream. 
 
7.  Substrate Composition: 
 
Substrate composition ranges from silt/clay sized particles to boulders and bedrock 
elements.  In all fully-described habitat units, dominant and sub-dominant substrate 
elements were ocularly estimated using a list of seven size classes and recorded as a one 
and two, respectively. In addition, the dominant substrate composing the pool tail-outs is 
recorded for each pool. 
 
8.  Canopy: 
 
Stream canopy density was estimated using modified handheld spherical densiometers as 
described in the California Salmonid Stream Habitat Restoration Manual.  Canopy 
density relates to the amount of stream shaded from the sun.  In Unnamed Tributary # 2 
of Lagunitas, an estimate of the percentage of the habitat unit covered by canopy was 
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made from the center of approximately every third unit in addition to every fully-
described unit, giving an approximate 30% sub-sample.  In addition, the area of canopy 
was estimated ocularly into percentages of coniferous or hardwood trees. 
 
9.  Bank Composition and Vegetation: 
 
Bank composition elements range from bedrock to bare soil.  However, the stream banks 
are usually covered with grass, brush, or trees.  These factors influence the ability of 
stream banks to withstand winter flows.  In Unnamed Tributary # 2 of Lagunitas, the 
dominant composition type and the dominant vegetation type of both the right and left 
banks for each fully-described unit were selected from the habitat inventory form.  
Additionally, the percent of each bank covered by vegetation (including downed trees, 
logs, and rootwads) was estimated and recorded. 
 
10.  Large Woody Debris Count: 
 
Large woody debris (LWD) is an important component of fish habitat and an element in 
channel forming processes.  In each habitat unit all pieces of LWD partially or entirely 
below the elevation of bankfull discharge are counted and recorded.  The minimum size 
to be considered is twelve inches in diameter and six feet in length.  The LWD count is 
presented by reach and is expressed as an average per 100 feet. 
 
11.  Average Bankfull Width: 
 
Bankfull width can vary greatly in the course of a channel type stream reach.  This is 
especially true in very long reaches.  Bankfull width can be a factor in habitat 
components like canopy density, water temperature, and pool depths.  Frequent 
measurements taken at riffle crests (velocity crossovers) are needed to accurately 
describe reach widths.  At the first appropriate velocity crossover that occurs after the 
beginning of a new stream survey page (ten habitat units), bankfull width is measured 
and recorded in the appropriate header block of the page.  These widths are presented as 
an average for the channel type reach. 
 
 
DATA ANALYSIS 
 
Data from the habitat inventory form are entered into Stream Habitat 2.0.18, a Visual 
Basic data entry program developed by Karen Wilson, Pacific States Marine Fisheries 
Commission in conjunction with the California Department of Fish and Game.  This 
program processes and summarizes the data, and produces the following ten tables: 
 

• Riffle, Flatwater, and Pool Habitat Types 
• Habitat Types and Measured Parameters  
• Pool Types 
• Maximum Residual Pool Depths by Habitat Types 
• Mean Percent Cover by Habitat Type 
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• Dominant Substrates by Habitat Type 
• Mean Percent Vegetative Cover for Entire Stream 
• Fish Habitat Inventory Data Summary by Stream Reach (Table 8) 
• Mean Percent Dominant Substrate / Dominant Vegetation Type for Entire 

Stream 
• Mean Percent Shelter Cover Types for Entire Stream 

 
Graphics are produced from the tables using Microsoft Excel.  Graphics developed for 
Unnamed Tributary # 2 of Lagunitas include: 
 

• Riffle, Flatwater, Pool Habitat Types by Percent Occurrence 
• Riffle, Flatwater, Pool Habitat Types by Total Length 
• Total Habitat Types by Percent Occurrence 
• Pool Types by Percent Occurrence 
• Maximum Residual Depth in Pools 
• Percent Embeddedness 
• Mean Percent Cover Types in Pools 
• Substrate Composition in Pool Tail-outs 
• Mean Percent Canopy 
• Dominant Bank Composition by Composition Type 
• Dominant Bank Vegetation by Vegetation Type 

 
 
HABITAT INVENTORY RESULTS 
 
* ALL TABLES AND GRAPHS ARE LOCATED AT THE END OF THE REPORT * 
 
The habitat inventory of 11/8/2011 to 11/10/2011, was conducted by C. Neill, D. Dela 
Vega (WSP).  The total length of the stream surveyed was 1,135 feet with an additional 0 
feet of side channel. 
 
Stream flow was not measured on Unnamed Tributary # 2 of Lagunitas.   
 
Unnamed Tributary # 2 of Lagunitas is an A3 channel type for 1,135 feet of the stream 
surveyed (Reach 1). A3 channels are steep, narrow, cascading, step-pool, high energy 
debris transporting channels with depositional soils, and cobble-dominant substrates. 
 
Water temperatures taken during the survey period ranged from 45 to 46 degrees 
Fahrenheit.  Air temperatures ranged from 48 to 52 degrees Fahrenheit.   
 
Table 1 summarizes the Level II riffle, flatwater, and pool habitat types.  Based on 
frequency of occurrence there were 33% pool units, 24% riffle units, 21% flatwater units, 
18% dry units, and 3% culvert units (Graph 1).  Based on total length of Level II habitat 
types, there were 31% flatwater units, 28% dry units, 23% riffle units, 13% pool units, 
and 6% culvert units (Graph 2). 
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Ten Level IV habitat types were identified (Table 2).  The most frequent habitat types by 
percent occurrence were 24% mid-channel pool units, 21% low gradient riffle units, and 
18% dry units (Graph 3).  Based on percent total length, 28% dry units, 27% step run 
units, and 21% low gradient riffle units.  
 
A total of 11 pools were identified (Table 3). Main channel pools were the most 
frequently encountered at 82% (Graph 4), and comprised 90% of the total length of all 
pools (Table 3). 
 
Table 4 is a summary of maximum residual pool depths by pool habitat types.  Pool 
quality for salmonids increases with depth. Zero  of the 11 pools (0%) had a residual 
depth of two feet or greater (Graph 5).  
 
The depth of cobble embeddedness was estimated at pool tail-outs.  Of the 11 pool tail-
outs measured, 5 had a value of 1 (45%), 3 had a value of 2 (27%), and 3 had a value of 5 
(27%) (Graph 6).  On this scale, a value of 1 indicates the best spawning conditions and a 
value of 4 the worst.  Additionally, a value of 5 was assigned to tail-outs deemed unsuited 
for spawning due to inappropriate substrate such as bedrock, log sills, boulders, or other 
considerations. 
 
A shelter rating was calculated for each habitat unit and expressed as a mean value for 
each habitat type within the survey using a scale of 0-300.  Riffle habitat types had a 
mean shelter rating of 1, flatwater habitat types had a mean shelter rating of 4, and pool 
habitats had a mean shelter rating of 7 (Table 1).  Of the pool types, the main channel 
pools had a mean shelter rating of 4 and scour pools had a mean shelter rating of 22 
(Table 3). 
 
Table 5 summarizes mean percent cover by habitat type. Undercut banks are the 
dominant cover type in Unnamed Tributary # 2 of Lagunitas.  Graph 7 describes the pool 
cover in Unnamed Tributary # 2 of Lagunitas.  Undercut banks are the dominant pool 
cover type, followed by boulders. 
 
Table 6 summarizes the dominant substrate by habitat type.  Graph 8 depicts the 
dominant substrate observed in pool tail-outs. Gavel substrate was observed in 91% of 
pool tail-outs, and small cobble observed in 9% of pool tail-outs.   
 
The mean percent canopy density for the surveyed length of Unnamed Tributary # 2 of 
Lagunitas was 91%.  Of the canopy present, the mean percentages of hardwood and 
coniferous trees were 99% and 1%, respectively. Nine percent of the canopy was open. 
Graph 9 describes the mean percent canopy in Unnamed Tributary # 2 of Lagunitas . 
 
For the stream reach surveyed, the mean percent right bank vegetated was 97%.  The 
mean percent left bank vegetated was 97% (Table 7).  The dominant elements composing 
the structure of the stream banks consisted of 33% cobble/gravel, 25% bedrock, 23% 
boulder, and 19% sand/silt/clay (Graph 10). Brush was the dominant vegetation type 



Unnamed Tributary #2 of Lagunitas Creek                                   DRAFT 

observed in 55% of the units surveyed.  Additionally, 45% of the units surveyed had 
deciduous trees as the dominant vegetation type, and 0% had coniferous trees as the 
dominant vegetation type (Graph 11).  
 
DISCUSSION 
 
Unnamed Tributary # 2 of Lagunitas is a A3 channel type for the entire 1,135 feet of the 
stream survey.  The suitability of A3 channel types for fish habitat improvement 
structures is/are as follows: A3 channel types are good for bank-placed boulders and fair 
for plunge weirs, opposing wing-deflectors and log cover. 
 
The water temperatures recorded on the survey days 11/8/2011 to 11/10/2011 ranged 
from 45 to 46 degrees Fahrenheit.  Air temperatures ranged from 48 to 52 degrees 
Fahrenheit.  This is a good water temperature range for salmonids.  To make any further 
conclusions, temperatures would need to be monitored throughout the warm summer 
months, and more extensive biological sampling would need to be conducted. 
 
Flatwater habitat types comprised 31% of the total length of this survey, riffles 23%, and 
pools 13%. The pools are relatively shallow, with 0 of the 11 (0%) pools having a 
maximum residual depth greater than two feet.  In general, pool enhancement projects are 
considered when primary pools comprise less than 40% of the length of total stream 
habitat.  In first and second order streams, a primary pool is defined to have a maximum 
residual depth of at least two feet, occupy at least half the width of the low flow channel, 
and be as long as the low flow channel width. Installing structures that will increase or 
deepen pool habitat is recommended for locations where their installation will not be 
threatened by high stream energy, or where their installation will not conflict with the 
modification of the numerous log debris accumulations (LDA's) in the stream. 
 
Eight of the 11 pool tail-outs measured had embeddedness ratings of 1 or 2.  Zero of the 
pool tail-outs had embeddedness ratings of 3 or 4.  Three of the pool tail-outs had a rating 
of 5, which is considered unsuitable for spawning.  Cobble embeddedness measured to be 
25% or less, a rating of 1, is considered to indicate good quality spawning substrate for 
salmon and steelhead.  Sediment sources in Unnamed Tributary # 2 of Lagunitas should 
be mapped and rated according to their potential sediment yields, and control measures 
should be taken. 
 
Eleven of the 11 pool tail-outs measured had gravel and small cobble as the dominant 
substrate.  This is generally considered good for spawning salmonids.  
 
 
The mean shelter rating for pools is 7.  The shelter rating in the flatwater habitats is 4.  A 
pool shelter rating of approximately 100 is desirable.  The amount of cover that now 
exists is being provided primarily by undercut banks in Unnamed Tributary # 2 of 
Lagunitas. Undercut banks is the dominant cover type in pools, followed by boulders.  
Log and root wad cover structures in the pool and flatwater habitats would enhance both 
summer and winter salmonid habitat.  Log cover structure provides rearing fry with 
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protection from predation, rest from water velocity, and also divides territorial units to 
reduce density related competition. 
 
The mean percent canopy density for the stream was 91%. In general, revegetation 
projects are considered when canopy density is less than 80%. 
 
The percentage of right and left bank covered with vegetation was 97% and 97%, 
respectively.  In areas of stream bank erosion or where bank vegetation is sparse, planting 
endemic species of coniferous and hardwood trees, in conjunction with bank 
stabilization, is recommended. 
 
 
GENERAL RECOMMENDATIONS 
 
Unnamed Tributary # 2 of Lagunitas should be managed as an anadromous, natural 
production stream. 
 
Winter storms often bring down large trees and other woody debris into the stream, 
which increases the number and quality of pools. This woody debris, if left undisturbed, 
will provide fish shelter and rearing habitat, and offset channel incision. Landowners 
should be sensitive about the natural and positive role woody debris plays in the system, 
and encourages not to remove woody debris from the stream, except under extreme 
buildup and only under guidance by a fishery professional. 
 
RECOMMENDATIONS 
 

1) The limited water temperature data available suggest that maximum 
temperatures are within/above the acceptable range for juvenile salmonids.  
To establish more complete and meaningful temperature regime information, 
24-hour monitoring during the July and August temperature extreme period 
should be performed for 3 to 5 years. 

 
2) Where feasible, design and engineer pool enhancement structures to increase 

the number of pools.  This must be done where the banks are stable or in 
conjunction with stream bank armor to prevent erosion. 

 
3) Increase woody cover in the pools and flatwater habitat units.  Most of the 

existing cover in the pools is from Boulders.  Adding high quality complexity 
with woody cover in the pools is desirable. 

 
4) Inventory and map sources of stream bank erosion and prioritize them 

according to present and potential sediment yield.  Identified sites should then 
be treated to reduce the amount of fine sediments entering the stream. 

 
5) Active and potential sediment sources related to the road system need to be 

identified, mapped, and treated according to their potential for sediment yield 
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to the stream and its tributaries. 
 

6) Increase the canopy on Carey Camp Creek by planting appropriate native 
vegetation like willow, alder, redwood, and Douglas fir along the stream 
where shade canopy is not at acceptable levels.  The reaches above this survey 
section should be inventoried and treated as well, since the water flowing here 
is affected from upstream.  In many cases, planting will need to be 
coordinated to follow bank stabilization or upslope erosion control projects. 

 
7) Suitable size spawning substrate on Carey Camp Creek is limited to relatively 

few reaches.  Projects should be designed at suitable sites to trap and sort 
spawning gravel. 

 
8) There are several log debris accumulations present on Carey Camp Creek that 

are retaining large quantities of fine sediment.  The modification of these 
debris accumulations is desirable, but must be done carefully, over time, to 
avoid excessive sediment loading in downstream reaches. 

 
9) There are sections where the stream is being impacted from cattle trampling 

the riparian zone.  Alternatives should be explored with the grazier and 
developed if possible. 

 
10) Due to the high gradient of the stream like at -------- and -------- feet, access 

for migrating salmonids is an ongoing potential problem.  Good water 
temperature and flow regimes exist in the stream and it offers good conditions 
for rearing fish.  Fish passage should be monitored and improved where 
possible. 

 
11) Access for migrating salmonids should be assessed at all road crossings.  

Where needed, crossings should be replaced or modified to improve fish 
passage. 

 
12) Unnamed Tributary # 2 of Lagunitas would benefit from utilizing bio-

technical vegetative techniques to re-establish floodplain benches and a 
defined low flow channel. This would discourage lateral migration of the base 
flow channel and decrease bank erosion. 

 
13) There are several reaches where the stream is being impacted from livestock 

in the riparian zone. Livestock in streams generally inhibit the growth of new 
trees, exasperate erosion, and reduce summertime survival of juvenile fish by 
defecating in the water. Alternatives to limit cattle access, control erosion and 
increase canopy, should be explored with the landowner, and developed if 
possible. 

 
 
COMMENTS AND LANDMARKS 
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The following landmarks and possible problem sites were noted.  All distances are 
approximate and taken from the beginning of the survey reach. 
 
Position Habitat 

Unit # 
Memo 

0 0001.00 Start of survey at the confluence of left bank 
Tributary # 2 of Lagunitas Creek and Lagunitas, WP 
# 025, N38.03854  W122.74639 

53 0002.00 WP # 026, Channel is dry at culvert outlet.  
53 0002.00 Culvert #1 is in stream across Cross Marin Trail. 

Made of CMP with height =5', width =5', length = 
65', diameter = 5', and plunge height = 4.5'. The 
culvert slope is approximately 1-2%. It is rusted 
through, collapsing and a possible barrier to juvenile 
and adults. N38.03857  W122.74664 

118 0003.00 Trail crossing at top of unit 
260 0004.00 Channel becomes wetted upstream of this unit. 
326 0006.00 Part of the riffle goes sub-surface 
632 0018.00 12 ft into the habitat unit is left bank tributary #001. 

60 ft up the tributary is a barrier created by a large 
boulder with approximately 8 ft plunge. The 
dominant substrate is cobble and boulders, and there 
is lots of debris in tributary.   

632 0018.00 Unnamed left bank tributary #1 enters left bank 
Tributary #2 of Lagunitas. The tributary is dry and 
contributes 0% of flow to the receiving stream. The 
water temperatures downstream = 46 F and upstream 
= 44 F. The tributary is accessible to fish within the 
first 60' but no fish were observed. The tributary was 
checked 100' up by the survey crew. The slope is 
estimated to be 3-4%.  N38.03892  W122.74846 

837 0025.00 The last 3 feet of the rifle is high gradient. There is a 
plunge of 2.5 feet.  

907 0028.00 Dry gravel bar in habitat unit separates two pools, 
which are approximately 5 feet long. 

917 0029.00 There is a small woody debris jam at the bottom of 
the habitat unit.  

917 0029.00 There is a small landslide at the top of the habitat 
unit. 

995 0031.00 At the top of the habitat unit is a 4 foot plunge over a 
boulder. 

1,135 0033.00 End of survey due to impassible fish barrier 
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Position Habitat 
Unit # 

Memo 

overgrown with vegetation (mostly poison oak). It is 
the potential end of accessible habitat for salmonids. 
There is a huge bedrock and boulder barrier of 10-
15% gradient change and a plunge 10-12 ft, WP # 
031  N38.03870  W122.74940, 
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LEVEL III and LEVEL IV HABITAT TYPES 
 

RIFFLE    
Low Gradient Riffle (LGR) [1.1] { 1 } 
High Gradient Riffle (HGR) [1.2] { 2 } 
    
CASCADE    
Cascade (CAS) [2.1] { 3 } 
Bedrock Sheet (BRS) [2.2] {24} 
    
FLATWATER    
Pocket Water (POW) [3.1] {21} 
Glide (GLD) [3.2] {14} 
Run (RUN) [3.3] {15} 
Step Run (SRN) [3.4] {16} 
Edgewater (EDW) [3.5] {18} 
    
MAIN CHANNEL POOLS    
Trench Pool (TRP) [4.1] { 8 } 
Mid-Channel Pool (MCP) [4.2] {17} 
Channel Confluence Pool (CCP) [4.3] {19} 
Step Pool (STP) [4.4] {23} 
    
SCOUR POOLS    
Corner Pool (CRP) [5.1] {22} 
Lateral Scour Pool - Log Enhanced (LSL) [5.2] {10} 
Lateral Scour Pool - Root Wad Enhanced (LSR) [5.3] {11} 
Lateral Scour Pool - Bedrock Formed (LSBk) [5.4] {12} 
Lateral Scour Pool - Boulder Formed (LSBo) [5.5] {20} 
Plunge Pool (PLP) [5.6] { 9 } 
    
BACKWATER POOLS    
Secondary Channel Pool (SCP) [6.1] { 4 } 
Backwater Pool - Boulder Formed (BPB) [6.2] { 5 } 
Backwater Pool - Root Wad Formed (BPR) [6.3] { 6 } 
Backwater Pool - Log Formed (BPL) [6.4] { 7 } 
Dammed Pool (DPL) [6.5] {13} 
    
ADDITIONAL UNIT DESIGNATIONS    
Dry (DRY) [7.0]  
Culvert (CUL) [8.0]  
Not Surveyed (NS) [9.0]  
Not Surveyed due to marsh (MAR) [9.1]  
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STREAM INVENTORY REPORT 

 
Unnamed Tributary # 3 of Lagunitas 

 
 
INTRODUCTION  
 
A stream inventory was conducted during 11/1/2011 to 11/4/2011 on Unnamed Tributary # 3 of 
Lagunitas.  The survey began at the confluence with Lagunitas Creek and extended upstream 0.4 
miles.  Stream inventories and reports were also completed for two adjacent tributaries of 
Lagunitas.  
 
The objective of the habitat inventory was to document the habitat available to anadromous 
salmonids in Unnamed Tributary # 3 of Lagunitas.  
 
The objective of this report is to document the current habitat conditions and recommend options 
for the potential enhancement of habitat for Chinook salmon, coho salmon, and steelhead trout.  
Recommendations for habitat improvement activities are based upon target habitat values 
suitable for salmonids in California's north coast streams. 
 
WATERSHED OVERVIEW 
 
Unnamed Tributary # 3 of Lagunitas is located in Marin County, California (Map 1). It is a 
tributary to Lagunitas Creek, which flows into Tomales Bay, which flows into Bodega Bay, 
which flows into Pacific Ocean.   Unnamed Tributary # 3 of Lagunitas's legal description at the 
confluence with Lagunitas Creek is T02N R08W Sec.4.  Its location is (38:02:43.0N) 38.0453 
north latitude and (122:45:05.0W) 122.7514 west longitude, LLID number 1227514380453.  
Unnamed Tributary # 3 of Lagunitas is a first order stream and has approximately 0.8 miles of 
blue line stream according to the USGS INVERNESS 7.5 minute quadrangle.  Unnamed 
Tributary # 3 of Lagunitas drains a watershed of approximately 0.3 square miles.  Elevations 
range from about 75 feet at the mouth of the creek to 443 feet in the headwater areas (average 
elevation of headwaters, not highest point).  Grasslands or Herbaceous vegetation dominates the 
watershed.  The watershed is entirely federally owned, which accounts for 100% of the land area.  
One hundred percent of the land is considered natural.  Vehicle access exists via the intersection 
of Platform Bridge Rd and Sir Francis Drake Blvd. From this intersection the Cross-Marin Trail 
is accessible with access to the tributary along the trail to the south-east of the intersection.    
   
METHODS 
 
The habitat inventory conducted in Unnamed Tributary # 3 of Lagunitas follows the 
methodology presented in the California Salmonid Stream Habitat Restoration Manual (Flosi et 
al, 1998).  The California Conservation Corps (CCC) Technical Advisors and Watershed 
Stewards Project/AmeriCorps (WSP) Members that conducted the inventory were trained in 
standardized habitat inventory methods by the California Department of Fish and Game (DFG).  
This inventory was conducted by a two-person team. 
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SAMPLING STRATEGY 
 
The inventory uses a method that samples approximately 100% of the habitat units within the 
survey reach.  All habitat units included in the survey are classified according to habitat type and 
their lengths are measured.  All pool units are measured for maximum depth, depth of pool tail 
crest (measured in the thalweg), dominant substrate composing the pool tail crest, and 
embeddedness.  Habitat unit types encountered for the first time are measured for all the 
parameters and characteristics on the field form. All pools except step-pools are fully sampled.   
 
HABITAT INVENTORY COMPONENTS 
 
A standardized habitat inventory form has been developed for use in California stream surveys 
and can be found in the California Salmonid Stream Habitat Restoration Manual.  This form was 
used in Unnamed Tributary # 3 of Lagunitas to record measurements and observations.  There 
are eleven components to the inventory form.   
 
1.  Flow: 
 
Flow is measured in cubic feet per second (cfs) near the bottom of the stream survey reach using 
a Marsh-McBirney Model 2000 flow meter. 
 
2.  Channel Type: 
 
Channel typing is conducted according to the classification system developed and revised by 
David Rosgen (1994).  This methodology is described in the California Salmonid Stream Habitat 
Restoration Manual.  Channel typing is conducted simultaneously with habitat typing and 
follows a standard form to record measurements and observations.  There are five measured 
parameters used to determine channel type:  1) water slope gradient, 2) entrenchment, 3) 
width/depth ratio, 4) substrate composition, and 5) sinuosity.  Channel characteristics are 
measured using a clinometer, hand level, hip chain, tape measure, and a stadia rod.  
 
3.  Temperatures: 
 
Both water and air temperatures are measured and recorded at every tenth habitat unit.  The time 
of the measurement is also recorded.  Both temperatures are taken in degrees Fahrenheit at the 
middle of the habitat unit and within one foot of the water surface. 
 
4.  Habitat Type: 
 
Habitat typing uses the 24 habitat classification types defined by McCain and others (1990).  
Habitat units are numbered sequentially and assigned a type identification number selected from 
a standard list of 24 habitat types.  Dewatered units are labeled "dry".  Unnamed Tributary # 3 of 
Lagunitas habitat typing used standard basin level measurement criteria.  These parameters 
require that the minimum length of a described habitat unit must be equal to or greater than the 
stream's mean wetted width.   All measurements are in feet to the nearest tenth.  Habitat 
characteristics are measured using a clinometer, hip chain, and stadia rod. 
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5.  Embeddedness: 
 
The depth of embeddedness of the cobbles in pool tail-out areas is measured by the percent of 
the cobble that is surrounded or buried by fine sediment.  In Unnamed Tributary # 3 of 
Lagunitas, embeddedness was ocularly estimated.  The values were recorded using the following 
ranges:  0 - 25% (value 1), 26 - 50% (value 2), 51 - 75% (value 3) and 76 - 100% (value 4).  
Additionally, a value of 5 was assigned to tail-outs deemed unsuited for spawning due to 
inappropriate substrate like bedrock, log sills, boulders or other considerations. 
 
6.  Shelter Rating: 
 
Instream shelter is composed of those elements within a stream channel that provide juvenile 
salmonids protection from predation, reduce water velocities so fish can rest and conserve 
energy, and allow separation of territorial units to reduce density related competition for prey.  
The shelter rating is calculated for each fully-described habitat unit by multiplying shelter value 
and percent cover.  Using an overhead view, a quantitative estimate of the percentage of the 
habitat unit covered is made.  All cover is then classified according to a list of nine cover types.  
In Unnamed Tributary # 3 of Lagunitas, a standard qualitative shelter value of 0 (none), 1 (low), 
2 (medium), or 3 (high) was assigned according to the complexity of the cover.  Thus, shelter 
ratings can range from 0-300 and are expressed as mean values by habitat types within a stream. 
 
7.  Substrate Composition: 
 
Substrate composition ranges from silt/clay sized particles to boulders and bedrock elements.  In 
all fully-described habitat units, dominant and sub-dominant substrate elements were ocularly 
estimated using a list of seven size classes and recorded as a one and two, respectively. In 
addition, the dominant substrate composing the pool tail-outs is recorded for each pool.       
 
8.  Canopy: 
 
Stream canopy density was estimated using modified handheld spherical densiometers as 
described in the California Salmonid Stream Habitat Restoration Manual.  Canopy density 
relates to the amount of stream shaded from the sun.  In Unnamed Tributary # 3 of Lagunitas, an 
estimate of the percentage of the habitat unit covered by canopy was made from the center of 
approximately every third unit in addition to every fully-described unit, giving an approximate 
30% sub-sample.  In addition, the area of canopy was estimated ocularly into percentages of 
coniferous or hardwood trees. 
 
9.  Bank Composition and Vegetation: 
 
Bank composition elements range from bedrock to bare soil.  However, the stream banks are 
usually covered with grass, brush, or trees.  These factors influence the ability of stream banks to 
withstand winter flows.  In Unnamed Tributary # 3 of Lagunitas, the dominant composition type 
and the dominant vegetation type of both the right and left banks for each fully-described unit 
were selected from the habitat inventory form.  Additionally, the percent of each bank covered 
by vegetation (including downed trees, logs, and rootwads) was estimated and recorded. 
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10.  Large Woody Debris Count: 
 

Large woody debris (LWD) is an important component of fish habitat and an element in channel 
forming processes.  In each habitat unit all pieces of LWD partially or entirely below the 
elevation of bankfull discharge are counted and recorded.  The minimum size to be considered is 
twelve inches in diameter and six feet in length.  The LWD count is presented by reach and is 
expressed as an average per 100 feet. 
  
 
11.  Average Bankfull Width: 

 
Bankfull width can vary greatly in the course of a channel type stream reach.  This is especially 
true in very long reaches.  Bankfull width can be a factor in habitat components like canopy 
density, water temperature, and pool depths.  Frequent measurements taken at riffle crests 
(velocity crossovers) are needed to accurately describe reach widths.  At the first appropriate 
velocity crossover that occurs after the beginning of a new stream survey page (ten habitat 
units), bankfull width is measured and recorded in the appropriate header block of the page.  
These widths are presented as an average for the channel type reach. 
  
DATA ANALYSIS 
 
Data from the habitat inventory form are entered into Stream Habitat 2.0.18, a Visual Basic data 
entry program developed by Karen Wilson, Pacific States Marine Fisheries Commission in 
conjunction with the California Department of Fish and Game.  This program processes and 
summarizes the data, and produces the following ten tables: 
 

• Riffle, Flatwater, and Pool Habitat Types 
• Habitat Types and Measured Parameters  
• Pool Types 
• Maximum Residual Pool Depths by Habitat Types 
• Mean Percent Cover by Habitat Type 
• Dominant Substrates by Habitat Type 
• Mean Percent Vegetative Cover for Entire Stream 
• Fish Habitat Inventory Data Summary by Stream Reach (Table 8) 
• Mean Percent Dominant Substrate / Dominant Vegetation Type for Entire Stream 
• Mean Percent Shelter Cover Types for Entire Stream 

 
 
Graphics are produced from the tables using Microsoft Excel.  Graphics developed for Unnamed 
Tributary # 3 of Lagunitas include: 
 

• Riffle, Flatwater, Pool Habitat Types by Percent Occurrence 
• Riffle, Flatwater, Pool Habitat Types by Total Length 
• Total Habitat Types by Percent Occurrence 
• Pool Types by Percent Occurrence 
• Maximum Residual Depth in Pools 
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• Percent Embeddedness 
• Mean Percent Cover Types in Pools 
• Substrate Composition in Pool Tail-outs 
• Mean Percent Canopy 
• Dominant Bank Composition by Composition Type 
• Dominant Bank Vegetation by Vegetation Type 

 
 
HABITAT INVENTORY RESULTS 
 
* ALL TABLES AND GRAPHS ARE LOCATED AT THE END OF THE REPORT * 
 
The habitat inventory of 11/1/2011 to 11/4/2011, was conducted by C. Neill, D. Dela Vega, 
(WSP).  The total length of the stream surveyed was 2,162 feet. 
 
Stream flow was not measured on Unnamed Tributary # 3 of Lagunitas. 
 
Unnamed Tributary # 3 of Lagunitas is a B4 channel type for 1,567 feet of the stream surveyed 
(Reach 1), and a NA channel type for 595 feet of the stream surveyed (Reach 2).  B4 channels 
are moderately entrenched riffle dominated channels with infrequently spaced pools, very stable 
plan and profile, stable banks on moderate gradients with low width /depth ratios and gravel 
dominant substrates.   
 
Water temperatures taken during the survey period ranged from 47 to 53 degrees Fahrenheit.  Air 
temperatures ranged from 48 to 58 degrees Fahrenheit.   
 
Table 1 summarizes the Level II riffle, flatwater, and pool habitat types.  Based on frequency of 
occurrence there were 33% dry units, 31% pool units, 21% flatwater units, 13% riffle units, and 
3% culvert units (Graph 1).  Based on total length of Level II habitat types there were 53% dry 
units, 20% flatwater units, 11% riffle units, 10% pool units , and 5% culvert units (Graph 2). 
 
Nine Level IV habitat types were identified (Table 2).  The most frequent habitat types by 
percent occurrence were 33% Dry units, 23% Mid-Channel Pool units, and 18% Step Run units 
(Graph 3).  Based on percent total length were 53% Dry units, 19% Step Run units, and 8% Low 
Gradient Riffle units.  
 
A total of 12 pools were identified (Table 3).  Main Channel pools were the most frequently 
encountered, at 92%, and comprised 91% of the total length of all pools (Graph 4). 
 
Table 4 is a summary of maximum residual pool depths by pool habitat types.  Pool quality for 
salmonids increases with depth. Zero of the 12 pools (0% ) had a residual depth of two feet or 
greater (Graph 5). 
 
The depth of cobble embeddedness was estimated at pool tail-outs.  Of the 12 pool tail-outs 
measured, 5 had a value of 1 (41.7%); 5 had a value of 2 (41.7%); 2 had a value of 5 (16.7%); 
(Graph 6).  On this scale, a value of 1 indicates the best spawning conditions and a value of 4 the 
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worst. Additionally, a value of 5 was assigned to tail-outs deemed unsuited for spawning due to 
inappropriate substrate such as bedrock, log sills, boulders, or other considerations. 
 
A shelter rating was calculated for each habitat unit and expressed as a mean value for each 
habitat type within the survey using a scale of 0-300.  Riffle habitat types had a mean shelter 
rating of  4 , flatwater habitat types had a mean shelter rating of  3 , and pool habitats had a mean 
shelter rating of  40 (Table 1).  Of the pool types, the Main Channel pools had a mean shelter 
rating of 16, and Scour pools had a mean shelter rating of 300 (Table 3). 
 
Table 5 summarizes mean percent cover by habitat type.  Boulders are the dominant cover types 
in Unnamed Tributary # 3 of Lagunitas.  Graph 7 describes the pool cover in Unnamed Tributary 
# 3 of Lagunitas.  Boulders are the dominant pool cover type followed by undercut banks. 
 
Table 6 summarizes the dominant substrate by habitat type.  Graph 8 depicts the dominant 
substrate observed in pool tail-outs. Gravel was observed in 75% of pool tail-outs and small 
Cobble observed in 17% of pool tail-outs 
 
The mean percent canopy density for the surveyed length of Unnamed Tributary # 3 of Lagunitas 
was 96%.  The mean percentages of hardwood and coniferous trees were 80% and 20%, 
respectively.  Four percent of the canopy was open.  Graph 9 describes the mean percent canopy 
in Unnamed Tributary # 3 of Lagunitas.  
 
For the stream reach surveyed, the mean percent right bank vegetated was 95%.  The mean 
percent left bank vegetated was 96%.  The dominant elements composing the structure of the 
stream banks consisted of 42% sand/silt/clay, 22% bedrock, 18% cobble/gravel, and 17% 
boulder (Graph 10). Hardwood Trees were the dominant vegetation type observed in 51.3% of 
the units surveyed.  Additionally, 39.5% of the units surveyed had Brush as the dominant 
vegetation type, and 9.2% had Coniferous Trees as the dominant vegetation (Graph 11).  
 
DISCUSSION 
 
Unnamed Tributary # 3 of Lagunitas is a B4 channel type for the first 1,567 feet of stream 
surveyed and a NA channel type for the remaining 595 feet.  The suitability of B4 channel types 
for fish habitat improvement structures is as follows: excellent for low-stage plunge weirs, 
boulder clusters, bank placed boulders, single and opposing wing- deflectors, and log cover. The 
suitability of NA channel types cannot be assessed.  
 
The water temperatures recorded on the survey days 11/1/2011 to 11/4/2011, ranged from 47 to 
53 degrees Fahrenheit.  Air temperatures ranged from 48 to 58 degrees Fahrenheit.  To make any 
further conclusions, temperatures would need to be monitored throughout the warm summer 
months, and more extensive biological sampling would need to be conducted. 
 
Flatwater habitat types comprised 20% of the total length of this survey, riffles 11%, and pools 
10%. The pools are relatively shallow, with 0 of the 12 ( 0% ) pools having a maximum residual 
depth greater than 2 feet.  In general, pool enhancement projects are considered when primary 
pools comprise less than 40% of the length of total stream habitat. In first and second order 
streams, a primary pool is defined to have a maximum residual depth of at least two feet, occupy 
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at least half the width of the low flow channel, and be as long as the low flow channel width 
Installing structures that will increase or deepen pool habitat is recommended for locations where 
their installation will not be threatened by high stream energy, or where their installation will not 
conflict with the modification of the numerous log debris accumulations (LDA's) in the stream.  
 
Ten of the 12 pool tail-outs measured had embeddedness ratings of 1 or 2. Zero of the pool tail-
outs had embeddedness ratings of 3 or 4.  Two of the pool tail-outs had a rating of 5, which is 
considered unsuitable for spawning.  Cobble embeddedness measured to be 25% or less, a rating 
of 1, is considered to indicate good quality spawning substrate for salmon and steelhead.  
Sediment sources in Unnamed Tributary # 3 of Lagunitas should be mapped and rated according 
to their potential sediment yields, and control measures should be taken. 
 
Eleven of the 12 pool tail-outs measured had gravel or small cobble as the dominant substrate.  
This is generally considered good for spawning salmonids. 
 
The mean shelter rating for pools was 40. The shelter rating in the flatwater habitats was 3.  A 
pool shelter rating of approximately 100 is desirable.  The amount of cover that now exists is 
being provided primarily by boulders in Unnamed Tributary # 3 of Lagunitas.  Boulders are the 
dominant cover type in pools followed by undercut banks.  Log and root wad cover structures in 
the pool and flatwater habitats would enhance both summer and winter salmonid habitat.  Log 
cover structure provides rearing fry with protection from predation, rest from water velocity, and 
also divides territorial units to reduce density related competition. 
 
The mean percent canopy density for the stream was 96%.  Reach 1 had a canopy density of 
95.6%, Reach 2 had a canopy density of 95.5%.In general, revegetation projects are considered 
when canopy density is less than 80%. 
 
The percentage of right and left bank covered with vegetation was 95% and  96%, respectively.  
In areas of stream bank erosion or where bank vegetation is sparse, planting endemic species of 
coniferous and hardwood trees, in conjunction with bank stabilization, is recommended. 
 
GENERAL RECOMMENDATIONS 
 
Unnamed Tributary # 3 of Lagunitas should be managed as an anadromous, natural production 
stream. 
 
Winter storms often bring down large trees and other woody debris into the stream, which 
increases the number and quality of pools. This woody debris, if left undisturbed, will provide 
fish shelter and rearing habitat, and offset channel incision. Landowners should be sensitive 
about the natural and positive role woody debris plays in the system, and encourages not to 
remove woody debris from the stream, except under extreme buildup and only under guidance 
by a fishery professional. 
 
RECOMMENDATIONS 
 

1) The limited water temperature data available suggest that maximum temperatures are 
within/above the acceptable range for juvenile salmonids.  To establish more 
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complete and meaningful temperature regime information, 24-hour monitoring during 
the July and August temperature extreme period should be performed for 3 to 5 years. 

 
2) Where feasible, design and engineer pool enhancement structures to increase the 

number of pools.  This must be done where the banks are stable or in conjunction 
with stream bank armor to prevent erosion. 

 
3) Increase woody cover in the pools and flatwater habitat units.  Most of the existing 

cover in the pools is from Boulders.  Adding high quality complexity with woody 
cover in the pools is desirable. 

 
4) Inventory and map sources of stream bank erosion and prioritize them according to 

present and potential sediment yield.  Identified sites should then be treated to reduce 
the amount of fine sediments entering the stream. 

 
5) Active and potential sediment sources related to the road system need to be identified, 

mapped, and treated according to their potential for sediment yield to the stream and 
its tributaries. 

 
6) Increase the canopy on Unnamed Tributary # of Lagunitas by planting appropriate 

native vegetation like willow, alder, redwood, and Douglas fir along the stream where 
shade canopy is not at acceptable levels.  The reaches above this survey section 
should be inventoried and treated as well, since the water flowing here is affected 
from upstream.  In many cases, planting will need to be coordinated to follow bank 
stabilization or upslope erosion control projects. 

 
7) Suitable size spawning substrate on Unnamed Tributary # 3 of Lagunitas is limited to 

relatively few reaches.  Projects should be designed at suitable sites to trap and sort 
spawning gravel. 

 
8) There are several log debris accumulations present on Unnamed Tributary # 3 of 

Lagunitas that are retaining large quantities of fine sediment.  The modification of 
these debris accumulations is desirable, but must be done carefully, over time, to 
avoid excessive sediment loading in downstream reaches. 

 
9) There are sections where the stream is being impacted from cattle trampling the 

riparian zone.  Alternatives should be explored with the grazier and developed if 
possible. 

 
10) Due to the high gradient of the stream like at -------- and -------- feet, access for 

migrating salmonids is an ongoing potential problem.  Good water temperature and 
flow regimes exist in the stream and it offers good conditions for rearing fish.  Fish 
passage should be monitored and improved where possible. 

 
11) Access for migrating salmonids should be assessed at all road crossings.  Where 

needed, crossings should be replaced or modified to improve fish passage. 
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12) Unnamed Tributary # 3 of Lagunitas would benefit from utilizing bio-technical 
vegetative techniques to re-establish floodplain benches and a defined low flow 
channel. This would discourage lateral migration of the base flow channel and 
decrease bank erosion. 

 
13) There are several reaches where the stream is being impacted from livestock in the 

riparian zone. Livestock in streams generally inhibit the growth of new trees, 
exasperate erosion, and reduce summertime survival of juvenile fish by defecating in 
the water. Alternatives to limit cattle access, control erosion and increase canopy, 
should be explored with the landowner, and developed if possible. 

 
 
COMMENTS AND LANDMARKS 
 
The following landmarks and possible problem sites were noted.  All distances are approximate 
and taken from the beginning of the survey reach.  
 
Position Habitat Unit # Comments 

0 0001.00 Start of survey at the confluence of Left Bank Tributary #003 of  
Lagunitas and Lagunitas Creek. 
WP # 015 N38.04573 W122.75167 

117 0002.00 Channel cross-section taken at the top of the habitat 
Unit. At the top of the culvert erosion control is needed.  
Sack-crete was used at inlet and degraded trash guard is  
in the next unit.  

117 0002.00 Culvert #1 is in stream under Cross Marin Trail. It is made of 
CMP with height =5', width =5',  length = 115', diameter = 5', 
and has an estimated slope= 1%. The channel is dry and  
the culvert is a potential barrier to juveniles. The Culvert is  
rusted through and collapsing. WP# 016 N38.04514 
W122.75244 

1216 0021.00 Habitat unit is partially dry.  

1216 0021.00 Unnamed right bank tributary #1 enters Left Bank Tributary #3  
of Lagunitas. The channel is dry, contributes 0% of flow,  
and has an estimated slope = 4-10%. The tributary was checked  
20ft up by the survey crew and is not accessible to fish. 
The water temperature upstream = 51 F and downstream = 51 F. 
The dominant substrate is cobble and gravel. 
 WP# 019, N38.04384 W122.75480 
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Position Habitat Unit # Comments 

1786 0033.00 Unnamed right bank tributary #2 enters Left Bank Tributary 
#3 of Lagunitas. The channel is dry, contributing 0% of flow,  
and has an estimated slope= 4-8%. The Tributary was checked 
125 feet up by the survey crew and it is accessible to adult fish. 
The water temperature is unknown. The tributary substrate is 
cobble to boulder and is fairly steep from the beginning. 
WP# 021 N38.04292 W122.75658 

1946 0036.00 At the top of the unit on the right bank is a dry 
drainage. Rough skinned newt observed in drainage. 

1982 0037.00 At top of unit is large boulder, which is a  potential fish barrier 

1993 0038.00 Unnamed left bank tributary # 3 enters Left Bank Tributary #3  
of Lagunitas 90 feet into the unit. The Channel is dry,  
contributing 0% flow, and has an estimated slope=10-20%.  
The tributary was checked 75  feet up by the survey crew and it is
not accessible to fish. The water temperature is unknown.  
The tributary is extremely steep from the beginning and the  
substrate is primarily boulders. 
WP#022 N38.04248 W122.75691 

2162 0039.00 End of Survey due to safety concerns. 
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 LEVEL III and LEVEL IV HABITAT TYPES 
 
RIFFLE 
Low Gradient Riffle     (LGR)  [1.1]  { 1}  
High Gradient Riffle     (HGR)  [1.2]  { 2} 
 
CASCADE 
Cascade      (CAS)  [2.1]  { 3}  
Bedrock Sheet      (BRS)  [2.2]  {24} 
 
FLATWATER 
Pocket Water      (POW)  [3.1]  {21} 
Glide       (GLD)  [3.2]  {14}  
Run       (RUN)  [3.3]  {15} 
Step Run      (SRN)  [3.4]  {16} 
Edgewater      (EDW)  [3.5]  {18} 
 
MAIN CHANNEL POOLS 
Trench Pool      (TRP)  [4.1]  { 8 }  
Mid-Channel Pool     (MCP)  [4.2]  {17} 
Channel Confluence Pool    (CCP)  [4.3]  {19} 
Step Pool      (STP)  [4.4]  {23} 
 
SCOUR POOLS 
Corner Pool      (CRP)  [5.1]  {22} 
Lateral Scour Pool - Log Enhanced   (LSL)  [5.2]  {10} 
Lateral Scour Pool - Root Wad Enhanced  (LSR)  [5.3]  {11} 
Lateral Scour Pool - Bedrock Formed  (LSBk) [5.4]  {12} 
Lateral Scour Pool - Boulder Formed   (LSBo)  [5.5]  {20} 
Plunge Pool      (PLP)  [5.6]  { 9 }  
 
BACKWATER POOLS 
Secondary Channel Pool    (SCP)  [6.1]  { 4 }  
Backwater Pool - Boulder Formed   (BPB)  [6.2]  { 5 }  
Backwater Pool - Root Wad Formed   (BPR)  [6.3]  { 6 } 
Backwater Pool - Log Formed   (BPL)  [6.4]  { 7 } 
Dammed Pool      (DPL)  [6.5]  {13} 
 
ADDITIONAL UNIT DESIGNATIONS 
Dry       (DRY)  [7.0] 
Culvert      (CUL)  [8.0] 
Not Surveyed      (NS)  [9.0] 
Not Surveyed due to a marsh    (MAR)  [9.1] 
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Executive Summary 
 

This plan addresses actions to be taken by the Marin Municipal Water District (MMWD, District) to 

manage the habitat of Lagunitas Creek for the benefit of the aquatic resource populations of coho 

salmon, steelhead, and California freshwater shrimp. This is a planning document, intended to 

describe ongoing and approved actions as well as future actions which the District Board of Directors 

has not yet approved, adopted, or funded, but which will provide a basis for the Board adopting, 

approving and funding over the next ten year time period.  This final plan has been prepared following 

consideration of comments received on a public review draft plan, released on December 15, 2010. 

 

The District operates seven water supply reservoirs in Marin County, five of which are within the 

Lagunitas Creek watershed. The District diverts water from the Lagunitas Creek basin to supply water 

for over 190,000 residents in southern and central Marin County. The State Water Resources Control 

Board (SWRCB) regulates these diversions. In 1995, the SWRCB issued Order WR95-17 which 

stipulates actions MMWD must take to mitigate impacts to the fishery resources of Lagunitas Creek 

from the operations of Kent Lake, formed by the raising of Peters Dam. 

 

In 1997, MMWD developed the Lagunitas Creek Sediment and Riparian Management Plan (MMWD 

1997). The plan was developed and implemented in response to SWRCB Order WR95-17. That plan 

was established as a ten-year plan. The ten-year milestone was reached in September of 2007. While 

MMWD’s role and responsibility for aquatic resource management in Lagunitas Creek did not end 

then, it marked a time for MMWD to re-set its actions into the future. This Stewardship Plan lays out 

those actions, as a feasibility and planning tool, for the purposes of future budgeting and to provide 

District staff direction on actions to pursue. 

 

There are a number of enhancement actions MMWD is currently involved in. These are projects the 

District Board has already approved, that have already undergone environmental review and 

permitting, and that staff has begun to implement. These projects have identical goals and objectives 

as the future actions identified in this Stewardship Plan. The future actions will go through 

environmental review and permitting as they are implemented. 
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This plan is composed of eight sections: introduction, background, stewardship goals, stewardship 

actions, schedule, consistency with other plans, costs, and references. The heart of the plan is 

presented in the stewardship actions section (Section 4). The actions in the plan are listed below and 

reviewed in Table ES-1.  

 

The Stewardship Plan has ten distinct implementation elements: 

1. Ongoing mandatory requirements of  SWRCB Order WR95-17; 

2. Winter habitat enhancement; 

3. Sediment reduction and management; 

4. Instream and riparian habitat enhancement; 

5. Biotechnical bank stabilization; 

6. California freshwater shrimp habitat enhancement; 

7. Monitoring; 

8. Aquatic Invasive species management; 

9. Programs and policies; and 

10. Collaboration and outreach 

 

The goals and targets for this plan are focused on habitat enhancement, monitoring, outreach, and 

policy. They are consistent with the goals and objectives of other aquatic resource management and 

recovery plans developed for the region. While the ultimate goal of habitat enhancement actions is to 

increase and stabilize the populations of coho, steelhead, and California freshwater shrimp, this plan 

does not specifying any numeric targets for coho, steelhead, or shrimp. We have attempted to 

describe goals that can be quantified and evaluated, however, in many instances the goals state more 

of a process to pursue than a quantifiable condition to achieve. These goals and targets are what the 

District will work to achieve and the actions described in this plan will be beneficial to the aquatic 

resources of Lagunitas Creek. 

 

MMWD’s approach to implementing the plan has been to group the actions into one of three 

categories of District involvement. These categories are characterized as:  

1. On-Going Mandatory Requirements of SWRCB Order WR95-17; 

2. Actions MMWD will lead; and 

3. Actions MMWD will participate in but may not lead. 
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This plan is intended to cover the ten-year period of 2011 – 2020. The actions will be implemented 

over that period, with some actions occurring annually over the full ten year time period, some 

occurring every other year, and others being implementing within the first five years. 

 

The actions are intended to be implemented in an integrated and adaptive manner. The goals and 

specific measures of one element of the plan will dovetail with those of another element. The actions 

will not be implemented in isolation from one another but rather conducted in concert with each other. 

In addition, MMWD will seek to collaborate with and integrate its actions with those of the other 

stakeholders who are conducting related actions in the watershed. It is anticipated that most of the 

actions will be coordinated through the Lagunitas Creek Technical Advisory Committee (TAC) and in 

conjunction with State and federal recovery efforts for coho, steelhead, and freshwater shrimp. 

 

The ten-year cost for implementing the actions in the plan is estimated at $7.8 million, as summarized 

in Table ES-2. MMWD will have significant staff commitments dedicated to the implementation of the 

plan and the District will make other financial contributions. MMWD will also seek grants and other 

funding sources for many, but not all, of the actions described in the plan. The District will pursue 

these actions in collaboration with other entities involved with Lagunitas Creek. In some cases, other 

stakeholders will likely lead implementation of some actions, with District participation. The 

Stewardship Plan is a guide to protect and enhance the aquatic resources of Lagunitas Creek. 
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LAGUNITAS CREEK STEWARDSHIP PLAN - Marin Municipal Water District (MMWD)

-  MMWD will pursue these activities under the Lagunitas Creek Stewardship Plan.

-  MMWD will pursue these actions in collaboration with other entities involved with Lagunitas Creek.

-  MMWD will seek grants and other funding sources for these actions, along with commitments of staff time and finacial contributions.

ELEMENT ACTION DESCRIPTION Collaborators

Category 1: On-Going Mandatory Requirements of SWRCB Order WR95-17.

Compliance with Ongoing 
Requirements of WR95-17 Instream Flows Maintain the minimum flows at the SP Taylor stream gage, per the schedule specified in Order WR95-17. SWRCB

" Upstream Migration Flows Ensure that four upstream migration flows are provided between Nov. 1st and Feb. 3rd each year, as stipulated in Order WR95-17 SWRCB

" Water Year Classification Determine the water year classification, as a normal or dry year, and maintain stream flows under the normal or dry year requirements 
of Order WR95-17. SWRCB

" Water Temperature Ensure sufficient water releases are made from Kent Lake, into Lagunitas Creek,  to meet and maintain the minimum stream flows at 
the SP Taylor gage and that mean daily water temperatures at the gage are being recorded and reported.  SWRCB

" Special Circumstances Follow the Special Circumstance reporting procedures of Order WR95-17 if the stream flow and/or water temperature conditions of the 
Order cannot be met. SWRCB, DFG, NMFS, USFWS

" Ramping Control releases from Kent Lake in order to minimize rapid changes in flow in Lagunitas Creek. SWRCB

" Gages Ensure that the USGS stream gage at SP Taylor Park  remains in operation and that the mean daily stream flow and temperature of 
Lagunitas Creek are recorded through continuous monitoring. SWRCB, USGS, State Parks

" Reporting Compile and submit an annual report to the SWRCB, describing MMWD’s activities and compliance with Order WR95-17. SWRCB

Table ES-1. Summary of actions for the Lagunitas Creek Stewardship Plan. Lagunitas Creek Stewardship Plan - MMWD
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ELEMENT ACTION DESCRIPTION Collaborators

Category 2: Actions MMWD Will Lead.

Winter Habitat Enhancement Winter Habitat Enhancement - 
Assessment

Conduct a two-phase concept & design assessment of Lagunitas Creek and lower Olema Creek to enhance overwinter habitat for 
salmonids.

Fish & Game, USFWS, NPS, 
State Parks, NOAA

Sediment Reduction and 
Management

Sediment Source Treatments in the 
Watershed

Implements prescribed sediment reduction treatments at priority road-related sites in Lagunitas Creek watershed, under the 319(h) 
Lagunitas Cr. Water Quality & Habitat Improvement Project - Cheda Cr., McIsaac Cr., Cross-Marin Trail, and Dog Creek.  

SWRCB, RWQCB, State Parks, 
NPS

" Sediment Source Roads Assessment Complete a comprehensive assessment of unpaved roads in the Lagunitas Creek Watershed, including a site inventory and prioritizing 
sediment source repair sites on about 105 miles of unpaved roads, under the Lagunitas Cr. Roads Assessment Project. 

DFG, NOAA, State Parks, NPS, 
RCD

" Sediment Source Management Roads 
GIS

Update the GIS of roads in the Lagunitas Creek watershed, completed in 2007, with new information on road assessments, treatments, 
and maintenance. 

Marin County, NPS, State Parks, 
RCD, SPAWN

" Sediment Source Treatments in the 
Watershed

Implement repairs at some of the sediment source sites identified in previous watershed assessments; focus on roads and other 
human-induced erosion sites, on public lands in the mainstem Lagunitas Creek watershed between Peters Dam and Nicasio Creek. State Parks, NPS

" Streambed Gravel Management Evaluate goals and opportunities for gravel augmentation and enhancement in Lagunitas Creek and tributaries; implement a gravel 
management strategy in mainsteam Laguntias Creek. TAC

Instream & Riparian Habitat 
Enhancement

Rearing Habitat Enhancement with 
Large Woody Debris (LWD)

Install and maintain LWD structures in mainstem Lagunitas Creek, downstream of Peters Dam and through S.P. Tayor State Park and 
on MMWD lands along San Geronimo Creek. State Parks

" Riparian Vegetation Enhancement Plant and maitain native riparian vegetation between Peters Dam and Shafter Bridge, under the Mt. Tamalpais Watershed Gateway 
Project and future efforts.

Coast Conservancy, Resources 
Agency, SPAWN

Biotechnical Bank 
Stabilization

Biotechnical Bank Stabilization - 
Lagunitas Booster Station

Develop and implement biotechnical bank stabilization  on San Geronimo Creek at MMWDs Lagunitas Booster Station site; coupled 
with water discharge dissipation from the site. n/a

" Biotechnical Bank Stabilization - Below 
Peters Dam Develop and implement biotechnical bank stabilization and riparian revegetation at Below Peters Dam site. n/a

Ca. Freshwater Shrimp Habitat 
Enhancement

Freshwater Shrimp Habitat 
Enhancement - Assessment Data review and evaluation to develop habitat enhancement measures specifically designed to benefit freshwater shrimp. USFWS, USGS, NPS, State 

Parks 

Survey & Monitoring Survey & Monitoring Workgroup Coordinate monitoring surveys and protocols for consistent methodologies and data sharing. TAC, TBWC

" Stream Flow Monitoring Conduct continous monitoring of stream flow at two gages: the USGS gage at Point Reyes Station, on Lagunitas Creek; and the 
MMWD gage Lagunitas Rd. on San Geronimo Creek.

USGS, NPS, County, North Marin 
Water District

" Juvenile Salmonid Surveys Annual juvenile salmonid survey; mainstem Lagunitas Creek, mainstem San Geronimo Creek, and Devil's Gulch. NPS

" Salmon Spawner Surveys Annual salmon spawner survey; mainstem Lagunitas Creek, mainstem San Geronimo Creek, and Devil's Gulch. NPS, SPAWN

Table ES-1. Summary of actions for the Lagunitas Creek Stewardship Plan. Lagunitas Creek Stewardship Plan - MMWD
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ELEMENT ACTION DESCRIPTION Collaborators

Survey & Monitoring Salmon Smolt Surveys Annual salmon smolt survey; mainstem Lagunitas Creek. NPS, SPAWN

" Salmon Winter Survey Conduct a juvenile coho winter habitat utilization study in Lagunitas Creek, including track movement of PIT tagged fish. State Parks, NPS, TAC

" Salmon Fry Emergence Survey Investigate conducting another emergence study to further investigate the question of juvenile mortality during the emergence stage, as 
a potential limiting factor. State Parks, NPS, TAC

" California Freshwater Shrimp Surveys Annual Ca. freshwater shrimp survey; mainstem Lagunitas Creek. USFWS

" Habitat Typing Surveys Habitat typing surveys every 5 years through Lagunitas Creek, San Geronimo Creek, and Devil's Gulch. Fish & Game, AmeriCorps/WSP

" Sediment & Streambed Monitoring Sampling in Lagunitas Creek, San Geronimo Creek, and Devil's Gulch for: bed elevation; grain sizes; fine sediments; gravels; and 
characteristics of large woody debris. RWQCB

" Water Quality Monitoring Monthly grab samples at 4 sites in Lagunitas, Nicasio, and San Geronimo Creek for: Temperature; pH; Turbidity; Alkalinity; Hardness; 
Copper; Total Suspended Solids; and Settleable Solids TBWC

" Project Site Monitoring Annual inspections of project sites. TAC

Programs and Policies Roads MOU Follow the guidelines and practices included in the MOU for Maintenance and Management of Unpaved Roads in the Lagunitas Creek 
Watershed.

County. MCOSD, State Parks, 
NPS, RCD, TAC

" Woody Debris MOU Follow the guidelines and practices included in the MOU for Woody Debris Management in Riparian Areas of the Lagunitas Creek 
Watershed.

County. MCOSD, State Parks, 
NPS, RCD, TAC

Mt. Tamalpais Watershed 
Management Policy Follow MMWD Board Policy No. 7 - Mt. Tamalpais Watershed Management Policy. n/a

" Wells Policy Revised MMWD Board Policy No. 3 - Wells and other Private Sources Policy; incorporate protection of stream flows into the policy. TAC

Collaboration and Outreach Lagunitas TAC Remain an active participating entity of the TAC; continue to facilitate TAC meetings. TAC

" Partnerships & Collaboration Partnerships and Coordination with other agencies through the Lagunitas Creek TAC, TBWC, North Bay Watershed Association, State 
& Federal coho & steelhead recovery efforts, and the Bay Area IRWMP Coordinating Committee. TAC, TBWC, NBWA, and others

" Public Involvement & Education Public involvement and outreach through public meetings, volunteer events, participation in Trout-in-the-Classroom, and other 
educational opportunities Public, TAC

Table ES-1. Summary of actions for the Lagunitas Creek Stewardship Plan. Lagunitas Creek Stewardship Plan - MMWD
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ELEMENT ACTION DESCRIPTION Collaborators

Category 3: Actions MMWD Will Participate In But Not Necessarily Lead.

Winter Habitat Enhancement Winter Habitat Enhancement - 
Construction Construct the winter habitat enhancement features, as designed, in Lagunitas Creek and lower Olema Creek. Fish & Game, NOAA, NPS, State 

Parks, RCD

Sediment Reduction and 
Management

Sediment Source Treatments in the 
Watershed

Implement repairs at some of the sediment source sites identified in previous watershed assessments, focus on roads and other 
human-induced erosion sites, in the San Geronimo Valley and Olema Creek.

County. MCOSD, State Parks, 
NPS, RCD

" Streambed Gravel Management Implement a gravel management strategy in the tributaries to Laguitas Creek. TAC

Instream & Riparian Habitat 
Enhancement

Rearing Habitat Enhancement with 
Large Woody Debris (LWD) Install and maintain LWD structures in mainstem Lagunitas Creek, downstream of S.P. Taylor State Park, and in Devil's Gulch. State Parks, NPS, TU

" Devil's Gulch Habitat Enhancement Evaluate, develop, and implement habitat enhancement strategies for Devil's Gulch. TU, State Parks, NPS, RCD

" Riparian Vegetation Enhancement Install native plants along the edge of the stream channel, to enhance habitat for the California freshwater shrimp, at various locations 
through the lower State Park and Tocaloma reaches of Lagunitas Creek. USFWS, NPS, State Parks 

Biotechnical Bank 
Stabilization

Biotechnical Bank Stabilization -     
S.P. Taylor Park

Develop and implement biotechnical bank stabilization and riparian revegetation at Nicasio Transmission Line retaining wall site in S.P. 
Taylor Park. State Parks

Ca. Freshwater Shrimp Habitat 
Enhancement

Freshwater Shrimp Habitat 
Enhancement - Construction

Installation of habtat enhancement projects, identified in prior assessment, for shrimp habitat enhancement; may include woody debris 
structures and riparian vegetation plantings along the lower State Park and Tocaloma reaches.

USFWS, USGS, NPS, State 
Parks 

Aquatic Invasive Species (AIS) 
Management Early Dectection/Rapid Response Conduct baseline surveys of AIS and conduct monitoring for detection of New Zealand mud snail, quagga & zebra mussels. TAC, TBWC

" Protocols for cleaning, storage, and 
inspections of field equipment and gear

Develop and put into practice protocols for AIS controls through cleaning, storage, and inspections of field gear and equipment that will 
enter any water body within the watershed. TAC, TBWC

" Education Develop and provide educational material about AIS; disseminate to all stakeholders and the general public visiting the watershed. TAC, TBWC

" Invasive Plant Control Remove invasive plants from the riparian corridor; target species: cape ivy; take a systematic, piece-meal approach to minimize 
impacts to existing habitat.

NPS, State Parks, County, 
SPAWN

Table ES-1. Summary of actions for the Lagunitas Creek Stewardship Plan. Lagunitas Creek Stewardship Plan - MMWD
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LAGUNITAS CREEK STEWARDSHIP PLAN - Marin Municipal Water District (MMWD)

-  MMWD will pursue the actions in the Lagunitas Creek Stewardship Plan in priority.

-  MMWD will pursue the actions in collaboration with other entities involved with Lagunitas Creek.

-  MMWD will seek grants and other funding sources for the actions, along with commitments of staff time and other finacial contributions.

CATEGORY DESCRIPTION TOTAL COST

Category 1 On-Going Mandatory Requirements of SWRCB Order WR95-17. $215,500

Category 2 Actions MMWD Will Lead. $5,746,445

Category 3 Actions MMWD Will Participate In But Not Necessarily Lead. $1,832,500

TOTAL $7,794,445

Table ES-2. Summary of costs to implement actions in the Lagunitas Creek Stewardship Plan. Lagunitas Creek Stewardship Plan - MMWD
Final - June 2011
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EXECUTIVE SUMMARY 
 
Marin Municipal Water District (MMWD) Fisheries staff conducted salmonid spawner surveys 
on Lagunitas Creek between October 29th, 2008 and March 9th, 2009. These surveys were 
intended to document the spawning run of coho salmon (Oncorhynchus kisutch), while also 
collecting data on steelhead trout (O. mykiss), Chinook or “king” salmon (O. tshawytscha) and 
chum salmon (O. keta). We also conducted surveys on San Geronimo Creek starting on 
November 5th and on Devil’s Gulch starting on December 30th. Four surveys were conducted on 
Lagunitas Creek between Nicasio Creek and Tocaloma, where spawning habitat is limited. In 
addition, MMWD staff surveyed Lagunitas Creek once between Nicasio Creek and Point Reyes 
Station to determine if coho were spawning lower in the creek due to low flow conditions. 
Volunteers and staff of the Salmon Protection and Watershed Network (SPAWN) conducted sur-
veys on five tributaries to San Geronimo Creek, plus an upper reach of San Geronimo Creek. 
Staff from the National Park Service (NPS) surveyed Olema Creek and Cheda Creek. These 
organizations provided summary data that are included in this report. 
 
This year, 26 coho redds and 43 live coho were observed in the Lagunitas Creek Study Area 
(which does not include Olema Creek). This was the smallest coho run ever documented on 
Lagunitas Creek. This also represents an 86% decline in coho redds from the parent generation, 
which spawned in 2005/06. The decline is consistent with a 92% decline in returning adult coho, 
this year, from streams south of the Eel River. The low return across the region has been attrib-
uted to poor ocean conditions and food supplies when these coho migrated to the ocean as smolts 
in 2007. 
 
Coho observations included 25 redds and 43 live coho in Lagunitas Creek, and one redd in San 
Geronimo Creek. No live coho or coho redds were observed in Devil’s Gulch or the tributaries to 
San Geronimo Creek. MMWD staff observed 80 steelhead redds and 45 live steelhead. This was 
below the average of the past nine years and a large decline from the large steelhead runs of the 
previous two seasons. One Chinook redd was documented in 2008/09, which was occupied by a 
female Chinook and a male steelhead. This spawning effort was apparently unsuccessful and no 
other Chinook were observed. This was the lowest number of live Chinook observations since 
1999/2000. 
 
Superimposition of coho redds was more prevalent in 2008/09 than previously documented. 
Seven of 26 coho redds were superimposed by later redds, with likely impacts to the egg pockets 
of five redds (19% of coho redds). Unvarying stream flows through much of the spawning 
season may have encouraged coho and steelhead to spawn in the same locations. Moderate 
stream flows later in the winter and spring were favorable for coho egg incubation and post-
emergence survival. However, the extremely low number of coho redds will likely result in one 
of the smallest juvenile coho populations recorded for Lagunitas Creek. 
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1.0 INTRODUCTION 
 
1.1 Background 
 
Lagunitas Creek originates on the north slope of Mount Tamalpais and flows in a northwesterly 
direction for 25 miles to where it discharges into Tomales Bay (Figure 1). The lower 12 miles is 
accessible to anadromous salmonids. San Geronimo Creek, Devil’s Gulch, Nicasio Creek, and 
Olema Creek are the major tributaries to Lagunitas Creek. Devil’s Gulch, which flows through 
National Park and State Park land before entering Lagunitas Creek, is the smallest of these 
tributaries, but it has perennial surface flows in addition to good salmonid habitat characteristics, 
making it an important coho spawning stream. Other tributaries to Lagunitas Creek that are 
known to support coho include Cheda and McIsaac Creeks. Arroyo, Evans, Larsen, Montezuma 
and Woodacre Creeks are tributaries to San Geronimo Creek that also provide coho spawning 
habitat. Fifty-two percent of the land within the Lagunitas Creek watershed is publicly owned by 
the Marin Municipal Water District, the National Park Service, California Department of Parks 
and Recreation, and Marin County Open Space District. 
 
MMWD is a public agency that withdraws water from the Lagunitas Creek basin in order to pro-
vide water to residents of central and southern Marin County. MMWD operates four reservoirs 
on the mainstem of Lagunitas Creek: Lake Lagunitas, Bon Tempe Lake, Alpine Lake and Kent 
Lake. Nicasio Reservoir is located on Nicasio Creek, about one mile upstream from its conflu-
ence with Lagunitas Creek. MMWD diversions are permitted and regulated by the California 
State Water Resources Control Board. The MMWD reservoirs have altered flows in Lagunitas 
Creek by reducing peak winter storm flows and, with releases from Kent Lake, increasing 
summer low flows (SWRCB 1995). Natural runoff patterns in Lagunitas Creek were character-
ized by high, flashy winter storm flows and low summer flows, with substantial year-to-year 
variation in total runoff. In its 1995 Order WR95-17, the SWRCB required MMWD to provide 
releases from Kent Lake to ensure minimum stream flows at the US Geological Survey (USGS) 
stream gage in Samuel P. Taylor State Park for the benefit of the aquatic resources in Lagunitas 
Creek. The normal year flow requirements on Lagunitas Creek are outlined in Table 1. In 
addition to requiring minimum stream flows, the SWRCB Order also called for four upstream 
migration flows. An upstream migration flow (UMF) is a continuous flow of at least 35 cfs for 
three days as measured at the USGS gage in the State Park. Upstream migration flows are 
intended to facilitate passage of anadromous fish through shallow areas in the creek and are 
required on 15-November, 1-December, 1-January, and 1-February in the absence of a natural 
storm event which generates flows of at least 35 cfs for at least three days within a specified time 
period preceding each UMF date. UMF’s are prescribed in such a way that they will coincide 
with natural rain and runoff events whenever possible. 
 
The SWRCB also ordered MMWD to develop and implement a fisheries monitoring plan as well 
as a sediment and riparian management plan for the Lagunitas Creek watershed (SWRCB 1995). 
In 1996, MMWD prepared the Aquatic Resources Monitoring Workplan for the Lagunitas Creek 
Drainage, Marin County, California: Final Report (MMWD 1996). In 1997, MMWD prepared 
the Lagunitas Creek Sediment and Riparian Management Plan: Final (MMWD 1997). Both 
plans were approved by the SWRCB.  
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Table 1. Normal water year minimum flow requirements on Lagunitas Creek at S.P. Taylor State 
Park.  

 
 

Time Period Flow (cfs)  
1/15-November* 

 
- 31-December 20  

1-January 
 

- 15-March 25  
15-March 

 
- 31-March 20  

1-April 
 

- 30-April 16  
1-May 

 
- 15-June 12  

16-June 
 

- 1/15-November* 8 
* The minimum flow of 20 cfs in November is to begin following the first storm that produces a 
“trigger” flow of 25 cfs at the USGS gage at S.P. Taylor State Park. In the absence of a storm 
causing a “trigger” flow, the 20-cfs requirement becomes effective on 15-November of each year.  

 
One element of MMWD’s aquatic resource monitoring program is to conduct annual coho 
spawner surveys on the Lagunitas Creek system. MMWD conducted spawner surveys on 
Lagunitas Creek, Devil’s Gulch, and San Geronimo Creek during the 1982/83 spawning season 
and annually since the 1995/96 season. During the years between 1983 and 1995, one-day to 
multiple-day spawner surveys were conducted by the California Department of Fish and Game, 
and by ENTRIX in 1992, which gave snapshot looks at each spawning season. 
 
The objectives of the annual spawner surveys are to determine the distribution of spawning coho 
salmon, as well as other salmonids, and estimate salmonid spawner abundance within the water-
shed. This information will track annual spawning runs in Lagunitas Creek and help satisfy one 
of the goals of the aquatic resources monitoring plan, which is to determine if MMWD manage-
ment activities (water releases, sediment control, and riparian restoration) are improving habitat 
conditions and, ultimately, the abundance of coho salmon returning to the Lagunitas Creek 
watershed.  
 
1.2 Coho Salmon Life History and Status 
 
Coho salmon are anadromous fishes, rearing at least partially in freshwater, migrating to the 
ocean as smolts, spending their adult life in the ocean, and finally migrating back into freshwater 
streams to spawn. Most coho salmon from California streams spend approximately 18 months in 
freshwater (including incubation) and 18 months in the ocean, returning to spawn in their natal 
stream in their third year, after which they die (Shapalov and Taft 1954, Moyle 2002). They can 
be grouped into year classes of three-year increments. For example, the 2008/09 spawners are 
the progeny of the 2005/06 spawners and are considered to be in the same year class. Therefore, 
spawning years with relatively poor reproductive success can result in poor spawning runs three 
years later. While the majority of coho return as three-year-old fish, some males, called jacks, 
spend less than a year in the ocean before becoming sexually mature and returning to their natal 
stream to spawn at two years of age (Sandercock 1991). Spawning coho begin to arrive near the 
mouth of Lagunitas Creek in late summer and fall to begin acclimation to freshwater before 
migrating upstream (Bratovich and Kelley 1988). The spawning period is generally from mid-
November to mid-January but adult coho have been observed from late-October to late-February. 
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Coho salmon usually spawn at the heads of riffles with gravel substrate (Moyle 2002). Females 
may excavate small test pits (or “diggings”) in the gravel substrate before deciding on a site to 
lay their eggs. Once decided, the female will dig a larger pit (called a “redd”) where she deposits 
her eggs. Often more than one adult male will fertilize the eggs by releasing milt before the 
female covers the eggs with additional gravel (Moyle 2002). Following spawning, the female 
may guard the redd for up to four weeks before dying. Juvenile coho emerge from the gravel the 
following spring and usually rear in the stream for one year before migrating to the ocean 
(Moyle 2002). 
 
Coho salmon occur in coastal streams ranging from Santa Cruz County, California, up through 
much of Alaska and from Russian down to northern Japan and Korea (Moyle 2002). Coho in 
Lagunitas Creek are considered by NMFS to be part of the Central California Coast 
Evolutionarily Significant Unit (ESU). This ESU includes coastal streams from the San Lorenzo 
River in Santa Cruz County up through Mendocino County to Punta Gorda, as well as two 
streams in southern Marin County that drain to San Francisco Bay.  
 
The present population of coho salmon in Lagunitas Creek has been significantly reduced from 
historical levels (NMFS 2001, Brown et al 1995). Coho salmon in the Central California Coast 
ESU have been listed as “endangered” under the federal Endangered Species Act (NMFS 2005) 
as well as “endangered” under the California Endangered Species Act. Approximately 600 
spawning coho and 230 redds have been observed on average in the Lagunitas Creek watershed 
over the past 14 spawning seasons (including 2008/09). The Lagunitas Creek population is one 
of the largest and most stable populations of coho salmon within the Central California Coast 
ESU. 
 
 
2.0 METHODS AND SURVEY AREA 
 
MMWD fisheries staff walked sections of creek once per week, with a few exceptions (described 
below). Surveys were conducted by Eric Ettlinger (Aquatic Ecologist), Gregory Andrew 
(Fishery Program Manager), Marisa Piovarcsik (Fisheries Watershed Aide), Mark Rogers 
(Fisheries Watershed Aide), Katie Pofahl (Fisheries Intern) and Deanna Morrel (Fisheries 
Intern). Lagunitas Creek was divided into three sections: 1) Tocaloma Bridge to Devil’s Gulch 
(approximately 2.5 miles), 2) Devil’s Gulch to Shafter Bridge (approximately 3.0 miles) and 3) 
Shafter Bridge to Peters Dam (approximately 0.5 miles). Sections #2 and #3 were generally 
surveyed on the same day. The section of Lagunitas Creek from Tocaloma Bridge to the 
confluence of Nicasio Creek was surveyed four times by MMWD staff between November 
20stand February 4th. Lagunitas Creek downstream of Nicasio Creek was surveyed for the first 
time on January 21st. In Devil’s Gulch, we surveyed from the mouth to a bedrock cascade almost 
two miles upstream, which is impassable to coho. We also typically surveyed a ¼-mile-long fork 
of Devil’s Gulch near the upstream end of our survey reach. San Geronimo Creek was walked in 
two sections: from its confluence with Lagunitas Creek to Meadow Way Bridge (2.4 miles) and 
from Meadow Way Bridge to the confluence of Woodacre Creek (2.1 miles). Each stream 
section was surveyed from the downstream end to the upstream end, with the exception of the 
sections of Lagunitas Creek from Tocaloma Bridge to Nicasio Creek, and Nicasio Creek to Point 
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Reyes Station, which were surveyed in a downstream direction using float tubes for the deep 
sections. We began surveys in Lagunitas Creek on October 29th, in San Geronimo Creek on 
November 5th, and in Devil’s Gulch on December 30th, 2008. We ended spawner surveys on 
March 13th, 2009. 
 
Salmon Protection and Watershed Network (SPAWN) staff and trained volunteers surveyed five 
small tributaries to San Geronimo Creek. These streams were Arroyo Creek, Evans (formerly 
Bates) Canyon, Larsen Creek, Montezuma Creek, and Woodacre Creek (including the east and 
west forks). In addition, SPAWN staff and volunteers surveyed the headwater section of San 
Geronimo Creek upstream of Woodacre Creek. National Park Service staff surveyed Cheda 
Creek, a tributary of Lagunitas Creek, as well as Olema Creek and its tributary, the John West 
Fork. Counts of live fish and redds presented in this report include all of these surveyed streams 
except Olema Creek and John West Fork, unless otherwise specified. 
 
During all surveys we recorded observations of redds, live adult salmonids, salmonid carcasses, 
and diggings (i.e. test pits that are not complete redds). Live fish were recorded as male, female, 
or jack (or unknown). Their behavior, condition (color, wear marks, hooked jaw, etc.), and their 
location in relation to landmarks such as tributaries or bridges were noted. All observed 
spawning activity was also recorded. We recorded the sex and length of recovered carcasses and 
collected tissue samples for subsequent genetic analyses by the National Marine Fisheries 
Service (NMFS). We attempted to determine if female salmonids had spawned by inspecting for 
retained eggs. Other information recorded during each survey included survey start and stop 
times, air and water temperature, weather conditions, and qualitative observations of stream 
flow, water clarity, and water visibility.  
 
Redds were classified as having been constructed by coho, Chinook, chum, steelhead, lamprey or 
“unknown.” Redds were considered to have been conclusively built by one of these species 
when an identified fish was observed on the redd, or when only one species was present in the 
creek (e.g., steelhead after January 21st). When fish were not present, redds were classified based 
on their area, shape, depth, substrate, location and/or time of year. When coho were present in 
the creek, large redds with wide pits were classified as coho redds. Smaller redds with deep pits 
and sharp margins were generally classified as steelhead redds after the first live steelhead were 
observed. Unoccupied redds observed at a time when multiple salmonid species were in the 
creek and not displaying obvious distinguishing characteristics were classified as “unknown.” 
Redd classification was corroborated at the end of the season by comparing “conclusively 
identified” redds (those with fish present or built on a date when no other species were in the 
creek) with “confidently identified” redds (based on redd size, shape, substrate and date). Redd 
sizes were compared for redds in Lagunitas and San Geronimo Creeks when size data was 
available. Devil’s Gulch data was excluded from this analysis because coho redds in that narrow 
stream were often much smaller (and more similar to steelhead redds) than in Lagunitas and San 
Geronimo Creeks. 
 
We assigned a unique number to each redd and marked its location in the field by hanging 
colored tape on adjacent vegetation. Redds were marked this way so no redd would be double-
counted during subsequent surveys and so any additional redds near that site could be distin-
guished. We labeled each flag with the date, the redd number, redd dimensions and the position 

5



 
 

of the redd with respect to the channel (i.e. mid-channel, left- or right-bank, etc). The flag was 
hung in line with the upstream end of the redd pit, so further enlargement of the redd would be 
conspicuous during subsequent surveys. If it was determined that a female made a small “test” 
pit and not a redd, the site was recorded as a “digging” and flagged with yellow flagging. We 
also marked redd and digging locations on a map of the creek, using a new map for each survey 
date. We measured the maximum length, width, and depth of all redds and the depth of the 
undisturbed substrate adjacent to the redds, unless fish were present. To avoid disturbing fish we 
hung yellow flagging, in addition to the colored flagging (blue this year), next to occupied redds, 
as a reminder to measure the redd at a later date. We attempted to identify when redds appeared 
to have been built on or overlapping older redds. High levels of such “superimposition” can 
indicate a shortage of adequate spawning habitat. Superimposition can kill eggs deposited in the 
first redd through physical shock, exposure, displacement into less favorable incubation 
conditions, or predation (Burgner 1991).  
 
We had no way of positively determining if we were recounting the same fish during subsequent 
surveys or missing fish during the intervals between surveys. We generally surveyed upstream 
stream sections before or concurrent with downstream sections to reduce the possibility of 
recounting the same fish as they moved upstream, particularly when stream flows facilitated 
upstream migration. For example, we surveyed San Geronimo Creek first, Lagunitas Creek from 
Devil’s Gulch to Peters Dam next, and then Tocaloma Bridge to Devil’s Gulch. Most surveys on 
each section were conducted between five and nine days apart. In addition, an attempt was made 
to quantify double-counted fish after the survey season had ended. Observations of fish on redds 
over multiple surveys were subtracted from the total, as were schools of fish observed holding in 
the same pool over multiple surveys. Even with these efforts, we acknowledge that some fish 
may have been counted multiple times.  
 
 
3.0 RESULTS 
 
3.1 Live Coho Salmon, Redds, and Carcasses  
 
A total of 26 coho redds and 43 live coho were observed during the spawner surveys in Laguni-
tas Creek, San Geronimo Creek, Devil’s Gulch, and the smaller tributaries to Lagunitas and San 
Geronimo Creeks (excluding Olema Creek). The coho redd count was the lowest on record was 
86% lower than during the 2005/06 spawning run, which was the parent generation for this 
year’s coho (Table 2).  
 
MMWD staff observed 25 coho redds and 43 live coho in Lagunitas Creek and only one coho 
redd in the main stem of San Geronimo Creek. No live coho or coho redds were observed in 
Devil’s Gulch. These were the lowest counts on record for each stream (Figure 2). Half of the 
coho redds and 39 of the 43 live coho were observed in the Tocaloma to Devil’s Gulch reach 
(Table 3). Six redds were observed upstream of this reach and six downstream. No coho redds 
were observed upstream of Shafter Bridge, which has not been documented previously. Two 
redds were observed downstream of Nicasio Creek, a reach that has not been surveyed in 
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previous years due to its shortage of spawning habitat. The one spawner survey conducted in this 
reach this season found infrequent, but adequate quality spawning riffles.  
 
SPAWN staff and volunteers did not observe any live coho or coho redds in the tributaries to 
San Geronimo Creek (Table 3). NPS staff observed no coho or coho redds in Cheda Creek. NPS 
surveys in Olema Creek and its tributaries recorded only a single coho redd (Table 2) and two 
live coho. Olema Creek observations are not included in the survey totals for the Lagunitas 
Creek study area presented in this report.  
 
We identified seven coho redds that were at least partially superimposed by later redds. The egg 
pockets of five of these redds (19% of the redd total) may have been impacted by these superim-
positions. Steelhead were responsible for four of the five superimposing redds.  
 
We found only two coho carcasses, both in the Tocaloma to Devil’s Gulch reach. We took tissue 
samples from both carcasses and have delivered them, along with two steelhead carcass tissue 
samples, to NMFS Santa Cruz Lab for genetic analysis.  
 
3.2 Other Salmonid Observations 
 
We observed only a single Chinook spawner this year (Table 4) observed on February 20th, 
2009. This was the latest observation of a Chinook spawner in Lagunitas Creek on record. The 
Chinook was observed on a redd with a steelhead male. A photograph of the Chinook provided 
confirmation of the species identification. No successful Chinook spawning was documented and 
no Chinook smolts were detected during smolt outmigration monitoring during the spring of 
2009. 
 
A total of 45 live steelhead and 80 steelhead redds were observed through March 13th, 2009 
(Table 5). This was the smallest steelhead run since 2003/04. We found two steelhead carcasses, 
one in Lagunitas Creek and one in San Geronimo Creek. The latter was found in early 
November, and is believed to have been a summer holdover from the 2007/08 run. We identified 
two steelhead redds that were superimposed by later steelhead redds (3% of all steelhead redds), 
and both egg pockets were likely impacted.  
 
The origins of only 21 of the 112 redds observed this season could be confirmed by identifying 
fish on them. Redds built after the last live coho or coho carcass were observed (53 in all) were 
confidently attributed to steelhead. Likewise, three redds built prior to the first live steelhead 
observation were confidently attributed to coho. Of the remaining redds, 33 (29% of the total) 
were identified based on their shape, size, location and the date of observation, while five could 
not be confidently identified and were categorized as “unknowns” (Table 6). We could not iden-
tify 14 salmonids to species, out of 103 live salmonid observations.  
 
3.3 Stream Flows, Water Releases and Correlated Spawning Activity 
 
Stream flows at the Samuel P. Taylor gage were fairly constant between eight and nine cubic feet 
per second (cfs) from July until the end of October, 2008 (Figure 3). An unusually early series of 
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storms dropped 5.5 inches of rain between October 31st and November 4th. Flows increased to 
133 cfs, which triggered the first upstream migration flow (UMF) of the season, between 
November 3rd and 5th. Spawner surveys immediately following the UMF found no signs of 
spawners except for a steelhead carcass in San Geronimo Creek that was believed to be a 
summer holdover. A lack of rain and migration cues during the rest of November resulted in a 
suspension of spawner surveys between November 20th and December 4th. 
 
On December 1st MMWD began the second three-day UMF by releasing enough water to raise 
stream flows to 35 cfs at the Samuel P. Taylor gage. The first live coho and coho redds were 
observed following this flow (Figure 4), and the one-day peak in coho observations (11 fish) 
occurred on December 5th. A small rain event brought just over an inch of rain beginning on 
December 15th and was followed by two new coho redds in Lagunitas Creek. A larger storm 
dropped over three inches of rain between December 22nd and 25th, raising stream flows to 184 
cfs but only resulting in a single new coho redd. The first fresh steelhead spawners were 
observed following this storm, one in Lagunitas Creek and one in San Geronimo Creek (Figure 
5). 
 
A small rain event on January 2nd, 2009, coupled with a required increase in winter base flows to 
25 cfs, appears to have triggered a small flurry of spawning activity (Figure 6). Over a three day 
period 19 new redds were observed, as well as eight live coho and six live steelhead. Coho were 
observed on three of these redds, and 14 additional redds were judged to have been built by 
coho. One of these was the only coho redd of the season built in San Geronimo Creek. The rest 
of January was extraordinarily dry, and no additional coho were observed. Two large redds were 
found in Lagunitas Creek downstream of Nicasio Creek, and were judged to be coho redds. 
Steelhead redds increased in number through the month despite the lack of rain.  
 
A third UMF was required on February 1st, and surveys conducted during and following the 
water release documented 16 new steelhead redds, the highest weekly count of the season 
(Figure 7). Rain finally returned on February 5th, and the month of February turned out to be 
wetter than average. Rain fell for 17 days during the month, eventually totaling over 18 inches. 
Steelhead redd construction was relatively constant through the month, while observations of 
live steelhead peaked in mid-February. The only Chinook salmon of the season was observed on 
February 20th. Between February 22nd and 27th, the largest storm of the season dropped 8.5 
inches of rain and raised stream flows to a peak of 1,191 cfs. Stream flows were too high to 
conduct additional spawner surveys until the second week of March.  
 
The last significant storm of the season produced over three inches of rain in early March and 
raised stream flows to 300 cfs. Surveys on March 9th found only one live steelhead and four 
redds. The last survey of the season on March 13th documented two steelhead and four more 
redds in San Geronimo Creek. 
 
4.0 DISCUSSION 
 
The 2008/09 coho run was the smallest coho run in the Lagunitas Creek watershed since annual 
surveys began in 1995/96. The redd count was only 11% of average while the number of fish 
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observations was a paltry 7% of average. Redds declined by 86% from 2005/06, when the 
parents of this year’s coho spawned. Similar declines have been observed up and down the 
California coast (Figure 8). South of the Eel River, coho returns declined by 92% from 2005/06, 
and Lagunitas Creek coho represented nearly a third of all coho counted. A number of factors 
conspired to produce the appalling-low spawning run in Lagunitas Creek. The New Year’s Eve 
Flood of 2005 destroyed many of the coho redds built to that point, and a second flood in the 
spring of 2006 likely killed large numbers of newly-emerged coho fry. The juvenile coho popu-
lation estimate for 2006 was only 2,700, and a very similar number of coho smolts migrated to 
the ocean in 2007. Less than 2% of those smolts survived to spawn this season, which indicates 
very poor ocean conditions. Low coho return rates throughout California support this theory.  
 
Stream flows were low for most of the coho spawning season, and passage into San Geronimo 
Creek and Devil’s Gulch was only possible for a few days in December. By the time flows 
increased in mid-February the coho run was finished. One redd in San Geronimo Creek was 
judged to be a coho redd based on its appearance, but coho spawning was otherwise limited to 
Lagunitas Creek.  
 
Only eight of 26 coho redds were observed to be occupied and another three redds were built 
prior to the first steelhead observation, meaning that only 11 redds were conclusively coho redds. 
The remaining 15 redds were categorized as coho redds based largely on their appearance. Most 
of these redds were observed during the first week of January, when nearly equal numbers of 
coho and steelhead were observed in Lagunitas Creek. Steelhead redds are consistently smaller 
than coho redds, with more than 75% smaller than five square meters and 90% smaller than 7.5 
square meters (Ettlinger et al. 2008). This season 12 of the 15 redds judged to be coho redds 
were five square meters or larger in area, so were in all likelihood coho redds. However, only 
seven of these redds were larger than 7.5 square meters, leaving open the possibility that as many 
as eight coho redds were actually built by steelhead. 
 
Despite far fewer coho and steelhead redds this year, the rate of redd superimposition was higher 
than previously documented. Seven of 26 coho redds (27%) were superimposed to some extent, 
and five (19%) had potential impacts to their egg pockets. Below-average and nearly unvarying 
stream flows, which persisted until mid-February, may have limited the number of suitable 
spawning riffles and encouraged steelhead to spawn in areas where coho had spawned previ-
ously. 
 
Three releases from Kent Lake were necessary to provide upstream migration flows (UMFs) due 
to a lack of significant rain in the month preceding each release. Two of those releases appear to 
have resulted in increased spawning activity. The first UMF coincided with rain in early 
November, but did not result in any salmonid observations. The second UMF in early December 
did not coincide with rain and was followed by the first 11 live coho and four coho redds of the 
season. Coho spawning had ended by the third UMF in early February, but steelhead appeared to 
respond to the increase in flows. Stream flows had hovered around the minimum required base 
flows (25 cfs) for a month prior to the UMF, and steelhead spawning had slowly increased 
during that period. On February 4th, the last day of the UMF, ten new redds were observed, 
which was the one-day peak in steelhead redd observations. Upstream migration flows are 
intended to facilitate spawner passage over shallow riffles, which in the case of the February 
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UMF was unnecessary since steelhead had already migrated throughout Lagunitas Creek by that 
time. However, the December UMF appears to have been successful at encouraging the first 
coho spawners to migrate upstream and spawn during a period of little rain and below-average 
flows. 
 
 
The 2009 juvenile coho population will almost certainly be the smallest population on record. 
The complete lack of coho redds in Devil’s Gulch and only one (unconfirmed) redd in San 
Geronimo Creek will likely result in undetectable numbers of juvenile coho in those tributaries. 
The last time coho could not be found in San Geronimo Creek was 1990 and in Devil’s Gulch 
was 1985. The juvenile coho produced from the 25 redds in Lagunitas Creek will likely be 
distributed patchily in the creek, so they may or may not be detected at our sample sites. The 
only factor ameliorating the poor spawner numbers this year was the low spring flows, which 
hopefully resulted in high survival rates for emerging coho fry. 
 
Predicting the 2009 juvenile steelhead population is far more difficult than predicting the coho 
population. While the spawning run was smaller than average, spring flows were also below 
average. The exact mechanisms driving the juvenile steelhead population in Lagunitas Creek are 
still unknown, but spring flows may have a negative impact on post-emergence survival rates of 
steelhead as well as coho. 
 
The 2009/10 coho run will almost certainly be larger than this year’s run. In 2008, nearly 6,700 
coho smolts migrated to the ocean, and ocean conditions have been productive since then. 
Assuming that 8% of those smolts survive (Stillwater Sciences 2007), over 500 coho spawners 
may return to Lagunitas Creek in 2009/10. That would be a decline from 2006/07, but still an 
average run. Next year’s steelhead run may again be below average. Steelhead smolt estimates in 
2008 and 2009 were much lower than in 2006 and 2007, and since steelhead typically spend 
either one or two years in the ocean, these smolt estimates predict a small run. If ocean survival 
is high, however, the 2009/10 steelhead run may be close to average. 
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Years Lagunitas 
Creek

San 
Geronimo 

Creek

Devil's 
Gulch

Other 
Tributaries Total Olema Creek 

(for comparison)

1982/'83 65 47 27 No Data 139 No Data

223

1995/'96 70 6 10 No Data 86 No Data

1996/'97 98 115 41 No Data 254 No Data

1997/'98 80 107 52 14 253 126

1998/'99 92 46 32 14 184 43

1999/'00 139 58 3 3 203 27

2000/'01 119 56 11 18 204 142

2001/'02 79 102 59 46 286 89

2002/'03 71 39 24 24 158 17

2003/'04 124 139 48 72 383 109

2004/'05 120 140 112 124 496 137

2005/'06 53 48 33 56 190 7

2006/'07 128 117 55 38 338 99

2007/'08 87 46 6 9 148 25

2008/'09 25 1 0 0 26 1

Notes: Other tributaries include Arroyo Creek, Larsen Creek, Evans Canyon, Woodacre Creek,
     San Geronimo Creek above Woodacre Creek, Nicasio Creek and Cheda Creek. 
Lagunitas Creek is surveyed from Nicasio Creek to Peters Dam.
San Geronimo Creek is surveyed from its mouth to its confluence with Woodacre Creek.
Devil's Gulch is surveyed from its mouth to an impassable cascade roughly two miles upstream.

Table 2. Coho Redd Observations in the Lagunitas Creek Study Area.
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Live Coho Carcasses Redds Live Coho Carcasses Redds Live Coho Carcasses Redds Live Coho Carcasses Redds Live Coho Carcasses Redds Live Coho Carcasses Redds

29-Oct-08 - - - - - - 0 0 0 - - - - - - 0 0 0
6-Nov-08 - - - - - - - - - 0 0 0 - - - 0 0 0
7-Nov-08 - - - - - - 0 0 0 - - - - - - 0 0 0
13-Nov-08 - - - - - - 0 0 0 - - - - - - 0 0 0
18-Nov-18 - - - - - - - - - 0 0 0 - - - 0 0 0
19-Nov-08 - - - - - - 0 0 0 - - - - - - 0 0 0
20-Nov-08 - - - 0 0 0 - - - - - - - - - 0 0 0
4-Dec-08 - - - - - - - - - 0 0 1 - - - 0 0 1
5-Dec-08 - - - - - - 11 0 3 - - - - - - 11 0 3
9-Dec-08 - - - - - - - - - 0 0 0 0 0 0 0 0 0
11-Dec-08 - - - - - - 1 0 0 - - - - - - 1 0 0
16-Dec-08 - - - - - - - - - 0 0 0 - - - 0 0 0
18-Dec-08 - - - - - - 4 0 2 - - - - - - 4 0 2
23-Dec-08 - - - 0 0 0 5 0 0 - - - - - - 5 0 0
26-Dec-08 - - - - - - - - - 4 0 1 0 0 0 4 0 1
29-Dec-08 - - - - - - 10 0 0 - - - - - - 10 0 0
5-Jan-09 - - - - - - - - - 0 0 4 0 0 0 0 0 4
6-Jan-09 - - - - - - 8 0 8 - - - - - - 8 0 8
8-Jan-09 - - - 0 0 4 - - - - - - - - - 0 0 4
13-Jan-09 - - - - - - - - - 0 0 0 0 0 0 0 0 0
14-Jan-09 - - - - - - 0 2 0 - - - - - - 0 2 0
20-Jan-09 - - - - - - - - - 0 0 0 - - - 0 0 0
21-Jan-09 0 0 2 - - - 0 0 0 - - - 0 0 0 0 0 2
27-Jan-09 - - - - - - - - - 0 0 0 0 0 0 0 0 0
28-Jan-09 - - - - - - 0 0 0 - - - - - - 0 0 0
2-Feb-09 - - - - - - - - - 0 0 0 0 0 0 0 0 0
3-Feb-09 - - - - - - 0 0 0 - - - - - - 0 0 0
4-Feb-09 - - - 0 0 0 - - - - - - - - - 0 0 0
9-Feb-09 - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0
19-Feb-09 - - - - - - - - - - - - - - - 0 0 0
20-Feb-09 - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0
9-Mar-09 - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0

SUBTOTAL 0 0 2 0 0 4 39 2 13 4 0 6 0 0 0 43 2 25
Corrected* 0 0 39 4 0 43

Live Coho Carcasses Redds Live Coho Carcasses Redds Live Coho Carcasses Redds Live Coho Carcasses Redds

0 0 0 - - - - - - 0 0 0
0 0 0 - - - - - - 0 0 0
- - - 0 0 0 - - - 0 0 0
- - - - - - 0 0 0 0 0 0
0 0 1 - - - - - - 0 0 1
- - - 0 0 0 - - - 0 0 0
0 0 0 - - - - - - 0 0 0
- - - 0 0 0 - - - 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
- - - - - - 0 0 0 0 0 0
0 0 0 0 0 0 - - - 0 0 0
0 0 1 0 0 0 0 0 0 0 0 1
0 0 0 0

Notes:
(-) Indicates that the spawner survey did not cover the area on that date ARROYO CREEK1 0 0 0
* Corrected coho observations compensate for coho that were EVANS CANYON1 0 0 0

presumably double-counted. LARSEN CREEK1 0 0 0
1 These surveys were conducted by Salmon Protection and Watershed MONTEZUMA CREEK1 0 0 0

Network (SPAWN) staff. NORTH FORK SAN GERONIMO CREEK1 0 0 0
     Only streams where coho or redds were observed are listed WOODACRE CREEK1 0 0 0
2 These surveys were conducted by National Park Service staff CHEDA CREEK2 0 0 0

COHO TOTAL 43 2 26

SUBTOTAL
Corrected*

COHO SALMON IN OTHER TRIBUTARIES

29-Dec-08
30-Dec-08
5-Jan-09

19-Feb-09
27-Feb-09
9-Mar-09

6-Jan-09

SURVEY DATE

5-Nov-08
26-Dec-08

12-Jan-09

TOTAL

COHO SALMONCOHO SALMON IN SAN GERONIMO CREEK
IN DEVIL'S GULCHMeadow Way-Woodacre Cr.Mouth-Meadow Way

13-Mar-09

TOTAL

15-Jan-09

SURVEY DATE Nicasio Creek-Tocaloma Tocaloma-Devils Gulch Devils Gulch-Shafter Bridge Shafter Bridge-Peters DamPt Reyes Station-Nicasio Cr.
COHO SALMON IN LAGUNITAS CREEK

Table 3. Observations of Coho Salmon in the Lagunitas Creek Study Area, Spawning Season 2008/'09
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Live Fish Redds Live Fish Redds Live Fish Redds Live Fish Redds Live Fish Redds

1995/'96 - - - - 365 86 - - - -

1996/'97 1* - - - 549 254 - - - -

1997/'98 - - 1* - 428 253 10 3 - -

1998/'99 - - - - 123 184 4 1 - -

1999/'00 1 - - - 568 203 24 7 - -

2000/'01 5 - - - 320 204 18 11 - -

2001/'02 44 28 28 10 735 286 52 67 22 20

2002/'03 31 20 5 0 572 158 44 50 35 27

2003/'04 19 36 2 1 947 383 57 71 3 14

2004/'05 125 44 4 1 1342 496 57 136 172 70

2005/'06 10 8 0 0 679 190 73 136 38 12

2006/'07 40 40 1 1 886 338 588 303 47 44

2007/'08 4 0 0 0 238 148 475 297 18 32

2008/'09 1 1 0 0 43 26 45 80 14 5

Average: 26 22 5 2 557 229 121 97 44 28

* Carcass

"Unknown"
Years

Note: Prior to 2001/'02, surveys were conducted specifically for coho salmon between November and early 
February. Steelhead were noted and other species were not known to spawn in Lagunitas Creek.
(-) Indicates that these salmonids and/or redds were not expected or noted.

Chinook Chum Coho Steelhead

Table 4. Adult Salmonid Observations in the Lagunitas Creek Study Area, 1995/'96-2008/'09.
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Steelhead Carcasses Redds Steelhead Carcasses Redds Steelhead Carcasses Redds Steelhead Carcasses Redds Steelhead Carcasses Redds Steelhead Carcasses Redds

29-Dec-08 - - - - - - 1 0 0 - - - - - - 1 0 0
6-Jan-09 - - - - - - 6 0 1 - - - - - - 6 0 1
13-Jan-09 - - - - - - - - - 1 0 2 0 0 0 1 0 2
14-Jan-09 - - - - - - 0 0 1 - - - - - - 0 0 1
20-Jan-09 - - - - - - - - - 3 0 5 - - - 3 0 5
21-Jan-09 1 0 5 - - - 1 0 2 - - - 0 0 0 2 0 7
27-Jan-09 - - - - - - - - - 0 0 5 0 0 1 0 0 6
28-Jan-09 - - - - - - 0 1 2 - - - - - - 0 1 2
2-Feb-09 - - - - - - - - - 2 0 3 0 0 0 2 0 3
3-Feb-09 - - - - - - 1 0 3 - - - - - - 1 0 3
4-Feb-09 - - - 0 0 10 - - - - - - - - - 0 0 10
9-Feb-09 - - - - - - 1 0 5 7 0 2 1 0 2 9 0 9
20-Feb-09 - - - - - - 2 0 0 5 0 4 0 0 4 7 0 8
9-Mar-09 - - - - - - 1 0 0 0 0 1 0 0 0 1 0 1

SUBTOTAL 1 0 5 0 0 10 13 1 14 18 0 22 1 0 7 33 1 58
Corrected* 1 0 13 18 1 33

Steelhead Carcasses Redds Steelhead Carcasses Redds Steelhead Carcasses Redds Steelhead Carcasses Redds

0 1 0 - - - - - - 0 1 0
- - - 1 0 0 - - - 1 0 0
0 0 1 - - - - - - 0 0 1
4 0 2 0 0 3 2 0 1 6 0 6
2 0 1 1 0 4 0 0 3 3 0 8
- - - - - - 0 0 3 0 0 3
1 0 1 1 0 3 - - - 2 0 4
7 1 5 3 0 10 2 0 7 12 1 22
7 3 2 12

ARROYO CREEK1 0 0 0
EVANS CANYON1 0 0 0
LARSEN CREEK1 0 0 0
MONTEZUMA CREEK1 0 0 0
NORTH FORK SAN GERONIMO CREEK1 0 0 0
WOODACRE CREEK1 0 0 0
CHEDA CREEK2 0 0 0

STEELHEAD TOTAL 45 2 80

Nicasio Creek - Tocaloma Tocaloma-Devils Gulch Devils Gulch-Shafter Bridge Shafter Bridge-Peters Dam
Steelhead Carcasses Redds Chinook Carcasses Redds Chinook Carcasses Redds Chinook Carcasses Redds Chinook Carcasses Redds Chinook Carcasses Redds

20-Feb-09 - - - - - - 1 0 1 0 0 0 0 0 0 1 0 1
SUBTOTAL 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 1 0 1
Corrected* 0 0 1 0 0 1

Notes:
(-) Indicates that the spawner survey did not cover the area on that date.
Only streams and surveys where live salmonids or redds were observed are listed.
* Corrected stee presumably double-counted.
1 These surveys were conducted by Salmon Protection and Watershed 

Network (SPAWN) staff.
2 These surveys were conducted by National Park Service staff.

TOTAL
Pt Reyes Station-Nicasio Cr.

CHINOOK SALMON IN LAGUNITAS CREEK
SURVEY DATE

TOTAL

SURVEY DATE Nicasio Creek - Tocaloma Tocaloma-Devils Gulch Devils Gulch-Shafter Bridge Shafter Bridge-Peters DamPt Reyes Station-Nicasio Cr.
STEELHEAD IN LAGUNITAS CREEK TOTAL

STEELHEADSTEELHEAD IN SAN GERONIMO CREEK
IN DEVIL'S GULCHMeadow Way-Woodacre Cr.Mouth-Meadow WaySURVEY DATE

5-Nov-08
29-Dec-08

13-Mar-09
SUBTOTAL
Corrected*

STEELHEAD IN OTHER TRIBUTARIES

5-Jan-09
19-Feb-09
27-Feb-09
9-Mar-09

Table 5. Observations of Steelhead and Chinook Salmon in the Lagunitas Creek Study Area, Spawning Season 2008/'09

15



SURVEY
DATE Live Fish Carcasses Redds Live Fish Carcasses Redds Live Fish Carcasses Redds Live Fish Carcasses Redds Live Fish Carcasses Redds

Oct Week 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov Week 1 0 0 0 0 0 0 0 0 0 0 1 0 2 0 0

Nov Week 2 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0

Nov Week 3 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Nov Week 4 - - - - - - - - - - - - - - -

Dec Week 1 11 0 4 0 0 0 0 0 0 0 0 0 2 0 0

Dec Week 2 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0

Dec Week 3 4 0 2 0 0 0 0 0 0 0 0 0 1 0 0

Dec Week 4 9 0 1 0 0 0 0 0 0 0 0 0 0 0 0

Dec Week 5 10 0 0 0 0 0 0 0 0 2 0 0 0 0 0

Jan Week 1 8 0 17 0 0 0 0 0 0 6 0 2 0 0 0

Jan Week 2 0 2 0 0 0 0 0 0 0 1 0 3 2 0 2

Jan Week 3 0 0 2 0 0 0 0 0 0 5 0 12 1 0 3

Jan Week 4 0 0 0 0 0 0 0 0 0 0 1 8 0 0 0

Feb Week 1 0 0 0 0 0 0 0 0 0 3 0 16 0 0 0

Feb Week 2 0 0 0 0 0 0 0 0 0 9 0 9 2 0 0

Feb Week 3 0 0 0 1 0 1 0 0 0 13 0 14 0 0 0

Feb Week 4 0 0 0 0 0 0 0 0 0 3 0 8 0 0 0

Mar Week 1 - - - - - - - - - - - - - - -

Mar Week 2 0 0 0 0 0 0 0 0 0 3 0 8 0 0 0
SUB-TOTAL 43 2 26 1 0 1 0 0 0 45 2 80 14 0 5
Corrected 43 1 0 45 14

Total of all redds combined: 112

Notes: The "corrected" live fish totals compensate for fish that were presumably counted multiple times.  
* Partial survey or incidental observation.
(-) Indicates that the spawner survey did not cover the area on that date.

UNKNOWN SALMONIDSSTEELHEADCHINOOKCOHO CHUM

Table 6. MMWD Salmonid Observations by Week in the Lagunitas Creek Study Area, Spawning Season 2008/'09.
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EXECUTIVE SUMMARY 
 
Marin Municipal Water District (MMWD) staff conducted a population monitoring survey for coho 
salmon (Oncorhynchus kisutch) and steelhead trout (O. mykiss irideus) in Lagunitas Creek and two 
of its main tributaries, San Geronimo Creek and Devil’s Gulch, between September 7 and October 
20, 2011. This survey is conducted annually and was performed in accordance with MMWD’s 
Lagunitas Creek Stewardship Plan (MMWD 2011).  
 
The juvenile survey was conducted at a total of 13 pre-established sample sites. Capture and release 
electrofishing was conducted at 12 sample sites: six in Lagunitas Creek, four in San Geronimo Creek 
and two in Devil’s Gulch. In addition, site LG-2 was surveyed by snorkeling only. A single, long 
glide habitat in Lagunitas Creek was also snorkeled to compute salmonid abundance for this habitat 
type. Fish observations from electrofishing and snorkeling were used to compute abundance and 
densities (fish/m and fish/m2) for coho and steelhead. Our results were compared to similar surveys 
conducted between 1970 and 2010 to monitor trends in the coho and steelhead populations over 
time. 
 
A similar level of sampling effort was performed in 2011 as compared with surveys conducted since 
1995. Habitat conditions at our sample sites were generally similar to those observed in 2010. 
Variability in habitat conditions, sample sites, or sampling effort is typically small relative to the 
magnitude of change in salmonid abundance, and is unlikely to have a strong influence on the long-
term trends observed in salmonid numbers. 
 
We estimate a population of 8,155 juvenile coho in the Lagunitas Creek study area. This year’s coho 
population declined 26% from three years ago and was only 61% of average. Coho numbers were 
less than half of average in both San Geronimo Creek and Devil’s Gulch, but at least for San 
Geronimo Creek this was a major improvement compared to the past two years. Juvenile coho were 
essentially absent from this creek in 2009 and 2010. The below-average coho population was the 
result of a very small spawning run in 2010-11, when only 80 coho redds were observed. We 
estimate a population of 39,190 juvenile steelhead within the Lagunitas Creek study area, which was 
82% of average since annual surveys began in 1993. The steelhead population was larger than 
anticipated since the steelhead run was the smallest run documented since systematic steelhead 
surveys began in 2001-02. 
 
The juvenile salmonid survey is one component of the monitoring and habitat enhancement work 
MMWD is conducting on Lagunitas Creek. This report focuses on the juvenile coho and steelhead 
population data for this year and compares it to past years, in order to track the population trends in 
Lagunitas Creek. While we do try to provide an explanation for the trends we are observing, this 
report is not meant to evaluate all aspects of MMWD’s fisheries program for Lagunitas Creek. 
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1.0 INTRODUCTION 
 
The Marin Municipal Water District (MMWD) is a public agency that withdraws water from the 
Lagunitas Creek drainage in Marin County, California to provide a water supply for over 190,000 
residents in southern and central Marin County. These diversions are permitted and regulated by the 
California State Water Resources Control Board (SWRCB). Monitoring of coho salmon and 
steelhead populations is required by SWRCB and is described in the Lagunitas Creek Stewardship 
Plan (2011). 
 
One element of MMWD’s Stewardship Plan is to conduct annual surveys for juvenile salmonids in 
Lagunitas Creek. These annual surveys are conducted to monitor coho salmon (Oncorhynchus 
kisutch) and steelhead trout (O. mykiss irideus) populations in the study area and have been an 
ongoing effort by MMWD since 1993. The California Department of Fish and Game (CDFG) estab-
lished the first population sampling sites for coho salmon and steelhead trout in the Lagunitas Creek 
system in 1970. Several of these sites were sampled every year during the 1980s except for 1981 and 
1989. 
 
The abundance of steelhead trout and coho salmon in the Lagunitas Creek watershed has fluctuated 
widely since 1970 and has declined in comparison with anecdotal reports of large historic popu-
lations. Throughout California, populations of native fish species, including coho and steelhead, 
have been steadily declining. Human-caused factors for this decline include habitat alterations such 
as water diversions, road building, timber harvest, urbanization, flood control structures and 
practices, and climate change (NMFS 2010). This decline resulted in the listing of coho salmon and 
steelhead trout as “threatened” by the National Marine Fisheries Service (NMFS) under the Federal 
Endangered Species Act. In 2005, coho salmon in the Central California Coast Evolutionarily 
Significant Unit (ESU) were re-designated as “endangered.” Coho salmon along the Central 
California Coast have also been listed as “endangered” under the California Endangered Species 
Act. 
 
This report covers the 2011 juvenile coho and steelhead population monitoring effort. The 
population trends produced by this analysis will help MMWD evaluate juvenile coho and steelhead 
abundance in relation to MMWD management practices and/or SWRCB-ordered mitigation 
measures. 
 
2.0 METHODS 
 
The goal of this monitoring effort is to produce long-term trends in juvenile salmonid populations 
for the Lagunitas Creek study area. Population estimates were produced by estimating the numbers 
of fish, using a combination of electrofishing and snorkeling, at established index reaches (sample 
sites) in Lagunitas Creek and two of its tributaries, San Geronimo Creek and Devil’s Gulch. Index 
reach fish abundance estimates were then extrapolated to estimate the total populations of fish in the 
study area. 
 
The Lagunitas Creek study area includes 13.3 km of Lagunitas Creek, 7.5 km of San Geronimo 
Creek, and 3.4 km of Devil’s Gulch. In Lagunitas Creek, the habitats downstream of the confluence 
with Nicasio Creek (5.9 km) were not included in our analyses because the juvenile index reaches 
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were not intended to represent this section of creek. For San Geronimo Creek and Devil’s Gulch, 
salmonid populations were estimated for the main stem reaches for which habitat data were 
available. Habitat typing of Lagunitas Creek, San Geronimo Creek, and Devil’s Gulch was 
completed in 2011. The habitat typing survey classified habitats as pool, glide, run, riffle, cascade, 
and dry. Cascades and dry habitats represented approximately 1.0% of the study area and have been 
excluded from our population extrapolations because these habitat types were not included within 
our index reaches and/or do not provide salmonid habitat. Side channel habitats were also excluded 
because the index reaches did not adequately represent these habitats. 
 
Seven sites in Lagunitas Creek, four in San Geronimo Creek, and two in Devil’s Gulch were 
sampled between September 7 and October 20, 2011 (Figure 1). Each index reach consisted of one 
or more riffle, run, glide, or pool habitat units. The index reaches in Lagunitas Creek were (in a 
downstream to upstream listing): LG-2, LG-3u, LG-5, LG-7, LG-9, LG-15.86, and LG-12. The sites 
in San Geronimo Creek were: SG-1, SG-2, SG-3, and SG-4. Sites in Devil’s Gulch were DG-1 and 
DG-2. These sites have been sampled annually for juvenile salmonids since 1993, with the exception 
of LG-15.86 (added in 1994), SG-1 (added in 1998), and LG-2 (added in 2002). SG-1 and LG-15.86 
were added to better represent salmonid distribution throughout San Geronimo Creek and Lagunitas 
Creek, respectively. In 2002, LG-2 was added to replace LG-1, which was abandoned due to 
problems gaining access onto the property containing this site. In 2004, bank stabilization work at 
site LG-3 necessitated relocating the site immediately upstream. The new site was designated LG-3u 
and has been sampled each year since 2004.  
 
Habitat typing data collected in 2011 revealed that a substantial portion of Lagunitas Creek (23%) is 
glide habitat, while only one glide is contained within our juvenile index reaches. In order to better 
quantify salmonid use of this habitat type we snorkeled an extensive glide located downstream of the 
Sir Francis Drake Bridge at Tocaloma. In 2008 this glide was selected because it was close to the 
average depth and location for glides in Lagunitas Creek and because there were clear boundaries 
between this glide and neighboring habitats (glides often transition gradually into pools, making the 
habitat boundaries somewhat subjective).  
 
Sampling was performed by Eric Ettlinger, Gregory Andrew, Ben Schleifer and Michael Horwitz, 
along with MMWD Fisheries interns Desmond Ho, Katrina Nystrom and Jessie Weisenfeld. We 
snorkeled but did not electrofish site LG-2 due to the depth of the site (up to 1.4 m) and because 
electrofishing has not previously been conducted at this site. We also did not survey the upper pool 
of site LG-5 because of a debris jam in the pool. In 2010 we snorkeled this jam but this year 
determined that the jam had become too extensive to either electrofish or snorkel effectively.  
 
Sample site LG-3u was surveyed by Larry Serpa (Project Ecologist, The Nature Conservancy) for 
the presence of California freshwater shrimp (Syncaris pacifica) prior to electrofishing. All shrimp 
captured were removed from the sample area and placed in appropriate habitat immediately 
upstream or downstream of our sample site. Mr. Serpa determined that the habitats to be 
electrofished at site LG-5 were not appropriate shrimp habitat and a shrimp survey was not required. 
 
Electrofishing was conducted in compliance with guidelines set by the National Marine Fisheries 
Service (NMFS 2000). Prior to electrofishing a sample site, block nets were erected at the 
downstream and upstream end of each habitat unit to prevent fish migration during sampling. Smith-
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Root Type 12 backpack electrofishers were used to make a minimum of three passes through each 
habitat. Electrofishers were set to voltages of 100-200 volts, frequencies of 50-70 Hz and pulse 
duration of four milliseconds. The electrofisher voltage and output wave were initially set based on 
water conductivity (expressed as microSiemens/cm (μS)), measured prior to electrofishing, and 
water depth. One or two electrofishers were used at each of the sample habitats (depending on the 
width of the site) with two people following the electrofishers using dip-nets to capture stunned fish. 
As fish were stunned and netted they were placed into buckets containing fresh stream water, carried 
by the electrofishers. 
 
Habitat units were sampled from the downstream net to the upstream net and then back downstream 
again to complete one pass. After each pass, captured fish were anesthetized using clove oil to 
reduce stress in handling. The captured fish were identified to species, except for sculpin (Cottus 
spp.), which were identified only to genus. The fork lengths (FL) of coho salmon and steelhead trout 
were measured in millimeters (mm). Other species such as Tomales roach (Lavinia symmetricus 
symmetricus), Pacific lamprey (Entosphenus tridentata), Sacramento sucker (Catostomus 
occidentalis), sculpin, threespine stickleback (Gasterosteus aculeatus), Pacific giant salamander 
(Dicamptodon ensatus) and California freshwater shrimp (Syncaris pacifica) were recorded for a 
total catch. Juvenile lampreys were classified as smolts (if they had eyes, well-developed sucking 
mouths and silver coloring) or ammocoetes (if they lacked smolt features). 
 
Weights were collected from a large length range of coho and steelhead. At least five juvenile 
salmonids of each species were weighed for each ten-millimeter length group (e.g. 50-59mm) for 
each creek, except when fewer than five fish in a particular length group were caught. Fish were 
placed on a hollow sponge to remove excess water before being weighed on a digital scale.  
 
During electrofishing, steelhead were grouped into age classes of 0+ (young-of-the-year; <1 year 
old) or 1+ (one to three years old) based upon length and appearance of the fish at time of capture. In 
the field, steelhead captured in Lagunitas Creek that were longer than 110-115 mm FL, depending 
on site, were considered to be 1+ steelhead and those smaller were considered to be 0+ steelhead. 
Steelhead captured in San Geronimo Creek and Devil’s Gulch that were 90 mm FL or larger were 
considered to be in the 1+ age class. Scale samples were taken from several representative steelhead 
ranging from 90 to 118 mm FL in order to estimate a more accurate size break between 0+ and 1+ 
steelhead. Scales were obtained by scraping the side of the fish above the lateral line and behind the 
dorsal fin. We were able to definitively determine the ages of most of the steelhead by viewing the 
scales under a microscope and counting their annuli (yearly rings). When annuli were indistinct and 
age class could not be determined, we used size breaks (natural gaps in the size range) to determine 
age class. At sites snorkeled but not electrofished, steelhead age classes were determined by visual 
inspection only. 
 
After handling, fish were first transferred into a black recovery bucket and then transferred to live 
cars (holding pens consisting of a mesh basket lined with netting), which had been placed in the 
stream, outside of the block netted habitat unit. Large sculpin were held in separate recovery buckets 
and live cars to avoid predation of salmonids. Once sampling was completed, captured fish were 
released back into the habitat unit from which they were captured. 
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In addition to fish data, we collected habitat data including depth, substrate composition, shelter 
ratings, and bank vegetation. Water temperatures were measured at each sample site using hand held 
digital thermometers. Water temperatures were also being recorded, independently, at the USGS 
stream gage at Samuel P. Taylor State Park (upstream of the mouth of Devil’s Gulch and sample site 
LG-7). 
 
Coho and steelhead capture data were tallied by sample site (Appendix A) and entered into 
Microfish, a population estimation program designed for use with depletion data (Van Deventer & 
Platts 1989). Output from this program was used to calculate population estimates of coho, 0+ 
steelhead, and 1+ steelhead (Appendix B). Population estimates of coho, 0+ steelhead, and 1+ 
steelhead were made for individual habitat units and for each sample site. The population estimates 
for each sample site were then extrapolated for entire stream segments (Appendix C).  
 
Habitat typing completed in 2011 throughout the Lagunitas Creek study area allowed for a 
comparison of the habitat composition of the index reaches to the habitat composition of the streams 
or stream reaches. Juvenile salmonid population sizes were estimated by extrapolating fish densities 
in individual habitats to entire streams based on the proportions of habitat types within those streams 
(Appendix C). Salmonid densities in each habitat type were multiplied by the linear length of the 
same habitat type in the applicable stream. The extrapolated population estimates from this year’s 
survey can be compared to the annual juvenile salmonid surveys conducted since 1995, when we 
began estimating salmonid populations using habitat proportions.  
 
Fish abundance was also expressed as the density of coho or steelhead per 30 meters of stream. Fish 
densities for individual streams can be compared to surveys conducted as early as 1970. Fish 
densities were compiled from data presented in Trihey & Associates (1995a, 1996) and previous 
MMWD juvenile salmonid survey reports. Fish densities in individual streams were also multiplied 
by the lengths of those creeks, and those estimates were summed to produce population estimates 
comparable with pre-1995 survey data. Set creek lengths were used, based on the 2003 habitat 
typing data (Garcia and Associates 2004), so that estimates were comparable across all years. This 
trend analysis was based on reported fish densities and did not take into account habitat changes in 
the study area, changes in index reaches, or sample site representativeness. The benefits and 
drawbacks of using extrapolated population estimates versus fish densities for trend analyses are 
addressed in the Discussion. 
 
The stream segments used in estimating the juvenile salmonid populations of the Lagunitas Creek 
study area have changed multiple times over the years. Populations have previously been estimated 
for multiple reaches in Lagunitas and San Geronimo Creeks, but more recently have been estimated 
for the entire streams as a whole. New sample sites have been added, one was abandoned, and the 
stream reaches represented by these sites have also changed over the years. Finally, the size of the 
study area has changed multiple times, influencing the estimated populations. These methodological 
changes are described in detail in Appendix D. 
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3.0 RESULTS 
 
3.1 HABITAT AND SAMPLE SITE DESCRIPTIONS 
 
Juvenile survey sample sites were selected to be representative of the creeks in which they are 
located. Most of these sites have been sampled annually since 1993 and some of the sites were first 
sampled as early as 1970. Habitat descriptions of the juvenile sample sites are provided below and 
site locations are shown in Figure 1. Sample site sketches and habitat data are also presented in 
Appendix E. The sample sites and the habitats within each site are described below in the order they 
occur, moving in an upstream direction. References to the right or left bank are described looking in 
a downstream direction. Conductivity measurements were recorded at the time of sampling.  
 
Habitat quality improved at some sample sites while deteriorating at others between 2010 and 2011. 
Habitat conditions at the sample sites taken as a whole did not appear to change significantly. In 
Lagunitas Creek, declines in shelter at sites LG-3u and LG-7 were somewhat offset by increases in 
shelter at site LG-12. Habitat quality improved at site SG-3 while remaining stable at the other San 
Geronimo Creek sites. One pool at site DG-1 became deeper in 2011, but otherwise habitat 
conditions in Devil’s Gulch were similar to last year.  
 
3.1.1 Lagunitas Creek 
 
Site LG-2: Total length = 55.1 meters; pool: 39.4 meters, run: 15.7 meters. Snorkeled only 

(72% pool, 28% run, 0% riffle, 0% glide)   Conductivity = Not Measured 
Coordinates: 38.0659ºN, 122.7735ºW 

This site is located approximately 0.5 km upstream of Nicasio Creek. The site can be accessed by 
parking off of Platform Bridge Road, near mile marker 0.49 and walking upstream to mile marker 
0.68. An indistinct trail leads across a dry secondary channel to the site. Habitat conditions at this 
site were mostly unchanged from 2010. A long, submerged log extended through much of the 1.7 
meter-deep pool. Further upstream, willows encroached from the right bank and covered much of the 
upper half of the pool. The run had little cover with the exception of a box elder limb extending over 
the lower portion of the habitat. Sand dominated the substrate.  
 
Site LG-3u: Total length = 63.1 meters; pool: 39.2 meters, run: 13.5 meters, riffle: 10.4 m. 

(62% pool, 21% run, 17% riffle, 0% glide)   Conductivity = 189 μS 
  Coordinates: 38.0587ºN, 122.7663ºW 
Site LG-3u is located along the west side of Platform Bridge Road, immediately upstream from the 
Zenardi ranch house (on the east side of the road). LG-3u permanently replaces site LG-3, which 
was altered by a bank stabilization project completed in 2004. The downstream end of LG-3u begins 
just upstream of the bank stabilization project now marked by logs, rock and dense willows at the 
base of a steep bank adjacent to the road. The creek continued to occupy the left channel at the 
downstream end of the site, after abandoning the right channel in 2010. For the second year in a row 
the pool habitat became shallower and had more fine substrates. A woody debris structure provided 
some cover near the downstream end of the pool. The riffle separating the pool and run grew in 2011 
to warrant sampling separately. Willows and a small debris jam provided good cover in the very fast 
flow. The run habitat still included a scour feature that almost justified a designation as pool habitat. 

Habitat change 
insignificant. 

Habitat quality 
deteriorated. 
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A small rootball at the top of the unit, which produced the scour feature, provided the only cover in 
the otherwise featureless habitat. 
 
Tocaloma: Total length = 122 meters; glide: 122 meters, snorkeled only. 
  (0% pool, 0% run, 0% riffle, 100% glide)  Conductivity = Not Measured  
  Coordinates: 38.0514ºN, 122.7601ºW 
The “Tocaloma Glide” was first sampled in 2008, and is located off of Platform Bridge Road, 
approximately 200 m downstream of the intersection with Sir Francis Drake Blvd. This glide is 
wide, sandy and generally shallow, with abundant willow cover along the banks. The habitat 
dimensions, substrates and total cover have been consistent since 2009. Willows covered 20% of the 
site and provided the vast majority of the cover.  
 
Site LG-5: Total length = 36.7 meters; pool: 36.7 meters, pool. 
  (100% pool, 0% run, 0% riffle, 0% glide)   Conductivity = 182 μS 
  Coordinates: 38.0377ºN,122.7464ºW 
This site is located off of Sir Francis Drake Boulevard, opposite the gate to the Cheda Ranch. The 
downstream boundary of the site was at the top of a riffle just below the mouth of Cheda Creek. The 
run and downstream pool sampled in 2010 had merged into a single, deeper pool this year. This pool 
continued to have a submerged log and extensive roots that provided most of the cover. In the 
upstream pool, the debris jam that formed in 2010 was more extensive, and like last year, impossible 
to electrofish effectively. The debris provided so much cover that snorkeling would also have been 
ineffective, so this pool was excluded from sampling.  
 
Site LG-7: Total length = 80.7 meters; pool: 37.5 meters, riffle: 14.2 meters, pool: 29.0 meters.  

(82% pool, 0% run, 18% riffle, 0% glide) Conductivity = 189-196 μS 
  Coordinates: 38.0284ºN,122.7365ºW 
This site is located between Devil’s Gulch and Deadman’s Gulch and is downstream of the USGS 
gage station located in Samuel P. Taylor State Park. Access to this site is located off of Sir Francis 
Drake Boulevard opposite the entrance road into Devil’s Gulch. The downstream net was 
approximately 250 m upstream of the confluence of Devil’s Gulch and Lagunitas Creek, at the 
downstream end of a pool with a bedrock outcrop on the right bank. The downstream pool was 
shallower and had less cover than in 2010. The middle riffle habitat didn’t change significantly, and 
continued to have very fast flows and little cover. The upstream pool habitat was also shallower and 
had less cover. Willows on the right bank, which had been present for many years, were missing and 
replaced by an eroding bank. The streamside trail is very close to slumping into the creek here. 
Willows at the top of the pool provided most of the cover, along with the undercut right bank. . 
 
Site LG-9: Total length = 73.0 meters; riffle: 28.9 meters, run: 44.1 meters. 

(0% pool, 60% run, 40% riffle, 0% glide)   Conductivity = 187-189 μS 
  Coordinates: 38.0187ºN,122.7305ºW 
The site is located adjacent to the Samuel P. Taylor State Park ranger station and picnic ground. The 
downstream unit, which was a riffle in 2010, was flooded by a boulder weir constructed near the 
downstream end. This was not the first time park visitors had altered this habitat. The resulting run 
was lumped with the upstream habitat, producing a long run with a short riffle in the middle. Like 
last year, limited cover was provided by some willows and sedges along the right bank. At the top of 

Habitat change 
insignificant. 

Habitat change 
insignificant. 

Habitat quality 
improved. 

Habitat quality 
deteriorated 
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the site the step-run habitat present in 2010 was more like a riffle with some run features. Undercut 
bank provided most of the cover 
 
Site LG-15.86: Total length = 39.9 meters; glide: 39.9 meters. 

 (0% pool, 0% run, 0% riffle, 100% glide)  Conductivity = 173 μS 
   Coordinates: 38.0114ºN,122.7126ºW 
The site is located down the bank from the Marin County “15.86” mile marker along Sir Francis 
Drake Boulevard, about midway between Shafter and Irving Bridges. This site was slightly deeper 
than it was last year, but in the field we continued to classify it as a run. During an independent 
habitat typing survey the habitat was classified as a glide. To be consistent with the habitat typing 
survey we reclassified the habitat as a glide and have applied the fish density data for this site to 
glides. Other than being slightly deeper, the site was largely unchanged from 2010, although a very 
large bay tree had fallen into the creek immediately downstream of where we place the downstream 
net. Most of the cover at the site was provided by a long, forked log, an undercut redwood tree on 
the left bank, and some willows on the right bank. Bedrock was more prominent while gravel was 
less dominant than it was last year. 
 
Site LG-12: Total length = 90.2 meters; pool: 29.5 meters, run: 28.6 meters, riffle: 32.1 meters. 
  (33% pool, 32% run, 35% riffle, 0% glide)  Conductivity = 165-168 μS 
  Coordinates: 38.0052ºN,122.7102ºW 
The site is located along Sir Francis Drake Boulevard, a short distance downstream from Shafter 
Bridge. The downstream pool habitat was shallower but contained more cover, particularly in the 
form of small woody debris caught by the rootball log on the left bank (WD-8). Upstream of the 
rootball, the pool graded into a wide run, which was mostly unchanged from 2010. A fallen ash on 
the right bank continued to provide most of the cover. The upstream riffle habitat was unchanged 
and continued to be very shallow, steep, and had very fast water. Sedges and willow provided 
limited cover along the banks of the riffle. 
 
3.1.2 San Geronimo Creek 
 
Site SG-1: Total length = 56.9 meters; pool: 14.3 m, riffle: 6.0 m, glide: 20.4 m, glide: 16.2 m. 
  (25% pool, 0% run, 11% riffle, 64% glide)  Conductivity = 399 μS 
  Coordinates: 38.0077ºN, 122.7049ºW 
This site is located just upstream of the Sir Francis Drake Bridge over San Geronimo Creek and 
downstream of the town of Lagunitas. The downstream end of the site was across from the first 
house upstream of the bridge, at the top of a narrow riffle. The downstream pool was shorter but 
otherwise unchanged from last year. Boulders continued to provide most of the limited fish cover. 
The short riffle was also unchanged and was barely long enough to be classified as a distinct habitat 
unit. The third habitat was classified as a run in previous years but was classified as a glide this year. 
The habitat dimensions and geometry of the unit were similar to what was recorded last year, but the 
substrate contained more fines. The fourth unit was also classified as a glide instead of a run due to 
its shallowness and slow water, but was also similar to what was seen in 2010. All habitats had very 
little cover, provided by scattered boulders and some undercut bank. 

Habitat quality 
improved. 

Habitat change 
insignificant. 

Habitat change 
insignificant. 
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Site SG-2: Total length = 107.2 m; pool: 21.6 m, riffle: 21.8 m, glide: 20.6 m, pool: 31.9 m, run: 

11.3 m. 
  (50% pool, 11% run, 20% riffle, 19% glide)  Conductivity = 396-416 μS 
  Coordinates: 38.0136ºN, 122.6980ºW 
This site is located adjacent to MMWD’s Lagunitas booster pump station on Sir Francis Drake 
Boulevard, across from the Lagunitas Post Office. The downstream end of the site was netted 
upstream of a narrow bedrock section of the creek. The downstream pool habitat had a bedrock cliff 
along the left bank, and otherwise sand and gravel substrate. The pool was slightly deeper and 
shorter than it was in 2010, with little cover. The middle riffle habitat was much longer than it was 
last year but cover was still lacking. The third unit, which was classified as a pool tail prior to 2010, 
continued to be a shallow glide this year with roots providing limited cover. The long, upstream pool 
was split this year into a pool and short upstream run. The pool was shorter and slightly deeper, and 
continued to have limited cover in the form of roots and undercut banks. Last year the pool quickly 
transitioned to an upstream riffle, but that riffle shifted further upstream this year and lengthened the 
transition area. The short run between the pool and riffle was shallow, with gravel and bedrock 
substrate and almost no cover.  
 
Site SG-3: Total length = 47.5 meters; pool: 34.0 meters, riffle: 13.5 meters. 

(72% pool, 0% run, 28% riffle, 0% glide)  Conductivity = 365 μS 
  Coordinates: 38.0127ºN,122.6521ºW 
This site is located adjacent to MMWD’s San Geronimo Water Treatment Plant and adjacent to the 
abandoned fish rearing facility formerly operated by Trout Unlimited. The downstream pool was 
longer and slightly deeper, with more cover provided by a small debris jam near the top of the 
habitat. The upstream riffle was wider and longer, and had faster flows due to rain the previous day. 
The upstream net was placed at the top of the riffle, downstream of a riprap-and-concrete stabilized 
left bank. 
 
Site SG-4: Total length = 39.0 meters; pool: 19.0 meters, pool: 20.0 meters. 
  (100% pool, 0% run, 0% riffle, 0% glide)  Conductivity = 437 μS  
  Coordinates: 38.0133ºN,122.6511ºW 
This site is also located at the San Geronimo Water Treatment Plant, at the plant’s entrance bridge 
over San Geronimo Creek. Much of the downstream pool was uncharacteristic of the creek, with a 
concrete bridge abutment forming a large part of the pool banks. The two pools were connected by a 
new cutoff riffle, which shortened the downstream pool considerably. This pool was slightly deeper 
this year but continued to lack cover. The upstream pool expanded downstream considerably and 
was much shallower. The debris jam at the top of the pool continued to provide excellent, although 
shallower, habitat.  
 

Habitat quality 
improved. 

Habitat change 
insignificant. 

Habitat change 
insignificant. 
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3.1.3 Devil’s Gulch 
 
Site DG-1: Total length = 63.5 m; pool: 15.3 m, riffle: 14.5 m, pool: 9.0 m, riffle: 7.9 m, run: 

16.8 m. 
  (38% pool, 26% run, 36% riffle)  Conductivity = 383 μS 
  Coordinates: 38.0332ºN,122.7308ºW 
This site is accessed by hiking approximately 150 m upstream along the streamside trail from the 
picnic area, near the uphill end of the paved road. The downstream-most pool was slightly longer 
and shallower compared to last year, and continued to have little cover. The downstream riffle 
habitat was longer but contained fewer cobbles and also had little cover. The middle pool was 
considerably deeper and continued to be covered by live and dead bay branches. The short middle 
riffle was narrower but otherwise unchanged. The upstream run habitat was shorter but contained a 
small fallen bay that provided more cover than was present last year.  
 
Site DG-2: Total length = 57.7 m; run: 17.5 m, riffle: 7.2 m, run: 15.8 m, pool: 17.2 m. 
  (30% pool, 58% run, 12% riffle)  Conductivity = 404 μS 
  Coordinates: 38.0367ºN,122.7235ºW 
This site is located about 0.8 km upstream of the green gate mentioned above. The site is adjacent to 
the portion of the road that is well shaded and near the creek. A large buckeye tree between the road 
and creek is a good landmark for the downstream end of the site. The downstream run continued to 
be shallow overall, although a short debris jam at the top of the unit produced a small scour hole and 
good cover. The riffle habitat, which was largely under a debris jam for the last few years, was 
almost completely lacking in cover in 2011 and had become much shorter. The transition between 
the middle run habitat and the upstream pool shifted downstream this year, similar to what it was in 
2009. The shorter run was shallower but had similar amounts of fish shelter compared to 2010. The 
upstream pool more than doubled in length and became shallower overall. The deepest part of the 
pool was under a large alder log that also provided the vast majority of the shelter for this habitat.  
 
3.2 STREAM HABITAT TYPES 
 
Lagunitas Creek is represented by survey sample sites LG-2, LG-3u, LG-5, LG-7, LG-9, LG-15.86, 
LG-12 and the Tocaloma Glide. The overall habitat of Lagunitas Creek upstream of Nicasio Creek, 
in 2011, was composed of 14% riffle, 25% run, 38% pool, and 23% glide while the habitat of the 
seven sample sites and the Tocaloma Glide in 2011 was composed of 16% riffle, 18% run, 38% 
pool, and 28% glide (Figure 2). 
 
San Geronimo Creek is represented by survey sample sites SG-1, SG-2, SG-3, and SG-4. The overall 
habitat of San Geronimo Creek, in 2011, was composed of 16% riffle, 21% run, 50% pool, and 13% 
glide. The 2011 sample sites consisted of 16% riffle, 5% run, 56% pool, and 23% glide (Figure 2). 
 
Devil’s Gulch is represented by survey sample sites DG-1 and DG-2. The overall habitat of Devil’s 
Gulch in 2011 was composed of 33% riffle, 30% run, 26% pool and 11% glide. The sample sites in 
2011 were composed of 25% riffle, 41% run, 34% pool and 0% glide (Figure 2). 
 

Habitat quality 
improved. 

Habitat change 
insignificant. 
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3.3 FISH SAMPLING RESULTS 
 
Six species of fish were observed: coho salmon, steelhead trout, Pacific lamprey, sculpin, Tomales 
roach, and threespine stickleback. Appendix A presents the observations from each electrofishing 
pass at each sample site. The sculpin were not identified to species but were most likely prickly 
sculpin (Cottus asper). Other, less common sculpin species include coast range sculpin (C. 
aleuticus) and riffle sculpin (C. gulosus) (Page and Burr 1991). In addition to fish species, 15 larval 
Pacific giant salamanders and four California freshwater shrimp were also captured and released 
unharmed. 
 
The total observation numbers presented below include juvenile salmonids captured from all of the 
electrofishing sites, as well as our snorkeling observations from site LG-2. Snorkeling results from 
the Tocaloma Glide have not been included to be consistent with data from previous years. We 
observed a total of 330 coho and 1,392 steelhead at all sample sites (Table 1). By age class, we 
observed 1,255 young of the year steelhead and 137 1+ steelhead. At individual sample sites coho 
observations ranged from 0 to 85 and steelhead observations ranged from 37 to 245 (0+ steelhead 
observations ranged from 31 to 223 and 1+ steelhead observations ranged from 1 to 22) (Table 2). 
 
The total numbers of mortalities from our sampling effort were as follows (Table 3): coho = 4 
(1.4%) and steelhead = 24 (1.8%). This year’s mortality rates for coho and steelhead were below 
average since 1995 (Table 4). During the sampling efforts between 1995 and 2010, coho mortality 
rates ranged from 0.0% to 3.6% of captured coho and the steelhead mortality rates ranged from 0.8% 
to 2.8% of captured steelhead. This year’s salmonid mortalities represent 0.05% of the total 
estimated populations. 
 
Stream flows in Lagunitas Creek during the sampling effort, as measured by USGS at the Samuel P. 
Taylor gage station, were mostly between nine and ten cubic feet per second (cfs) during the 
sampling period. In early-October, however, an unusually early storm dropped nearly four inches of 
rain over four days and raised stream flows to 38 cfs. Seven sites (LG-7, LG-9, SG-3, SG-4, DG-1 
and DG-2) were electrofished after the storm.  
 
3.3.1 Coho and Steelhead Sampling Summary 
 
Coho 
 
Juvenile coho typically spend approximately 18 months in freshwater (including incubation) and 
18 months in the ocean, returning to spawn in their natal stream in their third year (Shapovalov 
and Taft 1954). Therefore, coho can be grouped into year classes of three-year increments. In 
2011 we observed 330 juvenile coho, which was a 31% decrease from the previous generation in 
2008 (Table 1). Coho declined by nearly half in Lagunitas Creek while remaining stable in San 
Geronimo Creek and increasing in Devil’s Gulch.  
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Steelhead 
 
The total number of steelhead observed in 2011 was 1,392, which was 10% below the average since 
1993 (Table 1). San Geronimo Creek and Devil’s Gulch observations were somewhat higher than 
average while observations for Lagunitas Creek were 28% below average.  
 
3.3.2 Steelhead Age Classes 
 
Young-of-the-year steelhead in Lagunitas Creek were larger, on average, than steelhead in either 
San Geronimo Creek or Devil’s Gulch (Figure 3). Steelhead in San Geronimo Creek were 
intermediate in size between Lagunitas and Devil’s Gulch steelhead. Scales were collected from 18 
steelhead to determine fish ages and derive size breaks between 0+ steelhead and 1+ steelhead for 
each sample site (Table 5). For Lagunitas Creek, the largest 0+ steelhead were between 103 and 113 
millimeters in fork length, depending on sample site. In San Geronimo Creek, the largest 0+ 
steelhead were between 92 and 97 mm. In Devil’s Gulch, the largest 0+ steelhead was 90 mm, 
although scales were only collected from one fish due to the obvious size differences between 0+ 
and 1+ steelhead. The size breaks between the largest 0+ steelhead and the smallest 1+ steelhead 
varied from 7 mm at sites SG-1 and SG-2 to 42 mm at site LG-9 (Table 5).  
 
3.3.3 Coho and Steelhead Condition 
 
We weighed 143 coho and 409 steelhead to assess their condition. Growth curves for both coho and 
steelhead were nearly identical to the length-weight relationships observed in previous years and 
have not been included in this report.  
 
Coho tend to be longer in Lagunitas Creek than in San Geronimo Creek or Devil’s Gulch and their 
growth rates in all three creeks appear to be density dependent (Figure 4). In 2011 coho density and 
size were nearly average in Lagunitas Creek, while in San Geronimo Creek and Devil’s Gulch coho 
were relatively scarce and large.  
 
Steelhead lengths are not as strongly density dependent as are coho lengths, but are negatively 
correlated with the combined densities of juvenile coho and steelhead (Figure 5). In 2011 steelhead 
were roughly as long as expected in Lagunitas Creek and Devil’s Gulch, given their abundances. In 
San Geronimo Creek, however, steelhead were larger than average despite the roughly average 
salmonid density. 
 
3.4 SALMONID POPULATION ESTIMATES 
 
Population estimates are a measure of coho and steelhead abundance in the study area and reflect 
fish observations at our sample sites relative to the habitat that is available within each stream, as 
well as other factors affecting the populations. Juvenile salmonid population estimates for each creek 
have been compared to estimates between 1995 and 2010 in Table 6 and Figure 6.  
 
The 2011 juvenile coho population estimate was 8,155 coho for the study area. This year’s coho 
population declined 27% from three years ago (Figure 7). The 2011 juvenile population estimate of 
steelhead (0+ and 1+) was 39,190 for the study area, which was 80% of average (Figure 8).  



 13

 
Another measure of abundance is the density of fish, expressed as either fish per square meter or fish 
per linear meter. Table 7 shows salmonids per square meter in each habitat type since 1998. In Table 
8 we have expressed coho and steelhead densities as the number of fish per 30 meters of stream for 
each of the sample sites since 1970 (when surveys began). These fish densities have been used to 
estimate salmonid populations for the entire study area back to 1970 (Figure 9). Despite recent 
declines, the coho population estimates based only on density have been over four times greater 
since 1993 than estimates in the 1980s. The steelhead population appears to have increased by 
almost 50% during that period. 
 
4.0 DISCUSSION AND CONCLUSIONS 
 
The 2011 coho population, while well below average, was actually higher than expected given that 
only 80 coho redds were observed in 2010-11. Stream flows were also exceptionally high in March 
and higher than average in April. High spring stream flows have been identified as one of the 
principal sources of early life stage mortality for coho in Lagunitas Creek (Stillwater Sciences 
2008). Fortunately, more than half of the redds were constructed in the San Geronimo Valley, and 
most spawning was completed by mid-December. The flows in March were not as high in San 
Geronimo Creek as in Lagunitas Creek and the early-emerging coho fry may have been strong 
swimmers by the time the spring storms arrived. 
 
The juvenile steelhead population increased sharply from 2010’s low level. This was very surprising 
since only 16 steelhead redds were observed in 2010-11. The redd count was the lowest documented 
and only 12% of the average since 2001-02. However, frequent storms in February and March 
severely hindered steelhead spawning surveys and many steelhead redds were likely missed. This 
year’s 0+ steelhead population was not much smaller than the population in 2005, which was the 
product of at least 136 steelhead redds. This year’s surprising juvenile steelhead estimate is evidence 
that the 2010-11 steelhead run was much larger than what was documented. 
 
Extrapolated population estimates are best used for analyzing long term population trends. These 
data can also be useful indices for identifying variability between years and between streams, 
although they may seriously over- or under-estimate the absolute numbers of salmonids in a given 
year. Such short-term variability may be attributed to a number of factors such as spawner year 
classes, winter and spring stream flows and changes in habitat. Average fish density at our sample 
sites is another, although less accurate, measure of population size. Fish density data is available 
going back to 1970, so longer term trends can be analyzed. 
 
The population estimates depicted in Figure 7 are based on the density of fish in specific habitats and 
the availability of those habitats in the study area. The population estimates in Figure 9 are based 
solely on fish density, or simply the number of fish captured relative to the length of stream sampled. 
The estimates derived from these two methods have been similar since 1995, although the coho 
estimates based only on density (Figure 9) tend to be somewhat higher than the habitat-based 
estimates. Pool habitat is generally overrepresented in our sample sites and coho densities are higher 
in pool habitats, so average coho densities at the sample sites may be inflated. The habitat-based 
population estimates are less sensitive to habitat proportions in the sample sites, but are very 
sensitive to habitat proportions throughout the creek. Surveyor bias during habitat typing surveys 
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can significantly affect the proportion of habitat types found in the study area. While the two 
estimation methods may produce different population estimates in the short term, they are both best 
used for analyzing long-term trends.  
 
Coho and steelhead were longer and heavier than average in 2011, and their condition (the 
relationship of length to weight) was similar to that seen in previous years. Coho growth in all creeks 
appears to be density dependent, but coho were unusually large given their densities in all of the 
creeks in 2011 (Figure 4). Coho in Devil’s Gulch were longer than previously documented and In 
San Geronimo Creek they were the second longest observed. Coho were also longer than average in 
Lagunitas Creek. Unusually high flows during the late spring may have provided good feeding and 
growth conditions. Coho growth does not appear to be strongly correlated with steelhead densities, 
or with the combined densities of steelhead and coho. The total density of salmonids does, however, 
appear to influence steelhead growth (Figure 5). This seems to indicate that steelhead densities do 
not regulate coho growth, but high densities of both coho and steelhead can inhibit steelhead growth. 
 
Changes in the proportions of habitat types between the 2006 and 2011 habitat typing surveys had 
only a modest impact on the extrapolated salmonid population estimates. The 2011 habitat typing 
survey documented more glides in all three creeks, less run habitat in Lagunitas and San Geronimo 
Creeks and significantly less riffle habitat in Devil’s Gulch. These changes in creek habitat increased 
the coho population estimate by 5% (381 fish) over what it would have been had the 2006 habitat 
data been employed. Habitat changes decreased the steelhead estimate by 4% or 1,518 fish.  
 
Habitat conditions at the sample sites were generally similar to those found in 2010, with habitat 
quality improving somewhat at four sites and deteriorating somewhat at two sites. Fewer habitats 
were classified as runs and more were classified as glides in 2011. In Lagunitas Creek, site LG-15.86 
was classified as a glide in 2011 instead of a run, and in San Geronimo Creek, two habitats at site 
SG-1 were classified as glides instead of runs. The effect of classifying these habitats as glides 
instead of runs was insignificant, decreasing the coho estimate by 3% and increasing the steelhead 
estimate by 1%.  
 
Over the long term, observed changes in fish densities at our sample sites appear to have exerted a 
much greater influence on salmonid population trends than changes in habitat availability, sampling 
effort or how sample site habitats are classified. Likewise, there is little evidence that habitat 
enhancements, such as woody debris placement, have significantly influenced the overall trends in 
salmonid populations. The trends in salmonid abundance observed at the juvenile sample sites 
appear to represent actual trends in salmonid populations in the Lagunitas Creek study area.  
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Table 1. Total Observations from Juvenile Salmonid Surveys in the
Lagunitas Creek Study Area, Marin County, CA.

Year Coho 0 + 
Steelhead

1 + 
Steelhead

Total 
Steelhead

1993 216 775 34 809

1994 578 877 110 968

1995 210 1128 48 1176

1996 246 798 243 1041

1997 541 1226 83 1309

1998 124 1977 101 2078

1999 168 1626 135 1761

2000 157 1695 150 1845

2001 868 1348 157 1505

2002* 1317 2353 99 2452

2003* 621 1561 151 1712

2004* 1000 1230 118 1348

2005* 1010 1336 113 1449

2006* 126 1819 123 1942

2007* 1338 1488 141 1629

2008* 477 2214 65 2279

2009* 66 1375 140 1515

2010* 284 988 148 1136

2011 330 1255 137 1392

* These totals include site LG-2, but do not include site LG-1, which was
not sampled after 2001.

Key:
0+ Steelhead (Young-of-the-Year) = <1 year old
1+ Steelhead = 1-3 years old

Coho Year Classes:
1  -  1995, 1998, 2001, 2004, 2007, 2010
2  -  1993, 1996, 1999, 2002, 2005, 2008, 2011
3  -  1994, 1997, 2000, 2003, 2006. 2009
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APPENDIX A 
 

2011 FISH OBSERVATIONS BY SAMPLE SITE 



APPENDIX B 
 

2011 SALMONID POPULATION ESTIMATES BY SAMPLE SITE 



APPENDIX C 
 

2011 EXTRAPOLATED SALMONID POPULATION ESTIMATES BY STREAM



 

 

APPENDIX D - JUVENILE SALMONID STUDY AREAS, 1993 - 2011 
 
Juvenile salmonid populations for the Lagunitas Creek study area have been estimated since 1993. 
These estimates have applied to different lengths of the three streams sampled, ranging from 19.5 to 
23.2 total stream kilometers. The streams were also divided into reaches in previous years, with 
populations being estimated for separate reaches. This section will detail what constituted the study 
area over the years, and how populations were estimated. 
 
For the 1993 and 1994 juvenile surveys, Trihey & Associates (1995b) estimated salmonid 
abundance in three segments of Lagunitas Creek: Highway 1 to Nicasio Creek (Segment 1), Nicasio 
Creek to the western boundary of Samuel P. Taylor State Park (Segment 2) and the park boundary to 
Shafter Bridge (Segment 3). Population estimates were based on the average salmonid densities in 
the study sites in each reach, not on densities within habitat types. All future population estimates 
were based on fish densities in pools, runs and riffles, and extrapolated based on the proportion of 
those habitats in the sample reaches. For the 1995 and 1996 surveys, Trihey & Associates (1995c, 
1996) only considered Segments 2 and 3 because they determined that sample site LG-1 in Segment 
1 did not accurately reflect the habitat composition of that section of creek, although habitat-typing 
surveys were not conducted in that segment until 1999. For the 1997 and 1998 surveys, we changed 
the extent of the two creek segments. Segment 1 extended from Nicasio Creek to Tocaloma Bridge 
and Segment 2 extended from Tocaloma Bridge to Peters Dam (MMWD 1998). We did this because 
MMWD completed a habitat typing survey along the stretch from Tocaloma Bridge to Peters Dam in 
1997 and we wanted to use this more current data in our analysis. We also started using sample site 
LG-1, in addition to site LG-3, to extrapolate the salmonid populations of Lagunitas Creek Segment 
1, even though this sample site is downstream of this stretch of creek. 
 
Starting in 1999 and continuing through this year, we began considering Lagunitas Creek as one 
segment, extending from Nicasio Creek to Peters Dam. Combining the two creek segments reflects 
our belief that the Tocaloma Bridge boundary between creek segments does not represent a 
boundary in creek habitats as much as it represents a convenient landmark and historical survey 
boundary. In addition, the two sample sites in the lower reach of Lagunitas Creek may not both be 
highly representative of that reach. Using all seven sample sites to estimate the Lagunitas Creek 
populations reduces the influence of any single sample site. 
 
For San Geronimo Creek, we considered the entire length of the stream and did not divide it into 
segments. Surveys prior to 1997 eliminated the lower 1.2 km of San Geronimo Creek (from its 
mouth to the Lagunitas Street Bridge) and divided the remainder of the creek into two segments 
(Trihey & Associates 1995b, 1995c, and 1996). We have considered San Geronimo Creek as a 
whole since the lower 1.2 km is viable fish habitat and there does not appear to be a dramatic 
distinction in the habitat along the length of the stream.  
 
Prior to 1998, the salmonid populations of Devil’s Gulch were estimated for the lower 2.2 km of 
stream, based on habitat typing data collected in 1995. Since 1998, we have estimated salmonid 
populations for the lower 3.4 km of Devil’s Gulch, based on habitat data collected in this section in 
1998, 2003 and 2006. Estimating pre-1998 populations for all of Devil’s Gulch is difficult due to the 
lack of habitat data for the upper section for those years. 
 
Overall, the study area was 18% smaller in 1995 and 1996, compared with the study area since 1998. 
This discrepancy does not significantly alter the salmonid population trends observed since 1995.
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Recovery Partners  
 

Potential Habitat:  64.5 miles 
Recovery Target: 2,600 Spawning Adult Coho Salmon  

Priority 2 & 3: Long-Term Restoration Actions Priority 1: Immediate Restoration Actions 

• Conduct a salmonid limiting factors assessment in Keys Estero and Tomales 

Bay 

• Continue riparian protection and enhancement and sediment control projects  

• Restore channel complexity and increase pool frequency; retain, recruit and 

actively input large wood into stream 

• Develop cooperative projects with private landowners to conserve summer 

flows  

• Develop floodplain enhancement in modified  and incised channels  

• Restore fish passage throughout the watershed for all life stages 

• Evaluate alterations to diking and leveeing to increase shoreline complexity 

and natural function 

• Evaluate undeveloped and developed floodplain property for potential function 

and acquisition potential 

• Evaluate potential of modification to the Olema Ranch Campground to 

improve floodplain function 

• Implement Marin County Flood Zone activities for the improvement of coho 

salmon habitat 

• Fully implement practices consistent with the SFRWQCB pathogen and 

sediment TMDLs. 

Preventing Extinction & Improving Conditions 

Current Instream, Watershed and Population Conditions 

Estuary/Lagoon 

FAIR 

Habitat 
Complexity 

POOR 

Hydrology 

FAIR 

Passage & 
Migration 

GOOD 

Riparian 
Vegetation 

POOR 

Sediment 

FAIR 

Stream 
Temperature 

FAIR 

Velocity 
Refuge 

 POOR 

Water 
Quality 

GOOD 

Viability 

FAIR 

Landscape 
Patterns 

GOOD 

Photo courtesy from left to right: Campbell Timberland, Gualala River Watershed Council, Campbell Timberland, KRIS Information System and Eli Asarian 



Conservation Highlights 

• Provide funding assistance to landowners willing to fence livestock out of 

riparian and other sensitive areas 

• Implement results of existing sediment source surveys, and assess remaining 

watershed road networks to eliminate sediment sources 

• Avoid reductions of flow <8 cfs below major dams in the summer 

• Provide consistent fishery flows below Peter's Dam by improving gauging at 

SP Taylor Park 

• Discourage the transfer of water from Nicasio Reservoir to Kent Lake which 

could degrade water quality releases into Lagunitas Creek 

• Discourage the proposed water diversion through Groundwater Well by North 

Marin Water District 

• Promote bio-engineering solutions as appropriate 

• Implement rotational grazing strategies 

• Conserve and manage forestlands for older forest stages 

• Address failing or inadequate septic systems in rural areas 

• Maintain intact and properly functioning riparian buffers to filter and prevent 

fine sediment input 

• Develop riffles and/or spawning channels below Kent Dam to increase 

spawner distribution and success  

Priority 1:  Immediate Threat Abatement Actions Priority 2 & 3:  Long-Term Threat Abatement Actions 

Potential Habitat:  64.5 miles 

Recovery Target: 2,600 Spawning Adult Coho Salmon   

Agriculture 

MEDIUM 

Channel 
Modification 

HIGH 

Disease & 
Predation 

MEDIUM 

Fire & Fuel 
Management 

MEDIUM 

Fishing & 
Collecting 

LOW 

Hatcheries & 
Aquaculture 

LOW 

Livestock & 
Ranching 

HIGH 

Logging 

MEDIUM 

Mining 

MEDIUM 

Recreation 

MEDIUM 

Urban 
Development 

VERY 
HIGH 

Roads & 
Railroads 

HIGH 

Severe 
Weather 

HIGH 

Diversions & 
Impoundment 

HIGH 

Future Threats 

Reducing Future Threats 

• Extensive monitoring activities are conducted  in Lagunitas by Marin Municipal Water 
District, SPAWN, and the National Park Service.  Lagunitas has one of the most robust data 
sets for CCC coho salmon.   

• The County of Marin and the NPS have remediated several passage barriers in the Lagunitas 
Creek watershed.  

• SPAWN is also involved in sediment remediation activities. 
Streambank restoration on Walker Creek   
Photo by Bob Coey, NMFS 
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  Figure 1: Map of Lagunitas Creek  
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       Figure 2:  Viability Results by Lifestage 
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Lagunitas CCC coho salmon- Conservation Targets 

Poor Fair Good Very Good

Poor= 24.2%   Fair= 32.3%   Good= 29.0%   Very Good= 14.5%  
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Target Attribute Indicator Result Rating Method Desired Criteria

Adults Habitat Complexity
Large Wood Frequency  (BFW 0-10 

meters) 2.99 Key Pieces/100m Poor
NMFS Expert Estuary/Lagoon 

Panel 6 to 11 key pcs/100m

Adults Habitat Complexity
Large Wood Frequency (BFW 10-100 

meters) <1 to 1.3 Key Pieces/100m Fair
NMFS Expert Estuary/Lagoon 

Panel 1.3 to 4 Key Pieces/100 meters

Adults Habitat Complexity Pool/Riffle/Flatwater Ratio
<50% of streams/ IP-km (>30% 

Pools; >20% Riffles)
Poor SEC Analysis/CDFG Data

75% to 90% of streams/ IP-Km (>30% 
Pools; >20% Riffles)

Adults Habitat Complexity Shelter Rating
50% to 74% of streams/ IP-km 

(>80 stream average)
Fair SEC Analysis/CDFG Data

75% to 90% of streams/ IP-Km (>80 
stream average)

Adults Hydrology Passage Flows Risk Factor Score =33 Very Good SEC Analysis/CDFG Data
NMFS Flow Protocol: Risk Factor Score 

35-50

Adults Passage/Migration Passage at Mouth or Confluence
75% of IP-km to 90% of IP-km 

accessible
Good SEC Analysis/CDFG Data 75% of IP-Km to 90% of IP-km

Adults Passage/Migration Physical Barriers 91.88 of IP-km accessible Very Good SEC Analysis/CDFG Data 75% of IP-Km to 90% of IP-km

Adults Riparian Vegetation Tree Diameter (North of SF Bay) 0% Class 5 & 6 across IP-km Poor SEC Analysis/CDFG Data 55 - 69% Class 5 & 6 across IP-km

Adults Riparian Vegetation Tree Diameter (South of SF Bay) na 0 SEC Analysis/CDFG Data ≥80% Density rating "D" across IP-km

Adults Sediment
Quantity & Distribution of Spawning 

Gravels 
75% of IP-km to 90% of IP-km 

accessible
Good SEC Analysis/CDFG Data 75% of IP-Km to 90% of IP-km

Adults Velocity Refuge Floodplain Connectivity
<50% Response Reach 

Connectivity
Poor SEC Analysis/CDFG Data >80% Response Reach Connectivity

Adults Water Quality Toxicity No Acute or Chronic Good SEC Analysis/CDFG Data No Acute or Chronic

Adults Water Quality Turbidity
75 to 90% of streams/ IP-km 

maintains severity score of 3 or 

lower

Good SEC Analysis/CDFG Data
75% to 90% of streams/ IP-Km maintains 

severity score of 3 or lower

Adults Viability Density
>1  spawner per IP-km to  < low 

risk spawner density per Spence 

(2008)

Fair SEC Analysis/CDFG Data low risk spawner density per Spence (2008)

Eggs Hydrology Flow Conditions (Instantaneous Condition) Risk Factor Score =42 Good SEC Analysis/CDFG Data
NMFS Flow Protocol: Risk Factor Score 

35-50

Eggs Hydrology Redd Scour Risk Factor Score =58 Fair SEC Analysis/CDFG Data
NMFS Flow Protocol: Risk Factor Score 

35-50

Table 1: CAP Viability Results ~ Lagunitas Creek 
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Eggs Sediment Gravel Quality (Bulk)
12-14% (0.85mm) and <30% 

(6.4mm)
Good NMFS Instream Flow Analysis 12-14% (0.85mm) and <30% (6.4mm)

Eggs Sediment Gravel Quality (Embeddedness)
50% streams 46% IP-km (>50% 

stream average scores of 1 & 2)
Fair NMFS Instream Flow Analysis

75% to 90% of streams/ IP-Km (>50% 
stream average scores of 1 & 2)

Summer Rearing Juveniles Estuary/Lagoon Quality & Extent Impaired but functioning Fair NMFS Instream Flow Analysis Properly Functioning Condition

Summer Rearing Juveniles Habitat Complexity
Large Wood Frequency (Bankfull Width 0-

10 meters) 2.99 Key Pieces/100m Poor NMFS Instream Flow Analysis 6 to 11 key pcs/100m

Summer Rearing Juveniles Habitat Complexity
Large Wood Frequency (Bankfull Width 

10-100 meters) <1 to 1.3 Key Pieces/100m Fair NMFS Instream Flow Analysis 1.3 to 4 Key Pieces/100 meters

Summer Rearing Juveniles Habitat Complexity Percent Primary Pools 50% streams 73% IP Fair NMFS Instream Flow Analysis
75% to 89% of streams/ IP-Km (>49% of 

pools are primary pools)

Summer Rearing Juveniles Habitat Complexity Pool/Riffle/Flatwater Ratio
<50% of streams/ IP-km (>30% 

Pools; >20% Riffles)
Poor NMFS Instream Flow Analysis

75% to 90% of streams/ IP-Km (>30% 
Pools; >20% Riffles)

Summer Rearing Juveniles Habitat Complexity Shelter Rating
0% streams 0% IP-km (>80 stream 

average)
Poor NMFS Instream Flow Analysis

75% to 90% of streams/ IP-Km (>80 
stream average)

Summer Rearing Juveniles Hydrology Flow Conditions (Baseflow) Risk Factor Score =67 Fair NMFS Instream Flow Analysis NMFS Flow Protocol: Risk Factor Score 
35-50

Summer Rearing Juveniles Hydrology Flow Conditions (Instantaneous Condition) Risk Factor Score =50 Good NMFS Watershed 
Characterization

NMFS Flow Protocol: Risk Factor Score 
35-50

Summer Rearing Juveniles Hydrology Number, Condition and/or Magnitude of 
Diversions

2.7 Diversions/10 IP-km Fair NMFS Watershed 
Characterization

0.01 - 1 Diversions/10 IP km

Summer Rearing Juveniles Passage/Migration Passage at Mouth or Confluence
75% of IP-km to 90% of IP-km 

accessible
Good

NMFS Watershed 
Characterization 75% of IP-Km to 90% of IP-km

Summer Rearing Juveniles Passage/Migration Physical Barriers 91.88 of IP-km accessible Very Good Population Profile/BPJ 75% of IP-Km to 90% of IP-km

Summer Rearing Juveniles Riparian Vegetation Canopy Cover
50% to 74% of streams/ IP-km 

(>85% average stream canopy)
Fair SEC or PAD/CDFG Data

75% to 90% of streams/ IP-Km (>85% 
average stream canopy)

Summer Rearing Juveniles Riparian Vegetation Tree Diameter (North of SF Bay) 0% Class 5 & 6 across IP-km Poor Population Profile/BPJ 55 - 69% Class 5 & 6 across IP-km

Summer Rearing Juveniles Riparian Vegetation Tree Diameter (South of SF Bay) na 0 SEC or PAD/CDFG Data ≥80% Density rating "D" across IP-km

Summer Rearing Juveniles Sediment (Food Productivity) Gravel Quality (Embeddedness) 50% streams 46% IP-km (>50% 

stream average scores of 1 & 2)
Fair SEC or PAD/CDFG Data 75% to 90% of streams/ IP-Km (>50% 

stream average scores of 1 & 2)
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Summer Rearing Juveniles Water Quality Temperature (MWMT) 50 to 74% IP-km (<16 C MWMT) Fair Population Profile/BPJ 75 to 89% IP km (<16 C MWMT)

Summer Rearing Juveniles Water Quality Toxicity No Acute or Chronic Good NMFS Watershed 
Characterization/CWHR

No Acute or Chronic

Summer Rearing Juveniles Water Quality Turbidity >90% of streams/ IP-km maintains 

severity score of 3 or lower
Very Good NMFS Watershed 

Characterization/CWHR
75% to 90% of streams/ IP-Km maintains 

severity score of 3 or lower

Summer Rearing Juveniles Viability Density <0.2 fish/meter̂ 2 Poor SEC Analysis/CDFG Data  0.5 - 1.0 fish/meter^2

Summer Rearing Juveniles Viability Spatial Structure 75-90% of Historical Range Good NMFS Watershed 
Characterization/CWHR

75-90% of Historical Range

Winter Rearing Juveniles Habitat Complexity Large Wood Frequency (Bankfull Width 0-
10 meters)

2.99 Key Pieces/100m Poor NMFS Watershed 
Characterization/CWHR

6 to 11 key pcs/100m

Winter Rearing Juveniles Habitat Complexity Large Wood Frequency (Bankfull Width 
10-100 meters)

<1 to 1.3 Key Pieces/100m Fair NMFS Watershed 
Characterization/CWHR

1.3 to 4 Key Pieces/100 meters

Winter Rearing Juveniles Habitat Complexity Pool/Riffle/Flatwater Ratio <50% of streams/ IP-km (>30% 

Pools; >20% Riffles)
Poor NMFS Watershed 

Characterization/CWHR
75% to 90% of streams/ IP-Km (>30% 

Pools; >20% Riffles)

Winter Rearing Juveniles Habitat Complexity Shelter Rating 0% streams 0% IP-km (>80 stream 

average)
Poor CDF Vegetation Maps/BPJ 75% to 90% of streams/ IP-Km (>80 

stream average)

Winter Rearing Juveniles Passage/Migration Physical Barriers 91.88 of IP-km accessible Very Good Population Profile/BPJ 75% of IP-Km to 90% of IP-km

Winter Rearing Juveniles Riparian Vegetation Tree Diameter (North of SF Bay) 0% Class 5 & 6 across IP-km Poor Population Profile/BPJ 55 - 69% Class 5 & 6 across IP-km

Winter Rearing Juveniles Riparian Vegetation Tree Diameter (South of SF Bay) na 0 SEC Analysis/CDFG Data ≥80% Density rating "D" across IP-km

Winter Rearing Juveniles Sediment (Food Productivity) Gravel Quality (Embeddedness)
50% streams 46% IP-km (>50% 

stream average scores of 1 & 2)
Fair SEC Analysis/CDFG Data

75% to 90% of streams/ IP-Km (>50% 
stream average scores of 1 & 2)

Winter Rearing Juveniles Velocity Refuge Floodplain Connectivity
<50% Response Reach 

Connectivity
Poor SEC Analysis/CDFG Data >80% Response Reach Connectivity

Winter Rearing Juveniles Water Quality Toxicity No Acute or Chronic Good NMFS Watershed 
Characterization

No Acute or Chronic

Winter Rearing Juveniles Water Quality Turbidity
75 to 90% of streams/ IP-km 

maintains severity score of 3 or 

lower

Good NMFS Watershed 
Characterization

75% to 90% of streams/ IP-Km maintains 
severity score of 3 or lower
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Smolts Estuary/Lagoon Quality & Extent Impaired but functioning Fair SEC Analysis/CDFG Data Properly Functioning Condition

Smolts Habitat Complexity Shelter Rating
50% to 74% of streams/ IP-km 

(>80 stream average)
Fair Population Profile 

75% to 90% of streams/ IP-Km (>80 
stream average)

Smolts Hydrology
Number, Condition and/or Magnitude of 

Diversions 2.7 Diversions/10 IP-km Fair Population Profile 0.01 - 1 Diversions/10 IP km

Smolts Hydrology Passage Flows Risk Factor Score =33 Very Good TRT Spence (2008)
NMFS Flow Protocol: Risk Factor Score 

35-50

Smolts Passage/Migration Passage at Mouth or Confluence
75% of IP-km to 90% of IP-km 

accessible
Good TRT Spence (2008) 75% of IP-Km to 90% of IP-km

Smolts Smoltification Temperature 75-90% IP-km (>6 and <16 C) Good TRT Spence (2008) 75-90% IP-Km (>6 and <16 C)

Smolts Water Quality Toxicity No Acute or Chronic Good TRT Spence (2008) No Acute or Chronic

Smolts Water Quality Turbidity
75 to 90% of streams/ IP-km 

maintains severity score of 3 or 

lower

Good EPA/RWQCB/NMFS Criteria
75% to 90% of streams/ IP-Km maintains 

severity score of 3 or lower

Smolts Viability Abundance
 Smolt abundance which produces 

moderate risk spawner density per 

Spence (2008)

Fair Newcombe and Jensen 2003
 Smolt abundance to produce low risk 
spawner density per Spence (2008)

Watershed Processes Hydrology Impervious Surfaces
0.432% of Watershed in 

Impervious Surfaces
Very Good SEC Analysis 3-6% of Watershed in Impervious Surfaces

Watershed Processes Landscape Patterns Agriculture 0.33% of Watershed in Agriculture Very Good EPA/RWQCB/NMFS Criteria 10-19% of Watershed in Agriculture

Watershed Processes Landscape Patterns Timber Harvest
<15% of Watershed in Timber 

Harvest
Very Good Newcombe and Jensen 2003 25-15% of Watershed in Timber Harvest

Watershed Processes Landscape Patterns Urbanization 9% of watershed >1 unit/20 acres Good EPA/RWQCB/NMFS Criteria 8-11% of watershed >1 unit/20 acres

Watershed Processes Riparian Vegetation Species Composition 
25-50% Historical Species 

Composition
Fair Newcombe and Jensen 2003

51-74% Intact Historical Species 
Composition

Watershed Processes Sediment Transport Road Density 2.2 Miles/Square Mile Good EPA/RWQCB/NMFS Criteria 1.6 to 2.4 Miles/Square Mile

Watershed Processes Sediment Transport Streamside Road Density (100 m) 2.9 Miles/Square Mile Poor Newcombe and Jensen 2003 0.1 to 0.4 Miles/Square Mile
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Table 2:  CAP Threats Results ~ Lagunitas Creek

  Threats Across Targets Adults Eggs 
Summer 
Rearing 

Juveniles 

Winter 
Rearing 

Juveniles 
Smolts 

Watershed 
Processes 

Overall Threat 
Rank 

  Project-specific threats 1 2 3 4 5 6 

 1 Agriculture Low Medium Medium Medium Low High Medium 

2 Channel Modification High Medium Medium High Medium High High 

3 Disease, Predation and Competition Low - Medium Medium Low Low Medium 

4 Fire, Fuel Management and Fire Suppression Low Low Medium Medium Low Medium Medium 

5 Fishing and Collecting Low - Low - Low - Low 

6 Hatcheries and Aquaculture Low - - - - - Low 

7 Livestock Farming and Ranching Medium Medium High Medium Medium Medium High 

8 Logging and Wood Harvesting Medium Low Medium Medium Low Medium Medium 

9 Mining Low Low Medium Medium Low Medium Medium 

10 Recreational Areas and Activities Low Low Medium Medium Low Low Medium 

11 Residential and Commercial Development Medium Medium High Very High Medium Very High Very High 

12 Roads and Railroads Medium High Medium High Medium High High 

13 Severe Weather Patterns Medium Medium High Very High Medium High High 

14 Water Diversion and Impoundments Medium Low Very High Medium Medium Medium High 

  Threat Status for Targets and Project High High Very High Very High Medium Very High Very High 
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Central CA Coast Coho Salmon ~ Lagunitas Creek 

ACTIONS FOR RESTORING HABITATS 

1. Restoration- Estuary 

1.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

1.1.1. Recovery Action:  Improve estuarine freshwater inflow 

1.1.1.1. Action Step:  Improve estuarine water quality by identifying and remediating upstream 

pollution sources which contribute to poor water quality conditions in the estuary 

1.1.1.2. Action Step:  Modify alterations to freshwater inflow and water quality (temperature, dissolved 

oxygen)  

1.1.2. Recovery Action:  Reduce extent of estuarine shoreline development 

1.1.2.1. Action Step:  Evaluate alterations to diking and leveeing which has reduced shoreline complexity 

and natural function 

1.1.2.2. Action Step:  Evaluate the effect of nearby landuse practices and development structures which 

may impair or reduce the historical tidal prism and other estuarine functions and implement 

improvements 

1.2. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

1.2.1. Recovery Action:  Increase the extent of estuarine habitat 

1.2.1.1. Action Step:  Prevent future encroachment of landuse (agricultural, residential and commercial) 

into floodplain areas of the estuary 

1.2.1.2. Action Step:  Support a salmonid limiting factors assessment in Keys Estero and Tomales Bay 

(CDFG 2004). 

1.2.1.3. Action Step:  Per a completed limiting factors assessment, and utilizing adaptive management 

guidelines, develop restoration projects in areas which have high value physical and chemical 

properties for rearing salmonids 

1.2.2. Recovery Action:  Increase and enhance habitat complexity features 

1.2.2.1. Action Step:  Restore estuarine wetlands and sloughs, develop floodplain and backwater habitat 

projects, and improve prey abundance by increasing shoreline perimeter and planting native 

emergent and riparian species to improve foraging and cover. 

2. Restoration- Floodplain Connectivity 

2.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

2.1.1. Recovery Action:  Rehabilitate and enhance floodplain connectivity 

2.1.1.1. Action Step:  Evaluate potential acquisition of easements to protect floodplain function on lower 

Lagunitas Creek. 
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2.1.1.2. Action Step:  Where existing infrastructure exists within historical floodplains or offchannel 

habitats, and where restoration is found feasible, encourage willing landowners to restore these 

areas through conservation easements, etc. 

2.1.1.3. Action Step:  Evaluate undeveloped and developed floodplain property for potential function 

and acquisition potential. 

2.1.1.4. Action Step:  Evaluate potential of modification to the Olema Ranch Campground to 

accommodate improved floodplain function on Olema Creek. 

2.1.1.5. Action Step:  Evaluate existing road and transportation networks and identify measures to 

reduce interaction of transportation infrastructure on tributary, mainstem and estuarine 

floodplain process. 

2.1.1.6. Action Step:  Implement Marin County Flood Zone activities for the improvement of coho 

salmon habitat 

2.2. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

2.2.1. Recovery Action:  Increase and enhance velocity refuge 

2.2.1.1. Action Step:  Delineate reaches possessing both potential winter rearing habitat and floodplain 

areas. 

2.2.1.2. Action Step:  Identify the floodplain activation flow - the smallest flood pulse event that initiates 

substantial beneficial ecological processes when associated with floodplain inundation (Williams 

et al. 2009). 

2.2.1.3. Action Step:  Promote restoration projects designed to create or restore alcove, backchannel, 

ephemeral tributary, or seasonal pond habitats. 

2.2.1.4. Action Step:  Evaluate the acquisition of easements for the improvement of refuge habitat 

2.2.2. Recovery Action:  Rehabilitate and enhance floodplain connectivity 

2.2.2.1. Action Step:  Create flood refuge habitat, such as hydrologically connected floodplains with 

riparian forest, or remove or setback levees, and use streamway concept where appropriate. 

2.2.2.2. Action Step:  Target habitat restoration and enhancement projects that will function between 

winter base flow and flood stage. 

2.2.2.3. Action Step:  Identify areas where floodplain connectivity can be re-established in low gradient 

response reaches (e.g. Olema Ranch Campground). Improve conditions to re-create, and restore 

alcove, backwater, or perennial pond habitats where channel modification has resulted in 

decreased shelter, LWD frequency, and habitat complexity, develop and implement site specific 

plans to improve these conditions to re-create, and restore alcove, backwater, or perennial pond 

habitats. 

3. Restoration- Habitat Complexity 

398



 

Lagunitas Creek  September 2012 

3.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

3.1.1. Recovery Action:  Improve pool shelter rating 

3.1.1.1. Action Step:  Increase shelter ratings in 75% of streams across the watershed to improve 

conditions for adults, and winter/summer rearing juveniles 

3.1.1.2. Action Step:  Increase shelter ratings to optimal conditions (>80 pool shelter value) by installing 

multiple log structures in select reaches of Larsen, San Geronimo, Woodacre, and Olema Creeks 

3.1.1.3. Action Step:  Focus efforts to restore channel complexity in the Tocaloma reach of the Lagunitas 

mainstem to improve smolt survival. 

3.1.2. Recovery Action:  Increase frequency of primary pools 

3.1.2.1. Action Step:  Increase pool frequency in 25% of streams within the watershed to improve 

conditions for adults, and summer/winter juveniles 

3.1.2.2. Action Step:  Increase pool frequency to achieve optimal conditions (>40% of pools meet primary 

pool criteria (>2.5 feet deep in 1st and 2nd order streams; >3 feet in third order or larger streams)) 

in select reaches of Olema, Woodacre and San Geronimo Creeks  

3.1.2.3. Action Step:  Hold restoration workshops to specifically focus on restoration techniques that 

promote winter rearing juvenile habitat complexity in the Tocaloma reach of the lower Lagunitas 

mainstem. In addition, focus on restoration techniques that specifically address declining pool 

frequency and shelter ratings for summer rearing juveniles. 

3.1.2.4. Action Step:  Analyze whether summertime low-flow pools (perceived to be a limiting factor) are 

filling up with fine sediment from San Geronimo Creek between flow events that have enough 

power to scour the pools. This could be examined by surveying selected pools in detail several 

times a year (long enough to cover several potential scour and fill events), as was conducted in 

1981. 

3.1.3. Recovery Action:  Improve pool:riffle:flatwater ratio 

3.1.3.1. Action Step:  Increase riffle frequency in 25% of streams within the watershed to improve 

conditions for spawning adults  

3.1.3.2. Action Step:  Increase riffle frequency to achieve optimal conditions (20% riffles) by converting 

flatwater habitats (glides, runs, etc.) utilizing boulders and log structures in select reaches of San 

Geronimo Creek 

3.1.3.3. Action Step:  In the San Geronimo Creek sub-watershed, continue public outreach and education 

for private landowners, residents, commercial, public utility and county workers regarding best 

management practices to control erosion, protect riparian vegetation, retain LWD, and minimize 

disturbance to coho salmon from domestic animals. 

3.1.4. Recovery Action:  Increase large wood frequency 
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3.1.4.1. Action Step:  Increase large wood frequency throughout the watershed to improve conditions for 

adults, and winter/summer rearing juveniles  

3.1.4.2. Action Step:  Increase LWD frequency to optimal conditions (>2 key LWD pieces/100 meters) in 

select reaches of Olema Creek  

3.1.4.3. Action Step:  Increase LWD frequency to optimal conditions (>6 key LWD pieces/100 meters) in 

select reaches of Larsen, Woodacre, San Geronimo, and Devils Gulch Creeks  

3.1.4.4. Action Step:  Expand on the efforts of the Regional Water Quality Control Board and Marin 

Municipal Water District efforts retain LWD. 

3.1.4.5. Action Step:  Install structures with multiple logs and root balls because they are more effective 

than structures with only one log.  

3.2. Objective:  Address other natural or manmade factors affecting the species' continued existence 

3.2.1. Recovery Action:  Improve habitat complexity 

3.2.1.1. Action Step:  Evaluate the potential and specific locations (e.g. State and Federal lands) for the re-

location and re-introduction of beaver populations 

4. Restoration- Hydrology 

4.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

4.1.1. Recovery Action:  Improve flow conditions (baseflow conditions) 

4.1.1.1. Action Step:  Promote, via technical assistance and/or regulatory action, the reduction of water 

use affecting the natural hydrograph, development of alternative water sources, and 

implementation of diversion regimes protective of the natural hydrograph. 

4.1.1.2. Action Step:  Provide incentives to water rights holders willing to convert some or all of their 

water right to instream use via petition change of use and §1707 (CDFG 2004). 

4.2. Objective:  Address the present or threatened destruction, modification or curtailment of the species habitat or 

range 

4.2.1. Recovery Action:  Improve flow conditions (baseflow conditions) 

4.2.1.1. Action Step:  Develop rearing habitat curves to identify optimal base flow conditions 

4.2.1.2. Action Step:  Continue to support efforts to model flows and water usage 

4.2.1.3. Action Step:  Develop cooperative projects with private landowners to conserve summer flows  

4.2.2. Recovery Action:  Minimize redd scour 

4.2.2.1. Action Step:  Develop floodplain enhancement and LWD projects in modified  and incised 

channel areas of major tributaries including San Geronimo Creek 

4.2.2.2. Action Step:  Manage riparian areas for their site potential composition and structure. 
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4.2.2.3. Action Step:  Improve spawning success and egg survival through improving channel 

configuration, sediment dynamics, and channel roughness and stability 

5. Restoration- Landscape Patterns 

5.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

5.1.1. Recovery Action:  Prevent impairment to watershed hydrology 

5.1.1.1. Action Step:  Conserve open space in un-fractured landscapes, protect floodplain areas and 

riparian corridors, and develop conservation easements.  

5.1.1.2. Action Step:  Conserve water resources by implementing Water Diversion Recommendations 

5.1.2. Recovery Action:  Prevent increased landscape disturbance 

5.1.2.1. Action Step:  Decommission and or re-locate riparian roads upslope to achieve desirable riparian 

road density criteria (<0.1 to 0.4 Miles/Square Mile) 

5.1.2.2. Action Step:  Improve sediment transport by implementing Road Recommendations 

5.1.2.3. Action Step:  Implement  DS level recommendations 

6. Restoration- Passage 

6.1. Objective:  Address the present or threatened destruction, modification or curtailment of the species habitat or 

range 

6.1.1. Recovery Action:  Improve access of spawning adults and juveniles  

6.1.1.1. Action Step:  Restore fish passage at Roy’s Pools to facilitate unimpeded passage for all life stages 

into the San Geronimo Creek 

6.1.1.2. Action Step:  Remove all barriers in the Woodacre, Arroyo, Larsen and Montezuma and San 

Geronimo subwatersheds 

6.1.1.3. Action Step:  Removal all remaining barriers in the Cheda, Devil's Gulch and Olema 

subwatersheds. 

6.1.1.4. Action Step:  Work with MMWD to evaluate alternatives/feasibility to provide passage over 

Seeger Dam (Nicasio Reservoir). 

7. Restoration- Pool Habitat 

No species-specific actions were developed.  See Habitat Complexity. 

8. Restoration- Riparian 

8.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

8.1.1. Recovery Action:  Improve canopy cover 
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8.1.1.1. Action Step:  Continue riparian protection and sediment control projects with a focus on working 

with landowners to manage livestock to protect riparian areas, and to implement erosion control 

projects on State and Federal park and private lands (e.g., Devil's Gulch). 

8.1.1.2. Action Step:  Plant native riparian species and native conifers/hardwoods in the riparian zone 

within the central portion of the watershed (Olema and lower Lagunitas Creek mainstem) to 

increase overall tree diameter 

8.1.1.3. Action Step:  Promote streamside conservation measures, including conservation easements, 

setbacks, and riparian buffers throughout the watershed (CDFG 2004). 

8.1.2. Recovery Action:  Improve tree diameter 

8.1.2.1. Action Step:  Increase tree diameter within 55% of watershed to achieve optimal riparian forest 

conditions (55 - 69% Class 5 & 6 tree)  

8.1.2.2. Action Step:   Implement the SGVSEP to protect riparian integrity in San Geronimo Creek 

8.1.2.3. Action Step:  Conduct conifer release to promote growth of larger diameter trees where 

appropriate throughout the watershed. 

9. Restoration- Sediment 

9.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

9.1.1. Recovery Action:  Improve instream gravel quality and food productivity. 

9.1.1.1. Action Step:  Reduce embbeddness levels to the extent that 75% to 90% of streams within the 

watershed meet optimal criteria (>50% stream average scores of 1 & 2) 

9.1.1.2. Action Step:  Conduct sediment source surveys in remaining portion of the watershed to identify 

existing sources of high sediment yield using accepted protocols and implement 

recommendations  

9.1.1.3. Action Step:  Implement recommendations of completed sediment source surveys   (See ROADS 

for specific actions) 

10. Restoration- Viability 

10.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

10.1.1. Recovery Action:  Increase abundance 

10.1.1.1. Action Step:  Implement recovery actions where indicators rated poor or fair in high potential 

value areas.  

10.1.1.2. Action Step:  Adjust population targets and indicator ratings to reflect new habitat 

improvements and accessible habitat expansions  

10.1.1.3. Action Step:  Operation of the Lagunitas life cycle station should continue (Gallagher and 

Gallagher 2005). 
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10.1.2. Recovery Action:  Increase spatial structure and diversity 

10.1.2.1. Action Step:  Continue to work with existing permitees to rescue juvenile coho salmon that are 

under an imminent risk of stranding and mortality and relocate to suitable habitat when deemed 

appropriate by NMFS and CDFG 

10.1.2.2. Action Step:  Annually capture or retain (during rescue efforts) - adequate numbers of fish from 

streams in Marin County for purposes of broodstock  

10.1.2.3. Action Step:  Utilize captured fish in a within-basin program for an immediate short term 

augmentation strategy at established facility(s), for release as adults, to avoid near term extinction 

(within 6 years). 

10.1.2.4. Action Step:  Support operation of outmigrant traps    

10.1.3. Recovery Action:  Increase spawner density 

10.1.3.1. Action Step:  Pursue longer term intervention strategies through establishing a river specific 

facility if populations do not rebound within six years, to avoid extinction and ensure long-term 

genetic diversity within the population. 

11. Restoration- Water Quality 

11.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

11.1.1. Recovery Action:  Improve stream temperature conditions 

11.1.1.1. Action Step:  Determine site-specific recommendations, including incentives, to remedy high 

temperatures and implement accordingly (CDFG 2004) . 

11.1.1.2. Action Step:  Focus on restoration efforts that deal with riparian canopy, shelter ratings and any 

other impaired key habitat attribute indicator that relates specifically to instream temperature. 

11.1.2. Recovery Action:  Improve stream water quality conditions 

11.1.2.1. Action Step:  Fully implement practices consistent with the SFRWQCB pathogen and sediment 

TMDLs. 

 

THREAT ABATEMENT ACTIONS 

12. Threat- Agricultural Practices 

12.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

12.1.1. Recovery Action:  Prevent impairment to water quality (increased turbidity, suspended sediment, and/or 

toxicity) 

12.1.1.1. Action Step:  Assist in the development and support implementation of sediment TMDL to 

assure water quality conditions for coho salmon are improved and fine sediment loads are 

decreased to baseline conditions. 
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12.1.2. Recovery Action:  Prevent impairment to riparian species and composition 

12.1.2.1. Action Step:  Develop riparian setbacks/buffers where they do not currently occur, and enforce 

requirements of local regulations where they do 

12.2. Objective:  Address the present or threatened destruction, modification or curtailment of the species habitat or 

range 

12.2.1. Recovery Action:  Prevent impairment to instream substrate/food productivity (impaired gravel quality 

and quantity) 

12.2.1.1. Action Step:  Address sediment and runoff sources from road networks and other actions that 

deliver sediment and runoff to stream channels (see Roads for specific actions/areas) 

12.2.2. Recovery Action:  Prevent impairment to riparian 

12.2.2.1. Action Step:  Implement programs to purchase land/conservation easements to encourage the re-

establishment and/or enhancement of natural riparian communities. 

12.2.2.2. Action Step:  Keep agricultural activities from within 100 feet of the edge of the stream 

12.2.3. Recovery Action:  Prevent impairment to habitat complexity 

12.2.3.1. Action Step:  Avoid the removal of large wood and other shelter components from the stream 

system 

12.2.4. Recovery Action:  Prevent impairment to water quality (increased turbidity, suspended sediment, and/or 

toxicity) 

12.2.4.1. Action Step:  Complete Farm Conservation Plans (through the SRCD, NRCS, or Fish Friendly 

Farming programs) to reduce sediment sources and restore riparian habitat and forest health 

12.2.5. Recovery Action:  Prevent impairment to hydrology  

12.2.5.1. Action Step:  Work with the agricultural community to develop water conservation strategies 

protective of salmonids while allowing ongoing agricultural land uses (i.e., off-channel storage 

ponds). 

13. Threat- Channel Modification 

13.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

13.1.1. Recovery Action:  Prevent impairment to habitat complexity  

13.1.1.1. Action Step:  Evaluate undeveloped and developed floodplain property for potential function 

and conservation easement and/or acquisition potential. 

13.1.1.2. Action Step:  Conduct rehabilitation activities that restore channels, floodplains and meadows to 

extend the duration of the summer flow and provide refuge from high winter flows.(Evaluate the 

Tocaloma reach of the lower Lagunitas mainstem) 
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13.1.1.3. Action Step:  Promote bio-engineering solutions as appropriate (e.g. carefully evaluate feasibility 

where critical infrastructure is located) for bank hardening projects. 

13.1.1.4. Action Step:  Implement DS level recommendations 

14. Threat- Disease/Predation/Competition 

No species-specific actions were developed. 

15. Threat- Fire/Fuel Management 

No species-specific actions were developed. 

16. Threat- Fishing/Collecting 

No species-specific actions were developed. 

17. Threat- Hatcheries 

No species-specific actions were developed. 

18. Threat- Livestock 

18.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

18.1.1. Recovery Action:  Prevent impairment to water quality (increased turbidity, suspended sediment, and/or 

toxicity) 

18.1.1.1. Action Step:  Establish conservative residual dry matter (RDM) target per acre that ensures area 

is not overgrazed with 1000 lbs RDM (residual dry matter)/acre left at end of grazing season. 

Remove cattle from pasture before soils dry out. 

18.2. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

18.2.1. Recovery Action:  Prevent adverse alterations to riparian species composition and structure 

18.2.1.1. Action Step:  Exclude livestock from riparian areas, specifically on State and Federal Park  and 

private lands (e.g. Devils Gulch).  

18.2.1.2. Action Step:  Provide funding assistance to landowners willing to fence riparian and other 

sensitive areas (areas prone to erosion) to exclude cattle and sheep. Calf/cow operations should 

take first priority for riparian fencing programs over steer operations. 

18.2.1.3. Action Step:  Encourage develop and fund riparian restoration projects to regain riparian 

corridors damaged from livestock and other causes. 

18.2.1.4. Action Step:  Manage rotational grazing to aid in the reduction of noxious weeds. 

18.2.2. Recovery Action:  Prevent impairment to instream substrate/food productivity (impaired gravel quality 

and quantity) 

18.2.2.1. Action Step:  Substitute continuous season-long use of pastures in favor of rotational grazing 

strategies to reduce runoff. Short term, seasonal and long term rest from grazing in overgrazed 

areas would improve soil conditions for native revegetation and land values as well.  

18.2.2.2. Action Step:  Implement DS level recommendations 
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18.2.3. Recovery Action:  Prevent impairment to water quality (increased turbidity, suspended sediment, and/or 

toxicity) 

18.2.3.1. Action Step:  To minimize gully initiation, grazing should be kept at relatively low intensities on 

steeper slopes  

18.2.3.2. Action Step:  Where necessary, establish predetermined stream crossings when herding cattle 

between pastures. 

18.2.4. Recovery Action:  Prevent impairment to stream hydrology (impaired water flow) 

18.2.4.1. Action Step:  Increase the use of water storage and catchment systems that collect rainwater in 

the winter for use during the dry summer and fall seasons. 

18.2.4.2. Action Step:  Aid landowners willing to fence off riparian areas with development of offstream 

alternative water sources  

19. Threat- Logging 

19.1. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range. 

19.1.1. Recovery Action:  Prevent impairment to RIPARIAN 

19.1.1.1. Action Step:  Acquire key large tracts of forestlands identified as a priority by Federal, State, local 

government, and non-governmental organizations  

19.1.1.2. Action Step:  Conserve and manage forestlands for older forest stages. 

19.1.1.3. Action Step:  Encourage forest management which allows for optimal levels of natural LWD 

recruitment of larger older trees into stream channels  

19.1.1.4. Action Step:  Implement DS level recommendations 

20. Threat- Mining 

No species-specific actions were developed. 

21. Threat- Recreation 

No species-specific actions were developed. 

22. Threat- Residential/Commercial Development 

22.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

22.1.1. Recovery Action:  Prevent impairment to riparian species and composition 

22.1.1.1. Action Step:  Assess efficacy and necessity of ongoing stream maintenance practices and 

evaluate, avoid, minimize and/or mitigate their impacts to rearing and migrating CCC coho 

salmon. 

22.1.1.2. Action Step:  Support the Marin County Streamside Conservation Area Ordinance.  Evaluate 

current moratorium in San Geronimo Valley for pertinent action items. 

22.1.1.3. Action Step:  Enforce existing building permit programs to minimize unpermitted construction. 
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22.2. Objective:  Address the present or threatened destruction, modification or curtailment of the species habitat or 

range 

22.2.1. Recovery Action:  Prevent impairment to water quality (increased turbidity, suspended sediment, and/or 

toxicity) 

22.2.1.1. Action Step:  Address failing septic systems in rural areas  

22.2.1.2. Action Step:  Improve water quality where necessary by addressing residential and commercial 

pollutant sources. 

22.2.2. Recovery Action:  Prevent impairment to stream hydrology (impaired water flow) 

22.2.2.1. Action Step:  See WATER DIVERSIONS for specific actions and areas 

22.2.2.2. Action Step:  Encourage the use and provide incentives for rooftop water storage and other 

conservation devices 

22.2.3. Recovery Action:  Prevent impairment to riparian species and composition 

22.2.3.1. Action Step:  Maintain intact and properly functioning riparian buffers to filter and prevent fine 

sediment input from entering streams. 

22.2.3.2. Action Step:  Encourage FishNet 4C to facilitate instream and riparian restoration and 

management workshops with a specific focus on problems and opportunities in the Lagunitas 

Watershed. 

22.2.3.3. Action Step:  Work with private landowners to promote the re-vegetation of the native riparian 

plant community within inset floodplains and riparian corridors to ameliorate instream 

temperature and provide a source of future large woody debris recruitment. 

22.2.3.4. Action Step:  Educate county and city public works departments, flood control districts, and 

planning departments, etc., on the critical importance of maintaining riparian vegetation, 

instream LWD, and LWD recruitment. 

23. Threat- Roads/Railroads 

23.1. Objective:  Address the inadequacy of existing regulatory mechanism 

23.1.1. Recovery Action:  Prevent impairment to instream substrate/food productivity (impaired gravel quality 

and quantity) 

23.1.1.1. Action Step:  Establish a moratorium on new road construction within floodplains, riparian 

areas, unstable soils or other sensitive areas until a watershed specific and/or agency/company 

specific road management plan is created and implemented. 

23.1.1.2. Action Step:  Support the MMWD in their efforts to reduce sedimentation from lands in the 

Lagunitas Creek watershed. MMWD will also coordinate with the Marin County Stormwater 

Pollution Prevention Program (MCSTOPPP) to make sure that educational materials about non-

point source pollution are available to homeowners in the San Geronimo Valley. 
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23.2. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

23.2.1. Recovery Action:  Prevent impairment to instream substrate/food productivity (impaired gravel quality 

and quantity) 

23.2.1.1. Action Step:  Assess and redesign transportation network to minimize road density and 

maximize transportation efficiency. 

23.2.1.2. Action Step:  In the Olema Creek watershed, implement results of existing sediment source 

surveys, and assess remaining watershed road networks to eliminate high priority and high 

sediment yield sources.  

23.2.1.3. Action Step:  In the Lagunitas Creek watershed, implement results of existing sediment source 

surveys, and assess remaining watershed road networks to eliminate high priority and high 

sediment yield sources. Upgrade and decommission sites and road networks where appropriate. 

These actions include outsloping roads, ditch relief culverts, and installing rolling dips. 

23.2.1.4. Action Step:  Establish adequate spoils storage sites throughout the watershed so material from 

landslides and road maintenance can be stored safely away from watercourses. Coordinate these 

efforts with all landowners in the watershed. 

23.2.1.5. Action Step:  Decommission or treat the road sites on the priority list of 20 road sites within the 

San Geronimo subwatershed based on amount of sediment discharge. 

23.2.1.6. Action Step:  Implement DS level recommendations 

23.2.2. Recovery Action:  Prevent impairment to watershed hydrology 

23.2.2.1. Action Step:  Utilize best management practices for road construction (e.g. Fishnet 4C, 2004; 

Weaver and Hagans, 1994; Sommarstrom et al., 2002; Oregon Department of Transportation, 

1999). 

23.2.3. Recovery Action:  Prevent impairment to riparian species and composition 

23.2.3.1. Action Step:  Evaluate the potential of road widening projects (e.g. Sir Francis Drake Rd) on 

riparian corridors, and discourage encroachment into riparian zone. 

24. Threat- Severe Weather Patterns 

24.1. Objective:  Address the inadequacy of existing regulatory mechanisms 

24.1.1. Recovery Action:  Prevent impairment to hydrology 

24.1.1.1. Action Step:  All local and state planning and development should consider, and provide 

contingencies for, droughts in a manner compatible with CCC coho salmon recovery needs. 

24.1.1.2. Action Step:  Identify and work with water users to minimize depletion of summer base flows 

from unauthorized water uses. 

24.1.1.3. Action Step:  See WATER DIVERSIONS for other specific actions/areas 
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24.2. Objective:  Address the present or threatened destruction, modification, or curtailment of the species habitat or 

range 

24.2.1. Recovery Action:  Prevent impairment to hydrology 

24.2.1.1. Action Step:  Work with land owners or public agencies to acquire water that would be utilized 

to minimize effects of droughts. 

24.2.1.2. Action Step:  Pursue opportunities to acquire or lease water, or acquire water rights from willing 

sellers, for coho salmon recovery purposes. Develop incentives for water right holders to dedicate 

instream flows for the protection of coho salmon (CDFG 2004)(Water Code § 1707). 

24.2.1.3. Action Step:  Dedicate appropriative water rights to instream flow in Olema Creek watershed 

(NPS is currently evaluating opportunities in this watershed). 

24.2.1.4. Action Step:  Evaluate and assess impacts of local groundwater withdrawals in San Geronimo 

Creek watershed. 

24.2.1.5. Action Step:  Manage reservoirs and dam releases to maintain suitable rearing temperatures and 

migratory flows in downstream habitats (e.g., pulse flow programs for adult upstream migration 

and smolt outmigration). 

24.2.1.6. Action Step:  Avoid reductions of flow <8 cfs below major dams in the summer 

24.2.1.7. Action Step:  Implement water conservation strategies that provide for drought contingencies 

without relying on interception of surface flows or groundwater depletion. 

24.2.1.8. Action Step:  See DS level Recovery Actions 

24.2.2. Recovery Action:  Prevent impairment to watershed hydrology 

24.2.2.1. Action Step:  Evaluate and implement rainfall capture from impervious surfaces for irrigation 

use to protect water quality and reduce water demand in summer. 

24.2.3. Recovery Action:  Prevent impairment to water quality (impaired instream temperature) 

24.2.3.1. Action Step:  Maintain canopy levels at desirable levels in all streams and restore canopy levels 

to desirable levels in high value habitat areas  

25. Threat- Water Diversion/Impoundment 

25.1. Objective:  Address the present or threatened destruction, modification or curtailment of the species habitat or 

range 

25.1.1. Recovery Action:  Prevent impairment to stream hydrology (impaired water flow) 

25.1.1.1. Action Step:  Avoid reductions of flow <8 cfs below major dams in the summer 

25.1.1.2. Action Step:  Provide consistent fishery flows below Peter's Dam by improving gauging at SP 

Taylor Park 

25.1.2. Recovery Action:  Prevent impairment to water quality (impaired instream temperature) 
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25.1.2.1. Action Step:  Encourage enforcement of SWRCB Order 95-17 (specifically in the warm summer 

months) 

25.1.2.2. Action Step:  Discourage the transfer of water from Nicasio Reservoir to Kent Lake which could 

degrade water quality releases into Lagunitas Creek 

25.1.2.3. Action Step:  Discourage the proposed water diversion through Groundwater Well by North 

Marin Water District which could adversely affect stream flows 

25.1.3. Recovery Action:  Prevent impairment to instream habitat complexity (altered pool complexity and/or 

pool riffle ratio) 

25.1.3.1. Action Step:  Develop riffles and/or spawning channels below Kent Dam to increase spawner 

distribution and success 

25.1.4. Recovery Action:  Prevent reduced density, abundance, and diversity 

25.1.4.1. Action Step:  Adequately screen water diversions to prevent juvenile salmonid mortalities. 

25.2. Objective:  Address the inadequacy of existing regulatory mechanisms 

25.2.1. Recovery Action:  Prevent impairment to stream hydrology (impaired water flow) 

25.2.1.1. Action Step:  Minimize take attributable to diversion of stream flow through alternatives such as: 

the operation of off-stream reservoirs, development of infrastructure necessary for conjunctive 

use of stream flow, and use of reclaimed water. 

25.2.1.2. Action Step:  Implement DS level recommendations. 

26. Threat- Watershed Process 

No species-specific actions were developed. 
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1. Introduction 
 
The Sediment and Streambed Monitoring Plan (the Plan) describes sediment 
monitoring goals and how they relate to District fisheries and riparian 
management plans.  Prior monitoring methods are reviewed in relation to 
proposed future monitoring. The Plan describes monitoring parameters and 
methods, including details pertaining to sampling methods, sample size and 
analytical methods.  The Plan is suitable for implementation, however, it may be 
adapted over time.  
 

1.1. Monitoring Goals  
 
The Plan is intended to provide data and analytical methods that can achieve the 
following goals. 
 

• Document sediment and streambed conditions in Lagunitas Creek, 
including its major tributaries San Geronimo Creek and Devils Gulch. 

• Provide a means to evaluate the efficacy of sediment management efforts 
implemented within the Lagunitas Creek watershed.  

• Integrate hydrologic and geomorphologic characteristics of Lagunitas 
Creek with its biological components in an attempt to reveal how stream 
flow, sediment and streambed conditions influence fish and shrimp 
populations. 
 

The monitoring goals above are related to District fisheries management goals in 
Lagunitas Creek:  
 

• Reduce the quantity of fine sediment that enters Lagunitas Creek and 
enhance the streambed habitat conditions of the creek, for the benefit of 
coho, steelhead, and California freshwater shrimp. 

• Improve and enhance rearing habitat for salmonids and enhance the 
condition of the riparian corridor to benefit all fishery resources of the 
Lagunitas Creek watershed. 

 

1.2. Hypotheses 
 
Monitoring data will be used to conduct formal hypothesis testing using 
appropriate sampling statistics as described in this plan.  The principal 
hypotheses to be tested are:  
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• Sediment size distributions are uniform throughout Lagunitas Creek; 
alternatively, sediment size distributions vary between stream reaches.  
Channel gradient and sediment supply, among other factors, are expected 
to influence sediment size distributions, hence there is reason to believe 
that sediment size distributions will differ among stream reaches.  

• Sediment size distributions are uniform over time; alternatively, sediment 
size distributions vary over time.  Prior monitoring observations suggest 
that storm history and proximity to watershed sediment sources affect 
temporal patterns of change in sediment size.  This plan will test whether 
there are statistically significant time trends in sediment size distribution. 

 
This study design is based on prior sampling studies (described below) that 
focused on surface sediment size distributions.  Data from prior studies enabled 
the development of a sampling design with specified sample size and expected 
sampling error for surface sediment size distributions. Sediment size distributions 
will be statistically evaluated in terms of percentiles of the size distribution (e.g. 
median diameter-d50, d16, d84, etc.) and the proportion of the size distribution 
considered to be “fine” sediment (e.g. < 4 mm diameter).  Hypothesis testing 
will be followed by examination of confidence intervals around percentiles and 
proportions of interest in the sediment size distribution.    
 
Additional data relating to size distributions of subsurface sediment, 
sedimentation processes, suspended sediment transport, large woody debris and 
fish habitat will be evaluated using descriptive statistics and confidence intervals 
as well as statistical tests presented in the Plan.  These analyses will guide 
development of additional hypotheses and determination of appropriate sample 
sizes.   Modifications to monitoring specified in the Plan may be considered 
based on statistical power, sample size requirements, and sampling efficiency.    
 

2. Monitoring Plan Overview  
 
The Plan includes several discrete monitoring parameters distributed among 
broadly defined stream reaches in the Lagunitas Creek watershed as summarized 
below (Figure 1).  The Plan is designed to evaluate trends in sediment conditions 
over time using sampling methods and analytical techniques that can distinguish 
between statistically-verified trends and random variation.  In support of fish 
habitat monitoring by District biologists, the Plan will also provide quantitative 
and qualitative data relevant to the quality and quantity of aquatic habitat.   

2.1. Channel Reach Framework for Monitoring Sites  
 
Monitoring sites will be distributed within distinct reaches of the Lagunitas Creek 
mainstem and its tributaries.  Three mainstem reaches have been identified 
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(Figure 1) based on data from prior studies (Table 1) pertaining to sediment size, 
geomorphology and channel slope: 
   

• Hwy 1 to Tocaloma Bridge (reach M1),  
• Tocaloma Bridge to Devils Gulch (reach M2), and  
• Devils Gulch to Shafter Bridge (reach M3).   

 
Two tributaries will be monitored:  

• Devils Gulch (reach T1) and  
• San Geronimo Creek (reach T2).   

 
Monitoring data will be collected and analyzed within each of these five reaches 
as they represent distinctive portions of Lagunitas Creek that have significantly 
different characteristics such as channel slope and width (Table 1), as well as 
differences in stream flow and sediment supply controlled by both natural 
conditions and the effects of Kent Lake1.  Time trend analysis of channel 
conditions will be made more effective by collecting and analyzing monitoring 
data in this spatial framework because inherent variability between reaches will 
not be confused with change over time.   
 
Table 1.  Summary of reach characteristics and sampled area. 
 

Reach Lengtha 
(miles) 

Mean 
Slope (ft/ft) 

Typical 
Bankfull 
Width (ft) 

Estimated Total 
Sample Lengthe 
with 4 Sites (ft) 

Estimated 
% of Reach 
Sampled 

M1: Tocaloma Bridge to Hwy 1 5.8 0.002c 40 3,200 10 
M2: Devils Gl. to Tocaloma Br. 2.7 0.003c 50 4,000 28 
M3: Shafter Bridge to Devils Gl. 3.1 0.004b 60 4,800 29 
T1: Devils Gulch 1.4 0.02d 20 1,600 22 
T2: San Geronimo Creek 4.6 0.007b 30 2,400 10 
 
Notes:   
a. Reach lengths from MMWD (2008) Lagunitas Creek Habitat Typing Survey 2006 Analysis, 

Table 2. 
b. Slope estimated from longitudinal profile surveyed by SFBRWQCB. 
c. Slope estimated from preliminary analysis of 2009 LiDAR data.  
d. Slope estimated from USGS topographic data.  
e. Sample length refers to the systematic sampling reaches. 
f. See Figure 1 for reach locations. 

                                        
1 O’Connor Environmental, Inc. 2006. Lagunitas Creek Fine Sediment Investigation. p 14-15. 
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2.2. Systematic Streambed Surface Sampling 
 
A systematic sampling framework will be used to guide data collection in the field 
and data analysis.  The systematic sampling approach will be used to determine 
the streambed surface sediment size distribution and other characteristics of 
interest, such as distribution of habitat types and sediment patches (facies), 
depth of fine sediment deposits, and large woody debris.   

 
A systematic random grid (Figure 2) will be established within the lateral limits of 
the bankfull channel to conduct this sampling procedure.  Transverse transects 
spaced at intervals of one-half bankfull width will be sampled at ten equally-
spaced points across the transect over a portion of channel twenty bankfull 
widths in length.  This sampling grid will yield 400 data points from forty 
transects; this design provides relatively high accuracy while limiting the extent 
(and cost) of sampling.  Data to be collected using the systematic sampling grid 
include:  

• the size distribution of sediment on the surface of the streambed, 
• the size distribution of sediment in the subsurface of the streambed,  
• the proportion of the channel bed occupied by fine sediment including 

characteristic sediment mixtures distributed in “patches” (sediment 
facies),  

• proportions of habitat types (pool, run, glide, riffle and cascade)   
• depth and size distribution of fine sediment deposits (this data may be 

subsampled to improve efficiency based on analysis of preliminary data), 
and 

• volume and characteristics of large woody debris (measured on grid 
transects)  

 

2.3. Systematic Streambed Subsurface Sampling  
Sampling and analysis of size distributions of the sediment underlying the 
streambed surface where salmonids are likely to spawn will provide data 
describing spawning habitat quality and the sedimentation status of the bed.   
 

2.3.1. Spawning Gravel Condition 
A random spawning habitat site within each grid will be selected for subsurface 
sediment sampling and analysis to determine the size distribution of spawning 
gravel.  Material will be collected in bulk to a depth of about one foot using a 
“McNeil sampler”. Only locations where spawning is likely to occur 



 

 
Figure 2.  Schematic representation of streambed sampling.  
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(typically near the transition between a pool and downstream riffle) will be 
selected for sampling.  The sediment size distributions will characterize spawning 
habitat quality and spatial variability.  The data will also be compared to earlier 
data sets to evaluate changes over time.   
 

2.3.2. Sediment Supply and Transport Capacity-The q* Index 
Spawning gravel size distributions will simultaneously be used to calculate a 
geomorphic index representing the relationship between sediment transport 
capacity and sediment supply (q*).  The size distribution of the streambed 
surface at the sampling location and local bed shear stress at bankfull flow will 
also be required.  

2.4. Sediment Patches  
The distribution of sediment patches (facies) will be systematically sampled on 
the grid.  Sediment facies previously described in the study area include well 
sorted sand, fine gravel and sand, gravel with pockets of sand, gravel dominant 
and cobble dominant.  Observation and monitoring of sediment facies is 
expected to provide insights into sedimentation processes, and patch distribution 
will be evaluated in relation to other sedimentation and habitat monitoring 
parameters.  

2.5. Habitat Types 
The distribution of habitat types will be systematically sampled on the grid.  
Aquatic habitat types previously used for Lagunitas Creek include pool, run, 
glide, riffle and cascade.  Observation and monitoring of habitat types is 
expected to provide insights regarding sedimentation processes as they relate to 
fish habitat.   

2.6. Depth of Fine Sediment Patches 
The depth of fine sediment facies will be subsampled on the grid.  In addition, 
the size distribution of these fine sediment deposits will be subsampled.  
Observation and monitoring of the depth of fine sediment facies will permit 
estimation of the quantity of fine sediment and its distribution in Lagunitas 
Creek.  

2.7. Large Woody Debris (LWD) 
Systematic random streambed sampling will include measurements of LWD on 
sample transects established for the sampling grid (Figure 2).  LWD is a 
component of fish habitat that contributes cover and may interact with 
streamflow to create pools and depositional features.  Prior studies of Lagunitas 
Creek suggested that streambed sediment sizes tend to be finer in the vicinity of 
LWD.  Observations and monitoring of LWD will help characterize the role of 
LWD in habitat, and permit evaluation of the effect of LWD on sediment size 
distributions.  
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2.8. Streambed Elevation and Topography  
 
Topographic surveys will be conducted periodically at two monitoring sites each 
in the reaches M1, M2 and M3.  The primary product of the survey will be a 
digital elevation model from which topographic maps and cross-sections can be 
produced.  Elevation data from a systematic sampling grid will also be produced 
to test for changes in mean bed elevation over time. This type of monitoring will 
produce quantitative data and analyses, along with process observations and 
quantitative analysis of trends that will provide continuity with monitoring that 
began in 1992.   
 
Monitoring sites will coincide with prior established monitoring reaches KB (reach 
M3), KC (reach M3), KD (reach M2) and KF (reach M2).  Two new monitoring 
sites will be established in reach M1.  It is intended that these monitoring sites 
will coincide with monitoring sites used for systematic sampling of sediment 
described above, including q* sites.  Maps will be developed for bed topography, 
woody debris, sediment patches, and other morphologic features.  These are 
intended to provide descriptive monitoring data in a three-dimensional map 
context distinct from the numerical two-dimensional data obtained through 
systematic sampling.   

2.9. Turbidity Threshold Sampling  
 
An effective method of quantifying fine sediment delivery from management 
activities dispersed over a group of sites or an entire watershed is to measure 
suspended sediment loads (SSL) at key locations.  Turbidity Threshold Sampling 
(TTS) is an accurate and cost effective SSL monitoring system that estimates 
loads by sampling suspended sediment (SS) in conjunction with continuous 
turbidity (an optical property of water) and streamflow measurements. 2  
Determination of SSL for individual storm events will provide highly accurate 
estimates of sediment flux at locations of interest over a variety of time intervals 
for trend analysis.  
 
TTS monitoring sites are proposed at three locations: San Geronimo Creek gauge 
site (existing station operated by Balance Hydrologics), Samuel P. Taylor State 
Park gauge site (existing station operated by USGS), and Devils Gulch (gauging 
station to be established).  These monitoring data will provide the District with 
direct measures of sediment yield that can be used to evaluate the effectiveness 
of the District’s erosion control management efforts as well as trends over time.  
This data set will be particularly valuable in that it provides direct continuous 

                                        
2 Lewis J and Eads R (2009). Implementation guide for turbidity threshold sampling: principles, 
procedures, and analysis.  Gen. Tech. Rep. PSW-GTR-212. Albany, CA: U.S. Department of 
Agriculture, Forest Service, Pacific Southwest Research Station. 87 p. 
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measurements of sediment yield that will complement indirect measures of 
erosion and sedimentation from streambed monitoring.  

2.10. Limitations  
 
Proposed methods may require modification for the Tocaloma to Hwy. 1 reach 
(M1) owing to the prevailing depth of water and the prevalence of finer-grained 
channel substrate.  The final monitoring plan for reach M1 will be determined 
following a pilot study to test the applicability of Plan methods in this reach.  
Feasible alternative methods would be selected as appropriate.   
 
The recommended approach to monitoring depth and size distribution of fine 
sediment deposits is similar to methodology using the metric “v*“ to 
systematically monitor the volume of pools occupied by fine sediment.3  The 
proposed adaptation of the method for use in Lagunitas Creek is feasible but has 
not been tested to evaluate the expected precision of sampling.  The proposed 
approach is expected to provide quantitative estimates of the volume of fine 
sediment stored on the channel bed that will be useful for evaluating 
sedimentation impacts on fish habitat as well as trend analysis related to 
effectiveness of watershed management to control erosion.  

2.11.  Frequency of Monitoring 
 
Frequency of monitoring in the Plan is variable (Table 2).  Annual sampling of all 
monitoring sites for all parameters is not recommended.  Rather, a fixed 
minimum sampling frequency is proposed that may be modified by high 
magnitude flow events in Lagunitas Creek.  Sampling at the full complement of 
systematic streambed monitoring sites would occur at a maximum interval of 
three years.  Sampling would also occur during the summer following a peak 
flow event exceeding 3,000 cfs at Samuel P. Taylor State Park (USGS gauge 
11460400).  Sampling would occur again the third summer following, assuming 
that no additional 3,000 cfs events occur.  Based on the period of record 1980-
2006, monitoring would have occurred in 13 of 27 years using these criteria.  
Sampling would have occurred in consecutive years during the intervals 1985 to 
1986 (2 consecutive years) and 1995 to 1998 (4 consecutive years).    
 
Annual monitoring would be conducted for a limited set of systematic streambed 
monitoring parameters (size distribution, proportion of fine sediment and patch 
type, and habitat type) from a subset of sites comprised of one monitoring site in 
each of the five reaches of Lagunitas Creek. Fine sediment depth and woody 

                                        
3 Lisle T and Hilton S (1999).  Fine bed material in pools of natural gravel bed channels.  Water 
Resources Research 35(4):1291-1304. and  
Hilton, S. and Lisle, T.E.  1993.  Measuring the fraction of pool volume filled with fine sediment.  
Research Note PSW-RN-414, 11 pp.  USDA For. Serv., Albany, Calif. 
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debris would be excluded from annual monitoring.  TTS monitoring at stream 
gaging stations will combine routine maintenance and flow observations with 
continuous automated sampling during the rainy season.   
 
Table 2.  Summary of monitoring program sampling frequency (see also Table 3 for expanded list of 
monitoring tasks within the Systematic Sampling monitoring element). 
  

 

 Frequency of Monitoring 
Monitoring Element 3 years OR  after 

> 3,000 cfs peak flow Annual Annual Rainy Season 
(Oct.-April) 

 
Systematic 
Sampling 
 

 
5 reaches, 

4 sites per reach 
 

5 reaches, 
1 site per reach 

 
n.a. 

Streambed 
Elevation & 
Topography 
 

3 reaches, 
2 sites per reach 

n.a. n.a. 

Turbidity Threshold 
Sampling 

n.a. n.a. 3 reaches, 
1 site per reach 

2.12. Number of Monitoring Sites  
 
Methods for grid sampling of surface sediment size distributions and data sets 
available from OEI’s 2006 study of fine sediment in Lagunitas Creek were used to 
design the systematic random sampling and McNeil sampling.  Details of the 
monitoring design are described in the following sections.     
  
Monitoring site reaches are designed to be twenty bankfull width units in length, 
so typical monitoring reaches in Lagunitas Creek would likely be on the order of  
1,000 ft long (Table 1).  Each site would be comprised of forty sampling 
transects perpendicular to flow and spaced at intervals of one-half bankfull width 
(Figure 2).  Each transect would contain ten evenly spaced sample points; 
locations would be subject to a random start in each transect. The Plan includes 
four monitoring site reaches within each of the five reaches of Lagunitas Creek 
and its tributaries identified above. Hence, the Plan proposes to establish twenty 
monitoring site reaches.  Sampling to monitor spawning habitat also comprises 
twenty sampling sites to be co-located with systematic streambed monitoring 
reaches.  Monitoring activities under the Plan are summarized in Table 3.  
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Table 3.  Summary of monitoring program sampling. 
  
  Sample Reach  

Monitoring 
Element Monitoring Task M1 M2 M3 T1 T2 Total 

Systematic 
Sampling Surface Sampling X X X X X  
 Sites/Reach 4 4 4 4 4 20 
 Transects/Site 40 40 40 40 40 200 
 Samples/Transect 10 10 10 10 10 50 
 Total Samples 1600 1600 1600 1600 1600 8000 

 Subsurface (McNeil) 
Sampling X X X X X  

 Sites/Reach 4 4 4 4 4 20 
 Samples/Site 1 1 1 1 1  
 Total Samples 4 4 4 4 4 20 

 Large Woody 
Debris Sampling X X X X X  

 Sites/Reach 4 4 4 4 4 20 
 Transects/Site 40 40 40 40 40 200 
 Total Samples 160 160 160 160 160 800 
Streambed 
Elevation & 
Topography 

Bed Topography 
Survey (Total 
Station) 

X X X    

 Sites/Reach 2 2 2   6 
Turbidity 
Threshold 
Sampling 
(TTS) 

TTS Monitoring 
Stations   X X X  

Analyses Sediment Size 
Analysis X X X X X  

 Woody Debris 
Volumes X X X X X  

 q* calculations X X X X X  
 Digital Elevation 

Models (DEMs) X X X    
 Mean Bed Elevation X X X    
 TTS Analyses   X X X  
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3. Prior Monitoring Program 
 
The prior monitoring program4 measured streambed parameters of interest with 
respect to sediment conditions as they affect fish habitat.  The Plan proposes 
substantial changes in the approach to monitoring relative to prior monitoring; 
however, these changes do not represent a radical departure from the prior 
monitoring program with respect to monitoring parameters.  Continuity with 
selected elements of the prior monitoring program will be maintained.  Prior 
monitoring analyses of monitoring data did not utilize formal hypothesis testing 
procedures.  Following is a brief summary of the prior monitoring program 
including a description of how prior monitoring program elements will be handled 
under the Plan. Elements of the prior monitoring program for which further 
consideration is recommended are emphasized with italics.     
 
Annual Reconnaissance Survey.  This survey was conducted to provide 
geomorphic perspective on annual channel changes at a broader spatial scale 
within Lagunitas Creek.  It provided insights regarding annual variation of in-
stream processes and channel condition.  The Plan will not continue this 
reconnaissance survey in its current form.   
 
The Plan is expected to document significant changes at the scale of monitoring 
reaches (M1, M2, M3, T1 and T2).  The proportion of channel to be sampled in 
four monitoring sites per reach is shown in Table 1.  The Plan assumes that 
significant systemic changes would be detected in this framework. Local 
variations detected in the spatially comprehensive reconnaissance surveys may 
not be individually represented in the Plan.  
 
Systematic photo point monitoring within sampling reaches will be conducted to 
provide supplemental descriptive information.  Successive photos can be 
compared to qualitatively evaluate change over time.  Particular areas of interest 
that are not within the sampling reaches will be identified (e.g. the Big Bend area 
where sediment storage and bank erosion dynamics appear to be of greater 
significance), and comparable photo points established.  
  
Bed Elevation and Channel Configuration.   Topographic cross-sections of 
relatively short reaches containing representative riffles, pools and glides have 
been used to document changes in bed elevation and channel configuration over 
time.  This prior monitoring established that channel patterns and bed elevations 
are relatively stable over a period of years with modest variability from year to 
year.  The Plan proposes to retain this fundamental approach, with substantial 
revisions to the methods of surveying and the frequency of data collection.   
                                        
4 Balance Hydrologics 2008. Lagunitas Creek Sediment and Riparian Management Plan, Marin 
County, California: Streambed Monitoring Report, 1995-2007. 
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The Plan proposes to produce three-dimensional maps of selected portions of 
monitoring reaches using a Total Station survey instrument to develop a digital 
elevation model (DEM) of the selected portion of the reach.  DEM’s will then be 
used to create topographic maps to document conditions and assess changes in 
the channel between surveys.  Both qualitative and quantitative analyses will be 
performed.  Bed elevation changes in relation to habitat units and prior cross-
section locations from the prior monitoring program can continue to be observed.  
 
Particle-size Distribution of Bed Surface.  The prior monitoring program focused 
sampling intensity on relatively short monitoring reaches.  The Plan utilizes a 
similar method (surface point counts on a systematic grid), but over a larger 
area and at wider intervals.  Existing monitoring data and proposed monitoring 
data from the Plan would be generally comparable, but may not be directly 
comparable.   
 
Embeddedness of Cobbles and Boulders.  The Plan eliminates this monitoring 
parameter.  Alternative methods are proposed to measure accumulations of fine 
sediment on the bed.  Embeddedness is primarily a fish habitat metric.  We 
suggest that District fisheries staff consider including this measure of cover 
habitat be retained in fish habitat monitoring protocols.   
 
Abundance of Cobbles and Boulders.  The Plan will continue to provide data on 
the abundance of cobbles and boulders through the measurement of particle size 
distributions on the bed surface.     
 
Percent of Bed Covered by Fine Sediment.  The Plan will continue to provide data 
on the abundance of fine sediment through the measurement of particle size 
distributions on the bed surface.   
 
Particle-size Distribution of Bed Subsurface.  The prior monitoring program 
obtained samples of subsurface sediment from pool tails.  The Plan proposes an 
alternative method focusing on spawning habitat that will produce data on size 
distribution of subsurface sediment.  McNeil samples of subsurface sediment in 
pool-tail and riffle crest transitions demonstrated in a prior study5 provides 
comparable information regarding sediment conditions in addition to direct 
measures of habitat quality.    
 
Lithology of Fine Sediment Deposits.  Distinctive rock types found in different 
portions of the Lagunitas Creek watershed enabled utilization of this technique to 
provide information on the relative magnitude of sediment source areas in the 
watershed.  More direct studies of sediment sources have been conducted and 

                                        
5 O’Connor Environmental, Inc. 2006. Lagunitas Creek Fine Sediment Investigation.  
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are proposed since the inception of this analysis.  The Plan does not propose to 
continue routine measurement of this parameter.   
  
San Geronimo Creek Stream Gauge.  Hydrologic data from San Geronimo Creek 
are extremely useful.  It is recommended that stream gauging activity at this site 
should be continued.  Bedload sediment transport measurements are of 
considerable value.  These data provide observations pertaining to bed sediment 
in San Geronimo Creek, a primary source area for sediment delivered to 
Lagunitas Creek.  The utility of these data with respect to inferences that can be 
made regarding changes in transport rates over time is limited by the variability 
of the data.  Bedload transport data should be analyzed to determine the 
accuracy of the inferences that may be made.  The existing data are extremely 
useful in that they establish a relationship between stream discharge and 
bedload transport rate in San Geronimo Creek.   
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4. Monitoring Plan Methods and Analysis Techniques  
 
In this section, details regarding data collection and analytical techniques, along 
with study design considerations, are described in greater detail.  

4.1. Study Design for Systematic Streambed Sampling  
 
A systematic random grid sampling procedure will be used to collect the 
following data:  

• the size distribution of sediment on the surface of the streambed,  
• the proportion of the channel bed occupied by fine sediment including 

characteristic sediment mixtures distributed in “patches” (sediment facies),  
• proportions of habitat types (pool, run, glide, riffle and cascade)   
• depth and size distribution of fine sediment deposits (this data may be 

subsampled to improve efficiency based on analysis of preliminary data), and 
• volume and characteristics of large woody debris (measured on grid transects)  

 
The design for systematic sampling was guided by sample data from prior 
studies that used a comparable design.6  The primary monitoring parameter 
considered is the size distribution of sediment, and it is upon these parameters 
that the analysis of sampling design was based.  Consideration was given both to 
sampling objectives and sampling efficiency.  The recommended sampling grid 
for monitoring sites contains transverse transects (oriented perpendicular to 
flow), spaced at intervals of one-half bankfull width with sample points at ten 
equally-spaced locations across the transect over a portion of channel twenty 
bankfull widths in length.  This sampling grid will yield 400 data points from forty 
transects.  
 
A generalized depiction of the distribution of sampling units within a stream 
reach is shown in Figure 2.  Sampling locations would be determined once; these 
same sample units would be re-sampled during all successive sampling events.    
 
Based on sampling data from 2005 streambed surveys of the bankfull channel 
width, sampling precision over a range of the number of transects was estimated 
assuming transects spaced at intervals of one bankfull width.  Additional analyses 
were conducted to evaluate transect spacing greater than one bankfull width, 
however the efficiency of sampling declines (i.e. the cost of sampling increases) 
as transect spacing increases hence the analysis presented focuses on an interval 
of one bankfull width.  
 

                                        
6 O’Connor Environmental, Inc.  2006. Lagunitas Creek Fine Sediment Investigation. 
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Sampling precision is evaluated in terms of the mean of the size distribution 
measured in “psi” units (sediment size classes based on log2 units, e.g. 1 mm = 
0 , 2 mm =1, 4 mm = 2, 8 mm =3, and so on) and in terms of the proportion of 
the streambed sediment size distribution finer than 4 mm.  Figures 3 and 4 on 
the following page summarize these relationships.    
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Figure 3.  Relationship between number of transects at bankfull width spacing and sampling 
precision for an estimate of the mean of the sediment size distribution.   
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Figure 4.  Relationship between number of transects at bankfull width spacing and sampling 
precision for an estimate of the proportion of the sediment size distribution finer than 4 mm.  
 
The recommended monitoring approach will have a transect spacing of one-half 
bankfull width, a scenario that could not be evaluated with the available sample 
data.  The closer spacing of transects is expected to provide improved sampling 
precision within monitoring sites owing to spatial autocorrelation of sediment 
sizes, hence the precision estimates portrayed in Figure 3 and 4 are conservative 
estimates.   

 
 

   
 



Lagunitas Creek Sediment and Streambed Monitoring Plan 17 
 
 
The recommended monitoring approach specifies sampling of 40 transects at 
each monitoring site.  Figure 3 indicates that the half width of the 95% 
confidence interval with 40 transects will be about 0.3 phi units.  Table 4 
provides the confidence interval converted to measurement units of mm over a 
range of likely values observed in Lagunitas Creek.  
 
Table 4.  Representative confidence intervals in measurement units for mean sediment 
diameter. 
 
Sediment Diameter 

(phi units) 
Sediment Diameter 

(mm) 
Lower Bound 

95% Confidence Interval (mm) 
Upper Bound 

95% Confidence Interval (mm) 
2 8 6.5 9.8 
3 16 13.0 19.7 
4 32 26.0 39.4 

 
With respect to proportion of sediment finer than 4 mm on the streambed, the 
recommended monitoring approach is expected to produce a 95% confidence 
interval of +/- 5%.  In other words, for a mean estimate of 15% of the 
streambed occupied by sediment finer than 4 mm it is 95% certain that the true 
proportion lies between 10 and 20%.   
 
Sampling precision with respect to the sediment size distribution may also be 
conveniently expressed in relation to percentiles of a cumulative size distribution 
such as that determined by simple random streambed sampling7.  Such a 
relationship is displayed in Figure 5.  The expected precision from the proposed 
sampling approach is expected to be greater because of spatial autocorrelation 
of sediment size data in systematic random sampling. Figure 5 therefore 
represents a conservative estimate of sampling precision.  
 
The recommended sample grid within each monitoring site would contain 400 
sample points.  As shown in Figure 5, for n = 400 the 95% confidence interval 
around the 5th and 95th percentiles of the distribution would about +/- 2.2%.  
For the 16th and 84th percentiles, the confidence interval would be about +/- 
4.2%, and for the 50th percentile (the median), the 95% confidence interval is 
+/- 5%.  In other words, there would be 95% certain that the true median grain 
size would be between the 45th and 55th percentile of the sample distribution.   

                                        
7 Bunte K. and Abt S. 2001. Sampling surface and subsurface particle-size distributions in 
wadable gravel- and cobble-bed streams for analyses in sediment transport, hydraulics and 
streambed monitoring.   Gen. Tech. Rep. RMRS-GTR-74. Ft. Collins, CO: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Research Station. 428 p. 
 

 
 

   
 



Lagunitas Creek Sediment and Streambed Monitoring Plan 18 
 
 

2 4 6 8 10 12 14

10
20

50
10

0
20

0
50

0

Estimated percentile error

S
am

pl
e 

si
ze

D5,D95
D16,D84
D50

 
Figure 5.  Estimated percentile error for specified percentiles of the cumulative sediment size 
distribution after Bunte and Abt (2001). 
 
The relationship between sampling precision and the number of monitoring sites 
sampled in each monitoring reach of Lagunitas Creek (Table 4) was determined 
based on sample data from prior monitoring studies8.  This analysis likely 
overestimates error because it is based on sample variance for sites extending 
from Shafter Bridge to Nicasio Creek, encompassing monitoring reaches M2, M3 
and part of M1.  Both surface sediment size distributions (2005 data) and 
subsurface sediment size distributions (pooled data from 2004 and 2005) were 
analyzed.   
 
Figure 6 presents the estimated standard error for the mean value of various 
surface and subsurface sediment size parameters of interest.  Figure 7 presents 
the estimated standard error of the mean value of percentage of cumulative 
sediment size distributions less than particular diameters of interest for both 
surface and subsurface sediment.  The curves represent sampling precision as a 
function of the number of monitoring sites per reach.  Four sites per reach were 
judged to provide the appropriate balance between sampling precision and 
sampling efficiency (cost). 
 

                                        
8 O’Connor Environmental, Inc. 2006.  Lagunitas Creek Fine Sediment Investigation.  
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Figure 6.  Relationship between number of monitoring sites per monitoring reach and sampling 
precision for an estimate of the mean of various percentiles and the mean of the sediment size 
distribution. 
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Figure 7.  Relationship between number of monitoring sites per monitoring reach and sampling 
precision for an estimate of the mean percentage of cumulative sediment size distributions less than 
particular diameters of interest for both surface and subsurface sediment size distributions. 
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4.2. Study Design for Systematic Streambed 
Subsurface Sampling  

 
Monitoring of subsurface sediment size distributions and the size distribution and 
volume of fine sediment deposits will be implemented using the sampling 
framework developed in the study design for surface sediment sampling.  Data 
were insufficient to develop a similar design for subsurface sediment and fine 
sediment using statistical power and sampling efficiency concepts.   
 
Two elements of the Plan are discussed below.  First is the sampling of 
subsurface sediment in bulk (McNeil samples) at likely spawning sites to monitor 
spawning gravel quality and the geomorphic metric q*.  Second is a new 
approach to monitoring fine sediment by measuring the depth and size 
distribution of pockets or patches (facies) of fine sediment.   
 
Sampling subsurface sediment at likely spawning sites has been conducted in 
Lagunitas Creek with some consistency, and has provided data that can be used 
to evaluate spawning habitat quality9.  The metric q* is a theoretical fluvial 
geomorphologic index of the state of sediment supply in relation to sediment 
transport capacity10.  This metric was analyzed in a prior study in Lagunitas 
Creek and showed considerable potential interpretative value. 11  It can  be 
computed at all sites where McNeil samples are collected and supplemented by  
local data for channel slope, cross-section geometry, and surface sediment size 
distribution.  These data are needed to estimate bed shear stress at the sampling 
location.  The channel geometry data will be obtained from topographic survey 
data collected to monitor bed form and elevation when and where available, 
otherwise specific local measurements will be necessary.  In addition, local 
surface sediment median diameter should be measured by conducting a small 
scale systematic sample of the bed surface size in the immediate vicinity of the 
McNeil sample site.  This additional surface sediment size data would be 
collected in conjunction with McNeil sample collection.    
 
 
Measurement of depth and size distribution of fine sediment deposits at points 
on the sampling grid has not been performed in prior studies of Lagunitas Creek, 
hence there are no estimates of sample size or precision for this portion of the 
monitoring plan.  Based on sample data to be collected during the initial 

                                        
9 O’Connor Environmental, Inc. 2006.  Lagunitas Creek Fine Sediment Investigation. pp 44-47. 
10 Dietrich WE, Kirchner JW, Ikeda H, and Iseya F.  1989.  Sediment supply and the development 
of the coarse surface layer in gravel-bedded rivers.  Nature 340:215-217. 
11 O’Connor Environmental, Inc. 2006.  Lagunitas Creek Fine Sediment Investigation. pp 24-25, 
51-52. 
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implementation of this monitoring element, a determination regarding the 
number of pools or patches sampled in subsequent monitoring events is to be 
determined using power analysis for a two-sample t-test, (assuming spatial 
autocorrelation is not an issue between fine sediment patches). The sediment 
size range of particular interest is sediment < 4 mm diameter based on prior 
studies indicating that sediment between about 1 and 4 mm diameter is 
expected to be retained in temporary storage on the streambed.12  This size 
fraction is transported in intermittent suspension, and may be relatively 
responsive to variations in sediment supply and streamflow.  These data will be 
evaluated regarding potential correlation with measures of streamflow and 
suspended sediment yield.    

 

4.3. Field Methods  
 
Following is a detailed description of sampling methods to be employed for both 
systematic sampling of the streambed surface and subsurface, including fine 
sediment facies.   
 
The sampling grid will be established at a random start point within a systematic 
framework to locate monitoring sites within monitoring reaches. The locations of 
the random start points will be established relative to a semi-permanent 
monument established on the floodplain for each monitoring site.  The 
monument will also be located using a GPS receiver.  Once established, the 
random start points and transect locations are to be recorded so that future 
surveys are repeated allowing two-sample matched-pairs statistical analyses to 
be employed.  During the initial survey, ten bankfull width measurements will be 
collected at intervals equivalent to twice the bankfull width to establish the 
nominal bankfull width for transect spacing. (The bankfull width in this context is 
that associated with flow conditions approximately equal to the 1.5 yr recurrence 
interval flow as demonstrated in prior studies.13)   
 
The start point in each transect will be randomly determined. The location of 
sample points on transects will be determined by dividing the bankfull width (w) 
at each transect by 10.  A random number between 0 and w/10 will be chosen to 
establish the location of the first point, with successive points spaced at intervals 
of w/10.   
 
Measurements at individual sample points will include observation of individual 
sediment grains on transect sample points.  Transects will be temporarily located 
using a flexible fiberglass tape or equivalent.  To select a sediment grain for 
measurement, a sharp-tipped object such as a pencil will be located adjacent to 

                                        
12 IBID. pp 56-58. 
13 O’Connor Environmental, Inc. 2006.  Lagunitas Creek Fine Sediment Investigation. p 51.  
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the appropriate point on the flexible tape and then lowered to touch the bed; the 
sediment grain touched will be picked up for measurement.  A sediment 
measurement template may be used, or a ruler, to determine the width of the 
intermediate or b-axis of the sediment grain.  The measured dimension is 
equivalent to the sieve mesh that the grain would catch on.  Grain diameters are 
to be measured at half psi intervals (4, 5.6, 8, 11.2, 16, 22, 32, 45, 64, 90, 128, 
180, 256 mm and so on).  Sediment finer than 4 mm is classified as < 4 mm. 
Sediment size distributions are analyzed as the proportion of grain sizes finer 
than a given diameter.  Touches on bedrock or organic material will be recorded 
as such and excluded from the sediment size analysis.  Data are to be recorded 
so that the spatial relationship of sample points in the grid is preserved.   
 
At each sample location on the transect, additional descriptors pertaining to the 
local sediment facies and channel morphology pertaining to fish habitat will be 
recorded.  Sediment facies previously described include well sorted sand, fine 
gravel and sand, gravel with pockets of sand, gravel dominant and cobble 
dominant.14  Fish habitat morphology at sample points in the wetted channel will 
be classified as pool, run, glide, riffle and cascade as used by District fisheries 
biologists.15  Dry portions of the channel may be classified as either bar or bank 
as appropriate.   
 
Sediment size distributions in spawning gravels will be evaluated using the 
McNeil sample technique.  A modified version of this technique has been tested 
in Lagunitas Creek and is recommended.16  Potential sample locations are actual 
or likely spawning sites in shallow water where the lower edge of an upstream 
pool transitions to a riffle.   The presence of suitable sample locations will be 
identified in the field at each transect so that a sample site in the reach can be 
randomly selected. The sample site will be on a transect selected at random from 
among the population of transects identified as suitable.  The precise sample 
location on the transect will be determined using criteria describing suitability for 
spawning: evidence of past spawning, sediment size distribution, patch type, and 
location relative to an upstream pool and downstream riffle crest.  These sample 
sites will be reused in successive surveys to permit analysis of paired samples. If 
a previously sampled location becomes unsuitable for spawning, it will be 
replaced by the nearest suitable site.  Additional data will be collected at each 
site to permit calculation of q*, including channel slope, channel cross-section, 
and local surface sediment median size as per the prior study.  
 
For sample locations with surface sediment diameter < 4 mm and sediment 
facies described as well sorted sand, fine gravel and sand, or gravel with pockets 
of sand, the depth of fine sediment deposit will be measured.  A thin metal rod 

                                        
14 IBID, p. 21; also see photographic examples in Appendix A.   
15 MMWD 2008.  Lagunitas Creek Habitat Typing Survey 2006 Analysis. 
16 O’Connor Environmental, Inc. 2006.  Lagunitas Creek Fine Sediment Investigation. pp 21-23. 
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at least 3 ft long will placed on the bed at the sample location and pushed into 
the bed with consistent force until firm resistance is encountered.  The depth of 
penetration will be observed and recorded as the depth of the fine deposit.  The 
depth of the water column above the sample point will also be observed and 
recorded.  In addition, a small volume subsample of the fine sediment is to be 
collected for a proportion of sample locations for analysis of grain size 
distribution.  As noted previously, this procedure is similar to that used to 
measure v*, but is intended here to be used in all wetted channel habitat types. 
As described for v*, the ratio of sediment depth to the sum of sediment depth 
and water column depth provides a measure of potential habitat space occupied 
by fine sediment.  This is a direct measure characterizing a relationship between 
fine sediment and aquatic habitat.      

4.4. Analysis 
 
Following is a description of statistical methods to be employed for analysis of 
streambed monitoring data.   
 
Systematic streambed sampling is intended to quantitatively estimate various 
monitoring parameters pertaining to sediment and habitat and their 
interrelationships.  Monitoring data will be used to produce particle size 
distributions with confidence bands for mean values and percentiles of the 
distribution.  The streambed area occupied by different habitat types and 
sediment facies will be estimated, along with the proportion of the streambed 
influenced by LWD.  The mean depth and volume of fines will be estimated with 
confidence intervals.  
 
The interrelationships that may exist among streambed monitoring parameters 
will be evaluated by estimating parameter means or percentiles of 
subpopulations.   Quantitative estimates will be developed for sample reaches 
(M1, M2, M3, T1 and T2) and individual monitoring sites (comprised of the 
systematic grid over twenty bankfull widths, forty transects and 400 sample 
points).  Quantitative estimates will also be provided for subpopulations by 
habitat type and sediment facies type. 
 
Data analyses will focus on comparisons of the proportions of fines and particle 
size percentiles between pairs of surveys.  Particle size distributions will be tested 
for normality using chi-square or Kolmogorov-Smirnov tests.  Shifts in 
distributions may be evaluated using a non-parametric quantile test. The 
proportion fines (or other size class) may be evaluated using a chi-square 
contingency table test.    
 
Comparison of fines and particle size percentiles among multiple surveys will be 
conducted.  For the proportion fines (or other size class), a chi-square 
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contingency table test may be used.  For analysis of trends, Spearman’s rho and 
Kendall’s tau statistics may be used.  
 
Comparison of the areas of given habitat or sediment facies types among 
surveys will be conducted.  For the proportion of points in each class, a chi-
square contingency table test may be used.    
 
For subsurface sediment (McNeil samples), the mass of sediment particles will be 
determined be sieve analysis.  Geotechnical laboratories may perform this 
analysis using ASTM C-136 to produce the required sediment size distributions.  
The mass of particles will then be derived for half-psi classes.  Particle size 
distributions with confidence bands, mean and percentiles will be produced for 
each monitoring reach (M1, M2, M3, T1 and T2).  
 
Subsurface sediment analyses will compare percentiles of specified grain 
diameters of biological significance and particle size percentiles between pairs of 
surveys.  Particle size distributions will be evaluated by chi-square or 
Kolmogorov-Smirnov tests.  Comparisons will be made with paired t-tests.  Non-
parametric tests will use the Wilcoxon signed-rank test.   
 
Comparison of the percentiles of specified grain diameters of biological 
significance and particle size percentiles among multiple survey sites will be 
conducted with 2-way repeated measures ANOVA.  A comparable non-parametric 
test that can be used is Friedman’s test.  Trends will be evaluated using  
Spearman’s rho and Kendall’s tau tests.  
 
Fine sediment depth will be quantified for each monitoring site and for each 
monitoring reach.  Comparisons between surveys can be made with paired t-test.  
A comparable non-parametric test is the Wilcoxon signed-rank test.  
 
Comparison of fine sediment depth or volume of fines among multiple surveys 
will be made using 2-way repeated measures ANOVA or using Friedman’s test for 
non-parametric data.  Trends will be determined using Spearman’s rho and 
Kendall’s tau.  
 
The metric q* will be quantified for each monitoring site and for each monitoring 
reach.  Comparisons between surveys can be made with paired t-test.  A 
comparable non-parametric test is the Wilcoxon signed-rank test.  
 
Comparison of q* among multiple surveys will be made using 2-way repeated 
measures ANOVA or using Friedman’s test for non-parametric data.  Trends will 
be determined using Spearman’s rho and Kendall’s tau.  
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5. Study Design for Large Woody Debris Sampling  
 
Large woody debris (LWD) is an element of fish habitat that contributes cover 
and may interact with streamflow to create pools.  Prior studies of Lagunitas 
Creek suggested that streambed sediment sizes tend to be finer in the vicinity of 
LWD17.  Consequently, systematic streambed sampling will include 
measurements of LWD on transects in order that the effect of LWD on sediment 
size can be evaluated further. 
 
Given this need for LWD observations, it is a relatively simple matter to collect 
additional data pertaining to LWD so that estimates of LWD volume and other 
characteristics of interest can be monitored.  Prior sampling of LWD in mainstem 
Lagunitas Creek in 2005 provided sample data that could be used to estimate 
LWD volume based on measurements of the diameter of LWD pieces intersecting 
sample transects using line-transect sampling methods.  This approach was used 
in a study of LWD ecology in a coastal stream in Mendocino County to determine 
the quantity of LWD, the mechanisms delivering it to streams and its relationship 
to stream hydraulics and fish habitat. 18 
 
Owing primarily to high natural variability of LWD distribution in streams, the 
sample data from 2005 produced estimated mean LWD volume with 95% 
confidence intervals of +/- 70 to 80% of the mean within monitoring reaches 
with three or four monitoring sites.  Because of this high variability, monitoring 
data are not expected to detect small changes in LWD volume.  Some advantage 
in statistical analysis can be gained by paired sampling where measurements are 
made on the same sample transects in successive sampling events.  In any case, 
collection of these data will have low marginal cost and will provide quantitative 
data pertaining to a significant component of the aquatic system contributing to 
fish habitat.  The LWD survey data is expected to provide data on LWD 
accumulation rates and input processes, as well as details of LWD position and 
characteristics that will provide perspective regarding its role in sedimentation 
processes and fish habitat.   
 
The frequency of LWD measurement should be relatively infrequent, but should 
average twice per ten year period.        

                                        
17 O’Connor Environmental, Inc. 2006. Lagunitas Creek Fine Sediment Investigation.  p 49. 
18 O’Connor M. and Ziemer R. 1989.  Coarse woody debris ecology in a second-growth Sequoia 
sempervirens forest stream. Gen. Tech. Rep. PSW-GTR-110. Albany, CA: U.S. Department of 
Agriculture, Forest Service, Pacific Southwest Research Station. pp 165-171. 
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5.1. Field Methods 
 
The number of LWD pieces, characteristics of interest, and an estimate of the 
volume of LWD will be sampled at each monitoring site using the systematic 
transects set up for streambed sediment sampling.19  LWD volume is determined 
as a function of the diameter of LWD pieces encountered on transect lines.  
 
LWD characteristics of interest are not generally quantitative; hence much of the 
useful monitoring data will be nominal or categorical.  These characteristics 
include tree species, source (e.g. bank erosion, wind throw, habitat 
enhancement), decay class (an index of LWD age), position in the channel (e.g. 
in the wetted channel, in the bankfull channel, spanning above the channel, 
proportion of channel cross-section affected, orientation to flow), habitat 
influence (e.g. pool cover, pool formation) sedimentation influence (bar 
development or sediment deposition associated with LWD), presence or absence 
of a root wad, and association with other LWD pieces (e.g. single piece, 
accumulation, debris jam).   

5.2. Analysis 
 
Quantitative LWD data will be limited to LWD counts and volume estimates.  
These data will be compared between pairs of surveys using paired t-tests for 
comparisons over time.  The Wilcoxon signed-rank test is an alternative test for 
non-parametric data.  Comparison of LWD counts or volume among multiple 
surveys will use 2-way repeated measures ANOVA.  For non-parametric data, the 
Friedman test will be used.  

                                        
19 IBID. 
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6. Study Design for Streambed Elevation and 
Topography  

 
Patterns of channel change documented by cross-section monitoring pertain 
primarily to the movement of coarser sediment transported on the streambed as 
bed load.  Cross-sections in pools may record transient deposition of finer 
sediment transported intermittently in suspension.  Monitoring to-date has been 
quantitative, but trend analysis to-date has not incorporated analysis of sampling 
error or appropriate statistical tests that differentiate between random variation 
and true trends.   
 
Prior monitoring provided an annual record of repeated cross-section surveys 
over the period 1993-2007.  This long-term monitoring indicated patterns of 
channel incision of about 1 ft in Lagunitas Creek at station KB below the 
confluence of San Geronimo Creek and channel aggradation of about 1 ft in 
Lagunitas Creek near Tocaloma at station KF.  At the six intervening monitoring 
sites in Lagunitas Creek, patterns of elevation change were variable.20  
 
Long-term changes in bed elevation are of interest to the District in relation to 
overall status of watershed erosion and sedimentation conditions.  Given the 
evidence from monitoring to date and the generally long residence time of bed 
load sediment in gravel bed streams (decades), it is not necessary to monitor 
channel bed elevations on an annual basis.  The necessary perspective on 
channel response to variable bed load sediment transport and sediment supply 
can be maintained with less frequent monitoring, namely, at three year intervals 
or following a winter with a maximum peak discharge > 3,000 cfs at the Samuel 
P. Taylor State Park gauge site.  Greater confidence in the interpretation of these 
monitoring data will be achieved through appropriate statistical analysis of 
topographic survey data.      
 
Topographic surveys will be conducted periodically at two monitoring sites each 
in the reaches M1, M2 and M3.  Monitoring sites will coincide with prior 
established monitoring reaches KB (reach M3), KC (reach M3), KD (reach M2) 
and KF (reach M2).  Two new monitoring sites will be established in reach M1.  It 
is intended that these monitoring sites will coincide with monitoring sites used 
for systematic sampling of sediment described above, including q* sites. This 
preference for monitoring sites will deviate from random sampling procedure in 
monitoring site selection in reaches M2 and M3.  Acknowledging this compromise 

                                        
20 Balance Hydrologics 2008. Lagunitas Creek Sediment and Riparian Management Plan, Marin 
County, California: Streambed Monitoring Report, 1995-2007. Figure 13a. 
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on standard sampling procedure has the benefit of maintaining continuity of the 
prior monitoring record while simultaneously implementing a new monitoring 
protocol.   
 
Woody debris accumulations and the distribution of sediment deposits and facies 
in relation to wood and other morphologic features will be mapped. These 
observations and maps will provide descriptive monitoring data in a three-
dimensional context supplementing the numerical two-dimensional data obtained 
in systematic sampling.   

6.1 Field Methods 
 
The length of individual topographic monitoring sites will be comparable to the 
length of systematic streambed sample sites.  Topographic monitoring sites may 
be extended to incorporate portions of prior monitoring sites KB,  
KC, KD and KF as necessary.   
 
Systematic sampling of elevation will be conducted in a systematic pattern within 
the boundaries of the bankfull channel using a Total Station survey instrument.  
Survey elevation datums from prior surveys will be incorporated to allow 
comparison with prior survey data.  Systematic sampling will conform with 
transect locations used for systematic streambed sampling to the extent possible 
to produce a reproducible gridded data set for channel bed elevation.  Data 
collection is sometimes constrained by sight lines required between survey 
instrument positions and sample locations, and it is not always practical to clear 
obstructions or reposition the survey instrument. Additional survey points at 
morphologically significant locations such as edges of stream banks, bar tops and 
edges, edge of water, thalweg position, and LWD positions will also be collected.  
Data points from the gridded sample and from other points of interest will all be 
used for mapping purposes.  The primary product of the survey will be a digital 
elevation model from which topographic maps and cross-sections can be 
produced using GIS software.  Gridded elevation data will also be generated for 
analyses of changes in mean bed elevation.  Appropriate slope data will also be 
collected in relation to McNeil sample locations for calculation of q*. 
 
Sample data from prior surveys could be used to determine variance and sample 
size requirements; however it is recommended that initial survey data collected 
in the new plan be used for this purpose.  Subsequent data sets could be 
modified to achieve the desired degree of sampling precision and efficiency.   
 
Bed elevation data collected in a systematic pattern will exhibit strong spatial 
autocorrelation.  Variance of the mean cannot be estimated without bias, but the 

 
 

   
 



Lagunitas Creek Sediment and Streambed Monitoring Plan 29 
 
method of local differences can be used to compensate.21 This permits 
construction of conservative confidence intervals, and we can estimate sample 
sizes needed to achieve a given precision.  Traditional hypothesis testing is not 
robust to lack of independence; if applied to grid-sampled, positively 
autocorrelated data, the error rate will be lower than the nominal alpha.  For 
example, with alpha = 0.05 we will reject a true null hypothesis less than 5% of 
the time.  When we do reject we will be very unlikely to be wrong.  That’s 
because the true variance of the mean is less than that given by formulae for 
simple random sampling.  

6.2. Analysis 
 
Data will be summarized and estimates of mean bed elevation will be produced 
for each monitoring site and each monitoring reach (M1, M2, and M3).  Mean 
bed elevation will be compared between pairs of successive surveys focusing on 
estimating changes with confidence intervals, using a local difference 
approximation to estimate variance.  Over the long term, plots of means with 
confidence intervals are expected to reveal trends.  
 
Comparisons between surveys may also be accomplished by a paired t-test for a 
reproducible sampling grid; a two-sample t-test may be used if the grid is not 
reproducible.  These tests will be conservative and will likely underestimate 
sampling precision because of spatial autocorrelation in the systematically 
sampled data.  Permutation tests may be used as an alternative approach for 
comparing surveys that does not require spatially uncorrelated data.22  

                                        
21 Heikkinen J. 2006. Assessment of uncertainty in spatially systematic sampling. Chap. 
10, pp. 155-176 in: Kangas, A; Maltamo, M (eds.). Forest Inventory – Methodology and 
Applications. Springer, Netherlands. 
 
22 Moore, D. S.; G. McCabe, G; Duckworth, W; Sclove, S. 2003: Bootstrap Methods and 
Permutation Tests. Supplemental Chap. 18 in: The Practice of Business Statistics: Using Data for 
Decisions.  W. H. Freeman, New York. 
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7. Study Design for Turbidity Threshold Sampling  
 
An effective method of quantifying fine sediment delivery from management 
activities dispersed over a group of sites or an entire watershed is to measure 
suspended sediment loads (SSL) at key locations.  Turbidity Threshold Sampling 
(TTS) is an accurate and cost effective SSL monitoring system that estimates 
loads by sampling suspended sediment (SS) in conjunction with continuous 
turbidity (an optical property) and streamflow measurements23 (Lewis and Eads, 
2008).  The system uses an automatic pumping sampler to collect SS samples for 
later lab analysis of mass concentration. The timing of the samples is determined 
in real time based on changes in turbidity; samples are collected when specified 
turbidity thresholds are crossed. After the concentrations are gravimetrically 
determined, they can be related to the corresponding discrete turbidity 
measurements for any period of interest. Then the continuous record of turbidity 
can be converted to a continuous record of concentration that, combined with 
the streamflow data, facilitates computation of SSL for any period of record.  TTS 
is an advance over previous methods in that (1) samples are automatically  
collected based on turbidity conditions during each significant sediment transport 
event, (2) the resulting samples and recorded data permit reliable estimation of 
sediment loads for each significant sediment transport event.   
 
Benefits of a TTS monitoring program are several: 

1. Provides the most direct available measure of fine sediment inputs from 
dispersed areas in the watershed. 

2. Provides a means for comparing trends in fine sediment transport at 
different locations (see the following two paragraphs).  

3. Advances our understanding of fine sediment routing by providing 
quantitative transport data for use in a fine sediment budget 

4. Fine sediment transport can be computed for different size fractions 
5. Could accurately establish the quantity of fine sediments entering the 

system from Peters Dam. 
 
Event-wise load estimates provide much better statistical power than annual 
loads for comparing the long-term sediment transport response at two or more 
monitoring locations.  An unpublished statistical power analysis for the South 
Fork of Caspar Creek showed that, having collected 11 years (60-70 events) of 
pretreatment data, a 40% increase in sediment load would be detectable with at 
least 80% probability within 2 years after harvest in most subwatersheds. Failure 

                                        
23 Lewis J and Eads R (2009). Implementation guide for turbidity threshold sampling: principles, 
procedures, and analysis.  Gen. Tech. Rep. PSW-GTR-212. Albany, CA: U.S. Department of 
Agriculture, Forest Service, Pacific Southwest Research Station. 87 p. 
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to detect such an increase in sediment loads could be interpreted as evidence 
that fine sediment inputs have been no greater than 40%. In an environment 
such as Lagunitas there might be ongoing disturbances in watersheds being 
compared.  Rather than testing for a discrete shift, the analysis would focus on 
identifying trends in the residuals from an average relationship (see example in 
next subsection).  If disturbances can be limited or excluded from one 
watershed, then it can serve as a control and any detected changes can be more 
reliably attributed to the other watersheds being compared.  
 

7.1. TTS Monitoring Designs 
 
Four configurations are typical of studies designed to detect management-related 
sediment inputs: 

1. above and below a confluence of the tributary of concern (e.g. Lagunitas 
Creek above and below Devil’s Gulch) 

2. above the confluence on both the tributary and the stream that it flows 
into (e.g. Devil's Gulch and Lagunitas Creek, above their confluence) 

3. on streams draining a watershed of concern and a similar nearby 
watershed (e.g. San Geronimo Creek and Devil’s Gulch). 

4. on a single stream channel above and below the terrain draining activities 
of concern 

 
The first two are essentially equivalent designs and the choice between the two 
depends mainly on whether the tributary or the receiving stream is more suitable 
and convenient for installing the equipment. Although the relationship between 
the two responses in the second design will have lower variance than the first, 
the expected change is smaller because the tributary output is diluted by that of 
the upper station. The third design is preferable to the second when there is 
another stream available that is very similar to the tributary of concern. The 
fourth design is appropriate where activities of concern occur on “face” 
watersheds drained primarily by subsurface flow or low-order channels into a 
larger stream.  The fourth design is used for studying localized sites of activity, 
while the others are used for assessing entire watersheds. All four designs are 
best when one of the streams is relatively stable in terms of management and 
sediment delivery, and all four designs are most effective when monitoring is 
begun before the activities of concern are implemented.  
 
Even without before and after monitoring these designs can be effective for 
assessing relative performance of two watersheds over time.  The analysis 
focuses on shifts in the relationship between responses over time, either by 
analysis of covariance (in the case of temporally discrete disturbances) or by 
plotting regression residuals through time.  For example, the left frame of Figure 
8 shows the logarithms of the suspended sediment storm loads at 2 stream 
gaging stations.  The right frame shows the residuals plotted as a function of 
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storm sequence. (The data are real but the trend was added artificially for 
illustration.) The non-linear trend in the residuals depicts a declining trend with 
time in the response of gauge 2 relative to gauge 1.  Trends of arbitrary shape 
can be tested statistically for significance using generalized additive models24 
(Hastie and Tibshirani, 1990). 
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Figure 8.  Representative TTS data. 
 

7.2 Site Selection 
 
A complicating factor when assessing a TTS program in the Lagunitas Creek 
watershed is the effect of dam releases.  Key to the designs discussed is a strong 
relationship between responses at the two monitored locations.  Geographic 
proximity usually ensures that streamflow is well-related between watersheds 
draining similar terrain.  But if streamflow is decoupled by artificial flow controls, 
turbidity, concentrations and loads also may not be well-related.  A comparison 
of San Geronimo Creek and Devil’s Gulch would not be subject to that difficulty, 
but above and below measurements of Devil’s Gulch would be affected by 
releases from Peters Dam that would likely reduce the sensivity of the design.   
 
Some advantages can be gained by implementing TTS at existing stream gaging 
stations.  Existing stations already have established discharge rating equations 
and, in some cases, existing infrastructure may be utilizable for TTS. Finally, 
adding suspended sediment measurements to sites with longer discharge records 
may permit certain analyses, such as estimation of historical loads, that would be 

                                        
24 Hastie, T. J. and Tibshirani, R. J. 1990. Generalized Additive Models. Chapman & 
Hall/CRC. 
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more difficult at previously ungauged sites. 
 
Considering the above discussion, we recommend implementation of TTS at the 
following locations. 
 

1. San Geronimo Creek at Lagunitas Road bridge.  This is an existing stream 
gauge operated since 1980 by Balance Hydrologics.  This gauge is 
approximately one mile above the confluence of San Geronimo Creek with 
Lagunitas Creek, capturing runoff from about 90% of the 9.3 mi2 San 
Geronimo watershed. The San Geronimo Creek watershed is considered to 
be a major source of sediment in Lagunitas Creek. 

2. USGS gauge 11460400 on Lagunitas Creek at Samuel P. Taylor State Park.  
This gauge has been operated by the USGS since 1982.  The watershed 
area of 35.9 mi2 includes 21.5 mi2 from Peters Dam, and 5.1 mi2 draining 
to Lagunitas Creek below the dam, plus all of San Geronimo Creek.  This 
gauge is ideal for integrating all sediment inputs from the basin.  
Sediment transport at sites further downstream would be more difficult to 
interpret as management-related because of the large amounts of stored 
alluvial sediment that are episodically transported in the lower reaches of 
Lagunitas Creek. 

3. Devil’s Gulch near the confluence with Lagunitas Creek.  This would be a 
new gaging location. Sediment from Devil’s Gulch is not measured at  
USGS gauge 11460400, which is just upstream of the Devil’s Gulch 
confluence.  Since Devil’s Gulch flows are unregulated, this site provides 
one of the best comparisons with San Geronimo Creek within the 
Lagunitas watershed below Peter’s dam.  Because the watershed is largely 
contained in the State Park, management activities are limited and it 
might serve well as a control for evaluating trends in San Geronimo Creek.  
In addition this gauge will provide a reading on the effectiveness of 
several erosion control projects located within Devil’s Gulch. 

 
If a fourth station were to be included, it could be at Lagunitas Creek above 
Shafter Bridge.  This would be another new gauging site. Located about 0.6 mi 
downstream from Peters Dam, the drainage area includes 2 small tributaries 
below the dam.  Because of the regulated flows, it would not be informative in 
relation to San Geronimo Creek, but would provide a nearly direct measure of 
the sediment being released from Peters Dam.  Such sediment, however, is 
expected to consist only of very fine sediments and will be minimal except during 
spills over the dam, which are of concern primarily for their scouring effect rather 
than their sediment content. 
 
Final site selection will require a field reconnaissance to determine the precise 
location of instrumentation and site specific equipment needs. Primary 
considerations will be the type and location of the equipment shelter and 
configuration of the boom from which the turbidity sensor and pumping sampler 
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intake are deployed.  
 

7.3. Implementation, Data Processing, and Analysis  
 
Details of general TTS implementation can be found in the “Implementation 
Guide for Turbidity Threshold Sampling: Principles, Procedures, and Analysis” 
(Lewis and Eads 2009).  Once a station is established, the basic components of 
implementation at MMWD stations would be  
 

1. Field data collection 
a. Visual inspection and maintenance of gauge site  
b. Reading staff plates and taking field notes 
c. Interacting with the data logger and software 
d. Downloading and plotting TTS data  
e. Retrieving pumped samples and replacing bottles 
f. Collecting simultaneous depth-integrated and pump sample pairs  
g. Current-meter discharge measurements  
h. Equipment troubleshooting 

2. Laboratory processing of pumped and depth-integrated samples 
a. Filtration and weighing of samples 
b. Separation of sand fractions on a subset of pumped samples and all 

simultaneous pumped and depth-integrated samples 
c. Determination of sand fractions and concentrations 

3. Data processing and analysis 
a. Calculate discharge from current meter measurements  
b. Establish and/or update stage:discharge ratings 
c. Collate staff plate readings for comparison with stage data 
d. Correct and finalize electronic stage and turbidity data 
e. Apply discharge rating equation to finalized stage data 
f. Establish relationship between simultaneous pumped and depth-

integrated sample concentration 
g. Define storm events and calculate loads 
h. Calculate annual loads of fine sediment and sand 
i. Re-evaluate TTS sampling parameters 

 
Current meter measurements will be required at Devil’s Gulch and possibly at 
San Geronimo Creek, depending on Balance Hydrologics’ stream gauging 
program.  We assume that the USGS gauging station has an ongoing program of 
discharge measurements and rating curve maintenance.   
 
Paired depth-integrated and pump samples are needed to determine whether the 
pump samples adequately represent the cross-sectional mean concentrations of 
suspended sediment and sand.  If a bias is detected, a correction can be 
developed from the paired sample concentrations. 
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The collection of discharge measurements and paired depth-integrated and 
pump samples should be most intense the first year of monitoring (15 or more 
samples well-distributed with respect to flow).  These programs can be continued 
at a lesser intensity during subsequent monitoring years (5-10 measurements 
per year).   
 
TTS sampling parameters will initially be estimated from existing data records at 
the San Geronimo and Lagunitas Creek gaging stations.  Ideal sampling 
parameters will yield at least 4-12 samples per storm event (depending on the 
maximum level and smoothness of turbidity), with scattered samples between 
events, resulting in about 100-150 pumped samples per station per year.  In 
order to quantify annual sand transport, sand fractions will be analyzed on about 
one-third of all pumped samples, including all those associated with simultaneous 
depth-integrated samples. 
 
Electronic stage and turbidity data will be corrected in conjunction with field 
notes using the TTS Adjuster program, which facilitates corrections by displaying 
staff plate readings and scatterplots of turbidity and SSC.  The program will also 
calculate discharge if a rating equation is supplied.  If necessary USGS discharge 
data will be merged with the TTS data using customized scripts. 

7.4. Resource Requirements 
 
Installation of three gauging sites is assumed.  Instrumentation costs will vary 
somewhat depending on unknown factors such as required cable lengths.  
Optimally, 4 x 6 ft walk-in shelters will be constructed at each gauge site.  Such 
shelters are highly desirable for servicing and protecting instrumentation during 
inclement weather, especially at long-term gauging sites.  However, if existing 
structures can be utilized, or if new structures of that size are impractical 
alternative instrument shelters can be used.   
 
Laboratory resources to analyze 150 pumped samples and 15 depth-integrated 
samples during the first year for each station, with sand fractions on 50 pumped 
samples and all depth-integrated samples.  In subsequent years the number of 
pumped samples and depth-integrated samples would likely be reduced by 5 
each and the number of sand fractions is correspondingly reduced by 10, at each 
station.   
 
Trained field staff would be required to conduct 15 site visits during storm events 
the first year and 10 site visits during storm events the second year, as well as 
10 non-storm maintenance visits each year. 
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Executive Summary 
 
 

Stetson Engineers coordinated with MMWD and MCOSD personnel and private citizen 
volunteers to identify 298 sediment source sites in the San Geronimo Creek watershed during the 
summer and fall of 2001.  The field data were input into a digital database and the 298 sites were 
ranked according to two measures: problem-sized sediment production rate (tons/year); and 
volunteer-designated field priority (1-4).   

 
Stetson Engineers assessed field data sheets and site photographs for the 75 top sediment 

producing and field priority sites and selected the 27 highest sediment producing sites that 
appeared to have suitable repair feasibility and repair access.  These 27 sites were further 
evaluated in the field.  Stetson Engineers adjusted the estimated sediment production rates for 
each of these 27 potential repair priority and further evaluated access and repair feasibility.  
Stetson Engineers selected the top ten sediment producing sites listed below from the adjusted 
sediment production and potential erosion reduction values and total access considerations.   

 
 

Stetson 
Priority 

Site 
Number 

Site Description Landowner 
Contact 

Problem-Sized 
Sediment 

Production 
(tons/year) 

ST-1 Tributary channel along Spirit Rock entrance road Spirit Rock 44 

ST-2 Tributary channel in Spirit Rock leased cattle grazing area Spirit Rock 30 

ST-3 Mainstem bank erosion at MMWD water treatment plant MMWD 26 

ST-4 Dickson Ranch runoff and channel bank management Dickson Ranch 20 

ST-5 North Ridge Fire Road Repair Spirit Rock 14 

ST-6 Mainstem bank erosion below box bridge culvert Creekside 
Equestrian Center 9 

ST-7 Mainstem bank erosion at culvert pipe outlet Dickson Ranch 9 

ST-8 Mainstem bank erosion below MMWD Treatment Plant MMWD 9 

ST-9 Old fire road/trail repair at Spirit Rock Spirit Rock 8 

ST-10 Mainstem bank erosion at golf course San Geronimo Golf 
Course 7 

 
 
This report documents the site inventory and priority repair site selection process.  

Schematic erosion repair drawings are included for each of the top ten sites, along with repair 
cost estimates for the recommended repairs. 
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1. Study Purpose 
 

In accordance with the 1995 California State Water Resources Control Board (SWRCB) 
Decision 95-17, the Marin Municipal Water District (MMWD) developed the Lagunitas Creek 
Sediment and Riparian Management Plan: Final.  A primary objective of the Plan is to produce 
an appreciable, long-term improvement to Lagunitas Creek streambed conditions below Peters 
Dam to enhance fish habitat for threatened coho salmon (Oncorhynchus kisutch) and threatened 
steelhead trout (Oncorhynchus mykiss).  Recent population estimates indicate that the Lagunitas 
Creek system supports as much as ten percent of the native coho salmon population in Northern 
California.  Surveys indicate that a significant portion of the coho and steelhead populations use 
the San Geronimo Creek tributary for spawning and rearing (Andrew and Cronin 1998a; Andrew 
and Cronin 1998b).  San Geronimo Creek flows into Lagunitas Creek one-half mile below Peters 
Dam.   
 

Studies have identified significant habitat impairment on Lagunitas Creek caused by 
excessive coarse sand and fine gravel (1-8 mm) deposition on the channel bed in the reach below 
Peters Dam and below the outlet of San Geronimo Creek (Hecht 1992:15).  The San Geronimo 
Creek watershed is the source of this excess sediment.  Previous studies also identified excess 
sediment yield from the San Geronimo Creek watershed as the most significant factor limiting 
anadromous fish production in the Lagunitas Creek system.  Erosion control work was 
completed in the 1990s at several previously identified high priority sites in the San Geronimo 
Creek watershed.   

 
The purpose of this study is to update the sediment source site inventory for the San 

Geronimo Creek watershed, rank all the identified sites by sediment production rate (in 
tons/year), select the top ten highest priority sites according to sediment production rate and 
erosion reduction potential and feasibility, and prepare site specific erosion control plans and 
estimated repair costs for the top ten sites.  
 
 
 
 
2. Study Location 
 

The San Geronimo Creek watershed is located in west-central Marin County, California. 
The area is accessible by following west-bound Sir Francis Drake Boulevard approximately 8 
miles from Interstate Highway 101 in the town of Larkspur.  Sir Francis Drake Boulevard enters 
the east end of the east-west trending watershed and parallels San Geronimo Creek along the 
valley floor westward for about 5.6 miles before the creek enters Lagunitas Creek about one-half 
mile downstream from Peters Dam (Figure 2).  The major tributaries to San Geronimo Creek 
include: Woodacre Creek, Bates Canyon, Creamery Gulch, Larson Creek, Arroyo Creek (which 
is actually an unnamed tributary along Arroyo Road). 
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3. Biological Significance of Lagunitas Creek and San Geronimo Creek 
  

Recent estimates indicate that that the Lagunitas Creek system supports as much as ten 
percent of the native coho salmon (O. kisutch) population in Northern California.  Genetic 
studies indicate that this population of coho salmon may be the most important remnant wild 
stock remaining in the Central California Evolutionarily Significant Unit (ESU).  Studies also 
indicate genetic variation between fish that spawn in San Geronimo Creek and fish that spawn in 
the mainstem Lagunitas Creek.  
 

Juvenile salmonid surveys and coho spawner surveys conducted over the past three years 
indicate that a significant portion of the coho (O. kisutch) and steelhead (O. mykiss) populations 
(both listed as “threatened” species) in the Lagunitas Creek system use San Geronimo Creek for 
spawning and rearing (Andrew and Cronin 1998a; Andrew and Cronin 1998b).  These surveys 
estimated that between 1,286 and 12,560 juvenile coho in San Geronimo Creek and between 
9,913 and 20,737 juvenile steelhead.  Surveys conducted during the 1997-1998 winter found that 
48% of all redds (122 of 254) and 56% of all live adult coho (240 of 430) documented in the 
Lagunitas Creek system were observed in San Geronimo Creek and its tributaries.   

 
The California freshwater shrimp (Syncaris pacifica) is listed as “endangered” under the 

Endangered Species Act.  Recent surveys indicate that freshwater shrimp populations have 
increased and the species is recovering in the watershed (Prunuske Chatham 1997). 
 
 
 
 
4. Streambed Sedimentation on Lagunitas Creek below Peters Dam 
 

Streambed sedimentation caused by excessive deposition of coarse sand and fine gravel 
has been identified as a primary limiting factor for coho salmon and steelhead that use Lagunitas 
Creek, San Geronimo Creek, and tributary streams for spawning and rearing.  The SWRCB 
Order 95-17 describes this problem as follows:  

 
“Erosion and sedimentation have resulted in large quantities of sand and fine gravel 
filling pools and glide habitat areas, and filling the spaces around cobbles, boulders, 
and undercut banks.  The result is to reduce habitat available for juvenile fish.” 
(SWRCB, 1995).   
 

Although the San Geronimo Creek watershed comprises only ten percent of the total 
Lagunitas Creek watershed area, sediment delivered to Lagunitas Creek from San Geronimo 
Creek significantly affects Lagunitas Creek streambed conditions.  MMWD enlarged Kent 
Reservoir in 1979 by increasing the spillway elevation of Peters Dam.  Operation of the enlarged 
Peters Dam/Kent Reservoir resulted in reduced spills during winter storms.  These smaller, less 
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frequent spills reduced the mainstem Lagunitas Creek’s capacity to flush sediment entering the 
channel from the San Geronimo Creek watershed about one-half mile below the dam.  
 

Lagunitas Creek’s median bed material size is 8-22 mm and San Geronimo Creek’s 
median bed material size is 5-9 mm.  The median size of excess sediment deposits on the 
Lagunitas Creek streambed below Peters Dam and San Geronimo Creek (i.e., “problem-sized 
sediment”) is 1-8 mm (Hecht 1992:15).   
 
 
 
 
5. Summary of Previous Sediment Source Identification, Repair, and Management 

Projects 
 

The 1977 San Geronimo Valley Plan linked the problem of excessive Lagunitas Creek 
channel bed sedimentation with excessive sediment delivery from the San Geronimo Creek 
watershed.  Increased environmental review led to some sediment source repair projects at the 
Skye Ranch development.  Several minor bank erosion repairs were also completed by 
community groups and the Marin County Resource Conservation District (MCRCD) in the early 
1980s, principally along the upper or eastern portion of the San Geronimo Creek mainstem and 
its tributaries on the Flanders and High School District properties (Hecht 1992:19). 
 

Bedload and suspended sediment transport data were collected at several sites along 
mainstem San Geronimo Creek in 1980-1982.  The data were used in conjunction with long-term 
sediment transport modeling to estimate the average annual bedload sediment production from 
the San Geronimo Creek watershed (Hecht and Woyshner 1983).  The model results suggested 
that detrimental bed sedimentation would not occur on Lagunitas Creek below Peters Dam if the 
bedload delivered from the San Geronimo Creek watershed were reduced approximately 600 
tons/year (Hecht 1992:13). 
 

MMWD developed the San Geronimo Program in 1987 to identify and repair sediment 
sources in the San Geronimo Creek watershed.  Surveys conducted in 1987 identified hundreds 
of sediment source sites and recommended several sites for repair (Prunuske-Chatham 1987).  
However, repair of numerous bank erosion sites was deemed uneconomical, in comparison to 
directly removing bedload sediment from the stream channel network through maintenance of 
potential existing sedimentation basins.   

 
Prunuske Chatham (1990) concluded that most of the problem-sized sediment yield from 

the San Geronimo Creek watershed is from natural, background erosion processes.  The study 
recommended: 

 
1.  Annual removal of 122 tons of sediment from behind an existing weir on mainstem 

San Geronimo Creek; 

 
Stetson Engineers Inc. 3 San Geronimo Creek Watershed 
March 31, 2002  Sediment Source Sites Report  



2.  Annual removal of 291 tons of sediment from behind an existing check-dam (also 
raised 2 feet) on a tributary channel just upstream from mainstem confluence (along 
the Flanders/High School District properties); 

3.  Annual removal of 474 tons of sediment from behind 4 new check-dam sedimentation 
basins:  
 Spirit Rock Middle tributary at toe of hillslope;  
 Spirit Rock East tributary just upstream of Sir Francis Drake Blvd;  
 Marin Open Space District Tributary (just north of the San Geronimo Water 

Treatment Plant) just upstream of Sir Francis Drake Blvd; and   
 Unnamed tributary upstream from the mainstem at Lagunitas Road; and 

4.  Repairing actively eroding sites (138 tons) 
 
Prunuske Chatham (1990) and Hecht (1992:22) estimated that the total sediment removal 

capacity of the proposed program was about 1,025 tons/year, but that it would be likely and 
reasonable that the program would reduce sediment delivery to Lagunitas Creek by about 600-
700 tons/year.  (The difference is due to year-to-year variability in flows and bedload sediment 
production – i.e., the sedimentation basins may not fill to capacity every year.)  

 
It is known that MMWD coordinated with the MCRCD to implement erosion control 

activities at several of these sites between 1993 and 1997.  Prunuske Chatham (1997:56) 
indicates that “the Spirit Rock traps were constructed in 1994 and are maintained and operated 
by MCRCD as part of the San Geronimo Program.  These structures capture an estimated 200 
cubic yards per year. The Dickson Ranch Weir is an existing structure that functions as a 
sediment trap and can capture an estimated 200 cubic yards per year.  It is operated by MCRCD 
as part of the San Geronimo Program.  There is also a golf course pond constructed in-stream in 
subwatershed 7 that traps bedload from the east of Nicasio Hill Road.   
 
 
 
 
6. Overview of San Geronimo Creek Watershed Geomorphic Processes and Sediment 

Sources 
 

The San Geronimo Creek watershed encompasses 9.4 mi² of the Coast Range 
geomorphic province.  Elevations range from 1,466 feet at Barnabe Mountain in the 
northwestern corner of the watershed to 160 feet at the outlet of San Geronimo Creek.  The 
average annual precipitation ranges from 30 to 52 inches, with more intense rainfall in the 
southern and eastern uplands and less in the south-facing uplands on the northern side of the 
basin.  Approximately 80 percent of the total annual precipitation occurs from November 
through March.     
 

The San Geronimo Creek watershed has moderately steep hillslopes running along the 
north and south sides of the watershed that are variably underlain by moderately deformed 
Franciscan mélange bedrock and more resistant sandstone bedrock.  The south-facing hillslopes 
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on the north side of the basin are variably covered with historically and currently grazed 
grasslands with oak-bay woodlands and redwood forests situated in drainages.  The north-facing 
hillslopes on the south side of the basin are more continuously covered by redwood and oak-bay 
woodlands.  San Geronimo Valley was logged from 1850 to 1960.  Large fires raged through the 
watershed in 1904 and 1945. 

   
The east-west trending valley floor is constructed of Quaternary channel and floodplain 

alluvium.  The San Geronimo Creek watershed stores more Quaternary alluvium than any other 
subwatershed in the Lagunitas Creek system.  The mainstem San Geronimo Creek runs along the 
extreme south edge of the valley fill.  Therefore, all sediment generated by tributary streams and 
near-channel landsliding and continuous downslope soil creep on the north-facing hillslope is 
delivered directly into the mainstem channel.  Sediment generated by isolated landsliding and 
downslope soil creep on the south-facing hillslopes is partly delivered to the Quaternary 
alluvium surface and partly delivered to tributary streams on the hillslopes that cross the 
Quaternary terrace to the mainstem channel on its south edge.   

 
The mainstem San Geronimo Creek is significantly incised into the valley fill and nearly 

continuously cut into the toe of the north-facing hillslope from its outlet upstream to a grade 
control structure (weir) about 1,000 ft upstream from the Woodacre Creek confluence (Figure 2).  
It is commonly observed that San Geronimo Creek is one of the only streams in Marin County 
that contains the 100-year flood completely within its present channel banks.  A number of 
bedrock and slowly-eroding clay outcrops in the mainstem channel bed and banks indicate that 
the maintstem channel has nearly completed downcutting in some reaches.  Several documented 
cases of channel downcutting in Marin County streams show that a phase of rapid downcutting 
began in several Marin County streams around 1900, evidently in response to the introduction of 
intense logging and grazing practices and a series of wet water years in the late 1800s (Haible 
1980, Montgomery 1999, Collins 1998, Stetson Engineers 2000).  Numerous bank erosion sites 
along the mainstem channel indicate that the incised channel is undergoing relatively rapid 
channel widening.  Geomorphic reasoning suggests that relatively rapid channel widening and 
bank erosion will continue for several decades or until the active channel width is great enough 
to accommodate the channel and the formation of an active floodplain surface several feet lower 
than the adjacent Quaternary alluvial terrace.  

 
Lowering of tributary stream outlet elevations by mainstem San Geronimo Creek channel 

incision induced concurrent tributary channel incision.  North-facing tributary stream channel 
incision is generally maximum at and near the tributary outlet at the mainstem channel, and the 
degree and extent of incision upstream varies depending on local geologic conditions.  South-
facing tributary stream channel incision is also generally maximum at and near the tributary 
outlet at the mainstem.  South-facing tributary channels cut in the Quaternary alluvium are 
actively incising and widening.  Tributary channel incision continues upstream from the 
Quaternary terrace into the south-facing hillslopes wherever grade control is not provided.  An 
abandoned railroad grade appears to have halted upstream channel incision on several south-
facing tributaries.  As channel incision and widening historically propagated and continues to 
propagate upstream through the channel network, sediment production increases due to increased 
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frequency of bank failures and near-channel landslides, hydraulically-connected gullies, and 
unstable, advancing headcuts.   

 
Other continuing sediment sources in the watershed include downslope soil creep, mass-

wasting on hillslopes by deep-seated landsliding, and road-related erosion.  Roads can increase 
landscape erosion by direct inputs from road and road cut and fill surfaces and failures, or by 
initiating landsliding, gullying, or tributary headcut advance by focusing rainfall runoff.  The 
majority of the fire road network is at or near the top of the ridges on the watershed divide and 
does not contribute sediment directly to the channel network.   

 
Hecht (1992) estimated that the San Geronimo Creek watershed delivers about 4,000 

tons/year of bedload to Lagunitas Creek, or about 425 tons/square mile/year.  This estimate is 
consistent with the results of a detailed sediment budget study for a smaller, less developed Coast 
Range watershed in western Marin County, where the bedload sediment yield was estimated to 
be about 350-400 tons/square mile/year (Lehre 1982).  Consistent with other detailed sediment 
budget studies in Coast Range watersheds (Lewis and Rice 1989, Kelsey 1982), Lehre (1982) 
found that landslides and landslide scarp/scar erosion produced about 75 percent of the sediment 
yield, and channel bank, headcut, and gully erosion produced about 24 percent of the yield.  
Downslope soil creep and sheetwash erosion were small components of the budget. 
 

Previous studies of long-term bed and bank erosion rates in Marin County streams 
(Stetson Engineers 2000, Collins 1998, Haible 1980) have shown that 0.04 and 0.1 feet/year are 
rather consistent values for channel bed incision and bank retreat rates, respectively, both for the 
long-term (100 years) and recent periods (e.g., 1970-2000).  These values appear to be 
appropriate estimates for the San Geronimo Creek watershed, where at least several feet of bed 
incision and bank erosion have occurred throughout the mainstem and alluvial tributary network 
since 1900.  Using these values, past and ongoing San Geronimo Creek mainstem and tributary 
channel incision and widening would produce approximately 2,900 tons/year for delivery to 
Lagunitas Creek (Table 1).  About 75 percent of this bed and bank material, or about 2,000 
tons/year, is within the identified range of problem-sized sediment that would be delivered to 
Lagunitas Creek. 

 
Assuming a relatively high erosion rate from road and trail surfaces (e.g.,  0.02 feet/year 

direct surface erosion), and assuming 50 percent delivery to the channel network and 50 percent 
composition of bedload or problem-sized sediment sizes, the 22.7-mile-long mapped road and 
trail network would produce about 300 tons/year.   

 
In summary, a review of the geomorphic conditions and processes in the San Geronimo 

Creek watershed indicates that the significant majority of problem-sized sediment being 
delivered to Lagunitas Creek is produced by periodic deep-seated landsliding into the channel 
network and continuing bed and bank erosion in the mainstem and tributary channels on the 
valley floor, with lesser contributions from upland tributary erosion, headcut advance, and road 
and trail sources.   
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Table 1 

Estimated Long-Term Annual Average Sediment Production  
from Channel Bed and Bank Erosion 

San Geronimo Creek Watershed 
             
  Total  Average  Average  Average  Average  Annual 
  Channel  Channel  Bank  Bed   Bank    Sediment 
  Length  Width  Height  Erosion  Erosion  Production 
  (mi)  (ft)  (ft)  (ft/year)  (ft/year)  (tons/year) 
             
Mainstem  5.1  15  7  0.04  0.1  1,695 
             
Alluvial 
Tributaries 6.0  5  2.5  0.04  0.1  688 
             
Upland 
Tributaries 49.3  3  1  0.01  0.01  501 
              
            2,884 

 
 
 
 
 
  
7. Volunteer Training and Sediment Source Site Inventory 
 

The sediment source site inventory was made by volunteer crews trained in the field by 
Stetson Engineers.  Volunteer crews included MMWD and Marin County Open Space District 
(MCOSD) personnel and several private citizens (see Acknowledgments).  Stetson Engineers 
prepared a Site Inventory Field Methods Manual (Appendix C) and Site Assessment Data Sheet 
(Appendix C) and conducted a number of volunteer training sessions to explain the Data sheet 
and data collection process to the volunteer crews in the field at a range of typical sediment 
source sites.  Field training emphasized the importance of recording site measurements or 
otherwise providing best judgment estimates that, taken together, would be sufficient for 
estimating the average annual production of coarse sand and fine gravel directly into the channel 
network from the site.  Crews were then assigned portions of the watershed (by groups of 
subwatersheds) and directed to search for erosion source sites along the tributary channel 
networks, at channel heads, along roads, and on open hillslope areas, if applicable.  Separate 
crews focused on mainstem San Geronimo Creek sites and road and trail sites.  Volunteer crews 
worked throughout the Summer and Fall of 2001.  The volunteer crews inventoried every 
subwatershed in the entire basin (36) except for areas where access permission was withheld by 
the landowners (subwatersheds 12, 13, and 30 and parts of 11, 14, 15, and 16).  
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Following the Field Methods Manual and the Field Data Sheet (Appendix C), the 
volunteer crews were directed to document each identified sediment source site by:  

 
assigning a subwatershed and location number;  
marking the site location on prepared large-scale air photo and topographic base maps; 
identifying erosion type and briefly discussing the erosion process;  
entering complete dimensions of the eroding area;  
entering any evidence of erosion rate or erosion activity; 
estimating the percentage of the source material that is coarse sand to fine gravel; 
sketching the site in plan and profile showing measured dimensions on the sketch; 
photographing the site and referencing photograph numbers to individual sites; and 
entering a value between 1-4 for overall repair priority (4 being the highest).  

 
 
 
 
8. Field Data Sheet Review and Analysis 

 
The volunteer crews identified a total of 298 individual sediment source sites.  MMWD 

collected the resulting Data sheets and film, developed site photographs, and combined site 
photographs and site data sheets as far as feasible – there were evidently several incomplete or 
inconsistent references between site photographs and site numbers.  MMWD provided the 
compiled data sheets to Stetson Engineers organized in three sets: San Geronimo Creek 
mainstem channel, or “creek” sites (54 sites), tributary channel or “drainage” sites (209 sites), 
and “road” sites (35 sites ).   
 

Stetson Engineers first reviewed the data sheets and entered site dimension and overall 
priority designation values for each site directly into a spreadsheet table to calculate annual 
estimated sediment production rate for identifying potential priority sites (Appendix A).   
Volunteer crew cata sheets for 161 of the 298 sites contained sufficient data to calculate annual 
sediment production using the Natural Resource Conservation Service (NRCS) Modified LIM 
method (Appendix E).  Stetson Engineers used the Modified LIM method to estimate annual 
production of problem-sized sediment from each of these 137 sites, and ranked the sites 
according to annual sediment production (tons/year).  The Modified LIM Method formula is 
shown below. 
 

Eroding Area [ft2] * LIM Recession Rate [ft/year] * Density [lbs/ft3]  =  Erosion [tons/year] 
                 2000 [pounds/ton] 

 
To calculate the production of problem-sized sediment from the individual sites, it is 

necessary to multiply to the percentage of the source material that is in range of problem sizes 
(1-8 mm).  Volunteers entered a visual estimate of this percentage on the data sheets (Appendix 
A).  Stetson Engineers also collected eight bulk sediment source samples at 11 sites.  Sieve 
analysis of bulk sediment samples showed a relatively large variation in percentage of problem-
sized sediment by mass, both between sites and within an individual site.  Percentages varied 
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from 46 to 91 percent between sites, and from 55 to 91 within individual sites.  The average 
percentage for all samples was 73 percent.  This average result compared well with the average 
of all 298 volunteer-estimated problem-sized sediment percentages from the data sheets (67 
percent).  Therefore, to simplify calculations, Stetson Engineers multiplied sediment production 
rates for all individual sites by 75 percent to determine the problem-sized sediment production.   
 
 
 
 
9. Potential Priority Site Selection 

 
Figure 1 shows the procedure Stetson Engineers used to select potential priority sites and 

ultimately select the top ten priority sites from the volunteer field crew data sheets.  First, Stetson 
Engineers selected the top 43 sediment producing sites according to the Modified LIM 
calculation (more than 3 tons/year) and entered these sites into Table 2 for further office and 
possible field analysis.  Also, recognizing that many of the sites producing relatively little 
sediment according to the LIM calculation (less than 3 tons/year), or with insufficient field data 
to perform a LIM calculation, may in fact be priority sites, Stetson Engineers selected the top 29 
sites with the highest volunteer field priority designations (field priority of 3 or 4) and entered 
these sites into Table 3.  Figure 3 shows the locations of the 75 sites selected for further office 
and field analysis.  The Top 75 sites includes 43 sites from Table 2, 29 sites from Table 3, and 3 
additional sites added by Stetson Engineers during an initial field reconnaissance (Table 3).  
 
 Stetson Engineers then reviewed data sheets and available site photographs for the 75 
sites to determine if their estimated sediment production rate or volunteer-designated field 
priority were accurate, and ultimately whether or not the sites were potential priority repair sites.  
Stetson Engineers field-checked 21 of the top 43 sediment producing sites (Table 2), and 
determined that 33 of the sites could be eliminated as potential priority sites due to inaccurate or 
incomplete data sheets, or repair infeasibility, lack of sufficient access for repair, etc., leaving 
elevation potential priority sites.  Stetson Engineers field-checked 28 of the top 29 volunteer-
designated priority sites (Table 3), and determined that 15 of the sites could be eliminated as 
potential priority sites, leaving 14 potential priority sites.   
 

Office and field analysis of the 75 sites therefore determined that there were 27 potential 
priority repair sites (10 from Table 2, 14 from Table 3, and 3 additional sites from Table 3).  
Stetson Engineers field-checked 26 of the 27 potential priority sites to refine the estimated 
problem-sized sediment production from the sites, and further analyze the physical access and 
site constraints for potential recommended repair measures.  Table 4 lists the 27 potential priority 
sites ranked by the Stetson field adjusted problem-sized sediment production rate, and lists the 
access, potential repair methods, and other considerations.  Figure 4 shows the locations and 
distribution of the 27 potential priority repair sites in the watershed. 
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10. Top Ten Priority Repair Site Selection 
 
 Stetson Engineers selected sites with the highest adjusted problem-sized sediment 
production rates and suitable equipment access for the recommended site repair.  Two higher 
producing sites were not selected due to potential access problems -- there is limited access for 
construction equipment to treat Site 4-2 and Site SG-16D, both constrained by dense residential 
housing (Table 4).  The top ten priority repair sites are comprised of 12 of the top 14 sediment 
producing sites listed in Table 4.   
 
 Table 5 shows the final selected top ten priority repair sites.  Stetson Engineers combined 
several additional sites with sites 9-5, 9-7, and 9-9 into a larger, comprehensive repair site ST-1.  
Nearby sites were also combined with sites 11-7 and 11-9 to create site ST-2, and with site SG-
34 to create ST-3.  Stetson Engineers recalculated the sediment production for the combined sites 
accordingly. The remainder of the top ten sites are single sites from the sediment source site 
inventory.  Stetson Engineers estimated the potential erosion reduction at each of the sites (Table 
5) by assuming that post-project Modified LIM recession rate would be about 0.035 ft/year.  
 
 Figure 5 shows the locations of the top ten repair sites.  Figure 6 shows the site locations 
with the parcel boundaries.  Appendix G contains a partial list of parcel numbers and property 
owners. 
 
 
 
 
11. Conceptual Site Repair Plans 
 

Stetson Engineers prepared schematic erosion repair plans for each of the top ten priority 
repair sites (Appendix I).  The schematic drawings show overall sites conditions and constraints 
and show recommended site repair methods.  However, the drawings are not to scale and do not 
reflect site-specific design considerations.  The schematic drawings are intended to illustrate the 
recommended site repair method.  Actual site repair plans should incorporate site specific 
measurements and other detailed construction considerations.   

  
 
 
 

12. Estimated Site Repair Costs 
 

Stetson Engineers prepared individual cost estimates to construct each of the 
recommended site repairs for the top ten sites (Table 5).  Stetson Engineers assumed that there 
will be only one contractor that will implement all aspects of erosion prevention related 
construction.  The contractor is expected to have a one-time mobilization and demobilization fee 
that includes setting up an overall project staging area for equipment and materials.  Costs not 
included in these estimates include: site-specific mob-demob; disposal of materials; preparation 

 
Stetson Engineers Inc. 10 San Geronimo Creek Watershed 
March 31, 2002  Sediment Source Sites Report  



of engineering plans; and coordination with landowners.  Fill material is assumed to be available 
without charge from each site or from nearby cooperating landowner.  Equipment cost estimates 
include operator hours.  Hourly estimates for equipment and labor include only the time expected 
for construction activities at each erosion prevention site.  Follow up repairs and monitoring are 
not included in cost estimates.  Dump truck loads are assumed to be 9 cubic yards.  Because silt 
fencing is only addressed in site SG-48A as an improvement to the existing fence silt fencing, 
recommended BMPs are not included in estimates.  Table 6 lists the assumed unit costs used to 
develop repair cost estimates listed in Table 5. 
 
 
 
 
 
13. Top Ten Site Descriptions 
 
 Appendix H contains an illustrated listing of top ten site descriptions. 
 
 
 
 
14. Best Management Practices 
 

Appendix F includes a list of Best Management Practices (BMPs) (March 1993 
California Construction Handbook).  The BMPs include basic information for properly 
implementing erosion and sedimentation controls, such as silt fences recommended at site ST-4.   
 
 
 
 
15. Discussion and Recommendations 
 

Stetson Engineers selected the top ten priority repair sites from the 298 sediment source 
sites identified by the volunteer crews by choosing sites with the highest problem-sized sediment 
producing sites that also have suitable access for the necessary repair construction activities.  The 
resulting top ten sites are clustered along the deeply incised Spirit Rock tributary channels and 
the mainstem San Geronimo Creek, primarily downstream from the notched weir (Figure 5).  
One of the ten sites is a road repair site.  The resulting spatial and geomorphic distribution of 
sites is consistent with the overall geomorphic assessment of the San Geronimo Creek 
watershed: continuing chronic bank erosion along the mainstem and tributaries cut in the 
Quaternary floodplain alluvium has historically been a significant contributor of problem-sized 
sediment.  Channel widening and bank erosion is expected to continue until the channels are 
wide enough to create active floodplains at a lower elevation than the adjacent alluvial terrace.   

 
There are existing bank protection structures throughout the mainstem and tributary 

channel network put in place to prevent the channel widening process at selected locations.  As 
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has been documented elsewhere, many of these structures appear to re-focus stream flow during 
high flows, and thereby translate the bank erosion problem upstream and/or downstream.  To 
minimize perpetuating this incremental effect, Stetson Engineers used the following simple 
hierarchy in considering potential repairs at channel bank erosion sites.  Where room along the 
top of bank allows, cut the terrace down to the new floodplain elevation.  This has the effect of 
accelerating the natural channel recovery process, improves riparian vegetation growth and 
establishment and eventual habitat value, reduces the need for rock toe reinforcement, and 
improves channel and erosion control structure stability.  Where less room is available, lay back 
the bank slope to a gradual slope prior to installing toe protection and revegetating.  Existing 
3H:1V slopes appear relatively stable in the field, but 2H:1V slopes may be required where 
constraints exist.  In many places, there are existing mature trees, structures or roadways close to 
the top of a nearly vertical, exposed channel bank.  In these locations, timber crib-wall or live 
vegetated crib-walls were recommended to prevent continuing bank erosion and maintain the 
nearly vertical bank profile. 

 
At any given potential bank repair site location, proper site repair design requires careful 

consideration of the mixture of opportunities and constraints that exist on the reach scale for 
laying back channel banks and cutting floodplain benches.  Reach-scale designs using advice 
from river geomorphologists, landscape architects, fishery biologists, and engineers will have the 
best chance of both sustainably and cost-effectively reducing property damage and sediment 
production, and improving overall aquatic and riparian habitat conditions.  Stetson Engineers 
combined numerous sites in subwatersheds 9 and 11 into larger, reach-scale sediment source site 
repair projects with this concept in mind. 
 
 There are at least two managed sedimentation basins in the San Geronimo Creek 
watershed allowing the direct extraction of about 400 tons/year of bedload from the drainage 
network (Prunuske Chatham 1997).  Previous studies recommended at least two other additional 
sites for managed sedimentation basins (Hecht 1992:21).  Stetson Engineers did not duplicate 
previous efforts to identify suitable sedimentation basin sites.  The combined total erosion 
reduction potential of the top ten sites identified in this study is about 150 tons/year.  It is 
presumable that construction and management of two additional sedimentation basins would 
remove this much sediment directly from the system. 
 
 
 

  
16. References Cited 
 
Andrew, G. and M.L. Cronin. 1998a. Juvenile salmonid population monitoring report: Lagunitas 

Creek, Marin County, California, Fall 1997. 
 
Andrew, G. and M.L. Cronin. 1998b. Lagunitas Creek coho salmon spawner survey report: Fall 

and Winter, 1997-98. 
 

 
Stetson Engineers Inc. 12 San Geronimo Creek Watershed 
March 31, 2002  Sediment Source Sites Report  



California Department of Fish and Game. 1998. California Salmonid Stream Habitat Restoration 
Manual, Third Edition, January 1998.  Sacramento CA: State of California Resources 
Agency. 
 

Collins, L. 1998. Sediment sources and fluvial geomorphic processes of Lower Novato Creek 
Watershed. Report to Marin County Flood Control and Water Conservation District, July 
1998. 

 
Haible, W.W. 1980. Holocene profile changes along a California Coastal Stream. Earth Surface 

Processes and Landforms 5:249-264. 
 
Hecht, B. 1992. Sediment Overview Report: Development of an Initial Sediment-Management 

Plan for Lagunitas Creek, Marin County, California, February 1992. 
 
Hecht, B. and M.R. Woyshner. 1983. Lagunitas Creek streamflow and sediment discharge, 

October 1979 to September 1982: Technical Supplement – basic data and revisions: HEA, A 
Division of J.H. Kleinfelder & Associates to the Marin Municipal Water District, 26 pp. 

 
Kelsey, H.M. 1980. A sediment budget and an analysis of geomorphic process in the Van Duzen 

River Basin, northern coastal California, 1941-1975. Geol. Soc. Amer. Bull., Part 2, Vol. 
91:1119-1216. 

 
Lehre, A.K. 1982. Sediment Budget of a Small Coast Range Drainage Basin in North Central 

California. In: F.J. Swanson, R.J. Janda, T. Dunne, and D.N. Swanson, eds., Sediment 
Budgets and Routing in Forested Drainage Basins. USDA, Forest Service General Technical 
Report PNW-141, pp. 67-77. 

 
Lewis, D.J., K.W. Tate, J.M. Harper, and J. Price. 2001. Survey identifies sediment sources in 

North Coast rangelands. California Agriculture 55(4):32-38. 
 
Lewis, J. and R. Rice. 1989. Site conditions related to erosion on private timberlands in Northern 

California: Final Report. In: Critical Erosion Study. Sacramento CA: California Division of 
Forestry and USDA Forest Service. http://danrcs.ucdavis.edu/pdf/8014.pdf 

 
Montgomery, D.R. 1999. Erosional processes at an abrupt channel head: implications for channel 

entrenchment and discontinuous gully formation. In: S.E. Darby and A. Simon, eds., Incised 
River Channels: Processes, Forms, Engineering and Management. Chichester, UK: John 
Wiley & Sons. 

 
Prunuske Chatham, Inc. 1987. Interim report: San Geronimo Creek streambed erosion, Marin 

County, California: Report to the Marin Municipal Water District. 
 
Prunuske Chatham, Inc. 1990. San Geronimo Creek watershed bedload reduction opportunities: 

Report prepared for Marin Municipal Water District. 
 

 
Stetson Engineers Inc. 13 San Geronimo Creek Watershed 
March 31, 2002  Sediment Source Sites Report  

http://danrcs.ucdavis.edu/pdf/8014.pdf


Prunuske Chatham, Inc. 1997. Final Sediment and Riparian Management Plan, Lagunitas Creek, 
Marin County, California. Prepared for Marin Municipal Water District in compliance with 
State Water Resources Control Board, Order WR 95-17. 

 
Prunuske Chatham, Inc. 1997. San Geronimo bedload reduction program 1997 monitoring 

report. Prepared for Marin County Resource Conservation District and MMWD. November, 
1997, 14 pp.  plus appendices. 

 
State Water Resources Control Board. 1995. Order: WR 95-17: Lagunitas Creek; Order 

amending water rights and requiring changes in water diversion practices to protect fishing 
resources and to prevent unauthorized diversion and use of water. October 26, 1995. 

 
Stetson Engineers Inc. 2000. Geomorphic Assessment of the Corte Madera Creek Watershed: 

Final Report. Prepared for Friends of Corte Madera Creek and Marin County Department of 
Public Works, December 31, 2000. 
 

 

 
Stetson Engineers Inc. 14 San Geronimo Creek Watershed 
March 31, 2002  Sediment Source Sites Report  



Unit

Cost  

Material ($) Unit

Hydroseeding 0.08 sq-ft

Geotextile 0.45 sq-ft

Cable 1/8" 0.21 ft

Anchors 3' 1.55 ea.

Clamp 0.22 ea.

Galv. Pipe 3/4" 0.75 ft

Galv. Cap 0.74 ea.

Straw Wattles 2.25 ft

Rebar 0.34 ft

7"x9"x8' RR ties 30 ea.

4"x4"x8' construction timber 7.75 ea.

3"x8' landscape timber 1.97 ea.

12" stakes 0.17 ea.

Staples 0.1 ea.

3"-6" rip-rap 20 ton

18"-24" rip-rap 23 ton

24"-30" rip-rap 23 ton

live willow shoots 1 ea.

Labor 45 hr

Excavator w/operator 175 hr

Backhoe w/operator 125 hr

Bobcat w/operator 120 hr

D-5 Tractor w/operator 150 hr

Dump Truck 85 hr

Table 6

Unit Costs Used in Preparing 

Site Repair Cost Estimates

Table 6 Page 1
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Sediment Source Site Report



Figure 1.   Priority Repair Site Selection Procedure Flow Chart
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EXECUTIVE SUMMARY 

The Lagunitas Creek Watershed Unpaved Roads Sediment Source Site Assessment 
Project (LRA) area consists of networks of eroding forestland, grassland, ranch, and residential 
roads, both unused and maintained, located on private and public lands within the Lagunitas 
Creek watershed in Marin County, California.  

Lagunitas Creek and its tributaries contain important spawning and rearing habitat for 
endangered species of salmonids, including Coho salmon and steelhead trout. Excessive 
sedimentation is recognized as a significant factor degrading the quality and availability of 
spawning and rearing habitat in California coastal watersheds, including Lagunitas Creek. 
Unpaved roads have been identified as a major contributor of anthropogenic sediments to these 
coastal salmonid streams. To identify and quantify the potential amount of controllable sediment 
being generated and delivered to Lagunitas Creek from the unpaved road networks, the Marin 
Municipal Water District (MMWD) secured grant number PO#4512672 from the California 
Department of Fish and Game’s (CDFG) Fisheries Restoration Grant Program (FRGP). Stetson 
Engineers Inc. (Stetson) was contracted by MMWD in June of 2011 to conduct the LRA, which 
is described in detail within this report. 

Stetson performed an inventory and assessment of road related erosion and sediment 
delivery sites on previously unassessed, unpaved roads for the entire Lagunitas Creek watershed 
downstream of the Nicasio and Kent Lake reservoirs. This assessment, which inventoried 
approximately 110 miles (mi) of unpaved roads, concluded that more than 23 mi, or 21% of the 
total road mileage that was surveyed, is hydrologically connected to the stream system through 
300 identified sediment delivery sites (sites). These sites were found to have the potential to 
contribute over 56,400 cubic yards of sediment to Lagunitas Creek and its tributaries through 
persistent road surface erosion and acute episodic erosion events from road related landslides and 
stream crossing failures. All hydrologically connected road reaches and sites were assessed for 
treatment prioritization and were assigned categories of High, High-moderate, Moderate, 
Moderate-low or Low treatment priority. Approximately 5.5 mi of roads and 64 sites were found 
to have a High or High-moderate treatment immediacy, 14 mi of roads and 180 sites were found 
to have a Moderate or Moderate-low treatment immediacy, and 3.5 mi of roads and 41 sites were 
found to have a Low treatment immediacy. Stetson estimates that the costs to hydrologically 
disconnect all of the identified sites and road reaches and cease the delivery of sediments from 
these sources will be in excess of $2,840,000. 
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CERTIFICATION AND LIMITATIONS 

The Lagunitas Creek Watershed Unpaved Roads Sediment Source Site Assessment 
(LRA), Marin County, California, was prepared under the direction of licensed professionals at 
Stetson Engineers Inc. (Stetson). All information contained within this report, including 
sediment-source inventory, site analysis, and erosion control treatment recomendations are based 
on data and information collected by Stetson staff. 

The conclusions and recommendations detailed in the LRA are based on qualitative and 
semi-quantitative field observations made by Stetson staff, and other limited, previously existing 
data. They represent professional opinions drawn from interpretations of the analyzed data, and 
are inline with current standards of professional practice. Changes on-the-ground, either 
originating naturally or anthropogenically are not the responsibility of Stetson. Furthermore, to 
be consistent with existing conditions, information contained in the report should be re-evaluated 
after a period of no more than three years. Finally, Stetson is not responsible for changes in 
applicable or appropriate standards beyond our control, such as those arising from changes in 
legislation or the broadening of knowledge, which may invalidate any of our findings.  
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1.0 INTRODUCTION   

1.1 STUDY AUTHORITY 

The Marin Municipal Water District authorized Stetson Engineers Inc. to undertake this 
study under Misc. Agreement  No. 5039. Funding for the project was provided by the California 
Department of Fish and Wildlife, Fisheries Restoration Grant Program, PO#4512672. 

1.2 BACKGROUND INFORMATION 

The Lagunitas Creek watershed, encompassing 109 square miles, is the largest watershed 
in Marin County, California, draining much of the central and western lands of the county 
(Figure 1). Lagunitas Creek originates on Mt. Tamalpais and flows eight miles through four 
reservoirs operated by the Marin Municipal Water District (District, MMWD). Kent Lake is the 
fourth reservoir along the main stem of Lagunitas Creek. From Kent Lake, Lagunitas Creek 
flows about 14 miles before emptying into Tomales Bay. The largest tributary to Lagunitas 
Creek is Nicasio Creek. MMWD also operates Nicasio Reservoir in this tributary, with about 1 
mile of stream that flows from the dam of Nicasio Reservoir to Lagunitas Creek. Other major 
tributaries to Lagunitas Creek include: Olema Creek, San Geronimo Creek, Devil’s Gulch, 
Cheda Creek, and McIsaac Creek, all of which also support salmonids. 

Lagunitas Creek is an important stream for spawning and rearing coho salmon 
(Oncorhynchus kisutch) and steelhead trout (O. mykiss), both of which are federally listed 
species. Streambed sedimentation is one of the primary factors that has been identified as 
constraining habitat values for coho salmon and steelhead inhabiting Lagunitas Creek and its 
tributary streams. Degraded streambed conditions have been attributed to the excessive load of 
fine sediments which enter the stream channel. The supply of fine sediments has been linked to 
erosion throughout the watershed. Dirt roads have been identified as one of the most significant 
causes of erosion and a direct source of fine sediments. Chronic inputs of sediment stemming 
from road bed degradation connected to stream crossings have been identified in the project area. 
In addition, potential catastrophic sediment contribution related to culvert failures, failing 
roadside fill materials or crossings with stream flow diversion potential have been inventoried. 

In 2001, MMWD initiated development of a Memorandum of Understanding (MOU) for 
Maintenance and Management of Unpaved Roads in the Lagunitas Creek Watershed; 
participating agencies include MMWD, National Park Service, California State Parks, the 
County of Marin, Marin County Open Space District, and Marin County Resource Conservation 
District. The goal of the MOU is to manage and maintain unpaved roads in the most beneficial 
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ways possible to minimize soil loss from dirt roads, reduce the potential for erosion, and reduce 
the amount of sediments entering the stream system. The MOU covers all unpaved roads 
throughout the watershed and distinguishes the watershed downstream of dams from the 
watershed upstream from dams, as the Primary and Secondary Resource Areas, respectively. 
Peters Dam, which forms Kent Lake, and Seeger Dam, forming Nicasio Reservoir, are the two 
dams that are the boundaries between the Primary (downstream) and Secondary (upstream) 
Resource Areas. 

The MOU recommends specific steps, including mapping and creating a GIS database for 
the entire system of unpaved roads in the watershed, to be followed by identifying and creating 
an inventory of sediment source sites on unpaved roads, and then implementing repairs and 
improvements at the highest priority sites. MMWD completed the GIS mapping and database 
task under a project funded through a Proposition 13 grant. Prior to conducting the LRA, 
previous studies undertaken in the watershed had partially completed the task of assessing the 
unpaved roads in the Lagunitas Creek system. These former assessments focused on Secondary 
Resource Areas above Peter’s Dam, and Primary Resource Areas draining to the middle reaches 
of Lagunitas Creek. The previously surveyed areas include:  

 The entire watershed area upstream of Peters Dam/Kent Lake (these are lands 
owned by MMWD); 

 The half mile of Lagunitas Creek between Peters Dam and Shafter Bridge; 

 The portions of the San Geronimo Creek sub-watershed that are owned by the 
Marin County Open Space District (MCOSD); 

 About 6 miles of residential, non-County maintained private roads in the San 
Geronimo Valley; 

 The 3 miles of the Cross-Marin Trail/Old Railroad Grade Road along Lagunitas 
Creek in Samuel P. Taylor State Park; 

 A short segment of the Barnabe Fire Road in Samuel P. Taylor State Park; 

 A majority (but not all) of the unpaved roads in the Devil’s Gulch sub-watershed; 

 The 3.9 miles of unpaved roads in the Cheda Creek subwatershed; and  

 The 2.3 miles of unpaved roads in the McIsaac Creek subwatershed. 
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In addition to the previous road assessments, other studies focusing on erosion site 
inventories have been completed in the watershed. These include: 

 San Geronimo Creek Watershed Bedload Reduction Opportunities (Prunuske 
Chatham, 1990); 

 Lagunitas Creek Sediment and Riparian Management Plan (MMWD, 1997); 

 San Geronimo Creek Sediment Source Sites Assessment and Evaluation (Stetson, 
2002); 

 Middle Lagunitas Creek Watershed Sediment Delivery Analysis (Stillwater 
Science, 2007); 

Further, fish passage assessments have been completed at most of the paved road 
crossings of creeks within the watershed. Lagunitas Creek fish passage assessments include: 

 Marin County Stream Crossing Inventory and Fish Passage Evaluation (Ross 
Taylor, 2003); and 

 Inventory of Select Migration Barriers in the San Geronimo subwatershed 
(Walder et al, 2002). 

In 2007, MMWD led a GIS effort that identified 598 miles of roads within the entire 
Lagunitas Creek watershed; consisting of 430 miles of unpaved roads and 168 miles of paved 
roads (Kelleher 2007). More than half of the unpaved roads are publicly owned and/or 
maintained, providing a variety of uses including access to water supply and other publicly 
owned facilities, access for agricultural management, fire protection, and recreation. This 
information is available on MMWD’s web site at: 

http://marinwater.org/documents/ws_LagCreekLynxFinalReport.pdf 

Utilizing data obtained through the 2007 GIS effort (Kelleher 2007), previously 
unassessed unpaved roads within the Primary Resource Area were identified by MMWD. These 
roads are the focus of the LRA. Completion of this report fulfills a crucial step in the MOU; that 
of conducting a comprehensive sediment source site assessment of the remaining unassessed 
unpaved roads in the Lagunitas Creek Watershed.  
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1.3 PROJECT JUSTIFICATION 

Excessive sedimentation in coastal streams is widely recognized as a crucial element 
affecting water quality, and degrading the spawning and rearing habitats needed to support a 
viable salmonid fishery (Harr and Nichols, 1993; Flosi et al., 1998). While erosion and sediment 
delivery is a natural process in all watersheds, certain human activities, such as road 
construction, may result in a pronounced increase in erosion rates and sediment discharge. These 
anthropogenic sources of sediment are often able to be rectified though “storm-proofing” 
techniques that hydrologically disconnects the roads from the streams, resulting in a decrease of 
anthropogenic sediment inputs, and a return toward more natural background erosion and 
sediment delivery rates. 

This project has been undertaken in order to: 

1. Quantify the amount of erosion and sediment delivery attributable to unpaved 
roads in the Lagunitas Creek watershed; 

2. Establish specific restoration objectives for each identified road-related 
sediment delivery site, and; 

3. Estimate the associated costs to carry out these restoration objectives. 

It is hoped that the scientific data collected during the assessment process, and presented 
in this report will be used by the landowners, land management agencies, and other interested 
parties in the Lagunitas Creek watershed for planning future implementation projects that will 
reduce sediment delivery from unpaved roads, improve watershed function, and restore salmonid 
habitat. 

The Lagunitas Creek Watershed Unpaved Roads Sediment Source Site Assessment 
Project (LRA) area consists of networks of eroding forestland, grassland, ranch, and residential 
roads, both unused and maintained, located on private and public lands within the Lagunitas 
Creek watershed in Marin County, California.  

1.4 LRA STUDY FRAMEWORK 

The framework for the LRA consisted of: (1) Preliminary identification and assessment 
prioritization of project roads, including compilation and review of previously collected road-
related erosion and sediment delivery data within the watershed; (2) Analysis of sequential 
historical aerial photography within the watershed to potentially identify previously unknown 
abandoned road networks and locations of past erosion; (3) Participation in public informational 
meetings; (4) Detailed field inventories and assessments of the identified roads, and; (5) Data 
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entry and analysis of the information collected during the field assessment. These elements, 
described in more detail under Section 2.0 Project Elements, were the steps that ultimately led to 
the production of this report, which provides a comprehensive action plan to reduce long-term 
sediment delivery to the Lagunitas Creek Watershed from road related sources. 
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2.0 PROJECT ELEMENTS 

2.1 PRELIMINARY IDENTIFICATION AND ASSESSMENT PRIORITIZATION OF PROJECT 
ROADS 

Stetson compiled and analyzed previously collected road related erosion and sediment 
delivery data provided by MMWD, Marin County Open Space District (MCOSD), National Park 
Service (NPS), California State Parks (CSP), and others. The purpose of this review was to 
identify and prioritize assessment roads within the project area. MMWD previously contracted 
with Lynx Technologies (Kelleher, 2007) to remotely identify and classify road networks within 
the Lagunitas Creek watershed based on surface type. The Lynx report identified over 150 mi of 
roads within the LRA Project area that contained a surface other than pavement. MMWD and 
Stetson Project personnel collaborated to identify roads identified in the Lynx report that: (1) had 
already been assessed in previous studies; (2) had already been upgraded, decommissioned, or 
paved; (3) were not actual roads but trails, and; (4) did not exist. From this collaborative 
analysis, approximately 122 mi of unpaved roads were found to still be in need of assessment. 

2.2 AERIAL PHOTO ANALYSIS 

At the request of MMWD, Stetson completed a sequential historical aerial photographic 
analysis of the study area to identify any additional roads that may not have been documented in 
Lynx study. Three sets of aerial photos were analyzed. The photo years (1952, 1982, and 2009) 
were selected based on photo availability, completeness of watershed coverage, and photo scale. 
Analysis of the photos was undertaken utilizing a Sokisha MS-16 stereoscope, whereby 
identified road reaches were mapped onto a mylar sheet covering each photo. The maps were 
then scanned and brought into a Geographic Information System (GIS) containing the Lynx, 
MMWD, and MCOSD road datasets, and were rectified to the 2009 NAIP imagery of Marin 
County. No new road segments in the study area were identified through this analysis.  

2.3 COMMUNICATION AND WATERSHED OUTREACH 

MMWD collaborated with the Marin Resource Conservation District (MRCD) to 
distribute informational letters to private landowners within the watershed (Appendix B). The 
intent of the informational letters was to alert watershed residents of the Project and to request 
access on those properties that contained potential project roads. Further MMWD and Stetson 
Project personnel, with the assistance of the Marin Resource Conservation District held public 
outreach meetings to outline the need for the Project and answer any questions or concerns from 
interested parties. Stetson Project personnel also met separately with CSP, and NPS staff to 
obtain property specific data related to area roads. Stetson staff also contacted and obtained data 
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from MCOSD, CDFW, Salmonid Protection and Watershed Network (SPAWN), and Pacific 
Watershed Associates (PWA) concerning previous studies within the watershed. 

Throughout the LRA project area, access to the private lands containing unpaved roads 
was granted with the exception of those occurring in the Tomasini Creek subwatershed, and on 
one private landholding along the mainstem of Lagunitas Creek between Nicasio Creek and the 
town of Point Reyes Station. These areas represent the only remaining data gaps left to complete 
the sediment source site assessment of all unpaved roads within Primary Resource Area of the 
Lagunitas Creek watershed. 

2.4 FIELD INVENTORY AND ASSESSMENT METHODOLOGY 

Stetson geomorphic, geologic, and engineering staff inventoried over 110 mi of unpaved 
roads on foot within the LRA project area. The inventory identified all current and potential 
road-related erosion sites where sediment delivery to a stream channel may occur. Sites of past 
erosion were not inventoried unless it was determined that the potential for future sediment 
delivery also existed. Erosion sites that did not present evidence of delivering sediment to a 
stream channel, regardless of its evident potential for future erosion, were excluded from the 
assessment. 

The inventoried sites primarily consisted of stream crossings, road-related landslides, 
outlet erosion gullies at ditch relief culverts, and various discharge points of uncontrolled road 
surface runoff. The inventoried road reaches along with the sediment delivery sites were mapped 
in the field utilizing a Magellan Explorist 610 Geographic Positioning System (GPS) in concert 
with 1:4,800 scale base maps. In addition to mapping the roads and sites, and collecting 
geospatial coordinate data, a field assessment form was completed for each sediment delivery 
site (Appendix G). On the field assessment forms, qualitative and quantitative data were 
recorded, including: detailed site descriptions; origin and magnitude of the erosion problems; the 
volume of future sediment yield; treatment recommendations for eliminating current and future 
sediment delivery; a ranking of treatment priority classified by each site’s likelihood to deliver 
sediment, and its potential magnitude of impact to the watershed, and; the length and current 
conditions of hydrologically connected road reaches. 

Hydrologic connectivity of sediment delivery sites refers to the water-mediated transport 
of energy and matter between upland areas and the stream system. For this assessment we are 
specifically referring to the routing of water and sediments from project roads and sites to the 
stream network. Erosional features, such as rills and gullies formed by the concentration of 
surface flows, which extend between a road and stream are conduits of connectivity that 
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efficiently route flows from the road directly to the stream network. During runoff events these 
erosional features and the road surfaces they drain are acting as extensions of the stream channel 
network. On the watershed scale, these connections increase channel density, increase peak 
flows, and decrease lag times. This can lead to greater erosion of upland areas, increased 
sediment deposition in lower gradient stream reaches, as well as more frequent and higher 
magnitude flooding events. These effects impair water quality and fisheries habitat. 

Data collection also involved topographic surveys of each stream crossing, gully, and 
landslide site, and longitudinal measurements of each hydrologically connected road reach to 
quantify current and potential volumes of material able to be eroded and delivered to the stream 
system. At streambank erosion and gully formation sites, it was assumed that over-steepened 
banks would naturally erode back to a 1:1 slope or as close as the natural topography and 
geology of the site would allow. Estimated decadal sediment yield from hydrologically 
connected road surfaces was determined by applying a 0.2 ft/decade road lowering factor and 
assuming a combined average width of 25 ft for the connected road, ditch and adjacent cutbank 
lengths. The survey techniques applied at the majority of stream crossings utilized tape and 
clinometer methodology. However at some of the larger, more complex sites on Class I streams, 
a Leica TCR705 total station and pole mounted laser prisms were employed to more accurately 
capture the high density of point data needed to model these important locations. In both cases, 
the survey data were entered into AutoCAD Civil 3d Engineering Design Software, where 
existing conditions of the crossings were modeled.  

At stream crossing locations, detailed data of the drainage infrastructure was recorded, 
including the type of structure, its size, slope, headwall, spatial location within the crossing, and 
its overall condition. Data on the stream channel was also captured, including channel gradient, 
the estimated bankfull cross-sectional area, sediment transport, and stream class. The drainage 
areas and estimated peak flow discharge for the 100-year storm event were determined for those 
stream channels that were estimated to have a bankfull cross-sectional area greater than 3 square 
feet immediately upstream from the influence of the crossing. 

2.4.1 Fish Passage Assessment 

At culverted stream crossing sites located on potential Class I stream courses, additional 
data was collected to ensure that the recommended replacement culverts would not limit or 
restrict fish passage. The additional field data collected at these sites was based on the needed 
data inputs to run FishXing (Furniss et al, 2006). FishXing is a computer software program used 
to evaluate the design of culverts for fish passage. Its application and protocol are outlined in 
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Chapter IX of the Califronia Salmonid Stream Habitat Restoration Manual (Flosi et al, 1998). 
The output information for sites evaluated with FishXing is located in Appendix E. 

2.5 DATA COMPILATION 

Project data collected during the field assessment was imported into three computer 
software programs, where it was stored and analyzed to produce accurate geographic, 
hydrologic, and hydraulic information, as well as site-scale and project-scale estimates of future 
erosion, treatment priority, and restoration costs. 

Stetson geography staff created a geodatabase for the LRA utilizing ESRI ArcGIS 10.0 
software. All collected GPS location data and cartographic data recorded on the field maps were 
entered into the GIS. In addition, photo documentation of the erosion sites was hyper-linked in 
the GIS to the origins of their geographic locations. GIS analysis was also utilized to obtain 
spatial data necessary to perform hydrologic calculations to estimate discharge for the 100-year 
storm event; a necessary procedure for properly sizing stream crossing culverts. 

The Rational Method (Dunne and Leopold, 1978) was used to estimate 100-year 
discharge at stream crossing locations with drainage areas of 80 acres or less. For stream 
crossings with drainage areas greater than 80 acres, the method described by Waananen and 
Crippen (1977) for estimating flood magnitude and frequency in gaged and ungaged streams in 
California was used. 

The Rational Method (Dunne and Leopold, 1978) uses the equation Q100=ciA, where: 

Q = Peak discharge in cubic feet per second (cfs) 

c = Rational Method runoff coefficient 

i = Rainfall intensity in inches per hour 

A = Drainage Area in Acres. 

The runoff coefficient c was determined using the guidelines for “Runoff Coefficients for 
Undeveloped Areas, Figure 819.2a” outlined in the Caltrans Highway Design Manual. The 
coefficient c is the summation of 4 factors based on relief, soil infiltration, vegetal cover, and 
surface storage. For relief, the maximum value was used as the slopes within the Lagunitas 
Creek watershed are generally greater than 30%. Soil infiltration was assumed to be normal and 
well-drained and vegetal cover was assumed good to excellent. Surface storage throughout the 
catchments was assumed to be low. Generally, the factors listed in Caltrans’ Figure 819.2a apply 
to the 5- to 10-year storm event, so a frequency factor of 1.25 was applied to the runoff 
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coefficient to account for the 100-year event. The c value used for estimating peak flows for the 
drainage areas was 0.68. 

The rainfall intensity of the 100-year storm event was determined from rainfall depth-
duration frequency data obtained from the Department of Water Resources (DWR). Data were 
obtained and evaluated for multiple stations including Woodacre, Lake Lagunitas, Kent Lake, 
Tocaloma Pump, and Point Reyes Station.  The data from the Lake Lagunitas station was used 
for the entire watershed as it provided the longest period of record, and highest rainfall amounts.  

Waananen and Crippen (1977) provide methods for determining flood magnitude and 
frequency on gaged and ungaged California streams. Regression equations have been developed 
for estimating peak discharges (QT) having recurrence intervals T that range from 2 to 100 years. 
For this study only the 100 year return interval was evaluated. The basin variables used in the 
equations are drainage area (A), in square miles (mi2); mean annual precipitation (P), in inches; 
and altitude index (H), which is the average of altitudes in thousands of feet at points along the 
main channel at 10 percent, and 85 percent of the distances from the site to the divide. The 
variables A and H were determined for each site using ArcGIS. Mean annual precipitation (P) 
was determined from Rantz’ (1969) isohyetal map. The regression equations were developed 
from peak discharge records of 10 years or longer compiled from over 700 stations throughout 
the state. The regression equations for the North Coast Region are as follows: 

Q2     =  3.52 A0.90 P0.89 H-0.47 

Q5     =  5.04 A0.89 P0.91 H-0.35 

Q10   =  6.21 A0.88 P0.93 H-0.27 

Q25   =  7.64 A0.87 P0.94 H-0.17 

Q50   =  8.57 A0.87 P0.96 H-0.08 

Q100 =  9.23 A0.87 P0.97 

 

Tabular data recorded during the field inventory were entered into a Microsoft Access 
database. The Access platform provides a readily query-able database that allows the user to 
compare and analyze data elements in relation and apart from each other. Queries were 
constructed to classify project elements and obtain information such as erosion volumes by 
problem type, road lengths connected to sites, treatment prioritizations, and other important 
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project scale information. Ultimately, the Access database was linked to the GIS, where all of the 
tabular data detailing site specific information was incorporated into the attribute table for the 
individual erosion sites. 

Survey data collected for each stream crossing site was imported into the AutoCAD Civil 
3d environment, where the existing conditions of each site was modeled. Within AutoCAD 
adjustments to site specific parameters were made to obtain estimates of future erosion and 
backfill volumes needed to sustainably rebuild the stream crossings to convey the 100-year 
stormflow event. 
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3.0 FIELD DESCRIPTION OF THE PROJECT AREA 

3.1 CLIMATE 

The LRA project area is located within the Lagunitas Creek Watershed of West Marin 
County (Figure 1). The Lagunitas Creek watershed experiences dry, mild-to-warm summers and 
cool, wet winters with periods of intense rainfall. Mean annual precipitation within the watershed 
varies from 52 inches a year at Lake Lagunitas in the upper Lagunitas Creek watershed (Jimenez,  
2011), to 38 inches per year at Point Reyes National Seashore, near the lower extent of the 
project area (PRISM, 2012), with most of the rainfall occurring between November and April. 
The proximity to the Pacific Ocean greatly influences both temperatures and evaporation rates 
within the watershed. Cool water upwelling along the coast interacts with marine air masses to 
produce advection fog that can be quite thick during summer days. Temperature gradients 
between those areas within the fog zone and those immediately outside its influence can vary as 
much as 30 degrees Fahrenheit (°F) in the summer months. Temperatures in Woodacre, located 
at the eastern edge of the project area vary from an average monthly high of 80° F in August to 
an average monthly low of 42° F in January. At the western edge of the watershed near Point 
Reyes Station, the average monthly high in August is 64° F and the average low in January is  
41° F.  

3.2 TERRAIN 

The topographic relief of the project area is highly varied, and includes moderately steep 
mountainous terrain, rolling coastal prairies, and marshy lowlands. Elevations within the project 
area range from sea level to approximately 1,466 ft at Mt. Barnabe on Dickson Ridge above San 
Geronimo Valley, and 1,407 ft at Mt. Wittenberg located on Inverness Ridge in the Point Reyes 
National Seashore (USGS (a), 1978; USGS (b), 1978). Much of the terrain of the lower 
watershed is influenced by the San Andreas Fault Zone (SFZ), including the rift valley of the 
Olema Creek subwatershed, along with its many shutter ridges, sidehill benches and associated 
sag ponds. The unsurfaced roads in the project area traverse a range of elevations from ridgetops 
to the inner gorges of streams, including the old narrow-gage railroad grade along Lagunitas 
Creek.  

3.3 GEOLOGY 

The geologic composition of the Lagunitas Creek watershed is primarily comprised of 
sheared and potentially unstable rocks of the Coastal Belt Franciscan Complex (Davenport, 
1984) occurring on the east side of the San Andreas Fault Zone (SFZ). To the west of the SFZ, 
extending from Olema Valley to the drainage divide atop Inverness Ridge, the geology is 
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dominated by the elevated granitics and marine sedimentary deposits of the Point Reyes 
Peninsula (Clark and Brabb, 1997). Poorly consolidated sedimentary and sheared metamorphic 
rocks that are particularly susceptible to erosion and mass wasting during periods of sustained or 
heavy rainfall are exposed throughout the watershed. Quaternary alluvium and alluvial river 
terrace deposits are found in the lowland settings of valley floors. Large-scale mass wasting is 
evident in the watershed, often characterized by rotational or translational debris sliding and 
earthflows (Davenport, 1984). Similar to many coastal California watersheds, other mass wasting 
features such as hillslope debris slides, slumps, cutbank slides, and road fill failures are 
documented throughout the watershed. The potential for tectonically-driven landslide events is 
also quite high given the watershed’s proximity to the San Andreas Fault. 

The relatively unstable geology of the watershed, combined with moderate annual rainfall 
often occurring from high magnitude, low frequency storm events are of significance for 
salmonid habitat. The combination of high precipitation and potentially unstable geology results 
in relatively high rates of erosion. The greatest rates of sediment production originate in steep 
catchments and subwatersheds composed of unstable geology, where tributary streams transport 
materials to lower gradient reaches. In these areas, deposition and accumulation may occur in 
salmonid spawning and rearing habitat. While erosion and sediment delivery is a natural process 
that salmonid populations have evolved with, elevated sedimentation rates resulting from 
anthropogenic erosion can negatively impact habitats and limit fishery vitality. 

3.4 LAGUNITAS CREEK WATERSHED 

Lagunitas Creek and many of its tributaries are salmonid bearing Class I streams or 
watercourses as defined under the California Code of Regulations, Title 14, 2009 Forest Practice 
Rules, Watercourse and Lake Protection Zones (WLPZs) (CDF, 2009). The WLPZ categorizes 
watercourses from Class I through Unclassified. The definitions of each watercourse Class is 
listed in Table 1. 

The Lagunitas Creek watershed is composed of five major subwatersheds: (1) Upper 
Lagunitas Creek; (2) Lower Lagunitas Creek; (3) San Geronimo Creek; (4) Nicasio Creek, and; 
(5) Olema Creek (Figure 2). The subwatersheds of Upper Lagunitas Creek and Nicasio Creek 
contain impoundments (dams) at their lower extents, which are controlled by MMWD for 
domestic, commercial and municipal water use. These structures trap sediment and are 
impassible to salmonid migration. The portions of the watershed upstream from these locations 
were not assessed as part of this study. However, MMWD has previously conducted a similar 
study in the Upper Lagunitas Creek subwatershed of unpaved roads occurring on MMWD 
property. 
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TABLE 1 – 2009 CALIFORNIA FOREST PRACTICE RULES WATERCOURSE DEFINITIONS, CALIFORNIA 
CODE OF REGULATIONS, TITLE 14, SECTION 916.5 

Watercourse Definition 

Class I (1) Provides domestic water, including springs, and/or; (2) Fish always or seasonally 
present onsite, includes habitat to sustain fish migration and spawning. 

Class II 
(1) Fish always or seasonally present offsite within 1000 feet downstream, and/or; (2) 
Aquatic habitat for nonfish aquatic species. (3) Excludes Class III waters that are 
tributary to Class I waters. 

Class III No aquatic life present, waterbody showing evidence of being capable of sediment 
transport to Class I and II waters under normal high water flow conditions. 

Class IV Man-made waterbodies, usually downstream, established domestic, agricultural, 
hydroelectric supply, or other beneficial use. 

Unclassified 

Has channel with evidence of having concentrated flowing water indicated by deposit of 
rock, sand, gravel, or soil. No aquatic life is present, shows no evidence of being capable 
of sediment transport to a higher order waterbody (Class I, II, or III). These features may 
have riparian plant communities present. 

 

3.4.1 San Geronimo Creek Subwatershed 

San Geronimo Creek, draining its namesake valley, is a major tributary to Lagunitas 
Creek (Figure 2). San Geronimo Creek and many of its tributaries are Class I streams. The 
subwatershed is approximately 12.5 mi2 and comprises the central-eastern extent of the greater 
Lagunitas Creek watershed area. San Geronimo Valley, while relatively rural compared to the 
major urban areas of eastern Marin County, is the most developed and populated portion of the 
LRA study area. The communities of Woodacre, San Geronimo, Forest Knolls, and Lagunitas 
are located within its drainage area. The subwatershed is bounded by Dixon Ridge to the north, 
the western slopes of Loma Alta and White Hill to the east, and San Geronimo Ridge to the 
south. While dispersed rural residential development has occurred over much of the lower slope 
locations, the ridge-tops and mid slopes surrounding the valley have experienced far less 
development, and much of this acreage is either protected as parkland or by agricultural 
easements. San Geronimo’s valley floor includes residential, recreational, light commercial and 
municipal developments, including MMWD’s water treatment plant, the San Geronimo Golf 
Club, and the San Geronimo School. Sir Francis Drake Boulevard, the major east-west connector 
of the County runs longitudinally along the valley floor and continues through the watershed 
following Lagunitas Creek through its lower reaches. 
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3.4.2 Olema Creek Subwatershed 

The Olema Creek subwatershed encompasses all land draining into Lagunitas Creek from 
the Olema Valley (Figure 2). For reporting purposes, the Bear Valley Creek subwatershed has 
been grouped together with the adjacent and larger Olema Creek subwatershed. Bear Valley 
Creek, Olema Creek, and several of Olema Creek’s tributaries are Class I watercourses. The 
Olema Valley trending southeast to northwest is a rift valley created by the San Andreas Fault 
Zone (SFZ). Tomales Bay, to which Lagunitas Creek is tributary, is the extension of this rift. 
Olema Creek drains the southwest facing slopes of Bolinas Ridge, the northeast facing slopes of 
Inverness Ridge, and upland divides in the Olema Valley, which separate the drainages of Olema 
and Pine Gulch Creeks. The SFZ running longitudinally through the valley demarcates the 
contact between the Pacific Plate on the west and Continental Plate to the east. The slopes of 
Inverness Ridge draining to Olema Creek from the Point Reyes Peninsula, located on the Pacific 
Plate is comprised of elevated granitic and ancient metamorphic rocks of the Salinian complex, 
while the geologic structure of Bolinas Ridge, bounding the eastern edge of the valley is 
dominated by Franciscan Complex sandstones and metasandstones (Stofer, 2005). Nearly all of 
the land within this subwatershed is controlled by PORE or GGNRA. Similar to those lands 
controlled by GGNRA in the mainstem of Lagunitas Creek, historical agricultural lands within 
Olema Valley are leased back to area ranchers for grazing. One large in-holding is owned by the 
Vedanta Society, near the town of Olema. 

3.4.3 Lower Lagunitas Creek Subwatershed 

Lower Lagunitas Creek subwatershed encompasses all land draining into the mainstem of 
Lagunitas Creek below Kent Lake from Peters’ Dam, and below Nicasio Reservior from Seeger 
Dam, downstream to Tomales Bay (Figure 2). Between Peters’ Dam and Tocaloma, the creek 
flows through a narrow, fault controlled valley in the SFZ and passes through Samuel P. Taylor 
State Park. Within this reach several Class I and potential Class I tributaries flow to Lagunitas 
Creek, including Deadman’s Gulch, and Devil’s Gulch from the slopes of Mount Barnabe, as 
well as unnamed tributaries draining the eastern slope of Bolinas Ridge. 

From Tocaloma downstream to Point Reyes Station, There is a marked change in 
vegetation, as the riparian corridor transitions from a redwood/Douglas fir dominated forest, to a 
willow and alder dominated system. Nearly the entire uplands of this portion of the watershed is 
used to support cattle grazing activities. While some of these ranches are owned by private 
parties, like the Black Mountain Ranch, and the Gallagher Ranch, much of the acreage is under 
federal ownership controlled by the GGNRA, and is leased back to the local ranchers. In this 
reach, Nicasio Creek drains to Lagunitas Creek along the southern foot of Black’s Mountain. 
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4.0 PROJECT AREA ROADS 

Descriptions of project area roads are grouped below by subwatershed. The assessment 
revealed that a certain amount of homogeneity exists between adjacent road networks on the 
subwatershed scale. Land uses during historical periods of road construction were found to be 
heavily dictated by vegetation type, with cattle grazing occurring on the grasslands and timber 
harvesting activities on forested lands. The transportation infrastructure needed to support these 
activities differ greatly, and hence, past and current road construction and maintenance methods, 
road gradients, road widths, road fill volumes, and road surfaces tend to vary with land use. 

4.1 SAN GERONIMO CREEK SUBWATERSHED ROADS 

4.1.1 Woodacre 

Roads surveyed in the Woodacre area of San Geronimo Valley included unpaved 
residential roads, private driveways, and municipal access roads (Figures 3 & 4). These included; 
Laurel Avenue, Edgewood Drive, Fire Road, private drives off of Pine Road, Taylor Hill, Ivy, 
and Fir. In total, 2.6 mi of roads were inventoried in the Woodacre area. Identified road related 
sediment delivery sites were limited to Laurel Avenue and Edgewood Drive. The combined 
lengths of these two mid-slope roads traverse most of the tributary streams feeding Woodacre 
Creek. 

Edgewood is a public, secondary year-round connector road located midslope on San 
Geronimo Ridge between Madrone Avenue and Redwood Drive. Its surface is composed of 
intermittent unimproved gravel and patches of pavement in poor condition. The road alternates 
from flat to slightly outsloped, to insloped with inboard ditches present along the insloped 
sections. All of the ditches along Edgewood Drive drain to inlet locations of stream crossings. 
This road receives year-round use, primarily by residents along the road, neighbors, and 
occasionally by other members of the public to access MCOSD lands. Chronic erosion is 
occurring along the unpaved surfaces of Edgewood through the pulverization of surface 
materials by vehicle traffic. Most of the steep to very steep road gradients on Edgewood are 
paved, however 665 ft, or three-quarters of the hydrologically connected road length, has a 
gradient of 10%. 

Laurel Avenue is also a public secondary connector road located in a mid-slope location 
between Redwood Drive and Elm Avenue. Similar to Edgewood Drive, the end segments of 
Laurel Avenue are paved, while the surfaces of the interior reaches of the road are unimproved 
dirt and gravel. In the steeper road reaches, such as the left approach of site # 310, which exceeds 
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10%, road rilling and deformation of the road surface is evident. Laurel Avenue contains 
insloped, flat, and partially outsloped road surfaces. Inboard ditches are present over much of its 
length. With the exception of one ditch relief culvert, these ditches outlet at stream crossings, 
where they deliver sediment-laden road surface, cutbank and hillslope runoff directly to stream 
channels. 

4.1.2 Lagunitas  

Roads surveyed in the Lagunitas area of the San Geronimo Valley included private 
driveways, fire protection roads, and unpaved rural residential roads (Figures 3 & 4). During the 
field inventory it was found that many of the road lengths tagged for assessment had either been 
previously paved or upgraded. This work was completed both by private landowners 
independently improving their driveways, and by implementation work stemming from a 
previous assessment conducted for the Salmon Protection and Watershed Network (SPAWN). 
The inventoried roads draining to San Geronimo Creek in the Lagunitas area included portions of 
Barnabe Fire Road, Mountain King, Alta, Arroyo, Portola, Portrero, Cintura, Rodeo, Lucia, and 
Escondida. Approximately 5.76 mi of roads in the Lagunitas area of San Geronimo Valley were 
surveyed. 

The segment of Barnabe Fire Road, included in the San Geronimo portion of the 
assessment extends south from the Mt. Barnabe Fire Lookout down the ridgetop watershed 
divide between San Geronimo Creek and its tributaries to the east, and Barnabe Creek and the 
mainstem of Lagunitas Creek to the west. Barnabe fire road is a maintained, native surfaced road 
that allows seasonal four-wheel drive access to the summit of Mount Barnabe from Samuel P. 
Taylor State Park. Located along the ridge, this road segment receives little in the way of upslope 
runoff. The native surface of the road is mostly rocky, consisting of eroding greywacke and 
cherts. The road shape is primarily flat. Portions of the road are steep, and intermittent thru-cuts 
are located along the road segment. In several spots minor rilling is occurring on the road 
surface. These areas are limited to short, steep road segments. Rilling was identified extending 
off of the road surface and onto the fill slope in a few locations, but no evidence was found to 
connect these surface outfalls to area streams, as rill lengths were short and discontinuous, and 
stream channel initiation begins some 200 ft below these spots. 

Mountain King is a mostly paved, upper watershed road connecting Mount Barnabe with 
Portola and Dixon Ridge. Only two-tenths of its one-mile length is unsurfaced. The road 
gradients along the unpaved segments average 5%. The road shapes are flat to insloped, drained 
by inboard ditches and ditch relief culverts. Approximately four past shallow fillslope failures 
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have occurred where the paved portion of the road traverses upper headwall swale locations near 
Barnabe Summit. These slides have been repaired utilizing engineered rock. 

Alta Road is located on the eastern slope of Barnabe Ridge. The road extends downslope 
from Barnabe Fire Road to Cintura Avenue. The upper portion of Alta is an unsurfaced 
abandoned road that has been used historically as a neighborhood trail. This abandoned segment 
of Alta extends from the ridge to the water tanks on Alta Terrace, approximately 0.6 mi. During 
the 1982 storm event, several debris torrents initiated in steep headwalls of tributary streams that 
drain from Mount Barnabe. The evacuation scar left by one of these events is located near the 
intersection of Alta and Barnabe Fire Road. Much of the outboard fill of Alta Road proximate to 
the headwall failed as part of this debris torrent, and what remains of Alta Road at this location is 
an overgrown 6 ft wide bench. As the abandoned segment of Alta Road traverses downslope 
toward Alta Terrace, it crosses benches of ancient landslide deposits, more recent sites of 
hillslope displacement, as well as several Class III ephemeral stream channels. Throughout its 
length, the width of this portion of Alta Road varies from 6 to 12 ft. The remaining road surfaces 
are predominantly flat to insloped, with unmaintained ditches located along springy cutbanks. In 
some locations these have been drained across the road surface by waterbars. The lower portions 
of Alta Road and Alta Terrace are paved and maintained residential roads. 

The complex of roads located in the Cintura neighborhood includes both paved and 
unimproved road surface segments. Many of these roads were inventoried during a prior 
assessment conducted for SPAWN, and some of the recommendations generated from that 
assessment have since been implemented. Recent implementation includes road shaping and 
stream upgrade work on portions of East Cintura, Portrero, and Alta Roads. Stetson’s inventory 
included Lucia, Rodeo, La Vuelta, and Escondida. These are narrow rural residential roads; some 
with rocked road surfaces and others of native, rocky material. 

Unpaved portions of Portola Road, as well as private driveways extending off of Portola, 
Arroyo and Barranca were inventoried. The unpaved portions of Portola were recently upgraded 
as part of a SPAWN project. The private driveways that were inventoried have since been paved, 
following their initial identification as containing a dirt or rocked road surface. 
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4.2 OLEMA CREEK SUBWATERSHED ROADS 

4.2.1 Eastern Olema Valley and Bolinas Ridge  

Approximately 41.5 mi of roads were assessed on the eastern side of the Olema Valley 
(Figures 5 & 6). With the exception of Bolinas Ridge Fire Road, the Randall Trail, and 
driveways in and around ranch houses and compounds, these roads are predominantly seasonal 
tracks used by local ranchers to access and feed their cattle herds, and maintain fence lines and 
other infrastructure. Despite the number of miles, very few sediment delivery sites were found 
along these roads, as they mainly occupy ridgetop positions, and intercept very small 
contributing drainage areas. Sediment delivery sites along these roads are mostly limited to those 
road segments that occupy inner gorge positions or cross streams. Most of these sites are indeed 
stream crossings, and many of them are unimproved fill crossings of small ephemeral channels. 
However some larger culverted crossings do exist, such as Site #272, on the East Gallagher 
Ranch Road on GGNRA lands. Several unimproved ford crossings were also assessed at the foot 
of Bolinas Ridge near its contact with the floor of Olema Valley. Of the 41.5 mi of inventoried 
roads on Bolinas Ridge, 66 sediment delivery sites were identified. The contributing road lengths 
connected to the sites totaled 6.01 mi. Of this, 47 sites and 4.54 mi of hydrologically connected 
road lengths were on maintained roads, while the remaining 19 sites and 1.47 mi of 
hydrologically connected road reaches were on unmaintained or abandoned roads. 

4.2.2 Western Olema Valley, Bear Valley and Inverness Ridge  

Roads occurring along the western side of Olema Valley, including those on Inverness 
Ridge and in Bear Valley were found to be larger in scale than the eastern Olema Valley Roads 
(Figure 5 & 6). Historical logging operations occurred along the western side of Olema Valley 
and the slopes of Inverness Ridge during the 19th and early 20th centuries. Much of the current 
transportation network in this portion of the watershed was constructed during this period to 
support timber extraction activities. The road benches that are still in use as both roads and trails 
are primarily old haul roads. In general, haul roads are wider, contain more fill, and have gentler 
gradients than logging skid roads, or the ranch access roads on the eastern side of the valley. 
Many roads, such as portions of the Olema Valley Trail and the Bear Valley Trail were 
constructed in stream side locations where sediment generated from the road is delivered directly 
to the adjacent stream. Other roads, such as the Stewart Trail were constructed to access ridgetop 
locations. To provide the infrastructure necessary to support heavy truck traffic, it was necessary 
for construction of these wide, gentle gradient roads to traverse inner gorges and cross tributary 
streams while winding up the forested slopes. Thus, the density of sediment delivery sites and 
the magnitude of potential sediment delivery volumes originating on Inverness ridge is greater 
than on the slopes of Bolinas Ridge. Approximately 29.55 mi of roads were assessed on the 
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western side of the Olema Valley, and 68 sediment delivery sites were identified. The 
contributing road lengths connected to these sites totaled 4.54 mi all occurring on road benches 
currently maintained as either roads or trails. 

4.3 LOWER LAGUNITAS CREEK SUBWATERSHED ROADS 

4.3.1 Shafter Bridge to Tocaloma  

The inventoried roads in the portion of the watershed draining to the mainstem of 
Lagunitas Creek between Shafter Bridge and Tocaloma occur on California State Park and 
Golden Gate National Recreation Area lands (Figures 7 & 8). On the northeast side of Lagunitas 
Creek the inventoried roads include segments of of Barnabe Fire Road, Barnabe Tank Road, 
Gravesite Fire Road, Percy Ranch Road, Dixon Ridge Road, and Deer Point Fire Road. On the 
southwest side of the creek the inventoried roads included, Cross Marin Trail, Jewell Fire Trail, 
those portions of Bolinas Ridge draining toward Lagunitas Creek, and several unnamed, dead-
end spurs extending off of Bolinas Ridge Road. A previous assessment in this watershed reach, 
which was conducted by MMWD in 2007, inventoried additional roads on lands controlled by 
CSP and GGNRA in the Devil’s Gulch drainage, and on the Cheda and Mcisaac Ranches. 

Barnabe Fire Road begins at the Madrone Group Camp in Samuel P. Taylor SP, and 
climbs to the summit of Mount Barnabe over 1.77 mi. Upon reaching the summit, the road then 
descends down the southerly ridge nose of Mount Barnabe for 1.78 mi to the Cross Marin Trail. 
Barnabe Fire Road provides seasonal vehicle access for State Parks and emergency vehicles, as 
well as year round recreational opportunities for hikers, cyclists, and equestrians. The gradient of 
Barnabe Fire Road varies from flat to steep, with some pitches exceeding 20%. Much of the 
road’s surface is flat to outsloped, and some thru-cuts exist on steep slopes where the road 
follows the fall line of the natural hillslope. In such places rilling of the road surface is evident. 
Near its intersection with Gravesite Fire Road, and on the lower to midslope reaches above the 
Cross Marin Trail road reshaping and stream crossing upgrade work has already been completed. 

Barnabe Tank Road provides access from Sir Francis Drake to a water storage facility 
located upslope of Barnabe Fire Road near Barnabe Creek. The road is approximately 0.2 mi 
long, and maintained with a gravel surface to allow for access. The lower segment of the road 
follows the fall line of the slope at a gradient nearing 30%. Despite the application of gravel 
along this road segment, continued surface erosion in the form of ruts and rills is occurring 
during runoff events. 
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Stetson Engineers Inc. 21 Lagunitas Creek Watershed 
January 31, 2013  Unpaved Roads Assessment 

Gravesite Fire Road was once a connector road between Mount Barnabe Fire Road and 
Devil’s Gulch. Upon inventory, the road had already received upgrade treatments stemming from 
a previous assessment and upgrade project. 

The Percy Ranch Fire Road extends down a flank of Dixon Ridge from the watershed 
divide separating the Nicasio Creek and Devil’s Gulch drainages to Devil’s Gulch Road on lands 
controlled by GGNRA. This relatively unused road has an average gradient nearing 25%. A slide 
near the bottom of the road currently prohibits vehicle access. Much of the lower portion of the 
road is heavily thru-cut. Rilling and gullying is severely impacting the road surface at this 
location. While the upper segment of the road is also steep, its rockier, ridge top location is more 
resistant to surface erosion, and receives little upslope runoff. 

Dixon Ridge Road is situated along the drainage divide of its namesake ridge. Receiving 
waters on the road are limited to rainfall interception, and what little runoff occurs longitudinally 
along the ridge road between its peaks and saddles. These drainage lengths are mostly short, and 
while some erosion is occurring along its length, the road’s distance from stream channel 
locations prohibits road related sediment delivery. 

Deer Point Road is a connector road between Devil’s Gulch to the southeast, and the 
Cheda Ranch to the northwest. This is a steep, seasonal road, which receives very little traffic. 
The road surface is mainly grassed over and shows little in the way of use. The road shape varies 
from insloped, to flat, to outsloped at some locations. The upper portion of the road traverses 
across a wet, low-gradient meadow near the ridgeline, which is the headwaters for several first 
order tributaries to Devil’s Gulch. It appears that the road has intermittently captured flow from 
this meadow and diverted it downslope to a small, inner gorge stream crossing. 

The Cross Marin Trail segment that was surveyed lies between Swimming Hole Bridge at 
Samuel P. Taylor State Park, and Tocaloma Bridge, at its intersection with Sir Francis Drake 
Boulevard. This segment of the trail is paved, though it occupies the former alignment of the 
North Pacific Coast Railroad and contains numerous stream crossings and ditch relief culvert 
locations. MMWD has an easement along the Cross Marin Trail to maintain the raw water 
transmission line embedded in its fill, which connects Nicasio Reservoir to the San Geronimo 
Filter Plant. 

The Jewell Fire Trail connects Bolinas Fire Road to the Cross Marin Trail on GGNRA 
lands. This native surfaced road is nearly 1.0 mi long and has an average gradient of 
approximately 10%. It traverses down a ridge nose for most of its length until descending across 



Stetson Engineers Inc. 22 Lagunitas Creek Watershed 
January 31, 2013  Unpaved Roads Assessment 

a swale to intersect with the Cross Marin Trail. The road contains insloped, flat, and outsloped 
sections, with minimal lengths of inboard ditch. 

4.3.2 Tocaloma to Nicasio Creek 

Between Tocaloma and Nicasio Creek, the inventoried roads are located on the McIsaac, 
McFadden, and Zanardi Ranches (Figure 7 & 8). These active cattle ranches located in pastoral 
zones of GGNRA have been leased back to the ranchers under long-term tenure agreements to 
keep the land in agriculture. Roads within this watershed reach include the Old Railroad Grade, 
West McIsaac Road, West McIsaac Spring Road, Zanardi Fire Road, Zanardi Ranch Road, and 
Zanardi Ranch Road #2.   

In this segment of the watershed, Old Railroad Grade extends from the end of the Cross 
Marin Trail at Sir Francis Drake Blvd. to the property boundary separating the McFadden Ranch 
(GGNRA) and the Gallagher Ranch (private). The Old Railroad Grade is a maintained gravel 
road between the Tocaloma Bridge and the McIsaac Deer Club, at which point it becomes a 
rarely used, native surfaced road. The graveled section is approximately 0.46 mi in length, and 
provides access to two residences, leased horse paddocks, and an MMWD pumping facility. The 
road shape is relatively flat, and contains inboard ditches and outboard berms in some locations. 
Several springy areas and areas of soil creep and slope deformation are present along the cutbank 
and hillslope. Road gradients along this segment vary between 1 and 3 %. 

The constant low gradient of the road slope continues along the native surface portions of 
the Old Railroad Grade. Large berms and inboard ditches drained by ditch relief culverts are 
present down much of its length and the road shape is mostly flat to insloped. The Old Railroad 
Grade also intersects multiple streams which are crossed utilizing culverts. MMWD’s Nicasio 
Transmission Line continues longitudinally through the fill of this road reach. 

West McIsaac Road runs downslope from Bolinas ridge to the Old Railroad Grade on the 
West McIsaac Ranch. The upper and midslope portions of this road are only driveable by all-
terrain vehicle (atv), and are primarily utilized by cattle. The upper segment is primarily 
outsloped, but contains sections with small berms, which prevent runoff from exiting the road 
surface. The average road gradient over this 0.97 mi reach is 6%.  The lower segment of West 
McIsaac Road is maintained and its surface is rocked. This section of West McIsaac Road 
provides access to a ranch residence and corral area. The road gradient varies between 6% and 
12% over 0.3 mi. The road shape is predominantly insloped with inboard ditches both drained by 
ditch relief culverts and by ditch outfalls at stream crossing inlets. Several large gullies on the fill 
slope suggest that historical drainage of the road was concentrated to outlet at only a few 
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locations. A higher frequency of drainage structures currently exists along the road to disperse 
runoff. 

West McIsaac Springs Road is a dead end, mid-slope spur that provides access to a series 
of developed springs in the headwall of a Class II stream. The road gradients are relatively 
gradual, varying between 1% and 5%, and the surface shape is relatively flat. Many of the 
cutbank locations, especially those adjacent to the springy headwall are wet. 

Zanardi Fire Road is predominantly a ridge road providing access to the upper portions of 
the Zanardi Ranch, from the County maintained, Platform Bridge Road located adjacent to 
Lagunitas Creek between Sir Francis Drake Blvd. and Point Reyes – Petaluma Road. Zanardi 
Fire Road terminates at its intersection with Indian Hill Fire Road located in the rural residential 
area of Laurel Canyon, above Nicasio Reservoir. While the upper segments of Zanardi Fire Road 
traverse gradual to moderate slopes, the lower 0.48 mi averages 17%. The road shape is mostly 
flat, with minimal fills, as the road predominantly follows the ridgeline. The steeper sections of 
the road are drained by water bars that extend beyond the road prism to outlet runoff onto the 
shoulder of the slope, where hopefully it will not re-enter the road surface downslope. 

Zanardi Ranch Road extends for 0.65 mi from Platform Bridge Road, through the 
Zanardi Ranch compound upslope to Zanardi Fire Road. The lower portion within the compound 
is graveled and paved, while the middle and upper segments of the road are of gravel and native 
surfaces. While the midslope portions of the road were constructed using standard cut and fill 
techniques to traverse the hillslope, the upper road segment is more of a track on the native 
ground running parallel to the fall line of the slope. At this location, the road gradient exceeds 
30% and the surface is actively eroding through a series of rills. Constant regrading of this 
section has created a minor thru-cut down the slope. 

Similar to Zanardi Rach Road, Zanardi Ranch Road #2 is also a steep road running 
upslope from the ranch compound to Zanardi Ranch Fire Road. It also is experiencing active 
surface erosion and contains numerous longitudinal rills extending down the steeper portions of 
the road. The gradient of Zanardi Ranch Road #2 is as high as 30% in some locations over its 
0.70 mi length. The road shape varies from insloped to outsloped, with ditch outlets at 
switchbacks. At least one berm breaching waterbar has been installed on the road to drain runoff 
from its surface. 

4.3.3 Nicasio Creek to Point Reyes Station 

The project area roads surveyed in the watershed reach between the confluence of 
Nicasio Creek and Lagunitas Creek, located near the intersection of Point Reyes-Petaluma Road, 
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and Point Reyes Station include the roads of the Black Mountain Ranch, and the roads of the 
Genazzi Ranch (Figure 7 & 8). The Black Mountain Ranch consists of approximately 1,400 
privately held acres on the north side of Lagunitas Creek. The Genazzi Ranch, located on the 
south side of Lagunitas Creek is composed of 423 acres of GGNRA lands, and 71 acres of 
privately held lands. 

Approximately 8.5 mi of roads were surveyed on the Black Mountain Ranch. This 
includes 1.6 mi of paved and rocked, year round roads, 4.8 mi of native surfaced seasonal roads, 
and 2.2 mi of unused or abandoned roads. The year round roads includes portions of Black 
Mountain Ranch Road, Deer Camp Road, Black Mountain Creek Road, Stables Road, and 
Stables Spur Road. Seasonal roads include the upper segments of Black Mountain Ranch Road 
and Deer Camp Road, Black Mountain Ridge Road, the lower segment of Springs Road, Back 
Barn Road, and Pond Road. The unused or abandoned roads include the upper section of Springs 
Road, Cut Road, Deer Camp Cut-off, West Branch Road, West Branch West Road, BM-1, BM-
2, and BM-3. 

Black Mountain Ranch Road includes the ranch driveway and the main road leading 
upslope from the ranch compound to Black Mountain Ridge. The paved, 350 ft. ranch driveway 
is located on an upper flood plain terrace of Lagunitas Creek adjacent to Black Mountain Creek. 
The gradient of the driveway is approximately 1%. The segment of Black Mountain Ranch Road 
extending upslope from the ranch compound to the ridge is partially rocked, and is drained by a 
series of waterbars, ditch relief culverts, and inboard ditches. The road surface shape varies from 
flat, to outsloped, to insloped in some locations. The average gradient of this section of Black 
Mountain Ranch Road is 12.5%. 

Deer Camp Road extends from Point Reyes-Petaluma Road to Black Mountain Ridge 
Road. It is approximately 1.1 mi in length, and the lower 0.48 mi has been improved with a 
rocked surface. Wet hillslopes, and springs located along the cutbanks have necessitated the use 
of ditches and ditch relief culverts in some locations along the road, primarily in mid slope 
locations near the deer camp. The road shape is predominantly outsloped throughout the length 
of Deer Camp Road, and the average road gradient is 8%. 

Black Mountain Creek Road connects the main ranch compound with the horse stables 
area near the pond. The lower portion of the road crosses over the flood plain and both branches 
of Black Mountain Creek and continues streamside before climbing upslope to the stables area. 
The road is rocked over the flood plain and mortared rock headwalls are present at both culverted 
stream crossings. Utilities are present in the fill through this section of the road. The upper 
segment of the road between the stables and Black Mountain Creek is thru-cut for approximately 



Stetson Engineers Inc. 25 Lagunitas Creek Watershed 
January 31, 2013  Unpaved Roads Assessment 

200 ft. This section has also been rocked. The road shapes along Black Mountain Creek Road 
vary from flat to outsloped, with the exception of the thru-cut, which is sloped towards a ditch 
that drains off of the fillslope at an outside bend to a Class III stream. The road gradient of the 
upper section, including the thru-cut averages 24%, while the lower streamside and floodplain 
sections of the road average 5%. 

Stables Road provides access to the pond and the equestrian paddocks on the Black 
Mountain Ranch. This 0.25 mi long road predominantly follows the fall line of the foot slopes of 
Black Mountain and has an average gradient of 6%. This road, along with the 225 ft. Stables 
Spur Road, is rocked and slightly thru-cut. 

Black Mountain Ridge Road provides access to the broad upland areas of the ranch. It 
extends along the ridgetop from the intersection with Deer Camp road to the summit of Black 
Mountain. Because of its ridgetop location the road receives little in the way of contributing 
upslope runoff. However, rilling is occurring on the road surface in those areas where the road 
descends steeply down the fall line of the slope where surface runoff is uncontrolled. Intermittent 
chronically wet and springy areas have been rocked along the surface of Black Mountain Ranch 
Road. The gradient along the lower ridge from the Deer Camp Road intersection to the northern 
shoulder of Black Mountain averages 3% with short pitches exceeding 15%, while the road 
segment from the shoulder to the summit exceeds 17%. 

Springs Road extends downslope from a headwall swale on the northern shoulder of 
Black Mountain to the intersection of Stables Road and Black Mountain Creek Road. The lower 
segment of the road provides access to a series of springs that provide the ranch and the pond 
with water. The upper section of the road once provided access to additional springs, but they 
have fallen into disrepair and remain unused. A hillslope debris slide originating upslope of 
upper Springs Road was triggered by the January 1982 storm and devastated a portion of the 
road. The road was rebuilt over the head of the debris slide deposit, but subsequent stream 
crossing failures have made the upper road reaches inaccessible by vehicle. The road shape of 
the upper segment of Springs Road is mainly flat with berms present along the outboard road 
edge, and an average gradient of 19%. The lower segment of Springs Road is mainly flat to 
outsloped with an average gradient of 8%. 

Back Barn Road is a short, low gradient access road in the ranch compound that provides 
vehicle access to the rear of the barn. It crosses the West Branch of Black Mountain Creek before 
intersecting with Black Mountain Creek Road. The road length of Back Barn Road is 
approximately 0.14 mi and its average road gradient is 2%. 
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The Pond Road provides traverses the southern footslope of Black Mountain and 
provides access to the eastern portion of the ranch. This road contains minimal road fills, with 
the exception of one stream crossing location. The length of Pond Road is approximately 0.3 mi 
and its average gradient is 2%. 

Deer Camp Cutoff is located in the upper Black Mountain Creek watershed and connects 
Deer Camp Fire Road to Black Mountain Ridge Road. Its road segment nearest to the Deer 
Camp intersection provides access to a cattle trough. Beyond this trough, the road is unused, and 
crosses a Class III stream in a headwall location utilizing an actively incising fill. The left 
approach of the crossing ascends steeply toward Black Mountain Ridge Road. The road surface 
of this reach is gullied and berms along the OBF are constraining runoff to the road surface. The 
length of Deer Camp Cutoff is approximately 0.24 mi and the average road gradient is 10%. 

West Branch, and West Branch West, are two abandoned roads that flank the West 
Branch of Black Mountain Creek. The former is located on the eastern bank and runs streamside 
from Back Barn Road upstream for a distance of  0.15 mi. Portions of this road have been 
completely eroded by the creek, but in some locations remnant streamside fills are impinging on 
the channel. The average gradient of West Branch Road is 6%. The latter (West Branch West 
Road) is located midslope above the creek to the west. It descends down from Black Mountain 
Ranch Road, and at one time accessed a small rock quarry. The length of West Branch West 
Road is approximately 0.12 mi and its average gradient is 10%. 

The Genazzi Ranch Roads include 1.67 mi of the Old Railroad Grade, and several 
unimproved ranch roads, totaling 1.84 mi. The Ranch roads other than the Old Railroad Grade 
are predominantly jeep tracks. They contain little to no fill, and are either located on the alluvial 
plain of Lagunitas Creek or on the foot slopes above it. While erosion is occurring on some of 
these road surfaces, attributing sediment delivery originating from these roads to the stream 
system is not justifiable, as any fluvially transported road materials are deposited on the broad 
alluvial plain of the ranch. 
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5.0 SEDIMENT SOURCES 

For the purposes of this study, existing and potential sources of sediment originating from 
inventoried project roads are classified as either acute episodic sources or persistent sources. 
Acute episodic sources are those where the potential mass failure of a specific identified road 
erosion site will likely deliver a measured volume of sediment to the stream system in a singular 
event. Acute episodic sediment source sites commonly occur at stream crossings drained by 
poorly installed or undersized culverts, at unstable fill locations, landslide zones, or other areas 
where the catastrophic failure of a portion of the road prism will result in the delivery of 
sediment to the stream. Persistent sources of sediment are those road segments whose corridor 
surfaces (cutbanks, ditches, road tread, and fill slopes), are exposed to the forces of erosion, and 
whose dislodged or eroded particles are hydraulically entrained and transported to the stream 
system. These road segments are said to be hydrologically connected to the stream network. 

5.1 ACUTE EPISODIC SEDIMENT SOURCES 

Approximately 110 miles of unpaved roads were assessed. Of this amount 23.30 miles 
were found to be hydrologically connected to the stream system through road related sediment 
source sites. Acute episodic road related sediment sources identified during the LRA project 
were grouped into four categories: stream crossings; landslides; ditch relief culverts, and other 
sediment sources (Table 2). Other sediment source sites include discharge points for road 
surfaces; cutbank, and ditch erosion; point source springs; sites of bank erosion; swales; channel 
scour; and gullies. Sites of road related erosion that did not have the potential to deliver to an 
area stream were identified, but not assessed as part of this study. Stream Crossings 

The Natural Resource Conservation Service (NRCS) defines a stream crossing as “a 
stabilized area or structure constructed across a stream to provide a travelway for people, 
livestock, equipment, or vehicles” (NRCS, 2011). Stream crossings whose drainage structures 
are inadequately sized to pass the 100-year flood event, along with those which are poorly 
located or constructed so as to affect the natural flow pattern of the stream, are prone to problems 
such as culvert plugging and stream diversion that can lead to stream crossing failure, resulting 
in erosion and sediment delivery to the stream system. When erosion occurs at a crossing it is 
assumed that 100% of the eroded material will be delivered to the stream system. Within the 
project study area  137 stream crossings falling into 6 categories were identified, including 71 
culverted fill crossings, 44 fill crossings, 12 fords, 5 bridges, 4 washed out crossings, and 1 
Humboldt crossing. 
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TABLE 2 – INVENTORY RESULTS AND TREATMENT RECOMMENDATIONS FOR  
SEDIMENT DELIVERY SITES AND HYDROLOGICALLY CONNECTED ROAD SEGMENTS 

Sediment delivery sites Hydrologically connected 
roads adjacent to sites 

Sources of 
sediment 
delivery 

Inventoried
(#) 

Recommended 
for treatment

(#) 
Inventoried 

(mi) 

Recommended 
for treatment 

(mi) 

Stream crossing 137 129 9.06 8.98 

Landslide 15 12 0.94 0.94 

Ditch relief culvert 63 63 4.95 4.95 

Othera 85 81 8.35 8.18 

Total 300 285 23.30 23.05 

a Other sources of sediment delivery include: discharge points for road surfaces; cutbank, and ditch 
erosion; point source springs; sites of bank erosion; swales; channel scour; and gullies. 

 

5.1.1 Culverted Fill Crossings 

Culverted fill crossings are constructed by placing a pipe or culvert in the stream channel 
and covering the culvert with fill material to construct a travelway across the stream. Some 
typical problems encountered at culverted fill crossings include: Undersized culverts, culverts 
placed high in the fill, and culverts poorly aligned with the natural channel. Each of these is 
described in more detail below. 

Undersized culverts. Stream crossings with culverts inadequately sized to convey the 100 year 
flood event are considered undersized. These stream crossings are prone to plugging and 
overtopping as runoff increases and the maximum capacity of the culvert is exceeded. When 
overtopping occurs, the crossing may experience acute erosion or stream crossing washout, as 
the stream flows over and down the fill slope of the road. If either of the road segments 
immediately adjacent to the crossing descends away from the stream crossing, then the stream 
may divert down the road causing further road surface erosion, and the potential of acute gully 
erosion on the road surface, fillslope and on the natural hillslope below where the diverted 
stream leaves the road prism. 

Culverts placed high in the fill. Culverts that are installed high in the fill have gentler gradients 
than the streams that they drain. These installations are often done as a cost-saving measure, as 
the length of culvert needed to span the fill will decrease as its slope angle decreases, and less fill 



Stetson Engineers Inc. 29 Lagunitas Creek Watershed 
January 31, 2013  Unpaved Roads Assessment 

and equipment hours will be needed to cover the shorter pipe.  Because such an installation 
effectively reduces the stream gradient through the crossing, streamflow velocities lessen, and 
stream power is also reduced, resulting in sediment aggradation at the inlet and within the pipe. 
This can lead to culvert plugging and failure of the stream crossing. Another issue of concern 
with culverts placed high in the fill is erosion at and below the culvert outlet. Because the culvert 
is installed at a lesser angle than the stream, the outlet of the culvert discharges at a higher 
elevation than the natural streambed. This results in flows free-falling from the culvert outlet, 
causing scour, incision of the streambed, and erosion of the toe of the fill slope. 

Culverts poorly aligned with the natural channel. Chronic plugging and streambank erosion are 
both typical problems that occur at crossings where culverts have been installed askew to the 
natural channel. In such instances, the stream is often forced to bend to enter the inlet. 
Streambank erosion can often occur adjacent to such sites, as velocities along the outer stream 
perimeter increase as the stream turns to enter the culvert. Conversely, velocities on the inner 
boundary of the turn decrease and bar formations may develop that partially obstruct the culvert 
inlet as sediment and debris fall out of transport. Abrupt turns at inlet locations also increase the 
likelihood of plugging from woody debris becoming jammed across the inlet. Poorly aligned 
culverts can also increase erosion potential at the outlet, as askew culverts can direct or force the 
stream into one of the adjacent streambanks, increasing erosion downstream of the crossing. 

A properly constructed culverted fill crossing utilizes a culvert that is designed to convey 
the 100-year storm flow event. Moreover, the culvert will be placed in the natural axis of the 
stream and at the bottom of the fill on the bed of the stream. The correctly installed culvert is 
also of sufficient length to achieve the desired road width, and 2:1 fillslopes at both the upstream 
and downstream edges of the road prism. If it is not possible to achieve a 2:1 fill angle because 
of site-specific geomorphic constraints, then the fill should be armored to prohibit surface 
erosion from occurring on the steepened slope. A properly constructed culverted stream crossing 
will also contain a critical dip at those locations where an adjacent road segment descends away 
from a crossing. Critical dips are constructed perpendicular to the running surface of a road at the 
edge of the crossing fill. In the event of an overtopping, critical dips direct flows back into their 
natural channel and prohibit the stream from diverting down an adjacent road length. Culvert 
installations on fish bearing streams must also undergo fish crossing design to ensure that the 
culvert will not only convey the 100 year flood, but that it will also freely pass fish both 
upstream and downstream at critical flow elevations. Stetson utilized FishXing, a computer 
software program to determine critical thresholds of ingress and egress for coho salmon and 
steelhead trout at culverted Class I streams.  
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5.1.2 Fills, Fords, Bridges, Wash-outs, and Humboldt Crossings 

Fill crossings are often constructed across small ephemeral streams that typically only 
flow during high magnitude storm events. These crossings lack a drainage structure such as a 
culvert and instead, flows at these locations drain over the road surface and down the fillslope 
back to the natural stream channel. 

An armored fill crossing is also constructed to transmit flows across the road surface. 
However, an armored fill utilizes engineered rock to armor the fill slope and road surface, and 
protect the crossing from erosion. 

A ford, which is also a type of crossing that lacks a drainage structure, differs from a fill 
in that it does not contain any road-related fills within the channel cross-section. Fords typically 
are constructed at low gradient section of a stream and cross on the natural streambed. 

A bridge is a spanning structure that provides access over a stream. Bridges should be 
constructed out of the flood zone, so as not to disrupt natural flow patterns. A typical problem 
encountered at rural bridge crossings include channel constriction from poorly sited bridge 
abutments. This may result in increased stream velocities and bed scour at the stream crossing 
location. 

Washed-out crossings are typically culverted or non-culverted fill crossings that have 
partially or totally failed through fluvial erosion of the fill by the stream. Usually this occurs at 
sites where the crossing has not been appropriately constructed to drain high magnitude runoff 
events.  

Humboldt crossings are a mixture of logs and fill pushed into a stream channel to 
construct a crossing. These crossings were widely used in older logging operations on 
California’s north coast. Humboldt crossings were constructed by falling or skidding logs into 
the stream and orienting them parallel to the streamflow, and then covering the logs with dirt and 
other fill material to construct a road surface. These crossings often fail by plugging and 
overtopping that results in erosion of the fill. Also, over time the buried wood will rot and lead to 
further failure and collapse. 

5.1.3 Landslides 

15 road-related landslides with the potential to deliver measurable amounts of sediment 
to the Lagunitas Creek system were identified during the assessment (Table 2). The majority of 
these were sites of unstable road fills where tension cracks, scarps, and deformation of the road 
and fill slope were present. Other landslide sites were areas of past hill slope debris slides where 
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erosion and sediment delivery still had the potential to occur, and sites where the road intersected 
deep-seated landslides that also entrained adjacent upslope and downslope areas. Erosion and 
sediment delivery of road fills may be prevented at landslide sites by removing the failing 
material and storing it in stable locations. This process effectively removes the sediment from the 
sediment delivery equation. However in areas where the road is merely within the influence of a 
much larger slide feature, removing the road related fill may have little to no effect in preventing 
future downslope movement of the slide. 

5.1.4 Ditch Relief Culverts 

Ditches are typical features along road reaches that traverse wet, springy hillslopes, and 
along roads whose shapes concentrate surface flows to the inside of the road, such as insloped 
roads and crowned roads. Ditch relief culverts are installed to convey ditch flow through the road 
prism, and to outlet on the hillslope below. Erosion and sediment delivery originating from ditch 
relief culverts is directly related to the upslope area draining to the culvert. If a ditch relief 
culvert is required to drain too great of an area, the amount of flow and hydraulic energy it may 
receive can result in outlet erosion gullies forming below the culvert. In such cases, gully 
formation and gully flows typically continue longitudinally downslope until reaching a receiving 
stream channel. These gullies act as extensions of the stream network, directly routing their 
eroded sediment to the stream. They also provide a channel to convey sediments produced on the 
bare surfaces of the road to the stream. Ditch relief culverts that are currently delivering or have 
the potential to deliver sediments to the Lagunitas Creek system were identified at 63 locations 
throughout the study area (Table 2). 

If sited and installed properly, ditches and ditch relief culverts can be effective tools in 
conveying inboard waters away from the road prism. Installing ditch relief culverts at high 
frequencies divides the road segments and upslope surfaces into small contributing areas. This 
limits the maximum amount of runoff a ditch relief culvert will receive, and ensures that the 
concentrated, sediment-laden runoff exiting each ditch relief culvert does not possess enough 
volume and hydraulic energy to trigger hillslope incision and outlet gully erosion below the 
culvert outfall. Instead low volume flows infiltrate into the receiving ground and the sediment 
that they carry is deposited on the hillslope. Ditch relief culverts should be installed with a slope 
of 10% or greater to prohibit sediments from depositing within the pipe, and to ensure that the 
culvert is self-cleaning. Ditch relief culverts should also be installed at oblique angles to the ditch 
so runoff easily enters the culvert and does not decrease in velocity at the inlet. Ditches and 
culverts do add additional construction and maintenance costs, and increase the likelihood of 
potential road related erosion problems occurring in the future through infrastructure failure. 
Because of this, constructing road segments with ditches and ditch relief culverts should be 
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avoided along reaches that do not traverse chronically wet or high runoff areas of a hill slope. 
Instead, outsloping and rolling dip installation should be utilized to promote sheet flow across 
the road surface to mimic as much as possible the natural hillslope drainage of the location. 

5.1.5 Other Sediment Sources  

Other sediment sources identified in the assessment include discharge points of persistent 
road surface, ditch, and cutbank erosion; point source spring sites; non-road-related gullies, and; 
streambank erosion sites. 85 other sites were identified during the assessment (Table 2). 

Discharge points are locations where excessive road drainage is delivered to a stream. 
These sites are quite often associated with roadside gullies, the exit points of water bars, and 
sinks along the road surface that collect and concentrate runoff from poorly drained road lengths. 
At sites located on streamside roads with very little vegetative buffer separating the road from 
the stream, overland flow exiting the road may deliver directly to the stream through rill and 
sheet flow without the presence of a gully. During the LRA road inventory, 52 discharge points 
of persistent road-related erosion were identified. 

Erosion and sediment delivery was observed originating at 9 point source spring sites 
during the LRA. Point source springs are sites where springflow is causing erosion of the road 
surface or prism, resulting in sediment delivery. This includes areas where road fills are 
saturating and failing due to excessive spring flow, and areas where inadequate drainage is 
concentrating spring flows and resulting in gully formations. 

Approximately 9 non-road related gullies were inventoried during the assessment. These 
are areas where flows and erosion in gullies not caused by the road is affecting the road prism 
and leading to road erosion. Primarily, these are locations where excessive flows outlet onto the 
road from upslope gullies and are causing further erosion of the road. 

Swales are concavities in a hillslope whose general shape leads to the concentration of 
runoff. However, the relationship of a swale’s natural features – drainage area, topographic 
relief, slope, surface roughness, vegetation, soil structure, underlying geology – to that of its 
climate is such that it only results in generating runoff during the most extreme conditions. Due 
to this relative lack of concentrated surface flow over time, swales do not contain defineable bed 
and banks through their axes, and therefore are not streams. 

Sites of bank erosion related to the road network that were identified during the LRA 
totaled 11. These are areas where erosion of the streambank is being exacerbated by the presence 
of the road. Sites grouped in this category included locations where road drainage was causing 
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the stream bank to erode, as well as locations where channel impingement by the road prism was 
causing increased bank erosion.  

5.2 PERSISTENT SEDIMENT SOURCES 

Besides the acute episodic road-related erosion and sediment delivery sites discussed 
above, persistent erosion of exposed road surfaces through natural and mechanical processes are 
responsible for producing significant amounts of fine sediment. A road’s tread or running surface 
is subject to pulverization through use by vehicles, animals, and people. Pulverized and 
dislodged surface particles are readily entrained and transported by surface runoff. Along with 
the road tread, exposed cutbanks, ditches, and fillslopes are also subject to erosion from rain 
splash impact and concentrated overland flow. If runoff from these surfaces drains to a sediment 
delivery site, the contributing road segment is hydrologically connected to the site, and to the 
stream network.  

Stetson delineated the hydrologically connected road lengths to each sediment delivery 
site. From the 110 mi of road surfaces inventoried during the assessment, over 23 mi of road 
were found to be hydrologically connected to the stream network. To quantify potential erosion 
volumes from surficial sources on a decadal scale, Stetson assumed an average 25 ft exposed 
road corridor width (cutbank, ditch, running surface) and a 0.2 ft per decade lowering rate. These 
were multiplied with the measured road lengths to obtain estimated sediment delivery volumes 
from persistent sources on a decadal scale. 
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6.0 ACHIEVING HYDROLOGIC DISCONNECTION AND STORM-
PROOFING ROADS 

Project roads were classified into three treatment recommendation categories: upgrading, 
decommissioning, and road-to-trail conversion. These three categories utilize different storm-
proofing implementation techniques to achieve the same goal; namely hydrologic disconnection 
of the road network from the stream network. Disconnecting the road system from the stream 
system involves implementing remediation treatments at sediment delivery sites and along road 
surfaces that strive to maintain natural drainage patterns through the dispersion of road related 
runoff, and by removing obstructions to natural stream flow caused by roads, which may result 
in accelerated rates of erosion and sediment delivery to streams. 

6.1 ROAD UPGRADING 

Road upgrading involves implementing treatments that reduce road related erosion and 
sediment delivery while maintaining the road as a viable conduit of transportation. Such 
treatments include: road reshaping (outsloping, crowning, and insloping), the installation of 
rolling dips, and the installation of ditch relief culverts, all of which help to disperse surface 
runoff and decrease the erosive power generated by concentrated flows on the landscape. 
Upgrade treatments also include removing obstructions to natural stream flow by reconstructing 
stream crossings to freely convey the 100-year storm event. At road related landslide sites 
upgrade treatments may include the excavation and removal of failing materials, and the 
rebuilding of fills at stable angles, utilizing engineered rock (rip rap) as needed. The hardening of 
road surfaces (rocking, paving, chip-sealing) to improve wear and reduce road surface erosion is 
another road upgrading treatment. 

6.2 ROAD DECOMMISSIONING 

Road decommissioning implements treatments that result in permanent hydrologic 
disconnection of the road and its removal from the transportation network. Decommissioning 
treatments include the removal of all fills from stream crossings. This involves excavating and 
hauling off all of the associated fills within a stream crossing and storing that material off site in 
a stable location, and returning the stream channel back to its pre-road condition. 
Decommissioning also involves pulling fills along the outboard edges of the road, and in some 
cases either partially or totally recontouring the hillslope along the road corridor to restore 
natural upland drainage patterns. In some cases this can be accomplished simply through 
outsloping and installing cross road drains at high frequencies to ensure dispersion of surface 
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flows. Decompaction of the former road surfaces is also an effective method that increases 
infiltration and minimizes surface runoff.  

6.3 ROAD-TO-TRAIL CONVERSION 

Road-to-trail conversion can be seen as a form of upgrading, in that the transportation 
corridor remains useable. Converting roads to trails typically involves a permanent reduction in 
the width of the running surface through the removal of fill material, as well as the reduction in 
size and anthropogenic influence of stream crossings. Road-to-trail conversions result in a 
permanent removal of potentially deliverable sediments, while maintaining a viable 
transportation corridor for light use. 

Deciding whether to upgrade, decommission or convert a road requires process-based 
decision making that takes into account access needs of the landowner, current road condition, 
future sustainability of the road itself, and analysis of the environmental and monetary costs of 
upgrading or converting a road as opposed to decommissioning and removing it from the 
transportation network. The upgrade, decommission, and conversion recommendations contained 
within this report considered the above parameters. Stetson project staff consulted with 
landowners regarding the possible decommissioning and/or conversion of currently maintained 
roads that were found to be highly erosive, an imminent threat to water quality, and whose 
upgrade and long-term maintenance costs were unreasonably high given the use and need for the 
road. 

Chapter X of California Department of Fish and Game’s “California Salmonid Stream 
Habitat Restoration Manual” describes effective road storm-proofing characteristics recognized 
by the DFG along with typical drawings of road upgrade and decommissioning treatments 
(Weaver et al, 2006). These are provided in Appendix F of this report. 
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7.0 TREATMENT PRIORITIZATION OF SEDIMENT DELIVERY SITES 

Ultimately, the LRA establishes an action plan for implementing erosion control 
treatments and guiding transportation planning on unpaved public and private roads throughout 
the Lagunitas Creek watershed. Establishing a ranking system to prioritize sites for treatment is a 
useful tool that allows land managers to identify which specific sites or watershed areas should 
be the point of focus for implementation. Treatment prioritization is based on a site’s likelihood 
of failure, the estimated magnitude of its failure, and the potential impact that failure will have 
on stream habitat and water quality. Similar to the “triage” process practiced in emergency 
medical systems, treatment prioritization provides gradients of treatment urgency based on the 
severity of the individual site. Priority ranking is a subjective process of professional judgment 
that considers both qualitative and quantitative data collected at each site. For the LRA, the 
treatment priority of sediment delivery sites were ranked as either High, High-moderate, 
Moderate, Moderate-low, or Low. Those sites that were judged likely to fail and deliver large 
amounts of sediment to the stream system under a normal winter were classified as High. Low 
priority sites were commonly considered to fail only under extreme circumstances and their 
potential sediment delivery quantities and water quality impacts were negligible. 

7.1 COST-BENEFIT OF TREATING SEDIMENT DELIVERY SITES 

As part of the assessment, Stetson estimated equipment hours, materials and their 
associated costs for treating the identified sediment deliver sites. The estimated materials and 
costs for treating all of the project sites are detailed in Section 8.4. A simple and proven method 
for further refining treatment priorities during the implementation planning process is to 
complete a cost-benefit analysis of the project sites, weighing the estimated cost of their 
treatment against their potential environmental impact using the formula: 

c ÷ y = cb 

Where c = cost of treatment, y = sediment yield in cubic yards, and cb = the calculated 
cost to prevent 1 cubic yard of sediment from entering the stream system. For example, if the 
estimated sediment yield of a site is 1,000 cubic yards, and the estimated cost to treat the site is 
$20,000, then 20,000 ÷ 1,000 = 20. In other words, the cost of preventing 1 cubic yard of 
sediment from entering the stream at that particular site is $20. 

For implementation projects constrained by funding, or larger projects that require a 
phased approach, evaluating the cost-benefit of treatments is a useful tool for project planning 
and site prioritization prior to implementation. Land managers can query the LRA database of 
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sites (Appendix H) to ascertain the estimated sediment yield, treatment recommendations, 
equipment hours and materials estimates to develop cost-benefits for their selected sites. 
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8.0 RESULTS AND ACTION PLAN 

The following summary of results represents an Action Plan from which road related 
sediment reduction measures should be undertaken in the LRA project area. A quantification of 
sediment delivery site types, their estimated sediment yield, treatment immediacy, treatment 
recommendations, estimated equipment hours, materials and costs are listed in Tables 3 thru 9 
for the entire project. In general, treating the high and high-moderate (H, HM) treatment 
immediacy sites first will provide the most immediate benefit to Lagunitas Creek from a 
sediment reduction standpoint. Approximately 43% of the estimated sediment savings for the 
entire project can be realized by treating the H, HM sites and their connected road reaches. The 
H, HM sites represent roughly 22% of the total identified sites recommended for treatment. 

As the LRA encompasses roads and lands in multiple subwatersheds of Lagunitas Creek 
that are managed by several different public agencies and private entities, it may not be feasible 
to coordinate and implement the recommendations under one restoration project. However, the 
LRA project database can be queried in several different ways; i.e., by landowner, subwatershed, 
and road name to select subsets of the treatment sites for sediment reduction implementation and 
transportation planning. 

8.1 SUMMARY OF FIELD DATA 

Stetson inventoried 110 mi of roads during the LRA. Through this process 300 sediment 
delivery sites and approximately 23.29 mi of roads were found to be hydrologically connected to 
Lagunitas Creek and its tributaries (Figures 3 - 8, Table 2). Stetson recommends that 285 
sediment delivery sites and 23.05 mi of road be treated to control and prevent road related 
erosion and decrease the amount of anthropogenic sediments to Lagunitas Creek.  

Stetson recommends completing erosion control and prevention treatments at 129 stream 
crossing sites. This accounts for 43% of the total inventoried sites (Maps 3, 5, 7, Table 2). The 
stream crossing sites include 5 bridges, 70 culverted fills, 40 uncluverted fills, 10 fords, 1 
Humboldt Crossing, and 3 washed out crossings. Stetson estimates that through implementation 
of the recommended stream crossing treatments, approximately 28,590 yds3 of future sediment 
may be prevented from entering Lagunitas Creek. The potential future yield at stream crossings 
is 51% of the total future sediment delivery for the project area (Table 3). Of the 129 stream 
crossings recommended for treatment, 59 also have the potential to incur future diversions, and 
50 possess a strong likelihood of becoming plugged by debris (Table 4). 
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The 15 inventoried road-related landslides accounted for 20% of the total identified sites 
(Table 2). Approximately 1,140 yds3 of potential future sediment delivery are attributed to road 
related landslides. This accounts for 2% of the total future sediment delivery for the project area 
(Table 3). 

63 sediment delivery sites were identified as ditch relief culverts, representing 21% of the 
site total (Table 2). The potential future sediment yield from all ditch relief culvert sites is 
approximately 1,160 yds3. This accounts for 2% of the total potential future sediment delivery 
for the project (Table 3). 

 85 sites are categorized as “other” sites. These sites included gullies, point-source 
springs and miscellaneous discharge points from hydrologically connected road lengths (Table 
2). Approximately 3,000 yds3 or 5% of potential future sediment delivery are attributed to 
“other” sites (Table 3). 

TABLE 3 – ESTIMATED FUTURE SEDIMENT DELIVERY FOR SITES AND  
ROAD SURFACES RECOMMENDED FOR TREATMENT 

Sources of sediment delivery 
Estimated future 
sediment delivery 

(yd3) 

Percent 
of total 

(%) 

Stream crossings 28,590 51 

Landslides 1,140 2 

Ditch relief culverts 1,160 2 

Othera 3,000 5 

Subtotal from acute episodic sediment sources 33,890 60 

Hydrologically connected road and cutbank surfaces 
adjacent to other sediment delivery sitesb 22,530 40 

Total 56,420 100 

a   Other sources of sediment delivery include: discharge points for road surfaces; cutbank, and ditch 
erosion; point source springs; sites of bank erosion; swales; channel scour; and gullies. 

b Decadal sediment delivery for unsurfaced roads, assuming a 25 ft wide road surface and cutbank 
contributing area, and 0.2 ft lowering of road and retreat of cutbank surfaces per decade. 

 

Quite often, the episodic sediment yield volumes attributable to ditch relief culverts and 
many of the “other” sites appear relatively inconsequential when compared to the larger potential 
mass failure sites at stream crossings and landslide zones. However, the persistent sediment yield 
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generated from surface erosion along road corridors that deliver to these sites can be quite large. 
For that reason these sites should not be ignored. Instead, treatments to hydrologically disconnect 
these sites and their contributing road lengths should be seriously considered. In many cases, 
hydrologic disconnection can be achieved through road reshaping efforts that disperse rather than 
concentrate flows. Typically, these treatment types are relatively easy to install, and inexpensive 
to achieve when compared to large stream crossings and complex landslide site (For more 
information, see Sections 5, 6, and Appendix F). 

During the LRA inventory, Stetson field staff found that 23.29 mi of road were 
hydrologically connected to the identified sediment delivery sites. This represents 21% of the 
total miles inventoried as part of the assessment (Table 2). Without future treatment, the 
estimated decadal volume of sediment generation and delivery to Lagunitas Creek from these 
road surfaces is in excess of 22,530 yds3. This is approximately 40% of the estimated total 
potential sediment yield (Table 3). 

TABLE 4 – EROSION PROBLEMS AT STREAM CROSSINGS 

Stream crossing problem # Inventoried 
% 

of totala 

Stream crossings with diversion potential 59 43 

Stream crossings currently diverted 13 9 

Crossings with culverts likely to plugb 50 36 

Crossings with culverts that are  
currently undersizedc 52 38 

a From Table 2, total stream crossings inventoried = 137.  
b Culvert plug potential is moderate to high. 
c Culverts in stream channels larger than 3 ft x 1 ft that are too small to convey the 

calculated 100-year peak storm flow. 

 

Treatment priorities of the 285 sites recommended to receive erosion control and 
sediment delivery prevention measures include 64 High/High-moderate priority sites, 180 
Moderate/Moderate-low priority sites, and 41 Low priority sites (Figures 4, 6, 8, Table 5). The 
64 High/High-moderate sites have the potential to deliver 24,055 yds3 of sediment, or 43% of the 
total future sediment yield estimated for the project. From the 180 Moderate/Moderate-low sites, 
nearly 27,660 yds3 of sediment has the potential to erode and deliver to area streams, 
representing 49% of the total volume of future sediment delivery. The potential future sediment 
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yield for the 41 Low priority sites is approximately 4,705 yds3 or 8% of the total future sediment 
delivery. 

8.2 SUMMARY OF RECOMMENDED TREATMENTS 

For each identified sediment delivery site, Stetson field staff recommended erosion 
control and prevention treatments to address anthropogenic sources of sediment and curb the 
delivery of these eroded materials to Lagunitas Creek and its tributary streams. This section 
provides a brief summary of these recommendations. A comprehensive summary of all the 
inventoried sites including treatment recommendations is provided in Appendix C, and also in 
the project database (Appendix H). 
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TABLE 5 – EVALUATION OF TREATMENT IMMEDIACY FOR SEDIMENT DELIVERY SITES  
(AND ADJACENT HYDROLOGICALLY CONNECTED ROAD REACHES) 

Upgrade Decommission 
Road-to-Trail 

Conversion 
Treatment 
Immediacy # sites 

Road lengtha

(mi) # sites
Road lengtha 

(mi) # sites
Road lengtha 

(mi) 

Number of  
Treatment Sites  

by typeb 

Estimated 
Future Sediment 

Deliveryc 

(yd3) 

Percent
of Total

(%) 

High 6 0.53 1 0.23 2 0.18 
6 stream crossings, 

1 landslide, 
2 other 

7,125 13 

High- 
moderate 41 3.28 12 1.12 2 0.15 

40 stream crossings, 
1 landslide, 

4 ditch relief culverts,
10 other 

16,930 30 

Subtotal 47 3.81 13 1.35 4 0.33  24,055 43 

Moderate 87 7.29 19 0.78 1 0.04 

54 stream crossings, 
6 landslides,  

17 ditch relief culverts,
30 other 

18,060 32 

Moderate- 
low 68 5.74 4 0.16 1 0.08 

19 stream crossings, 
3 landslides,  

29 ditch relief culverts,
22 other 

9,600 17 

Subtotal 155 13.03 23 0.94 2 0.12  27,660 49 

Low 37 3.08 4 0.39 0 0 

10 stream crossings, 
1 landslide,  

13 ditch relief culverts,
17 other 

4,705 8 

Total 239 19.92 40 2.68 6 0.45 

129 stream crossings,
12 landslides, 

63 ditch relief culverts,
81 other  

56,420 100 

a Road length refers to hydrologically connected road reaches adjacent to recommended treatment sites. 
b Other sediment source treatment sites include: ditch relief culverts; discharge points for road surface, cutbank, and ditch erosion; point source 

springs; sites of bank erosion; swales; channel scour; and non-road related upslope gullies.  
c Estimated future sediment delivery is total delivery from treatment sites and any adjacent hydrologically connected road reaches. 
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Stetson’s treatment recommendations to control erosion consists of road drainage 
treatments to prevent sediment delivery from the persistent wear of road surfaces, and 
individualized treatments to explicitly prevent acute episodic erosion from occurring at the 
identified sediment delivery sites. These recommendations include both road upgrading and 
decommissioning treatments. 

Individualized treatments at stream crossing sites include: (1) Installing 5 culverts at 
currently unculverted fills; (2) replacing 45 undersized and/or damaged culverts; (3) installing or 
replacing 6 bridges; (4) installing 1,130 yds3 of rip rap at 39 wet crossings, including 36 armored 
fill crossings and three 3 ford crossings; (5) installing 38 critical dips to prevent stream crossing 
diversions; (6) installing 3 trash racks to prevent culvert plugging, and; (7) placing 869 yds3 of 
rip rap at 41 sites to prevent erosion on steep stream crossing fill slopes, and headcut locations 
(Table 6). Drawings of existing and proposed rebuild conditions, along with cut and fill volumes 
for the assessed stream crossings are listed in Appendix D. 

Implementation of erosion control and prevention treatments will necessitate the 
excavation and removal of 22,205 yds3 of sediment at 122 sites (Table 6). Approximately 18,635 
yds3 or 84% of the removed material will originate from stream crossing upgrade and 
decommission sites. The remaining 3,570 yds3 or 16% of the removed material will be excavated 
from landslide sites of unstable road fill, eroding streambank locations, and gully sites. 

To prevent the delivery of sediment from persistent surface erosion along the road 
corridors, Stetson recommends: (1) road surface outsloping and inboard ditch removal along 
56,655 ft of project roads; (2) road surface outsloping and ditch retention along 23,040 feet or 
project roads; (3) road surface insloping along 440 ft of project roads; (4) constructing 602 
rolling dips; (5) installing 165 ditch relief culverts; (6) cleaning or constructing a ditch along 
3,972 ft of project roads; (7) removing 3,743 ft of berms along the outboard edges of project 
roads to promote the dispersion of runoff, and installing  269 cross road drains on roads 
recommended for decommissioning (Table 7). Along road sections whose surfaces are currently 
rocked, and to further reduce sediment generation on those select native surfaced road segments 
that are particularly vulnerable to erosion due to slope, soil conditions, and level of use, Stetson 
recommends applying 7,450 yds3 of 1.5-inch minus, class II aggregate base rock to strengthen 
the road surfaces and prevent surface erosion following construction activities. 
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TABLE 6 – RECOMMENDATIONS TO CONTROL AND PREVENT  
ACUTE EPISODIC EROSION AT IDENTIFIED SOURCE SITES  

Site Specific Treatments 

Treatment type No. Comments 

Culvert (install) 5 Install a culvert at an unculverted fill (site #25, 77, 89, 308, 310). 

Culvert (replace) 45 

Replace an undersized, poorly installed, or worn out culvert (site#2, 3, 24, 
29, 50, 57, 63, 65, 72, 74, 76, 80, 91, 99, 111, 112, 115, 123, 135, 159, 
161, 162, 169, 174, 176, 179, 184, 208, 219, 222, 223, 245, 251, 265, 
266, 267, 300, 309, 313, 314, 318, 319, 320). 

Bridge 6 Install or replace a bridge at 6 stream crossings (site#64, 83, 85, 93, 248, 
304). 

Wet crossing 39 

Install 3 rocked ford crossings and 36 armored fill crossings using 1,130 
yd3 of rock armor (site #9, 10, 12, 13, 28, 35, 39, 47, 66, 94, 100, 101, 
102, 104, 105, 107, 108, 113, 120, 122, 126, 129, 130, 145, 163, 178, 
180, 181, 187, 189, 190, 191, 192, 193, 214, 215, 216, 238, 305). 

Critical dip 38 
Install to prevent stream diversions (site #2, 3, 24, 25, 50, 57, 63, 65, 72, 
74, 76, 77, 80, 86, 89, 91, 99, 115, 123, 159, 161, 162, 176, 179, 186, 
198, 219, 223, 245, 267, 309, 310, 313, 314, 318, 319, 320, 321). 

Trash rack 3 Install to trash rack to prevent culvert plugging (site# 308, 309, 314). 

Rock (armor)  41 

At 41 sites, add a total of 869 yd3 of rock armor on inboard and outboard 
stream crossing fillslopes, ditches, and headcuts (site #13, 16, 25, 33, 34, 
50, 53, 54, 55, 56, 63, 69, 76, 80, 85, 89, 92, 111, 134, 137, 138, 140, 
147, 149, 152, 153, 162, 164, 198, 208, 219, 226, 241, 266, 273, 300, 
309, 314, 318, 319, 320). 

Soil excavation 122 

At 122 sites, excavate and remove a total of 22,205 yd3 of sediment, 
primarily at fillslopes and stream crossings (site #6, 9, 10, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 24, 25, 28, 29, 35, 38, 39, 47, 50, 53, 54, 57, 61, 62, 
63, 66, 68, 69, 71, 76, 83, 85, 86, 89, 92, 93, 94, 98, 99, 100, 101, 102, 
103, 104, 105, 107, 108, 111, 112, 113, 114, 120, 122, 123, 126, 129, 
130, 135, 139, 140, 142, 145, 153, 154, 155, 156, 157, 163, 168, 169, 
174, 176, 178, 179, 180, 181, 187, 189, 190, 191, 192, 193, 198, 200, 
201, 202, 203, 204, 206, 208, 210, 213, 214, 215, 216, 218, 219, 234, 
238, 241, 242, 243, 244, 248, 265, 266, 267, 268, 268.1, 277, 278, 279, 
281, 282, 283). 
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TABLE 7 - RECOMMENDATIONS TO CONTROL PERSISTENT EROSION OF ROAD SURFACES 

Road drainage treatments 

Treatment type Number Comments 

Ditch relief culvert 
(install or replace) 165 Install or replace 165 ditch relief culverts along 89 separate road reaches 

to improve road surface drainage. 

Rolling dip 602 Install 602 rolling dips along 185 separate road reaches to improve road 
surface drainage. 

Cross road drain 269 Install 269 cross road drains along 33 separate road reaches to improve 
road surface drainage. 

Outslope road and 
remove ditch 130 Outslope road and remove ditch at 130 locations for a total of 56,655 ft 

to improve road surface drainage. 

Outslope road and 
retain ditch 69 Outslope road and retain ditch at 69 locations for a total of 23,041ft to 

improve road surface drainage. 

Berm (remove) 14 Remove a total of 3,743 ft of berm at 14 locations to improve road 
surface drainage. 

Clean or cut ditch 18 Clean or cut ditch at 18 locations for a total of 3,972 ft. 

Road rock (for road 
surfaces) 70 

Install a total of 8,319 yd3 of 1.5” minus, Class II base aggregate along 
70 separate road reaches to rock the road surface at 22 stream culvert 
installations, 1 critical dip location, 67 DRC installations, 209 rolling 
dips, 2 armored fill/ford locations, 18,220 ft of outslope and remove 
ditch, 10,675 ft of outslope and retain ditch, and 60 ft of insloping. 

 

8.3 EQUIPMENT, LABOR, AND MATERIALS  

The implementation treatments recommended by Stetson require the use of heavy 
equipment and labor to effectively control and prevent erosion along the LRA project roads 
(Table 8). The equipment needed to complete the necessary treatments includes excavators, 
bulldozers, dumptrucks, water trucks, and rollers. Labor is required along with equipment for 
installing culverts and downspouts. The hours for labor and equipment listed in Table 8 reflect 
only those necessary to carry out the treatment recommendations at the sediment delivery sites 
and hydrologically connected road reaches. 
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TABLE 8 – HOURLY REQUIREMENTS OF HEAVY EQUIPMENT AND LABOR TO COMPLETE 

TREATMENTS AT SEDIMENT DELIVERY SITES AND HYDROLOGICALLY CONNECTED ROADS 

Treatment 
Priority 

# of 
sites 

Exc. 
volumea 

(yd3) 

Exca- 
vator 
(hr) 

Bull- 
Dozer 
(hr) 

Dump
truck
(hr) 

Water 
truck
(hr) 

Roller
(hr) 

Truck & 
Trailor 

(hr) 
Grader

(hr) 
Labor

(hr) 

High or  
high-moderate 64 19,216 877 863 266 143 41 -- -- 334 

Moderate or 
moderate-low 180 14,796 1,135 1,361 100 311 175 -- -- 596 

Low 41 1,350 111 182 11 35 36 -- -- 73 

Totals for 
Treatments 285 35,362 2,123 2,406 377 489 252 -- -- 1,003 

  

The equipment and labor hours required on a project-wide basis beyond what is listed for 
treating the sediment delivery sites, such as the opening and prepping of abandoned roads for 
treatment, distributing culvert and straw to work sites, seeding and mulching work sites after the 
completion of treatments, final grading of project roads, and the importation of clean fill are 
listed in Table 9. The costs associated with the heavy equipment hours shown in Tables 8 and 9 
are listed in Table 10 along with heavy equipment transport hours and costs, logistical hours and 
costs, materials costs, permitting costs, monitoring costs, and construction layout and oversight 
costs. Total labor and equipment hours are the sum of the labor and equipment construction 
hours plus the logistical hours. Total costs for labor and each piece of equipment are based on the 
total hours (Table 10). 
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TABLE 9 –HOURLY REQUIREMENTS OF HEAVY EQUIPMENT AND LABOR TO COMPLETE PROJECT-
WIDE SUPPORT TASKS 

Project-
wide Tasks 

Exca- 
vator 
(hr) 

Bull- 
Dozer 
(hr) 

Dump
truck
(hr) 

Water 
truck
(hr) 

Roller
(hr) 

Truck 
& 

Trailor
(hr) 

Grader 
(hr) 

Labor
(hr) 

Road 
opening 20 20 -- -- -- -- -- -- 

Culvert 
distribution 104 -- -- -- -- 52 -- -- 

Straw 
distribution -- -- -- -- -- 46 -- 46 

Seeding and 
mulching -- -- -- -- -- -- -- 148 

Final 
grading -- -- -- 12 12 -- 12 -- 

Clean fill 
importing 10 -- 10 -- -- -- -- -- 

Totals 134 20 10 12 12 98 12 194 

 

Rates for heavy equipment operating engineers and laborers are based on favorable local 
private sector rates. The rates listed for each piece of heavy equipment includes the cost of the 
operator and fuel. The hourly estimates for labor and heavy equipment to perform the 
recommended work are based on average hours logged by professional equipment operators and 
laborers with previous experience installing road upgrading and decommissioning treatments. If 
inexperienced operators or the wrong equipment is utilized to complete the recommended 
erosion control and prevention treatments, the hours and costs of completing the necessary work 
will undoubtedly rise. Supervision and engineering oversight hours necessary to ensure that the 
treatments are completed correctly and effectively would also increase under such a scenario. 

To complete the recommended erosion control and prevention treatments on the LRA 
project roads Stetson’s estimates that 2,257 excavator hours and 2,426 bulldozer hours will be 
needed to open abandoned road, excavate and manage spoil material, remove and install culverts, 
perform road shaping recommendations, install cross road drains and rolling dips and assist in 
culvert distribution and fill importation. Dump trucks will be utilized for an estimated 387 hours 
for transporting excavated sediments to secure disposal locations and importing clean fill when 
needed. Water trucks and rollers will be required for 501 and 264 hours respectively for 
compacting fills at stream crossing and ditch relief culvert locations, as well as along road 
lengths whose shape has been altered to improve drainage, and to re-compact road surfaces 
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following final grading treatments. A grader will be needed for 12 hours to complete the final 
grading treatments. Culvert and downspout installations will require 1,003 hours of labor for 
coupling pipes and installing hillslope restraint systems. An additional 194 hours of labor will be 
necessary for staging materials and installing post-construction erosion control BMPs on 
disturbed surfaces. The distribution of culverts and erosion control materials to treatment sites 
will require the use of a truck and trailer for 98 hours. 

8.4 ESTIMATED EROSION CONTROL AND SEDIMENT PREVENTION COSTS 

Stetson estimates that the installation of all the recommended erosion prevention 
measures for controlling sediment delivery from the LRA project roads will cost $2,840,000 
(Table10). The total cost for heavy equipment, equipment operation, and labor is $1,431,230 or 
50% of the total project costs. The total construction materials cost, including that for rock, 
culverts, hillslope restraints, and other necessary items is $920,000 or 32% of the total project 
costs. Environmental permitting, planning and monitoring, including a CDFG 1600 Streambed 
Alteration Agreement, the development of a Stormwater Pollution Prevention Plan, and 
necessary biological monitoring is estimated to cost $84,500 or 3% of total project costs. The 
costs to install BMPs for SWPPP compliance is estimated at 69,800 or 2.5% of project costs. 
Finally, project planning, layout and design, engineering oversight, effectiveness monitoring, and 
post implementation analysis and reporting costs are estimated at $334,000 or 12.5% of the total 
cost for the project. 
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TABLE 10 – ESTIMATED EQUIPMENT TIMES AND COSTS TO IMPLEMENT  
EROSION CONTROL AND EROSION PREVENTION TREATMENTS 

Estimated Project Times 

Cost categorya 

Cost 
rateb 

($/hr) 
Treatmentc 

(hr) 
Logisticsd 

(hr) 
Total 
(hr) 

Total 
estimated 

costse 

($) 
Excavator 110 64 -- 64 7,000 
Bulldozer 110 64 -- 64 7,000 
Grader 110 64 -- 64 7,000 
Water Truck 110 64 -- 64 7,000 
Roller 110 64 -- 64 7,000 

Move in, 
move outf 

Truck/trailer 80 64 -- 64 5,000 

Excavator 185 20        -- 20 3,700 Heavy equipment for 
road openingg Bulldozer 165 20        -- 20 3,300 

Excavator 185 1,628 488 2,116 391,460 
Bulldozer 165 1,234 370 1,604 264,660 
Dump truck 110 377 113 490 53,900 
Water truck 115 174 52 226 25,990 
Roller 130 14 4 18 2,340 

Heavy equipment for 
site-specific 
treatments 

Truck / trailer 100 98 29 127 12,700 
Excavator 185 609 183 792 146,500 
Bulldozer 165 1,172 352 1,524 251,460 
Dump truck 110 10 3 13 1,400 
Water truck 115 327 98 425 48,900 
Roller 130 250 75 325 42,250 

Heavy equipment for 
road drainage 
treatmentsh 

Grader 165 12 4 16 2,640 
Laborersi 90 1,197 359 1556 140,030 

Rock costs (includes trucking for 8,319yd3 of road rock and  1,999yd3 of riprap) 496,290 

Culvert materials costs (40’ of 12”, 7,279’ of 18”, 694’ of 24”, 195’ of 30”, 140’ of 36”, 
140’ of  42”, 230’ of 48”, 535’ of 54”, 420’ of 60” , 660’ of 72”, 40’ of 84”, 30’ of 
73”x55”, 30’ of 95”x67”, and 70’ of 144”x144” multi-plate arch, including costs for 
couplers, elbows, anchors, and tees) 

424,000 

Permitting (CDFG 1600 Streambed Alteration Agreement) 4,500 
Miscellaneous Costs (SWPPP development, and biological monitoring) 80,000 

BMP Costs (materials/installation): (1) 15 acres seed & mulchj; (2) 8,800 ft. silt fence; (3) 
10 stabilized construction entrances, and; (4) 91 temporary silt control check dams. 69,800 

Supervision, coordination, layout, and reportingk 334,000 

Total Estimated Costs: $2,840,000 
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a Costs excluded from the list are for (1) tools and miscellaneous materials, (2) variable administration and 
contracting expenses, and (3) repaving upgraded roads. 

b Heavy equipment costs include operator and fuel. Costs listed are estimates for favorable local private sector 
equipment rental and labor rates.  

c Treatment times refer to equipment hours expended explicitly for erosion control and erosion prevention work 
at all project sites and roads. 

d Logistics times for heavy equipment (30%) include all equipment hours expended for opening access to sites on 
maintained and abandoned roads, travel time for equipment to move from site to site, and conference times with 
equipment operators to convey treatment prescriptions and strategies. Logistic times for laborers (30%) include 
estimated daily travel time to project area. 

e Total estimated project costs for equipment rental and labor are based on private sector rates at prevailing wage. 
The total estimated project costs have been rounded. Materials costs are subject to change. 

f Move-in, move-out costs are based on the time required for lowboy transports to drop off and pick up heavy 
equipment at 8 discrete treatment zones within the project area. 

g       Road opening costs are applied to roads that are currently abandoned and not driveable. 
h An additional  12hr of water truck time, 12hr of roller time, and  12hr of grader time are added for final grading 

treatments on the heavily used year-round roads of 5 Brooks trailhead, Stewart Trail, and the Bear Valley Trail 
on Point Reyes National Seashore, and Laurel Avenue and Edgewood Road in the community of Woodacre. 

i Labor time includes hours needed at treatment sites (1,003 hr) in addition to distributing straw (46 hr), and 
applying straw mulch and seed at work sites (148 hr). 

j Seed costs are based on 35 lb of erosion control seed per acre at $9.75/lb. Straw needs are based on 50 bales per 
acre at $6.95/bale. 

k Supervision time includes detailed layout (flagging, etc) prior to equipment arrival, training of equipment 
operators, supervision during equipment operations, supervision of labor work, and post-project documentation 
and reporting. 

 



Stetson Engineers Inc. 51 Lagunitas Creek Watershed 
January 31, 2013  Unpaved Roads Assessment 

9.0 CONCLUSIONS 

The Lagunitas Creek Watershed Unpaved Road Sediment Source Site Assessment, 
completed by Stetson Engineers Inc. provides the Marin Municipal Water District and the 
California Department of Fish and Game with a detailed comprehensive inventory of road 
related sediment sources within the Lagunitas Creek system. This report not only identifies geo-
spatial locations of sediment source sites, but also: (1) describes current conditions at each 
source location as observed by professional engineers, geomorphologists, and hydrologists; (2) 
provides survey data collected at each site; (3) lists the volumes of potential future erosion on a 
site by site basis; (4) describes in detail recommended treatments for controlling erosion and 
preventing future sediment delivery, and; (5) estimates the costs associated with completing the 
recommended erosion prevention treatments. 

Stetson inventoried approximately110 mi of roads and identified 300 road related 
sediment source sites. These source sites have the potential to deliver over 33,890 yds3 of 
sediment to Lagunitas Creek and its tributary streams. Of the inventoried road lengths, over 23 
mi were found to be hydrologically connected to the stream network. These hydrologically 
connected road reaches persistently generate sediment, and if left untreated may yield over 
22,530 yds3 of sediment to adjacent streams over the next decade. To reduce Lagunitas Creek’s 
sediment impairment from anthropogenic sources, Stetson recommends that erosion control and 
prevention treatments should be implemented at these source sites and hydrologically connected 
road reaches. Stetson’s estimated cost for implementing all of the recommended erosion control 
and prevention treatments within the Lagunitas Creek watershed is $2,840,000. 

By completing the recommended erosion control and prevention treatments detailed in 
this assessment and action plan, delivery of sediment to Lagunitas Creek and its tributaries from 
anthropogenic sources will be significantly reduced. This will provide a long-term beneficial 
impact on water and habitat quality within the Lagunitas Creek system. It is our hope that the 
findings and recommendations detailed in this report are embraced by the landowners, land 
managers, and other parties interested in the health of the Lagunitas Creek watershed, and used 
as a tool to seek funding and to plan future implementation projects that will result in sediment 
reduction and water quality improvement in the Lagunitas Creek watershed. 
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APPENDIX A     ACRONYMS AND ABBREVIATIONS 
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ACRONYMS AND ABBREVIATIONS LIST 
BMP .......................................................................................................Best management practices 
BOT.…..The station along a stream crossing profile survey that marks the lower contact between 
                the natural channel and that which is under the influence of stream crossing. 
Typically 
                this indicates the downstream extent of excavation at a stream crossing upgrade 
or 
                decommission site. 
CAD ........................................................................................................... Computer Aided Design 
CD...................................................................................................................................Critical Dip 
CDFG ..............................................................................California Department of Fish and Game 
CMP ...............................................................................................................Corrugated metal pipe 
CSP ................................................................................................................ California State Parks 
FRGP.......................................................................................Fisheries Restoration Grant Program 
F ....................................................................................................................................... Fahrenheit 
ft ...................................................................................................................................................feet 
GGNRA .............................................................................. Golden Gate National Recreation Area 
GIS .................................................................................................Geographic Information System 
GPS .................................................................................................Geographic Positioning System 
HA ..........................................................................................................................Hydrologic Area 
HSA ................................................................................................................ Hydrologic Sub Area 
HU .......................................................................................................................... Hydrologic Unit 
ISR .................................................................................................................................Inslope road 
LURA ...................Lagunitas Creek Watershed Unpaved Road Sediment Source Site Assessment 
MCOSD ....................................................................................Marin County Open Space District 
mi ............................................................................................................................................... mile 
mi2 .................................................................................................................................Square miles 
MMWD ..........................................................................................Marin Municipal Water District 
MSL ........................................................................................................................Mean Sea Level 
NAD27........................................................................................... North American Datum of 1927 
NAD83........................................................................................... North American Datum of 1983 
NAIP .................................................................................... National Agricultural Imager Program 
NAVD88.......................................................................... North American Vertical Datum of 1988 
NGVD29....................................................................... National Geodetic Vertical Datum of 1929 
NPS ................................................................................................................ National Park Service 
NRCS ................................................................................National Resource Conservation Service 
NWS......................................................................................................... National Weather Service 
OSR-FD .......................................................................................................Outslope road-fill ditch 
OSR-KD.................................................................................................... Outslope road-keep ditch 
PORE ............................................................................................... Point Reyes National Seashore 
PRISM.......................................... Parameter-elevation Regressions on Independent Slopes Model 
PWA................................................................................................... Pacific Watershed Associates 
RD................................................................................................................................... Rolling dip 
SFZ..............................................................................................................San Andreas Fault Zone 
Site ................................................................................................................Sediment delivery site 
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SPAWN........................................................................Salmon Protection and Watershed Network 
SWPPP..................................................................................Stormwater Pollution Prevention Plan 
TOP……The station along a stream crossing profile survey that marks the upper contact  
                between the natural channel and that which is under the influence of stream 
                crossing. Typically this indicates the upstream extent of excavation at a stream 
                crossing upgrade or decommission site. 
USGS ........................................................................................... United States Geological Survey 
XRD ........................................................................................................................ Cross road drain 
yd3 .................................................................................................................................. Cubic yards 
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APPENDIX B     LETTER OF REQUEST FOR ACCESS 
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APPENDIX D     PROFILE DRAWINGS OF EXISTING GROUND, 
EXCAVATION GROUND, AND FILL GROUND AT 
STREAM CROSSING SITES 

 

g_andrew
Typewritten Text
EXCERPT OF CROSS MARIN TRAIL SITES



E
le

va
tio

n

E
le

va
tio

n

Station

-20
-16
-12

-8
-4
0
4
8

12

-20
-16
-12
-8
-4
0
4
8
12

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40

-9%
-12%

97
%

-2%

-104%

-5
87

%

-9%
E

le
va

tio
n

E
le

va
tio

n

Station

-20
-16
-12
-8
-4
0
4
8

12

-20
-16
-12
-8
-4
0
4
8
12

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40

-17%

0%

-100%

E
le

va
tio

n

E
le

va
tio

n

Station

-20
-16
-12
-8
-4
0
4
8

12

-20
-16
-12
-8
-4
0
4
8
12

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40

-100%

-0%

SITE 100 STREAM CROSSING
ARMORED FILL UPGRADE
LAGUNITAS CREEK WATERSHED

UNPAVED ROADS SEDIMENT SOURCE SITE ASSESSMENT
STETSON
ENGINEERS INC.0

6
12

24

JN: 2382DATE: AUGUST 15, 2012

0 6 12 24

LEGEND

EXISTING GROUND

EXCAVATION GROUND (1326 CY)

ARMORED FILL GROUND (34 CY RIP - RAP)

EXISTING GROUND

EXCAVATION GROUND

ARMORED FILL GROUND



E
le

va
tio

n

E
le

va
tio

n

Station

-24
-20
-16
-12

-8
-4
0
4
8

12

-24
-20
-16
-12
-8
-4
0
4
8
12

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+201+25

-9%
58%

5%

-78%

-47%

E
le

va
tio

n

E
le

va
tio

n

Station

-24
-20
-16
-12

-8
-4
0
4
8

12

-24
-20
-16
-12
-8
-4
0
4
8
12

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+201+25

-22%

E
le

va
tio

n

E
le

va
tio

n

Station

-24
-20
-16
-12
-8
-4
0
4
8

12

-24
-20
-16
-12
-8
-4
0
4
8
12

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+201+25

50%
-4%

-50%

SITE 111 STREAM CROSSING
CULVERT UPGRADE

LAGUNITAS CREEK WATERSHED
UNPAVED ROADS SEDIMENT SOURCE SITE ASSESSMENT

STETSON
ENGINEERS INC.0

6
12

24

JN: 2382DATE: AUGUST 15, 2012

0 6 12 24

LEGEND

EXISTING GROUND

EXCAVATION GROUND (114 CY)

FILL GROUND (--CY)

EXISTING GROUND

EXCAVATION GROUND

FILL GROUND



E
le

va
tio

n

E
le

va
tio

n

Station

-20
-16
-12

-8
-4
0
4
8

12
16

-20
-16
-12
-8
-4
0
4
8
12
16

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40 1+50 1+60 1+70 1+80 1+90 2+00 2+10 2+20 2+30 2+40

-5% -5% 0% -69%

58%

5%

-58%

-2%

E
le

va
tio

n

E
le

va
tio

n

Station

-20
-16
-12
-8
-4
0
4
8

12
16

-20
-16
-12
-8
-4
0
4
8
12
16

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40 1+50 1+60 1+70 1+80 1+90 2+00 2+10 2+20 2+30 2+40

-9%

E
le

va
tio

n

E
le

va
tio

n

Station

-20
-16
-12

-8
-4
0
4
8

12
16

-20
-16
-12
-8
-4
0
4
8
12
16

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40 1+50 1+60 1+70 1+80 1+90 2+00 2+10 2+20 2+30 2+40

50%

-1%

-50%

SITE 112 STREAM CROSSING
CULVERT UPGRADE

LAGUNITAS CREEK WATERSHED
UNPAVED ROADS SEDIMENT SOURCE SITE ASSESSMENT

STETSON
ENGINEERS INC.0

7.
5

15
30

JN: 2382DATE: AUGUST 15, 2012

0 7.5 15 30

LEGEND

EXISTING GROUND

EXCAVATION GROUND (1793 CY)

FILL GROUND (1518 CY)

EXISTING GROUND

EXCAVATION GROUND

FILL GROUND



E
le

va
tio

n

E
le

va
tio

n

Station

-16
-12

-8
-4
0
4
8

12
16

-16
-12
-8
-4
0
4
8
12
16

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40 1+50 1+60 1+70 1+80

-4% -2% -13%
58%

8%

-84%

-2%

E
le

va
tio

n

E
le

va
tio

n

Station

-16
-12
-8
-4
0
4
8

12
16

-16
-12
-8
-4
0
4
8
12
16

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40 1+50 1+60 1+70 1+80

E
le

va
tio

n

E
le

va
tio

n

Station

-16
-12

-8
-4
0
4
8

12
16

-16
-12
-8
-4
0
4
8
12
16

0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1+20 1+30 1+40 1+50 1+60 1+70 1+80

50%

-4%

-50%

SITE 115 STREAM CROSSING
CULVERT UPGRADE

LAGUNITAS CREEK WATERSHED
UNPAVED ROADS SEDIMENT SOURCE SITE ASSESSMENT

STETSON
ENGINEERS INC.0

7.
5

15
30

JN: 2382DATE: AUGUST 15, 2012

0 7.5 15 30

LEGEND

EXISTING GROUND

EXCAVATION GROUND (701 CY)

FILL GROUND (720 CY)

EXISTING GROUND

EXCAVATION GROUND

FILL GROUND



Stetson Engineers Inc.                         E-1  Lagunitas Creek Watershed 
January 31, 2013  Unpaved Roads Assessment 

 

APPENDIX E     FISHXING PASSAGE ASSESSMENTS FOR CULVERT 
REPLACEMENTS ON CLASS I STREAMS 

 



Lagunitas Road Culverts - Culvert 112
(Coho)

Crossing Installation Data
Culvert Type: 10 X 5 ft Arch (Single Radius)
Material: Helical 2.67 x 1/2 inch
Installation: Not Embedded
Culvert Length: 111.7 ft
Culvert Slope: 6.60%
Culvert Roughness Coefficient: 0.021
Natural Bottom Roughness Coefficient: 0.05
Inlet Invert Elevation: 107.37 ft
Outlet Invert Elevation: 100 ft
Inlet Headloss Coefficient (Ke): 0.5

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs

Tailwater Information
Tailwater Option: Tailwater Channel Cross-Section
Channel Bottom Slope: 1%
Outlet-Pool Bottom Elevation: 100 ft

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 39.3 %
Passable Flow Range 16.36 to 25.00 cfs
Depth Barrier 3.00 to 16.36 cfs
Leap Barriers None
Velocity Barrier None
Pool Depth Barrier None

FishXing V3.0 2006



Biological Data
Fish Length: 50 cm
Minimum Water Depth: 0.4 ft
Prolonged Swimming Speed: 3.2 ft/s
Prolonged Time to Exhaustion: 20 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 7.6 to 8.2 Deg C
Fish Body Depth: 0.4 ft

Burst Swimming Speed: 16 ft/s
Burst Time to Exhaustion: 1800 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: NR Deg C
Speed Range: 10.99 - 21 ft/s
Fish Body Depth: 0.4 ft

Leaping Speed: 27 ft/s
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00

FishXing V3.0 2006



Table 2. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 -100.00 100.00 -100.00 Depth
1 0.07 1.71 0.11 0.00 0.11 Depth
2 0.11 2.18 0.17 0.00 0.17 Depth

3.00 0.15 2.48 0.22 0.00 0.22 Depth
5 0.13 3.13 0.31 0.00 0.31 Depth
6 0.17 3.37 0.34 0.00 0.34 Depth
8 0.24 3.78 0.41 0.00 0.41 Depth
9 0.28 3.96 0.44 0.00 0.44 Depth
10 0.30 4.13 0.46 0.00 0.46 Depth
11 0.31 4.29 0.49 0.00 0.49 Depth
12 0.33 4.44 0.52 0.00 0.52 Depth
14 0.36 4.71 0.57 0.00 0.57 Depth
15 0.38 4.85 0.59 0.00 0.59 Depth
16 0.39 4.97 0.62 0.00 0.62 Depth
18 0.42 5.21 0.66 0.00 0.66 NONE
19 0.44 5.32 0.68 0.00 0.68 NONE
20 0.45 5.43 0.71 0.00 0.71 NONE
21 0.47 5.53 0.73 0.00 0.73 NONE
22 0.48 5.64 0.75 0.00 0.75 NONE
24 0.50 5.83 0.79 0.00 0.79 NONE

25.00 0.52 5.93 0.81 0.00 0.81 NONE
26 0.53 6.02 0.83 0.00 0.83 NONE
28 0.55 6.20 0.86 0.00 0.86 NONE
29 0.57 6.28 0.88 0.00 0.88 NONE
30 0.58 6.37 0.90 0.00 0.90 NONE
31 0.59 6.45 0.92 0.00 0.92 NONE
32 0.60 6.53 0.93 0.00 0.93 NONE
34 0.62 6.69 0.97 0.00 0.97 NONE
35 0.64 6.76 0.99 0.00 0.99 NONE
36 0.65 6.84 1.00 0.00 1.00 NONE
38 0.66 6.95 1.03 0.00 1.03 NONE

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier

FishXing V3.0 2006



Table 3. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) 0.14
Critical Depth (ft) 0.14
Headwater Depth (ft) 0.24
HW/D 0.05
Inlet Velocity (ft/s) 2.48
Tailwater Depth (ft) 0.22
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 1.58
Burst Swim Time (s) 0.00
Barrier Code Depth

Table 4. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

0 107.61 0.24 0.14 0.14 0.00 0.44 Depth
3 107.32 0.15 0.14 0.14 2.48 6.60 0.93 Depth
7 107.06 0.15 0.14 0.14 2.03 6.60 0.93 Depth
13 106.66 0.15 0.14 0.14 2.03 6.60 0.93 Depth
19 106.26 0.15 0.14 0.14 2.03 6.60 0.93 Depth
25 105.87 0.15 0.14 0.14 2.03 6.60 0.93 Depth
31 105.47 0.15 0.14 0.14 2.03 6.60 0.93 Depth
37 105.08 0.15 0.14 0.14 2.03 6.60 0.93 Depth
43 104.68 0.15 0.14 0.14 2.03 6.60 0.93 Depth
49 104.28 0.15 0.14 0.14 2.03 6.60 0.93 Depth
55 103.89 0.15 0.14 0.14 2.03 6.60 0.93 Depth
61 103.49 0.15 0.14 0.14 2.03 6.60 0.93 Depth
67 103.10 0.15 0.14 0.14 2.03 6.60 0.93 Depth
73 102.70 0.15 0.14 0.14 2.03 6.60 0.93 Depth
79 102.31 0.15 0.14 0.14 2.03 6.60 0.93 Depth
85 101.91 0.15 0.14 0.14 2.03 6.60 0.93 Depth
91 101.51 0.15 0.14 0.14 2.03 6.60 0.93 Depth
97 101.12 0.15 0.14 0.14 2.03 6.60 0.93 Depth
103 100.72 0.15 0.14 0.14 2.03 6.60 0.93 Depth
109 100.33 0.15 0.14 0.14 2.03 6.60 0.93 Depth
112 100.22 0.22 0.14 0.14 1.34 0.89 0.50 Depth
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Culvert 112
Depth vs. Distance Down Culvert at 3.00 cfs
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Figure 1. Water Surface Profile at 3 cfs

Table 5. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 0.52
Critical Depth (ft) 0.58
Headwater Depth (ft) 0.71
HW/D 0.14
Inlet Velocity (ft/s) 5.93
Tailwater Depth (ft) 0.81
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.21
Burst Swim Time (s) 9.74
Barrier Code NONE
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Table 6. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

0 108.08 0.71 0.52 0.58 0.00 0.74 NONE
3 107.69 0.52 0.52 0.58 5.93 -5.23 1.18
7 107.43 0.52 0.52 0.58 4.84 6.60 1.18
13 107.03 0.52 0.52 0.58 4.84 6.60 1.18
19 106.63 0.52 0.52 0.58 4.84 6.60 1.18
25 106.24 0.52 0.52 0.58 4.84 6.60 1.18
31 105.84 0.52 0.52 0.58 4.84 6.60 1.18
37 105.45 0.52 0.52 0.58 4.84 6.60 1.18
43 105.05 0.52 0.52 0.58 4.84 6.60 1.18
49 104.65 0.52 0.52 0.58 4.84 6.60 1.18
55 104.26 0.52 0.52 0.58 4.84 6.60 1.18
61 103.86 0.52 0.52 0.58 4.84 6.60 1.18
67 103.47 0.52 0.52 0.58 4.84 6.60 1.18
73 103.07 0.52 0.52 0.58 4.84 6.60 1.18
79 102.68 0.52 0.52 0.58 4.84 6.60 1.18
85 102.28 0.52 0.52 0.58 4.84 6.60 1.18
91 101.88 0.52 0.52 0.58 4.84 6.60 1.18
97 101.49 0.52 0.52 0.58 4.84 6.60 1.18
103 101.09 0.52 0.52 0.58 4.84 6.60 1.18
109 100.70 0.52 0.52 0.58 4.84 6.60 1.18
112 100.52 0.81 0.52 0.58 3.11 37.04 0.61

Culvert 112
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 2. Water Surface Profile at 25 cfs
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Table 7. Culvert Summary for 179 cfs.
Summary for Q = 179.00 cfsSummary for Q = 179.00 cfs

Normal Depth (ft) 1.77
Critical Depth (ft) 2.15
Headwater Depth (ft) 3.31
HW/D 0.66
Inlet Velocity (ft/s) 11.97
Tailwater Depth (ft) 2.57
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 19.53
Barrier Code NONE

Table 8. Culvert Profiles for 179 cfs.
Profiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfs

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

0 110.68 3.31 1.77 2.15 0.00 0.51 NONE
3 109.05 1.88 1.77 2.15 11.97 -19.91 1.22
7 108.73 1.82 1.77 2.15 10.07 5.91 1.28
13 108.28 1.77 1.77 2.15 10.36 5.52 1.34
19 107.88 1.77 1.77 2.15 10.36 6.60 1.34
25 107.49 1.77 1.77 2.15 10.36 6.60 1.34
31 107.09 1.77 1.77 2.15 10.36 6.60 1.34
37 106.69 1.77 1.77 2.15 10.36 6.60 1.34
43 106.30 1.77 1.77 2.15 10.36 6.60 1.34
49 105.90 1.77 1.77 2.15 10.36 6.60 1.34
55 105.51 1.77 1.77 2.15 10.36 6.60 1.34
61 105.11 1.77 1.77 2.15 10.36 6.60 1.34
67 104.72 1.77 1.77 2.15 10.36 6.60 1.34
73 104.32 1.77 1.77 2.15 10.36 6.60 1.34
79 103.92 1.77 1.77 2.15 10.36 6.60 1.34
85 103.53 1.77 1.77 2.15 10.36 6.60 1.34
91 103.13 1.77 1.77 2.15 10.36 6.60 1.34
97 102.74 1.77 1.77 2.15 10.36 6.60 1.34
103 102.34 1.77 1.77 2.15 10.36 6.60 1.34
109 101.94 1.77 1.77 2.15 10.36 6.60 1.34
112 101.77 2.57 1.77 2.15 7.30 126.36 0.76
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Culvert 112
Depth vs. Distance Down Culvert at 179.00 cfs
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Figure 3. Water Surface Profile at 179 cfs
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Figure 4. Culvert Rating Curve
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Lagunitas Road Culverts
Culvert 112
Coho

Crossing Installation Data
Culvert Type: 12 X 12 ft Arch (Single Radius)
Material: Helical 2.67 x 1/2 inch
Installation: Not Embedded
Culvert Length: 111.7 ft
Culvert Slope: 6.60%
Culvert Roughness Coefficient: 0.021
Natural Bottom Roughness Coefficient: 0.035
Inlet Invert Elevation: 107.37 ft
Outlet Invert Elevation: 100 ft
Inlet Headloss Coefficient (Ke): 0.5

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 1.00 cfs
High Passage Design Flow 179.00 cfs
Percent of Flows Passable 0.0 %
Passable Flow Range None
Depth Barrier 1.00 to 22.10 cfs
Leap Barriers None
Velocity Barrier 16.78 cfs to 179.00 cfs
Pool Depth Barrier None

Design Flows
Low Passage Flow: 1 cfs
High Passage Flow: 179 cfs

Tailwater Information
Tailwater Option: Constant Tailwater
Constant Tailwater Elevation: 101 ft
Outlet-Pool Bottom Elevation: 100 ft

FishXing V3.0 2006



Biological Data
Fish Length: 40 cm
Minimum Water Depth: 0.3 ft
Prolonged Swimming Speed: 4.8 ft/s
Prolonged Time to Exhaustion: 30 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 18 to 20 Deg C
Fish Body Depth: 0.32 ft
Fish Metrics Calculated

Burst Swimming Speed: 13.8 ft/s
Burst Time to Exhaustion: 2.5 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Length: 45.7 to 60.7 cm
Temp: 18.8 to 19.2 Deg C
Swim Time: 1.71 - 3.19 s
Speed Range: 9.4 - 17.5 ft/s
Fish Body Depth: 0.32 ft

Leaping Speed: 27 ft/s
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Table 2. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 1.00 0.00 1.00 Depth
1.00 0.00 1.90 1.00 0.00 1.00 Depth
18 0.21 5.98 1.00 0.00 1.00 Depth; EB
27 0.38 6.80 1.00 0.00 1.00 EB
36 0.46 7.38 1.00 0.00 1.00 EB
45 0.52 7.86 1.00 0.00 1.00 EB
54 0.58 8.27 1.00 0.00 1.00 EB
63 0.64 8.62 1.00 0.00 1.00 EB
72 0.69 8.94 1.00 0.00 1.00 EB
81 0.74 9.23 1.00 0.00 1.00 EB
89 0.78 9.46 1.00 0.00 1.00 EB
98 0.83 9.66 1.00 0.00 1.00 EB
107 0.87 9.89 1.00 0.00 1.00 EB
116 0.91 10.11 1.00 0.00 1.00 EB
125 0.95 10.37 1.00 0.00 1.00 EB
134 0.99 10.65 1.00 0.00 1.00 EB
143 1.03 10.92 1.00 0.03 1.00 EB
152 1.07 11.17 1.00 0.07 1.00 EB
161 1.11 11.42 1.00 0.11 1.00 EB
170 1.14 11.66 1.00 0.14 1.00 EB

179.00 1.18 11.89 1.00 0.18 1.00 EB
188 1.21 12.11 1.00 0.21 1.00 EB
197 1.25 12.33 1.00 0.25 1.00 EB
206 1.28 12.54 1.00 0.28 1.00 EB
215 1.31 12.74 1.00 0.31 1.00 EB
224 1.35 12.94 1.00 0.35 1.00 EB
233 1.38 13.13 1.00 0.38 1.00 EB
242 1.41 13.32 1.00 0.41 1.00 EB
251 1.44 13.50 1.00 0.44 1.00 EB
260 1.47 13.68 1.00 0.47 1.00 EB
269 1.50 13.85 1.00 0.50 1.00 V

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier
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Table 3. Culvert Summary for 1.00 cfs.
Summary for Q = 1.00 cfsSummary for Q = 1.00 cfs

Normal Depth (ft) 0.05
Critical Depth (ft) 0.06
Headwater Depth (ft) 0.00
HW/D 0.00
Inlet Velocity (ft/s) 1.90
Tailwater Depth (ft) 1.00
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.57
Burst Swim Time (s) 0.00
Barrier Code Depth

Table 4. Culvert Profiles for 1.00 cfs.
Profiles for Q = 1.00 cfsProfiles for Q = 1.00 cfsProfiles for Q = 1.00 cfsProfiles for Q = 1.00 cfsProfiles for Q = 1.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.00 0.00 0.00 Prolonged Depth
3 0.05 1.90 1.90 Prolonged Depth
7 0.05 1.55 1.55 Prolonged Depth
13 0.05 1.55 1.55 Prolonged Depth
19 0.05 1.55 1.55 Prolonged Depth
25 0.05 1.55 1.55 Prolonged Depth
31 0.05 1.55 1.55 Prolonged Depth
37 0.05 1.55 1.55 Prolonged Depth
43 0.05 1.55 1.55 Prolonged Depth
49 0.05 1.55 1.55 Prolonged Depth
55 0.05 1.55 1.55 Prolonged Depth
61 0.05 1.55 1.55 Prolonged Depth
67 0.05 1.55 1.55 Prolonged Depth
73 0.05 1.55 1.55 Prolonged Depth
79 0.05 1.55 1.55 Prolonged Depth
85 0.05 1.55 1.55 Prolonged Depth
91 0.05 1.55 1.55 Prolonged Depth
97 0.05 1.55 1.55 Prolonged Depth
103 0.05 1.55 1.55 Prolonged Depth
109 0.05 1.55 1.55 Prolonged Depth
112 1.00 0.08 0.07
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Culvert 112
Depth vs. Distance Down Culvert at 1.00 cfs
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Figure 1. Water Surface Profile at 1 cfs

Table 5. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 0.37
Critical Depth (ft) 0.51
Headwater Depth (ft) 0.36
HW/D 0.03
Inlet Velocity (ft/s) 6.65
Tailwater Depth (ft) 1.00
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 2.50
Barrier Code EB
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Table 6. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.36 0.00 0.00 NA
3 0.38 6.65 6.64 NA
7 0.37 5.56 5.55 NA
13 0.37 5.56 5.55 NA
19 0.37 5.56 5.55 NA
25 0.37 5.56 5.55 NA
31 0.37 5.56 5.55 NA
37 0.37 5.56 5.55 NA
43 0.37 5.56 5.55 NA
49 0.37 5.56 5.55 NA
55 0.37 5.56 5.55 NA
61 0.37 5.56 5.55 NA
67 0.37 5.56 5.55 NA
73 0.37 5.56 5.55 NA
79 0.37 5.56 5.55 NA
85 0.37 5.56 5.55 Exhausted EB
91 0.37 5.56 5.55 Burst
97 0.37 5.56 5.55 Burst
103 0.37 5.56 5.55 Burst
109 0.37 5.56 5.55 Burst
112 1.00 1.97 1.97

Culvert 112
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 2. Water Surface Profile at 25 cfs
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Table 7. Culvert Profiles for 179 cfs.
Profiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 2.31 0.00 0.00 NA
3 1.49 11.36 11.35 NA
7 1.38 10.06 10.06 NA
13 1.30 10.74 10.73 NA
19 1.25 11.14 11.13 NA
25 1.23 11.39 11.39 NA
31 1.21 11.56 11.55 NA
37 1.20 11.67 11.66 NA
43 1.18 11.89 11.88 NA
49 1.18 11.89 11.88 NA
55 1.18 11.89 11.88 NA
61 1.18 11.89 11.88 NA
67 1.18 11.89 11.88 NA
73 1.18 11.89 11.88 NA
79 1.18 11.89 11.88 NA
85 1.18 11.89 11.88 NA
91 1.18 11.89 11.88 NA
97 1.18 11.89 11.88 NA
103 1.18 11.89 11.88 Exhausted EB
109 1.18 11.89 11.88 Burst
112 1.18 11.89 11.88

Table 8. Culvert Summary for 179 cfs.
Summary for Q = 179.00 cfsSummary for Q = 179.00 cfs

Normal Depth (ft) 1.18
Critical Depth (ft) 1.83
Headwater Depth (ft) 2.31
HW/D 0.19
Inlet Velocity (ft/s) 11.36
Tailwater Depth (ft) 1.00
Outlet Water Surface Drop... 0.18
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 2.50
Barrier Code EB
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Culvert 112
Depth vs. Distance Down Culvert at 179.00 cfs
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Figure 3. Water Surface Profile at 179 cfs
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Figure 4. Culvert Rating Curve
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Lagunitas Road Culverts - Culvert 112
(Steelhead)

Crossing Installation Data
Culvert Type: 10 X 5 ft Arch (Single Radius)
Material: Helical 2.67 x 1/2 inch
Installation: Not Embedded
Culvert Length: 111.7 ft
Culvert Slope: 6.60%
Culvert Roughness Coefficient: 0.021
Natural Bottom Roughness Coefficient: 0.05
Inlet Invert Elevation: 107.37 ft
Outlet Invert Elevation: 100 ft
Inlet Headloss Coefficient (Ke): 0.5

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs

Tailwater Information
Tailwater Option: Tailwater Channel Cross-Section
Channel Bottom Slope: 1%
Outlet-Pool Bottom Elevation: 100 ft

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 39.3 %
Passable Flow Range 16.36 to 25.00 cfs
Depth Barrier 3.00 to 16.36 cfs
Leap Barriers None
Velocity Barrier None
Pool Depth Barrier None
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Biological Data
Fish Length: 50 cm
Minimum Water Depth: 0.4 ft
Prolonged Swimming Speed: 9.7 ft/s
Prolonged Time to Exhaustion: 30 min
Prolonged Notes: 
Steelhead
Oncorhynchus mykiss
Temp: NR Deg C
Speed Range: 4.92 - 14.44 ft/s
Fish Body Depth: 0.37 ft

Burst Swimming Speed: 20.3 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Steelhead
Oncorhynchus mykiss
Temp: NR Deg C
Speed Range: 14.01 - 26.97 ft/s
Fish Body Depth: 0.37 ft

Leaping Speed: 27 ft/s
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Table 2. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 -100.00 100.00 -100.00 Depth
1 0.07 1.71 0.11 0.00 0.11 Depth
2 0.11 2.18 0.17 0.00 0.17 Depth

3.00 0.15 2.48 0.22 0.00 0.22 Depth
5 0.13 3.13 0.31 0.00 0.31 Depth
6 0.17 3.37 0.34 0.00 0.34 Depth
8 0.24 3.78 0.41 0.00 0.41 Depth
9 0.28 3.96 0.44 0.00 0.44 Depth
10 0.30 4.13 0.46 0.00 0.46 Depth
11 0.31 4.29 0.49 0.00 0.49 Depth
12 0.33 4.44 0.52 0.00 0.52 Depth
14 0.36 4.71 0.57 0.00 0.57 Depth
15 0.38 4.85 0.59 0.00 0.59 Depth
16 0.39 4.97 0.62 0.00 0.62 Depth
18 0.42 5.21 0.66 0.00 0.66 NONE
19 0.44 5.32 0.68 0.00 0.68 NONE
20 0.45 5.43 0.71 0.00 0.71 NONE
21 0.47 5.53 0.73 0.00 0.73 NONE
22 0.48 5.64 0.75 0.00 0.75 NONE
24 0.50 5.83 0.79 0.00 0.79 NONE

25.00 0.52 5.93 0.81 0.00 0.81 NONE
26 0.53 6.02 0.83 0.00 0.83 NONE
28 0.55 6.20 0.86 0.00 0.86 NONE
29 0.57 6.28 0.88 0.00 0.88 NONE
30 0.58 6.37 0.90 0.00 0.90 NONE
31 0.59 6.45 0.92 0.00 0.92 NONE
32 0.60 6.53 0.93 0.00 0.93 NONE
34 0.62 6.69 0.97 0.00 0.97 NONE
35 0.64 6.76 0.99 0.00 0.99 NONE
36 0.65 6.84 1.00 0.00 1.00 NONE
38 0.66 6.95 1.03 0.00 1.03 NONE

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier
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Table 3. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) 0.14
Critical Depth (ft) 0.14
Headwater Depth (ft) 0.24
HW/D 0.05
Inlet Velocity (ft/s) 2.48
Tailwater Depth (ft) 0.22
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.24
Burst Swim Time (s) 0.00
Barrier Code Depth

Table 4. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

0 107.61 0.24 0.14 0.14 0.00 0.44 Depth
3 107.32 0.15 0.14 0.14 2.48 6.60 0.93 Depth
7 107.06 0.15 0.14 0.14 2.03 6.60 0.93 Depth
13 106.66 0.15 0.14 0.14 2.03 6.60 0.93 Depth
19 106.26 0.15 0.14 0.14 2.03 6.60 0.93 Depth
25 105.87 0.15 0.14 0.14 2.03 6.60 0.93 Depth
31 105.47 0.15 0.14 0.14 2.03 6.60 0.93 Depth
37 105.08 0.15 0.14 0.14 2.03 6.60 0.93 Depth
43 104.68 0.15 0.14 0.14 2.03 6.60 0.93 Depth
49 104.28 0.15 0.14 0.14 2.03 6.60 0.93 Depth
55 103.89 0.15 0.14 0.14 2.03 6.60 0.93 Depth
61 103.49 0.15 0.14 0.14 2.03 6.60 0.93 Depth
67 103.10 0.15 0.14 0.14 2.03 6.60 0.93 Depth
73 102.70 0.15 0.14 0.14 2.03 6.60 0.93 Depth
79 102.31 0.15 0.14 0.14 2.03 6.60 0.93 Depth
85 101.91 0.15 0.14 0.14 2.03 6.60 0.93 Depth
91 101.51 0.15 0.14 0.14 2.03 6.60 0.93 Depth
97 101.12 0.15 0.14 0.14 2.03 6.60 0.93 Depth
103 100.72 0.15 0.14 0.14 2.03 6.60 0.93 Depth
109 100.33 0.15 0.14 0.14 2.03 6.60 0.93 Depth
112 100.22 0.22 0.14 0.14 1.34 0.89 0.50 Depth
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Culvert 112
Depth vs. Distance Down Culvert at 3.00 cfs
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Figure 1. Water Surface Profile at 3 cfs

Table 5. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 0.52
Critical Depth (ft) 0.58
Headwater Depth (ft) 0.71
HW/D 0.14
Inlet Velocity (ft/s) 5.93
Tailwater Depth (ft) 0.81
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.38
Burst Swim Time (s) 0.00
Barrier Code NONE
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Table 6. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

0 108.08 0.71 0.52 0.58 0.00 0.74 NONE
3 107.69 0.52 0.52 0.58 5.93 -5.23 1.18
7 107.43 0.52 0.52 0.58 4.84 6.60 1.18
13 107.03 0.52 0.52 0.58 4.84 6.60 1.18
19 106.63 0.52 0.52 0.58 4.84 6.60 1.18
25 106.24 0.52 0.52 0.58 4.84 6.60 1.18
31 105.84 0.52 0.52 0.58 4.84 6.60 1.18
37 105.45 0.52 0.52 0.58 4.84 6.60 1.18
43 105.05 0.52 0.52 0.58 4.84 6.60 1.18
49 104.65 0.52 0.52 0.58 4.84 6.60 1.18
55 104.26 0.52 0.52 0.58 4.84 6.60 1.18
61 103.86 0.52 0.52 0.58 4.84 6.60 1.18
67 103.47 0.52 0.52 0.58 4.84 6.60 1.18
73 103.07 0.52 0.52 0.58 4.84 6.60 1.18
79 102.68 0.52 0.52 0.58 4.84 6.60 1.18
85 102.28 0.52 0.52 0.58 4.84 6.60 1.18
91 101.88 0.52 0.52 0.58 4.84 6.60 1.18
97 101.49 0.52 0.52 0.58 4.84 6.60 1.18
103 101.09 0.52 0.52 0.58 4.84 6.60 1.18
109 100.70 0.52 0.52 0.58 4.84 6.60 1.18
112 100.52 0.81 0.52 0.58 3.11 37.04 0.61

Culvert 112
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 2. Water Surface Profile at 25 cfs
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Table 7. Culvert Summary for 179 cfs.
Summary for Q = 179.00 cfsSummary for Q = 179.00 cfs

Normal Depth (ft) 1.77
Critical Depth (ft) 2.15
Headwater Depth (ft) 3.31
HW/D 0.66
Inlet Velocity (ft/s) 11.97
Tailwater Depth (ft) 2.57
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 10.00
Barrier Code EB

Table 8. Culvert Profiles for 179 cfs.
Profiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfs

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

Dist Down
Culvert

(ft)

WS
Elevation

(ft)
Depth

(ft)
Normal
Depth

(ft)

Critical
Depth

(ft)

Velocity
Average

(ft/s)

EGL
Slope
(%)

Froude
Number Barrier Type

0 110.68 3.31 1.77 2.15 0.00 0.51
3 109.05 1.88 1.77 2.15 11.97 -19.91 1.22
7 108.73 1.82 1.77 2.15 10.07 5.91 1.28 EB
13 108.28 1.77 1.77 2.15 10.36 5.52 1.34
19 107.88 1.77 1.77 2.15 10.36 6.60 1.34
25 107.49 1.77 1.77 2.15 10.36 6.60 1.34
31 107.09 1.77 1.77 2.15 10.36 6.60 1.34
37 106.69 1.77 1.77 2.15 10.36 6.60 1.34
43 106.30 1.77 1.77 2.15 10.36 6.60 1.34
49 105.90 1.77 1.77 2.15 10.36 6.60 1.34
55 105.51 1.77 1.77 2.15 10.36 6.60 1.34
61 105.11 1.77 1.77 2.15 10.36 6.60 1.34
67 104.72 1.77 1.77 2.15 10.36 6.60 1.34
73 104.32 1.77 1.77 2.15 10.36 6.60 1.34
79 103.92 1.77 1.77 2.15 10.36 6.60 1.34
85 103.53 1.77 1.77 2.15 10.36 6.60 1.34
91 103.13 1.77 1.77 2.15 10.36 6.60 1.34
97 102.74 1.77 1.77 2.15 10.36 6.60 1.34
103 102.34 1.77 1.77 2.15 10.36 6.60 1.34
109 101.94 1.77 1.77 2.15 10.36 6.60 1.34
112 101.77 2.57 1.77 2.15 7.30 126.36 0.76
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Culvert 112
Depth vs. Distance Down Culvert at 179.00 cfs
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Figure 3. Water Surface Profile at 179 cfs
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Figure 4. Culvert Rating Curve
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Lagunitas Road Culverts -- Culvert 112
(Steelhead, 12x12)

Crossing Installation Data
Culvert Type: 12 X 12 ft Arch (Single Radius)
Material: Helical 2.67 x 1/2 inch
Installation: Not Embedded
Culvert Length: 111.7 ft
Culvert Slope: 6.60%
Culvert Roughness Coefficient: 0.021
Natural Bottom Roughness Coefficient: 0.045
Inlet Invert Elevation: 107.37 ft
Outlet Invert Elevation: 100 ft
Inlet Headloss Coefficient (Ke): 0.5

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 0.0 %
Passable Flow Range None
Depth Barrier All Flows
Leap Barriers None
Velocity Barrier None
Pool Depth Barrier None

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs

Tailwater Information
Tailwater Option: Constant Tailwater
Constant Tailwater Elevation: 102 ft
Outlet-Pool Bottom Elevation: 100 ft
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Biological Data
Fish Length: 50 cm
Minimum Water Depth: 0.5 ft
Prolonged Swimming Speed: 9.7 ft/s
Prolonged Time to Exhaustion: 30 min
Prolonged Notes: 
Steelhead
Oncorhynchus mykiss
Temp: NR Deg C
Speed Range: 4.92 - 14.44 ft/s
Fish Body Depth: 0.37 ft

Burst Swimming Speed: 20.3 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Steelhead
Oncorhynchus mykiss
Temp: NR Deg C
Speed Range: 14.01 - 26.97 ft/s
Fish Body Depth: 0.37 ft

Leaping Speed: 27 ft/s
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Table 2. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 2.00 0.00 2.00 Depth
1 0.06 1.63 2.00 0.00 2.00 Depth
2 0.00 2.16 2.00 0.00 2.00 Depth

3.00 0.00 2.53 2.00 0.00 2.00 Depth
5 0.00 3.10 2.00 0.00 2.00 Depth
6 0.00 3.34 2.00 0.00 2.00 Depth
8 0.00 3.74 2.00 0.00 2.00 Depth
9 0.00 3.92 2.00 0.00 2.00 Depth
10 0.02 4.09 2.00 0.00 2.00 Depth
11 0.04 4.24 2.00 0.00 2.00 Depth
12 0.07 4.39 2.00 0.00 2.00 Depth
14 0.12 4.67 2.00 0.00 2.00 Depth
15 0.14 4.80 2.00 0.00 2.00 Depth
16 0.17 4.92 2.00 0.00 2.00 Depth
18 0.21 5.16 2.00 0.00 2.00 Depth
19 0.23 5.27 2.00 0.00 2.00 Depth
20 0.26 5.38 2.00 0.00 2.00 Depth
21 0.28 5.48 2.00 0.00 2.00 Depth
22 0.30 5.58 2.00 0.00 2.00 Depth
24 0.34 5.78 2.00 0.00 2.00 Depth

25.00 0.36 5.87 2.00 0.00 2.00 Depth
26 0.38 5.96 2.00 0.00 2.00 Depth
28 0.42 6.14 2.00 0.00 2.00 Depth
29 0.44 6.22 2.00 0.00 2.00 Depth
30 0.45 6.31 2.00 0.00 2.00 Depth
31 0.47 6.39 2.00 0.00 2.00 Depth
32 0.49 6.47 2.00 0.00 2.00 Depth
34 0.51 6.63 2.00 0.00 2.00 NONE
35 0.52 6.70 2.00 0.00 2.00 NONE
36 0.53 6.78 2.00 0.00 2.00 NONE
38 0.54 6.88 2.00 0.00 2.00 NONE

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier

FishXing V3.0 2006



Table 3. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) 0.12
Critical Depth (ft) 0.12
Headwater Depth (ft) 0.00
HW/D 0.00
Inlet Velocity (ft/s) 2.53
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.24
Burst Swim Time (s) 0.00
Barrier Code Depth

Table 4. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.00 0.00 0.00 Prolonged Depth
3 0.12 2.53 2.53 Prolonged Depth
7 0.12 2.07 2.06 Prolonged Depth
13 0.12 2.07 2.06 Prolonged Depth
19 0.12 2.07 2.06 Prolonged Depth
25 0.12 2.07 2.06 Prolonged Depth
31 0.12 2.07 2.06 Prolonged Depth
37 0.12 2.07 2.06 Prolonged Depth
43 0.12 2.07 2.06 Prolonged Depth
49 0.12 2.07 2.06 Prolonged Depth
55 0.12 2.07 2.06 Prolonged Depth
61 0.12 2.07 2.06 Prolonged Depth
67 0.12 2.07 2.06 Prolonged Depth
73 0.12 2.07 2.06 Prolonged Depth
79 0.12 2.07 2.06 Prolonged Depth
85 0.12 2.07 2.06 Prolonged Depth
91 0.12 2.07 2.06 Prolonged Depth
97 0.12 2.07 2.06 Prolonged Depth
103 0.12 2.07 2.06 Prolonged Depth
109 0.12 2.07 2.06 Prolonged Depth
112 2.00 0.11 0.11
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Culvert 112
Depth vs. Distance Down Culvert at 3.00 cfs
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Figure 1. Water Surface Profile at 3 cfs

Table 5. Culvert Summary for 179 cfs.
Summary for Q = 179.00 cfsSummary for Q = 179.00 cfs

Normal Depth (ft) 1.35
Critical Depth (ft) 1.83
Headwater Depth (ft) 2.31
HW/D 0.19
Inlet Velocity (ft/s) 11.02
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 10.00
Barrier Code EB
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Table 6. Culvert Profiles for 179 cfs.
Profiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfsProfiles for Q = 179.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 2.31 0.00 0.00 NA
3 1.53 11.02 11.02 NA
7 1.45 9.55 9.54 Exhausted EB
13 1.40 9.94 9.93 Burst
19 1.37 10.12 10.11 Burst
25 1.35 10.31 10.31 Burst
31 1.35 10.31 10.31 Burst
37 1.35 10.31 10.31 Burst
43 1.35 10.31 10.31 Burst
49 1.35 10.31 10.31 Burst
55 1.35 10.31 10.31 Burst
61 1.35 10.31 10.31 Burst
67 1.35 10.31 10.31 Burst
73 1.35 10.31 10.31 Burst
79 1.35 10.31 10.31 Burst
85 1.35 10.31 10.31 Burst
91 1.35 10.31 10.31 Burst
97 1.35 10.31 10.31 Burst
103 1.35 10.31 10.31 Burst
109 1.35 10.31 10.31 Burst
112 2.00 6.78 6.77

Culvert 112
Depth vs. Distance Down Culvert at 179.00 cfs
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Figure 2. Water Surface Profile at 179 cfs
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Table 7. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.36 0.00 0.00 Prolonged Depth
3 0.42 5.87 5.87 Prolonged Depth
7 0.42 4.79 4.79 Prolonged Depth
13 0.42 4.79 4.79 Prolonged Depth
19 0.42 4.79 4.79 Prolonged Depth
25 0.42 4.79 4.79 Prolonged Depth
31 0.42 4.79 4.79 Prolonged Depth
37 0.42 4.79 4.79 Prolonged Depth
43 0.42 4.79 4.79 Prolonged Depth
49 0.42 4.79 4.79 Prolonged Depth
55 0.42 4.79 4.79 Prolonged Depth
61 0.42 4.79 4.79 Prolonged Depth
67 0.42 4.79 4.79 Prolonged Depth
73 0.42 4.79 4.79 Prolonged Depth
79 0.42 4.79 4.79 Prolonged Depth
85 0.42 4.79 4.79 Prolonged Depth
91 0.42 4.79 4.79 Prolonged Depth
97 0.42 4.79 4.79 Prolonged Depth
103 0.42 4.79 4.79 Prolonged Depth
109 0.42 4.79 4.79 Prolonged Depth
112 2.00 0.95 0.94

Table 8. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 0.42
Critical Depth (ft) 0.51
Headwater Depth (ft) 0.36
HW/D 0.03
Inlet Velocity (ft/s) 5.87
Tailwater Depth (ft) 2.00
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.38
Burst Swim Time (s) 0.00
Barrier Code Depth
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Culvert 112
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 3. Water Surface Profile at 25 cfs
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Figure 4. Culvert Rating Curve
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Culvert 222

Crossing Location Information
Crossing Name: Culvert 222&222A (Coho)
Stream Name: Black Mtn Creek

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs

Crossing Installation Data
Culvert Number 1

Culvert Type: 48 in Circular
Construction: Annular 6 x 2 inches
Installation: Embedded
Countersunk Depth: 1 ft
Natural Bottom Roughness Coefficient: 0.035
Culvert Length: 20.3 ft
Culvert Slope: 1.97%
Culvert Roughness Coefficient: 0.032
Natural Bottom Roughness Coefficient: 0.035
Inlet Invert Elevation: 95.93 ft
Outlet Invert Elevation: 95.53 ft
Inlet Headloss Coefficient (Ke): 0

Culvert Number 2
Culvert Type: 36 in Circular
Construction: Annular 2.67 x 1/2 inch
Installation: Embedded
Countersunk Depth: 2 ft
Natural Bottom Roughness Coefficient: 0.035
Culvert Length: 20 ft
Culvert Slope: -0.25%
Culvert Roughness Coefficient: 0.032
Natural Bottom Roughness Coefficient: 0.035
Inlet Invert Elevation: 96.18 ft
Outlet Invert Elevation: 96.23 ft
Inlet Headloss Coefficient (Ke): 0
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Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 30.7 %
Passable Flow Range 6.82 to 13.58 cfs
Depth Barrier 3.00 to 6.82 cfs
Outlet Drop Barriers None
Velocity Barrier 13.59 cfs to 25.00 cfs
Pool Depth Barrier None

Table 2. Culvert Rating Table.

Q total
(cfs)

Q (analysis)
(cfs)

% Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Q (analysis)
(cfs)

% Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Q (analysis)
(cfs)

% Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 0.00 0.00 -95.53 95.53 -95.28 Drop; Depth; Po
1 0.99 100.00 0.10 2.91 -0.06 0.16 0.19 Depth
2 1.90 95.35 0.15 3.60 0.02 0.13 0.27 Depth

3.00 2.75 91.77 0.19 4.05 0.08 0.11 0.33 Depth
5 4.07 85.10 0.25 4.59 0.19 0.06 0.44 Depth
6 4.88 82.01 0.28 4.87 0.23 0.04 0.48 Depth
8 6.25 78.19 0.33 5.27 0.32 0.01 0.57 NONE
9 6.91 76.80 0.35 5.42 0.35 0.00 0.60 NONE
10 7.56 75.61 0.38 5.39 0.38 0.00 0.63 NONE
11 8.21 74.60 0.42 5.36 0.42 0.00 0.67 NONE
12 8.81 73.48 0.45 5.35 0.45 0.00 0.70 NONE
14 10.24 73.13 0.51 5.47 0.51 0.00 0.76 V
15 11.05 73.69 0.53 5.59 0.53 0.00 0.78 V
16 11.86 73.08 0.56 5.71 0.56 0.00 0.81 V
18 12.36 72.76 0.61 5.43 0.61 0.00 0.86 V
19 13.12 72.90 0.64 5.52 0.64 0.00 0.89 V
20 13.88 71.48 0.66 5.61 0.66 0.00 0.91 V
21 14.65 71.59 0.68 5.70 0.68 0.00 0.93 V
22 15.42 70.44 0.71 5.78 0.71 0.00 0.96 V
24 16.85 70.22 0.76 5.88 0.76 0.00 1.01 V

25.00 17.55 70.19 0.78 5.92 0.78 0.00 1.03 V
26 17.92 68.89 0.81 5.85 0.81 0.00 1.06 V
28 19.29 68.88 0.85 5.98 0.85 0.00 1.10 V
29 19.75 68.08 0.87 6.02 0.87 0.00 1.12 V
30 20.39 67.96 0.90 6.08 0.90 0.00 1.15 V
31 21.10 68.08 0.92 6.15 0.92 0.00 1.17 V
32 21.79 68.09 0.94 6.21 0.94 0.00 1.19 V
34 23.09 67.92 0.97 6.32 0.97 0.00 1.22 V
35 23.91 68.31 0.99 6.38 0.99 0.00 1.24 V
36 24.52 68.13 1.01 6.43 1.01 0.00 1.26 V
38 25.61 68.30 1.03 6.52 1.03 0.00 1.28 V
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Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier

Biological Data
Fish Length: 40 cm
Minimum Water Depth: 0.3 ft
Prolonged Swimming Speed: 3.2 ft/s
Prolonged Time to Exhaustion: 20 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 7.6 to 8.2 Deg C
Fish Body Depth: 0.32 ft

Burst Swimming Speed: 6.1 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Length: 35.6 to 61 cm
Temp: 10 to 19 Deg C
Swim Time: 2.6 - 12.5 s
Fish Body Depth: 0.32 ft
Fish Metrics Calculated

Max Outlet Drop: 15.8 ft
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Culvert 223

Crossing Location Information
Crossing Name: Culvert 223_223A (Coho)
Stream Name: Black Mtn Creek

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs

Crossing Installation Data
Culvert Number 1

Culvert Type: 36 in Circular
Construction: PVC
Installation: Not Embedded
Culvert Length: 21.9 ft
Culvert Slope: 2.24%
Culvert Roughness Coefficient: 0.01
Inlet Invert Elevation: 95.16 ft
Outlet Invert Elevation: 94.67 ft
Inlet Headloss Coefficient (Ke): 0

Culvert Number 2
Culvert Type: 36 in Circular
Construction: PVC
Installation: Not Embedded
Culvert Length: 22 ft
Culvert Slope: 3.09%
Culvert Roughness Coefficient: 0.01
Inlet Invert Elevation: 95.38 ft
Outlet Invert Elevation: 94.7 ft
Inlet Headloss Coefficient (Ke): 0

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 0.0 %
Passable Flow Range None
Depth Barrier 3.00 to 3.25 cfs
Outlet Drop Barriers None
Velocity Barrier 3.00 cfs to 25.00 cfs
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Fish Passage SummaryFish Passage Summary
Pool Depth Barrier None

Table 2. Culvert Rating Table.

Q total
(cfs)

Q (analysis)
(cfs)

% Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Q (analysis)
(cfs)

% Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Q (analysis)
(cfs)

% Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 0.00 0.00 -94.67 94.67 -94.69 Drop; Depth; Po
1 0.76 75.98 0.17 4.83 0.21 0.00 0.19 Depth; EB
2 1.48 73.85 0.24 5.64 0.29 0.00 0.27 Depth; EB

3.00 2.08 69.53 0.29 6.05 0.35 0.00 0.33 Depth; EB
5 2.94 65.93 0.35 6.48 0.45 0.00 0.43 V
6 3.54 64.28 0.38 6.71 0.49 0.00 0.47 V
8 4.91 61.72 0.46 7.13 0.56 0.00 0.54 V
9 5.49 60.96 0.49 7.27 0.60 0.00 0.58 V
10 6.03 60.34 0.52 7.40 0.63 0.00 0.61 V
11 6.58 59.80 0.54 7.52 0.66 0.00 0.64 V
12 7.12 59.33 0.57 7.62 0.70 0.00 0.68 V
14 8.20 58.55 0.62 7.82 0.75 0.00 0.73 V
15 8.73 58.21 0.64 7.91 0.78 0.00 0.76 V
16 9.27 57.91 0.66 7.99 0.81 0.00 0.79 V
18 10.32 57.38 0.70 8.20 0.86 0.00 0.84 V
19 10.86 57.14 0.73 8.30 0.88 0.00 0.86 V
20 11.38 56.92 0.75 8.40 0.91 0.00 0.89 V
21 11.91 56.71 0.77 8.49 0.93 0.00 0.91 V
22 12.43 56.52 0.79 8.58 0.96 0.00 0.94 V
24 13.43 56.19 0.82 8.75 1.00 0.00 0.98 V

25.00 14.00 56.02 0.84 8.84 1.02 0.00 1.00 V
26 14.52 55.87 0.86 8.92 1.04 0.00 1.02 V
28 15.56 55.59 0.89 9.08 1.09 0.00 1.07 V
29 16.08 55.46 0.91 9.16 1.11 0.00 1.09 V
30 16.60 55.34 0.93 9.23 1.13 0.00 1.11 V
31 17.12 55.22 0.95 9.31 1.15 0.00 1.13 V
32 17.64 55.11 0.96 9.38 1.17 0.00 1.15 V
34 18.67 54.90 1.00 9.52 1.20 0.00 1.18 V
35 19.18 54.80 1.01 9.59 1.22 0.00 1.20 V
36 19.69 54.71 1.03 9.66 1.24 0.00 1.22 V
38 20.47 54.57 1.05 9.76 1.27 0.00 1.25 V
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Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier

Biological Data
Fish Length: 40 cm
Minimum Water Depth: 0.3 ft
Prolonged Swimming Speed: 3.2 ft/s
Prolonged Time to Exhaustion: 20 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 7.6 to 8.2 Deg C
Fish Body Depth: 0.32 ft

Burst Swimming Speed: 6.1 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Length: 35.6 to 61 cm
Temp: 10 to 19 Deg C
Swim Time: 2.6 - 12.5 s
Fish Body Depth: 0.32 ft
Fish Metrics Calculated

Max Outlet Drop: 15.8 ft
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Culvert 222/222A
Proposed Design

Crossing Installation Data
Culvert Type: 73 X 55 in Pipe-Arch
Material: Annular 3 x 1 inch
Installation: Embedded
Countersunk Depth: 0.9 ft
Natural Bottom Roughness Coefficient: 0.035
Culvert Length: 20 ft
Culvert Slope: 0.50%
Culvert Roughness Coefficient: 0.027
Natural Bottom Roughness Coefficient: 0.035
Inlet Invert Elevation: 94.8 ft
Outlet Invert Elevation: 94.7 ft
Inlet Headloss Coefficient (Ke): 0.5

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 100.0 %
Passable Flow Range 3.00 to 25.00 cfs
Depth Barrier None
Outlet Drop Barriers None
Velocity Barrier None
Pool Depth Barrier None

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs
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Table 2. Tailwater Cross Section Data.
Station

(ft)
Elevation

(ft)
Roughness
Coefficient

Station
(ft)

Elevation
(ft)

Roughness
Coefficient

0.00 97.50 0.050
2.00 97.00
4.00 95.50
6.00 94.70 0.035
8.00 94.70
10.00 94.70 0.050
12.00 95.50
14.00 97.00
16.00 97.50

Biological Data
Fish Length: 40 cm
Minimum Water Depth: 0.2 ft
Prolonged Swimming Speed: 3.2 ft/s
Prolonged Time to Exhaustion: 20 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 7.6 to 8.2 Deg C
Fish Body Depth: 0.32 ft

Burst Swimming Speed: 6.1 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Length: 35.6 to 61 cm
Temp: 10 to 19 Deg C
Swim Time: 2.6 - 12.5 s
Fish Body Depth: 0.32 ft
Fish Metrics Calculated

Max Outlet Drop: 15.8 ft
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Table 3. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 -94.70 94.70 -94.70 Drop; Depth; Po
1 0.14 1.39 0.14 0.00 0.14 Depth
2 0.21 1.75 0.21 0.00 0.21 NONE

3.00 0.27 2.04 0.27 0.00 0.27 NONE
5 0.37 2.46 0.37 0.00 0.37 NONE
6 0.41 2.63 0.41 0.00 0.41 NONE
8 0.49 2.93 0.49 0.00 0.49 NONE
9 0.53 3.07 0.53 0.00 0.53 NONE
10 0.56 3.21 0.56 0.00 0.56 NONE
11 0.59 3.32 0.59 0.00 0.59 NONE
12 0.62 3.44 0.62 0.00 0.62 NONE
14 0.68 3.66 0.68 0.00 0.68 NONE
15 0.71 3.76 0.71 0.00 0.71 NONE
16 0.73 3.86 0.73 0.00 0.73 NONE
18 0.78 4.05 0.78 0.00 0.78 NONE
19 0.81 4.14 0.81 0.00 0.81 NONE
20 0.83 4.24 0.83 0.00 0.83 NONE
21 0.85 4.34 0.85 0.00 0.85 NONE
22 0.87 4.43 0.87 0.00 0.87 NONE
24 0.91 4.60 0.91 0.00 0.91 NONE

25.00 0.93 4.69 0.93 0.00 0.93 NONE
26 0.95 4.77 0.95 0.00 0.95 NONE
28 0.99 4.93 0.99 0.00 0.99 NONE
29 1.01 5.01 1.01 0.00 1.01 NONE
30 1.02 5.09 1.02 0.00 1.02 EB
31 1.04 5.16 1.04 0.00 1.04 EB
32 1.06 5.24 1.06 0.00 1.06 EB
34 1.09 5.38 1.09 0.00 1.09 EB
35 1.11 5.45 1.11 0.00 1.11 EB
36 1.13 5.52 1.13 0.00 1.13 EB
38 1.15 5.62 1.15 0.00 1.15 EB

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier
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Table 4. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) 0.37
Critical Depth (ft) 0.21
Headwater Depth (ft) 0.41
HW/D 0.11
Inlet Velocity (ft/s) 1.94
Tailwater Depth (ft) 0.27
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.21
Burst Swim Time (s) 0.00
Barrier Code NONE

Table 5. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.41 0.00 0.00 Prolonged NONE
3 0.35 1.94 1.93 Prolonged
4 0.35 1.59 1.58 Prolonged
5 0.34 1.60 1.59 Prolonged
6 0.34 1.60 1.60 Prolonged
7 0.34 1.61 1.61 Prolonged
8 0.34 1.62 1.62 Prolonged
9 0.34 1.63 1.63 Prolonged
10 0.33 1.65 1.64 Prolonged
11 0.33 1.66 1.66 Prolonged
12 0.33 1.68 1.67 Prolonged
13 0.32 1.70 1.69 Prolonged
14 0.32 1.72 1.71 Prolonged
15 0.32 1.75 1.74 Prolonged
16 0.31 1.78 1.77 Prolonged
17 0.30 1.82 1.81 Prolonged
18 0.30 1.87 1.86 Prolonged
19 0.29 1.93 1.93 Prolonged
20 0.27 2.04 2.03
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Culvert 222&222A Proposed (Coho)
Depth vs. Distance Down Culvert at 3.00 cfs
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Figure 1. Water Surface Profile at 3 cfs

Table 6. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 1.34
Critical Depth (ft) 0.86
Headwater Depth (ft) 1.48
HW/D 0.40
Inlet Velocity (ft/s) 4.62
Tailwater Depth (ft) 0.93
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.06
Burst Swim Time (s) 8.54
Barrier Code NONE
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Table 7. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 1.48 0.00 0.00 Prolonged NONE
3 1.14 4.62 4.62 Burst
4 1.14 3.79 3.79 Burst
5 1.13 3.81 3.81 Burst
6 1.12 3.84 3.83 Burst
7 1.12 3.86 3.86 Burst
8 1.11 3.89 3.88 Burst
9 1.10 3.92 3.91 Burst
10 1.09 3.95 3.94 Burst
11 1.09 3.98 3.97 Burst
12 1.08 4.02 4.01 Burst
13 1.07 4.06 4.05 Burst
14 1.06 4.10 4.10 Burst
15 1.04 4.15 4.15 Burst
16 1.03 4.21 4.21 Burst
17 1.01 4.29 4.28 Burst
18 0.99 4.38 4.37 Burst
19 0.97 4.50 4.48 Burst
20 0.93 4.69 4.69

Culvert 222&222A Proposed (Coho)
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 2. Water Surface Profile at 25 cfs
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Table 8. Culvert Summary for 102 cfs.
Summary for Q = 102.00 cfsSummary for Q = 102.00 cfs

Normal Depth (ft) 3.68
Critical Depth (ft) 2.07
Headwater Depth (ft) 3.68
HW/D 1.00
Inlet Velocity (ft/s) 8.71
Tailwater Depth (ft) 1.97
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 0.00
Barrier Code V

Table 9. Culvert Profiles for 102 cfs.
Profiles for Q = 102.00 cfsProfiles for Q = 102.00 cfsProfiles for Q = 102.00 cfsProfiles for Q = 102.00 cfsProfiles for Q = 102.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 3.68 0.00 0.00 NA
3 2.50 8.71 8.70 NA
4 2.48 7.16 7.16 NA
5 2.45 7.22 7.22 NA
6 2.43 7.29 7.28 NA
7 2.40 7.36 7.35 NA
8 2.37 7.44 7.43 NA
9 2.34 7.54 7.53 NA
10 2.30 7.65 7.65 NA
11 2.24 7.80 7.80 NA

11.7 2.07 8.41 8.40 NA
20 1.47 8.81 8.81 Barrier V
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Culvert 222&222A Proposed (Coho)
Depth vs. Distance Down Culvert at 102.00 cfs
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Figure 3. Water Surface Profile at 102 cfs
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Culvert 223/223A
Proposed Design

Crossing Installation Data
Culvert Type: 95 X 67 in Pipe-Arch
Material: Annular 3 x 1 inch
Installation: Embedded
Countersunk Depth: 1.58 ft
Natural Bottom Roughness Coefficient: 0.035
Culvert Length: 20 ft
Culvert Slope: 1.00%
Culvert Roughness Coefficient: 0.027
Natural Bottom Roughness Coefficient: 0.035
Inlet Invert Elevation: 95 ft
Outlet Invert Elevation: 94.8 ft
Inlet Headloss Coefficient (Ke): 0.9

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 100.0 %
Passable Flow Range 3.00 to 25.00 cfs
Depth Barrier None
Outlet Drop Barriers None
Velocity Barrier None
Pool Depth Barrier None

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs
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Table 2. Tailwater Cross Section Data.
Station

(ft)
Elevation

(ft)
Roughness
Coefficient

Station
(ft)

Elevation
(ft)

Roughness
Coefficient

0.00 97.00 0.050
2.00 96.20
4.00 95.00
5.60 94.80 0.035
8.00 94.80
9.00 94.80 0.050
12.00 96.20
14.00 97.00

Biological Data
Fish Length: 40 cm
Minimum Water Depth: 0.2 ft
Prolonged Swimming Speed: 3.2 ft/s
Prolonged Time to Exhaustion: 20 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 7.6 to 8.2 Deg C
Fish Body Depth: 0.32 ft

Burst Swimming Speed: 6.1 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Length: 35.6 to 61 cm
Temp: 10 to 19 Deg C
Swim Time: 2.6 - 12.5 s
Fish Body Depth: 0.32 ft
Fish Metrics Calculated

Max Outlet Drop: 15.8 ft
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00

FishXing V3.0 2006



Table 3. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 -94.80 94.80 -94.80 Drop; Depth; Po
1 0.12 1.45 0.15 0.00 0.15 Depth
2 0.19 1.90 0.22 0.00 0.22 Depth

3.00 0.24 2.23 0.28 0.00 0.28 NONE
5 0.33 2.71 0.37 0.00 0.37 NONE
6 0.37 2.91 0.41 0.00 0.41 NONE
8 0.45 3.19 0.49 0.00 0.49 NONE
9 0.48 3.33 0.52 0.00 0.52 NONE
10 0.51 3.47 0.55 0.00 0.55 NONE
11 0.54 3.59 0.58 0.00 0.58 NONE
12 0.57 3.71 0.61 0.00 0.61 NONE
14 0.63 3.93 0.67 0.00 0.67 NONE
15 0.66 4.04 0.69 0.00 0.69 NONE
16 0.68 4.14 0.72 0.00 0.72 NONE
18 0.73 4.33 0.77 0.00 0.77 NONE
19 0.76 4.41 0.79 0.00 0.79 NONE
20 0.78 4.50 0.81 0.00 0.81 NONE
21 0.79 4.67 0.84 0.00 0.84 NONE
22 0.82 4.75 0.86 0.00 0.86 NONE
24 0.86 4.91 0.90 0.00 0.90 NONE

25.00 0.88 4.98 0.92 0.00 0.92 NONE
26 0.91 5.05 0.94 0.00 0.94 NONE
28 0.95 5.19 0.98 0.00 0.98 NONE
29 0.97 5.26 1.00 0.00 1.00 NONE
30 0.99 5.32 1.02 0.00 1.02 NONE
31 1.01 5.39 1.04 0.00 1.04 NONE
32 1.03 5.45 1.06 0.00 1.06 NONE
34 1.07 5.57 1.09 0.00 1.09 NONE
35 1.09 5.63 1.11 0.00 1.11 NONE
36 1.11 5.69 1.13 0.00 1.13 NONE
38 1.14 5.77 1.15 0.00 1.15 NONE

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier
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Table 4. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) 0.24
Critical Depth (ft) 0.17
Headwater Depth (ft) 0.32
HW/D 0.08
Inlet Velocity (ft/s) 2.23
Tailwater Depth (ft) 0.28
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.20
Burst Swim Time (s) 0.00
Barrier Code NONE

Table 5. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.32 0.00 0.00 Prolonged NONE
3 0.24 2.23 2.22 Prolonged
4 0.24 1.61 1.61 Prolonged
5 0.24 1.61 1.61 Prolonged
6 0.24 1.61 1.61 Prolonged
7 0.25 1.59 1.58 Prolonged
8 0.25 1.58 1.57 Prolonged
9 0.25 1.57 1.57 Prolonged
10 0.25 1.56 1.56 Prolonged
11 0.25 1.55 1.55 Prolonged
12 0.25 1.54 1.54 Prolonged
13 0.25 1.53 1.53 Prolonged
14 0.26 1.52 1.51 Prolonged
15 0.26 1.50 1.49 Prolonged
16 0.26 1.48 1.48 Prolonged
17 0.27 1.46 1.46 Prolonged
18 0.27 1.44 1.43 Prolonged
19 0.27 1.42 1.41 Prolonged
20 0.28 1.39 1.39
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Culvert 223 223A Proposed (Coho)
Depth vs. Distance Down Culvert at 3.00 cfs
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Figure 1. Water Surface Profile at 3 cfs

Table 6. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 0.88
Critical Depth (ft) 0.69
Headwater Depth (ft) 1.27
HW/D 0.32
Inlet Velocity (ft/s) 4.98
Tailwater Depth (ft) 0.92
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.07
Burst Swim Time (s) 6.76
Barrier Code NONE
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Table 7. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 1.27 0.00 0.00 Prolonged NONE
3 0.88 4.98 4.98 Burst
4 0.88 3.61 3.61 Burst
5 0.88 3.61 3.61 Burst
6 0.90 3.55 3.54 Burst
7 0.90 3.54 3.54 Burst
8 0.90 3.54 3.53 Burst
9 0.90 3.53 3.53 Burst
10 0.91 3.53 3.52 Burst
11 0.91 3.52 3.52 Burst
12 0.91 3.52 3.51 Burst
13 0.91 3.51 3.51 Burst
14 0.91 3.50 3.50 Burst
15 0.91 3.50 3.49 Burst
16 0.91 3.49 3.49 Burst
17 0.92 3.49 3.48 Burst
18 0.92 3.48 3.47 Burst
19 0.92 3.47 3.47 Burst
20 0.92 3.46 3.46

Culvert 223 223A Proposed (Coho)
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 2. Water Surface Profile at 25 cfs
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Table 8. Culvert Summary for 176 cfs.
Summary for Q = 176.00 cfsSummary for Q = 176.00 cfs

Normal Depth (ft) 4.00
Critical Depth (ft) 2.45
Headwater Depth (ft) 5.00
HW/D 1.25
Inlet Velocity (ft/s) 11.18
Tailwater Depth (ft) 2.64
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 0.00
Barrier Code V

Table 9. Culvert Profiles for 176 cfs.
Profiles for Q = 176.00 cfsProfiles for Q = 176.00 cfsProfiles for Q = 176.00 cfsProfiles for Q = 176.00 cfsProfiles for Q = 176.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 5.00 0.00 0.00 NA
3 3.06 11.18 11.18 NA
4 3.04 8.14 8.14 NA
5 3.03 8.17 8.17 NA
6 3.01 8.20 8.20 NA
7 3.00 8.23 8.23 NA
8 2.98 8.27 8.26 NA
9 2.96 8.31 8.30 NA
10 2.94 8.34 8.34 NA
11 2.93 8.39 8.38 NA
12 2.90 8.43 8.43 NA
13 2.88 8.48 8.48 NA
14 2.86 8.53 8.53 NA
15 2.83 8.59 8.59 NA
16 2.80 8.66 8.66 NA
17 2.77 8.74 8.73 NA
18 2.74 8.83 8.82 NA
19 2.70 8.93 8.93 Barrier V
20 2.64 9.08 9.07
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Culvert 223 223A Proposed (Coho)
Depth vs. Distance Down Culvert at 176.00 cfs
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Figure 3. Water Surface Profile at 176 cfs
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Culvert 241/241A
Proposed Design

Crossing Installation Data
Culvert Type: 78 in Circular
Material: Annular 3 x 1 inch
Installation: Embedded
Countersunk Depth: 1 ft
Natural Bottom Roughness Coefficient: 0.035
Culvert Length: 20 ft
Culvert Slope: 0.00%
Culvert Roughness Coefficient: 0.027
Natural Bottom Roughness Coefficient: 0.035
Inlet Invert Elevation: 101 ft
Outlet Invert Elevation: 101 ft
Inlet Headloss Coefficient (Ke): 0.5

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 100.0 %
Passable Flow Range 3.00 to 25.00 cfs
Depth Barrier None
Outlet Drop Barriers None
Velocity Barrier None
Pool Depth Barrier None

Design Flows
Low Passage Flow: 3 cfs
High Passage Flow: 25 cfs
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Table 2. Tailwater Cross Section Data.
Station

(ft)
Elevation

(ft)
Roughness
Coefficient

Station
(ft)

Elevation
(ft)

Roughness
Coefficient

0.00 107.56 0.050
2.63 104.80
5.63 103.20
7.26 101.50
9.00 101.00 0.035
10.00 101.00
10.77 101.00
13.02 101.00
13.65 101.00
14.00 101.00 0.050
16.15 101.50
18.28 104.30
20.16 105.90
23.54 107.04

Biological Data
Fish Length: 40 cm
Minimum Water Depth: 0.2 ft
Prolonged Swimming Speed: 3.2 ft/s
Prolonged Time to Exhaustion: 20 min
Prolonged Notes: 
Coho salmon
Oncorhynchus kisutch
Temp: 7.6 to 8.2 Deg C
Fish Body Depth: 0.32 ft

Burst Swimming Speed: 6.1 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Coho salmon
Oncorhynchus kisutch
Length: 35.6 to 61 cm
Temp: 10 to 19 Deg C
Swim Time: 2.6 - 12.5 s
Fish Body Depth: 0.32 ft
Fish Metrics Calculated

Max Outlet Drop: 15.8 ft
Velocity Reduction Factors: 

Inlet:   1.00
Barrel: 1.00
Outlet: 1.00
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Table 3. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 -101.00 101.00 -101.00 Drop; Depth; Po
1 0.15 1.41 0.15 0.00 0.15 Depth
2 0.22 1.82 0.22 0.00 0.22 NONE

3.00 0.29 2.12 0.29 0.00 0.29 NONE
5 0.39 2.56 0.39 0.00 0.39 NONE
6 0.43 2.73 0.43 0.00 0.43 NONE
8 0.51 3.09 0.51 0.00 0.51 NONE
9 0.54 3.23 0.54 0.00 0.54 NONE
10 0.57 3.39 0.57 0.00 0.57 NONE
11 0.60 3.54 0.60 0.00 0.60 NONE
12 0.63 3.67 0.63 0.00 0.63 NONE
14 0.68 3.93 0.68 0.00 0.68 NONE
15 0.71 4.04 0.71 0.00 0.71 NONE
16 0.73 4.15 0.73 0.00 0.73 NONE
18 0.78 4.35 0.78 0.00 0.78 NONE
19 0.80 4.45 0.80 0.00 0.80 NONE
20 0.83 4.54 0.83 0.00 0.83 NONE
21 0.81 4.88 0.85 0.00 0.85 NONE
22 0.83 4.95 0.87 0.00 0.87 NONE
24 0.88 5.08 0.91 0.00 0.91 NONE

25.00 0.90 5.14 0.94 0.00 0.94 NONE
26 0.93 5.21 0.96 0.00 0.96 NONE
28 0.97 5.32 1.00 0.00 1.00 NONE
29 0.99 5.38 1.02 0.00 1.02 NONE
30 1.01 5.44 1.04 0.00 1.04 NONE
31 1.04 5.49 1.05 0.00 1.05 NONE
32 1.06 5.54 1.07 0.00 1.07 EB
34 1.10 5.65 1.11 0.00 1.11 EB
35 1.12 5.70 1.13 0.00 1.13 EB
36 1.14 5.75 1.15 0.00 1.15 EB
38 1.17 5.82 1.17 0.00 1.17 EB

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier
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Table 4. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) N/A
Critical Depth (ft) 0.23
Headwater Depth (ft) 0.48
HW/D 0.09
Inlet Velocity (ft/s) 1.70
Tailwater Depth (ft) 0.29
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.20
Burst Swim Time (s) 0.00
Barrier Code NONE

Table 5. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.48 0.00 0.00 Prolonged NONE
3 0.43 1.70 1.69 Prolonged
4 0.42 1.40 1.39 Prolonged
5 0.42 1.42 1.41 Prolonged
6 0.41 1.43 1.43 Prolonged
7 0.41 1.45 1.45 Prolonged
8 0.40 1.47 1.47 Prolonged
9 0.40 1.49 1.49 Prolonged
10 0.39 1.52 1.51 Prolonged
11 0.39 1.54 1.54 Prolonged
12 0.38 1.57 1.56 Prolonged
13 0.37 1.60 1.60 Prolonged
14 0.37 1.64 1.63 Prolonged
15 0.36 1.68 1.67 Prolonged
16 0.35 1.72 1.72 Prolonged
17 0.34 1.78 1.78 Prolonged
18 0.32 1.86 1.85 Prolonged
19 0.31 1.96 1.95 Prolonged
20 0.29 2.12 2.08
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Culvert 241 241A Proposed (Coho)
Depth vs. Distance Down Culvert at 3.00 cfs

Water Level

Critical Depth

Normal Depth

Headwater and
Tailwater
Pool Bottom

Culvert

E
le

va
tio

n 
(ft

)

Distance (ft)

95

98

101

104

107

110

-5 0 5 10 15 20 25

Figure 1. Water Surface Profile at 3 cfs

Table 6. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) N/A
Critical Depth (ft) 0.90
Headwater Depth (ft) 1.57
HW/D 0.29
Inlet Velocity (ft/s) 4.29
Tailwater Depth (ft) 0.94
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.05
Burst Swim Time (s) 8.11
Barrier Code NONE
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Table 7. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 1.57 0.00 0.00 Prolonged NONE
3 1.28 4.29 4.29 Burst
4 1.27 3.54 3.53 Burst
5 1.26 3.57 3.56 Burst
6 1.25 3.60 3.59 Burst
7 1.24 3.63 3.63 Burst
8 1.23 3.67 3.67 Burst
9 1.21 3.71 3.71 Burst
10 1.20 3.75 3.75 Burst
11 1.19 3.80 3.80 Burst
12 1.17 3.85 3.85 Burst
13 1.16 3.91 3.90 Burst
14 1.14 3.97 3.96 Burst
15 1.12 4.04 4.04 Burst
16 1.10 4.12 4.12 Burst
17 1.08 4.22 4.21 Burst
18 1.05 4.35 4.35 Burst
19 1.02 4.52 4.52 Burst
20 0.90 5.14 5.14

Culvert 241 241A Proposed (Coho)
Depth vs. Distance Down Culvert at 25.00 cfs
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Figure 2. Water Surface Profile at 25 cfs
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Table 8. Culvert Summary for 176 cfs.
Summary for Q = 176.00 cfsSummary for Q = 176.00 cfs

Normal Depth (ft) N/A
Critical Depth (ft) 3.01
Headwater Depth (ft) 5.09
HW/D 0.93
Inlet Velocity (ft/s) 10.28
Tailwater Depth (ft) 2.90
Outlet Water Surface Drop... 0.00
Prolonged Swim Time (min) 0.00
Burst Swim Time (s) 0.00
Barrier Code V

Table 9. Culvert Profiles for 176 cfs.
Profiles for Q = 176.00 cfsProfiles for Q = 176.00 cfsProfiles for Q = 176.00 cfsProfiles for Q = 176.00 cfsProfiles for Q = 176.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 5.09 0.00 0.00 NA
3 3.45 10.28 10.28 NA
4 3.41 8.49 8.49 NA
5 3.36 8.60 8.60 NA
6 3.31 8.74 8.73 NA
7 3.25 8.91 8.91 NA

8.0 3.01 9.64 9.64 NA
20 2.19 10.04 10.03 Barrier V

Culvert 241 241A Proposed (Coho)
Depth vs. Distance Down Culvert at 176.00 cfs
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Figure 3. Water Surface Profile at 176 cfs
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MEMORANDUM 
2171 E. Francisco Blvd., Suite K • San Rafael, California • 94901 

TEL: (415) 457-0701   FAX: (415) 457-1638    
 

 
TO: Jeff Ohmart DATE: January 3, 2013 

FROM: Joe DeMaggio JOB NO: 2442 

RE:     Jewell Creek 100-yr Flow Rate Analysis 

 
This memorandum describes the methodologies and the results of the 100-yr Flow Rate Analysis 
for a culvert design located near the downstream end of an unnamed creek, hereafter referred to 
as Jewell Creek, before it flows into Lagunitas Creek. 
 
Overview of the Watershed  
 
Jewell Creek flows through a densely vegetated drainage basin and joins Lagunitas Creek 
approximately 5,560 feet downstream of Devils Gulch and just south of the Jewell Trailhead.  
The Jewell Creek culvert is located in Samuel P. Taylor Park on the Cross Marin Trail, CM#49.  
The drainage basin upstream of the culvert was delineated in ArcGIS based on USGS 1:24,000 
topographic maps.  The total drainage area one is 264.2 acres as computed in ArcGIS and 
contains two areas as shown on Figure 1.  Area one is the main area that drains into the existing 
84-inch diameter culvert and contains 249.35 acres.  Area two is a small adjacent area that drains 
into an existing 16-inch diameter culvert and contains 14.85 acres.  The highest elevation of the 
combined basin is about 765 feet, and the elevation at the culvert is about 100 feet.  The total 
flow path distance from the farthest location of the drainage basin to the culvert was estimated to 
be 6,900 feet. 
 
100-year Flow Rate Analysis Methodology 
 
The 100-year design flow rate to the culvert was determined following the procedures described 
in the County of Marin Department of Public Works Hydrology Manual.  The manual uses the 
following rational equation to derive the flow rate: 
 

AICQ
ct
××=  

Where, 
Q  = Flow rate (cubic feet per second) 
C  = Runoff Coefficient (0 to 1) 

ct
I = Rainfall intensity at duration of time of concentration (inches per hour) 
A  = Drainage area (acres) 

 
The most critical parameter to be determined is the runoff coefficient C , which ranges from 0 - 
1.  For major rainfall event, like the 100-year event, the manual recommends a value of at least 
0.7.  However, for drainage basins like the Jewell Creek basin which is nearly completely 
vegetated without any urbanization, the runoff coefficient is usually smaller and can be estimated 

 1



from Caltrans Highway Design Manual (Caltrans, 2011).  The Caltrans manual uses 4 
parameters, i.e., Relief, Soil Infiltration, Vegetal Cover, and Surface Storage to assess the 
watershed, with each  parameter being assigned one of the 4 categories from Extreme to Low 
(Table 1).  Using Table 1, the 5-10 yr runoff coefficient of the Jewell Creek drainage basin is 
assessed to be 0.44 as shown in Table 2.  
 
As stated in Caltrans manual, less frequent, higher intensity storms usually require modification 
of the coefficient because infiltration, detention, and other losses have a proportionally smaller 
effect on the total runoff volume.  The adjustment of the rational method for use with major 
storms can be made by multiplying the coefficient by a frequency factor, C(f), as shown in Table 
3.  After the adjustment, the 100-year storm runoff coefficient for Jewell Creek drainage basin is 
estimated to be 0.55.  
 
While taking the runoff coefficient of 0.55 as the design runoff coefficient, a sensitivity test 
using the runoff coefficient of 0.5 and 0.7 respectively was also conducted and presented in this 
memo. 
 

Table 1 
Runoff Coefficients for Undeveloped Areas for Storms of 5 - 10 Year Frequencies 

 Watershed Types 

Parameters Extreme High Normal Low 

Relief  .28 -.35  

Steep, rugged terrain 
with average slopes 
above 30%  

.20 -.28  

Hilly, with average 
slopes of 10 to 30%  

.14 -.20  

Rolling, with 
average slopes of 5 
to 10%  

.08 -.14  

Relatively flat land, with 
average slopes of 0 to 
5%  

Soil 
Infiltration  

.12 -.16  

No effective soil cover, 
either rock or thin soil 
mantle of negligible 
infiltration capacity  

.08 -.12  

Slow to take up water, 
clay or shallow loam 
soils of low infiltration 
capacity, imperfectly 
or poorly drained  

.06 -.08  

Normal; well 
drained light or 
medium textured 
soils, sandy loams, 
silt and silt loams  

.04 -.06  

High; deep sand or other 
soil that takes up water 
readily, very light well 
drained soils  

Vegetal 
Cover  

.12 -.16  

No effective plant 
cover, bare or very 
sparse cover  

.08 -.12  

Poor to fair; clean 
cultivation crops, or 
poor natural cover, less 
than 20% of drainage 
area over good cover  

.06 -.08  

Fair to good; about 
50% of area in good 
grassland or 
woodland, not more 
than 50% of area in 
cultivated crops  

.04 -.06  

Good to excellent; about 
90% of drainage area in 
good grassland, 
woodland or equivalent 
cover  

Surface 
Storage  

.10 -.12  

Negligible surface 
depression few and 
shallow; drainageways 
steep and small, no 
marshes  

.08 -.10  

Low; well defined 
system of small 
drainageways; no 
ponds or marshes  

.06 -.08  

Normal; 
considerable surface 
depression storage; 
lakes and pond 
marshes  

.04 -.06  

High; surface storage, 
high; drainage system 
not sharply defined; 
large flood plain 
storage or large number 
of ponds or marshes 

Source: Caltrans, 2010 
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Table 2 

Runoff Coefficient Estimation for Jewell Creek Drainage Basin for 5-10 Year Frequencies 
 
Category 

 
Description of Watershed 

Ranking 
of 

Watershed 

"C" 
Value 
Range 

"C" 
Value 

Selected 
Relief Hilly terrain with average slopes of 23% High .20 - .28 .25 
Soil Infiltration Normal well drained soils, silt loams Normal .06 - .08 .07 
Vegetal Cover Excellent woodland cover Low .04 - .06 .04 
Surface Storage Well defined system of small drainageways High .08 - .10 .08 
Total  .44 

Source: Caltrans, 2010  
 

Table 3 
Frequency Factors for Runoff Coefficient Adjustment 

Frequency (yrs)  C(f) Estimated C for Jewell Creek 
25 1.1  
50 1.2  
100 1.25 0.44 * 1.25 = 0.55 
Source: Caltrans, 2010 

 
 
Results 
 
The computed 100-year flow rate at the Jewell Creek culvert is 320 cfs using a runoff coefficient 
of 0.55 (Table 4).  When the runoff coefficient is changed from 0.55 to 0.5, the 100-year flow 
rate would be 277 cfs (Table 5).  When the runoff coefficient is changed from 0.55 to 0.7, the 
100-year flow rate would be 462 cfs (Table 6).  
 
The result in Table 4 using runoff coefficient of 0.55 is recommended as the 100-year design 
flow rate for the culvert. 
  

Table 4 
Computation of the 100-year Flow Rate to the Culvert using Runoff Coefficient of 0.55 

STEP 1 Drainage area = 264.2 acre 0.413 mile^2 
  Highest = 765 ft     
  Lowest = 100 ft     
  diff = 665 ft     
  Length (CL) = 6900 ft     
  S = 0.10       
  C = 0.55       
  Tc = 44 min     
STEP 2 Zone from Map V= B2       
STEP 3 I60 from Map I = 2  in/hr     
STEP 4 Find curve for I60 and 1hr intersect  See chart K       
STEP 5 Follow curve to Tc  See chart K       
STEP 6 Read I on Y-axis = 2.2  in/hr     
STEP 7 Q = CiA 320  cfs 774 cfs/mile^2 
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Table 5 

Computation of the 100-year Flow Rate to the Culvert using Runoff Coefficient of 0.5 
STEP 1 Drainage area = 264.2 acre 0.413 mile^2 
  Highest = 765 ft     
  Lowest = 100 ft     
  diff = 665 ft     
  Length (CL) = 6900 ft     
  S = 0.10       
  C = 0.5       
  Tc = 47 min     
STEP 2 Zone from Map V= B2       
STEP 3 I60 from Map I = 2       
STEP 4 find curve for I60 and 1hr intersect  See chart K       
STEP 5 follow curve to Tc  See chart K       
STEP 6 Read I on Y-axis = 2.1       
STEP 7 Q = CiA 277   672 cfs/mile^2 

 
 

Table 6 
Computation of the 100-year Flow Rate to the Culvert using Runoff Coefficient of 0.7 
STEP 1 Drainage area = 264.2 acre 0.413 mile^2 
  Highest = 765 ft     
  Lowest = 100 ft     
  diff = 665 ft     
  Length (CL) = 6900 ft     
  S = 0.10       
  C = 0.7       
  Tc = 33 min     
STEP 2 Zone from Map V= B2       
STEP 3 I60 from Map I = 2       
STEP 4 find curve for I60 and 1hr intersect         
STEP 5 follow curve to Tc         
STEP 6 Read I on Y-axis = 2.5       
STEP 7 Q = CiA 462   1120 cfs/mile^2 
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Crossing Report for Jewell Creek Culvert

Crossing Installation Data
Culvert Type: 10.667 X 6.917 ft Pipe-Arch
Material: Annular 2.67 x 1/2 inch
Installation: Not Embedded
Culvert Length: 90.91 ft
Culvert Slope: 4.00%
Culvert Roughness Coefficient: 0.035
Inlet Invert Elevation: 88.335 ft
Outlet Invert Elevation: 84.699 ft
Inlet Headloss Coefficient (Ke): 0.9

Table 1. Fish Passage Summary.
Fish Passage SummaryFish Passage Summary

Low Passage Design Flow 3.00 cfs
High Passage Design Flow 25.00 cfs
Percent of Flows Passable 90.0 %
Passable Flow Range 5.20 to 25.00 cfs
Depth Barrier 3.00 to 5.20 cfs
Outlet Drop Barriers None
Velocity Barrier 25.00 cfs to 25.00 cfs
Pool Depth Barrier None

FishXing V3.0 2006



Biological Data
Fish Length: 50 cm
Minimum Water Depth: 0.4 ft
Prolonged Swimming Speed: 5.6 ft/s
Prolonged Time to Exhaustion: 30 min
Prolonged Notes: 
Oncorhynchus kisutch
Coho salmon
Temp: 18 to 20 Deg C
Fish Body Depth: 0.4 ft
Fish Metrics Calculated

Burst Swimming Speed: 6.8 ft/s
Burst Time to Exhaustion: 10 s
Burst Notes: 
Oncorhynchus kisutch
Coho salmon
Length: 35.6 to 61 cm
Temp: 10 to 19 Deg C
Swim Time: 2.6 - 12.5 s
Fish Body Depth: 0.4 ft
Fish Metrics Calculated

Max Outlet Drop: 1 ft
Velocity Reduction Factors: 

Inlet:   0.80
Barrel: 1.00
Outlet: 1.00
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Table 2. Culvert Rating Table.

Q total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier TypeQ total
(cfs)

Depth
Min
(ft)

V(occ)
Max
(ft/s)

Depth
TW
(ft)

Outlet WS
Drop
(ft)

Depth
Pool
(ft)

Barrier Type

0 0.00 0.00 -84.70 84.70 -84.70 Drop; Depth; Po
1 0.12 2.18 0.30 0.00 0.30 Depth
2 0.22 2.80 0.40 0.00 0.40 Depth

3.00 0.30 3.18 0.46 0.00 0.46 Depth
5 0.39 3.73 0.56 0.00 0.56 Depth
6 0.43 3.95 0.60 0.00 0.60 NONE
8 0.49 4.32 0.67 0.00 0.67 NONE
9 0.51 4.47 0.70 0.00 0.70 NONE
10 0.54 4.62 0.73 0.00 0.73 NONE
11 0.56 4.76 0.76 0.00 0.76 NONE
12 0.58 4.89 0.78 0.00 0.78 NONE
14 0.63 5.10 0.82 0.00 0.82 NONE
15 0.65 5.20 0.84 0.00 0.84 NONE
16 0.66 5.29 0.86 0.00 0.86 NONE
18 0.70 5.46 0.90 0.00 0.90 NONE
19 0.72 5.53 0.91 0.00 0.91 NONE
20 0.74 5.61 0.93 0.00 0.93 NONE
21 0.75 5.68 0.95 0.00 0.95 NONE
22 0.77 5.75 0.96 0.00 0.96 NONE
24 0.80 5.88 1.00 0.00 1.00 NONE

25.00 0.82 5.94 1.01 0.00 1.01 Long
26 0.83 6.00 1.03 0.00 1.03 EB
28 0.86 6.12 1.06 0.00 1.06 EB
29 0.87 6.18 1.07 0.00 1.07 EB
30 0.89 6.23 1.09 0.00 1.09 EB
31 0.90 6.28 1.10 0.00 1.10 EB
32 0.91 6.33 1.12 0.00 1.12 EB
34 0.94 6.43 1.15 0.00 1.15 EB
35 0.95 6.48 1.16 0.00 1.16 EB
36 0.96 6.53 1.17 0.00 1.17 EB
38 0.98 6.60 1.19 0.00 1.19 EB

Barrier Codes
V = Strict Velocity Barrier
EB = Fish Exhausted at Burst Speed
Long = Fish Exhausted at Prolonged Speed
Leap = Excessive leap at outlet
Drop = Excessive drop at outlet
Depth = Too shallow for substantial distance
Pool = Leap Pool too shallow
NONE = Not a barrier

FishXing V3.0 2006



Table 3. Culvert Summary for 3.00 cfs.
Summary for Q = 3.00 cfsSummary for Q = 3.00 cfs

Normal Depth (ft) 0.31
Critical Depth (ft) 0.33
Headwater Depth (ft) 0.30
HW/D 0.04
Inlet Velocity (ft/s) 3.98
Tailwater Depth (ft) 0.46
Outlet Water Surface Drop ... 0.00
Prolonged Swim Time (min) 0.55
Burst Swim Time (s) 0.00
Barrier Code Depth

Table 4. Culvert Profiles for 3.00 cfs.
Profiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfsProfiles for Q = 3.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 0.30 0.00 0.00 Prolonged Depth
3 0.31 3.98 3.18 Prolonged Depth
6 0.31 2.89 2.88 Prolonged Depth
10 0.31 2.89 2.88 Prolonged Depth
14 0.31 2.89 2.88 Prolonged Depth
18 0.31 2.89 2.88 Prolonged Depth
22 0.31 2.89 2.88 Prolonged Depth
26 0.31 2.89 2.88 Prolonged Depth
30 0.31 2.89 2.88 Prolonged Depth
34 0.31 2.89 2.88 Prolonged Depth
38 0.31 2.89 2.88 Prolonged Depth
42 0.31 2.89 2.88 Prolonged Depth
46 0.31 2.89 2.88 Prolonged Depth
50 0.31 2.89 2.88 Prolonged Depth
54 0.31 2.89 2.88 Prolonged Depth
58 0.31 2.89 2.88 Prolonged Depth
62 0.31 2.89 2.88 Prolonged Depth
66 0.31 2.89 2.88 Prolonged Depth
70 0.31 2.89 2.88 Prolonged Depth
74 0.31 2.89 2.88 Prolonged Depth
78 0.31 2.89 2.88 Prolonged Depth
82 0.31 2.89 2.88 Prolonged Depth
86 0.31 2.89 2.88 Prolonged Depth
91 0.46 1.57 1.57

FishXing V3.0 2006



Jewell Creek Culvert
Depth vs. Distance Down Culvert at 3.00 cfs
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Figure 1. Water Surface Profile at 3 cfs
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Figure 2. Culvert Profiles at 3 cfs
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Table 5. Culvert Summary for 25 cfs.
Summary for Q = 25.00 cfsSummary for Q = 25.00 cfs

Normal Depth (ft) 0.82
Critical Depth (ft) 0.94
Headwater Depth (ft) 1.14
HW/D 0.16
Inlet Velocity (ft/s) 7.43
Tailwater Depth (ft) 1.01
Outlet Water Surface Drop ... 0.00
Prolonged Swim Time (min) 30.00
Burst Swim Time (s) 0.00
Barrier Code Long

Table 6. Culvert Profiles for 25 cfs.
Profiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfsProfiles for Q = 25.00 cfs

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

Dist Down
Culvert

(ft)
Depth

(ft)
Velocity
Average

(ft/s)

Velocity
Occupied

(ft/s)
Swim Mode Barrier Type

0 1.14 0.00 0.00 NA
3 0.83 7.43 5.94 NA
6 0.82 5.56 5.55 NA
10 0.82 5.56 5.55 NA
14 0.82 5.56 5.55 Exhausted Long
18 0.82 5.56 5.55 Prolonged
22 0.82 5.56 5.55 Prolonged
26 0.82 5.56 5.55 Prolonged
30 0.82 5.56 5.55 Prolonged
34 0.82 5.56 5.55 Prolonged
38 0.82 5.56 5.55 Prolonged
42 0.82 5.56 5.55 Prolonged
46 0.82 5.56 5.55 Prolonged
50 0.82 5.56 5.55 Prolonged
54 0.82 5.56 5.55 Prolonged
58 0.82 5.56 5.55 Prolonged
62 0.82 5.56 5.55 Prolonged
66 0.82 5.56 5.55 Prolonged
70 0.82 5.56 5.55 Prolonged
74 0.82 5.56 5.55 Prolonged
78 0.82 5.56 5.55 Prolonged
82 0.82 5.56 5.55 Prolonged
86 0.82 5.56 5.55 Prolonged
91 1.01 4.01 4.01
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Jewell Creek Culvert
Depth vs. Distance Down Culvert at 25.00 cfs
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SUMMARY 

This study investigates average annual rates of sediment delivery from the Middle Lagunitas 
Creek watershed over the period encompassing Water Years 1976 to 2006, inclusive.  The study 
is part of an effort to better understand sediment dynamics in the study area as a contribution to 
improving the management of sediment sources, erosion, and sedimentation in the watershed, and 
to developing a causally-based perspective on reasons for aquatic habitat degradation and 
consequent fish population decline.  
 
The last 30 years of sediment delivery in Middle Lagunitas Creek should be viewed in the context 
of changing watershed conditions over much longer timeframes.  Historical analysis indicates 
that, like many coastal California watersheds, Lagunitas Creek was subject to a period of greatly 
elevated sediment delivery following European colonization of the watershed from 1850 on but, 
during the Twentieth century, sediment delivery has waned, in part due to the re-vegetation of 
hillslopes, but perhaps more due to increasing number of dams in the watershed causing 
impoundment of floodwaters and sediment.  To some degree balancing these changes, channel 
erosion and incision processes that probably began following European colonization of the 
watershed may have increased markedly the yield of sediment obtained from channels sources. 
 
This analysis of sediment delivery occurred subsequent to several sediment source investigations 
and studies of geomorphology and sediment transport in the Middle Lagunitas Creek watershed.  
Following a compilation of the quantitative results of previous sediment source investigations, the 
study area was divided into discrete areas that may be homogeneous in regard to the dominant 
sediment delivery processes operating within their boundaries.  Such “process domains” were 
based on GIS data on land cover type, geology, and hillslope.  Overlaying the results of previous 
sediment source investigations with the constructed process domains provided the basis for field 
survey of sediment sources and transfers.  Surveys occurred in the spring following a high 
magnitude flood event on December 31, 2005, which was the largest ever recorded event in 
Lagunitas Creek.  Transect-based hillslope surveys focused on checking previous surveys and 
strategically supplementing them to the extent possible.  The most important sources included 
deep-seated landslides, tributary incision, shallow landslides, and road erosion, respectively.  
Extrapolating the results over 87% of the watershed provided an estimate of approximately 76 t 
km-2 a-1 from hillslope sources.  Mainstem surveys quantified bank erosion by hydraulic scour 
and mass failure, and channel incision in San Geronimo Creek, Lagunitas Creek, Devils Gulch, 
and Woodacre Creek.  When extrapolated (a further 2% of the study area), bank erosion rates 
ranged from approximately 21 mm a-1 (Lagunitas Creek) to 34 mm a-1 (San Geronimo Creek).  
Numerous signs of fresh bank erosion were evident following the December 31, 2005 storm.  
Channel incision rates ranged from approximately 10 mm a-1 (Lagunitas Creek) to 23 mm a-1 (San 
Geronimo Creek).  Where it was deemed appropriate, mainstem channel (4th and 5th order 
channel) erosion rates were extrapolated to 3rd order subwatershed channels to better account for 
sediment production from channel erosion. Sediment samples were taken from hillslope and 
channel sources for laboratory particle size analysis and determination of the amount of fine 
sediment production for the representative process domains. 
 
Compilation of  previous and new data, and extrapolation of these data across the process 
domains gave an estimated delivery from the study area of 6,400 t a-1, or the equivalent of 160 t 
km-2 a-1, with slightly more than half of sediment produced watershed-wide (53%) coming from 
hillslope/tributary erosion.  Rates of hillslope and tributary delivery were highest for San 
Geronimo (93 km-2 a-1), very similar between Woodacre Creek and Devils Gulch (83–87 t km-2 a-
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1) and lowest for Lagunitas Creek (64 t km-2 a-1).  The rate of mainstem sediment delivery was 
highest from San Geronimo Creek (0.23 t m-1 a-1) and lowest for Devils Gulch and Woodacre 
Creek (0.10–0.12 t m-1 a-1).  Hillslope sediment delivery appears to be greatest from steep 
Franciscan mélange terrain, and with some land use bias towards shrub and forest cover.  With 
the study area sub-divided into 38 subwatersheds of varying size, three are estimated to produce 
over 150 t km-2 a-1 (range 154–245 t km-2 a-1).  The headwater of San Geronimo Creek (largely by 
extrapolation) is estimated to be the one of the largest, high-yielding subwatersheds.  As an 
average of subwatersheds, fine sediment (<2 mm) delivery accounts for approximately 54% of 
hillslope sediment delivery from San Geronimo Creek, approximately 45% of the hillslope 
sediment delivered from Woodacre Creek and Devils Gulch, and 39% of hillslope sediment 
delivery from Lagunitas Creek.  Highest unit rates of fine sediment appear to derive from steep 
Franciscan terrain-dominated subwatersheds in the middle and lower San Geronimo watershed, 
and so efforts at fine sediment reduction should be focused in these areas. 
 
For relative corroboration, and as a basis from which to estimate inter-annual sediment delivery 
beyond the resolution offered by the field survey, sediment delivery data were compared to 
sediment yields estimated from gauging stations near the mouth of San Geronimo Creek and on 
Lagunitas Creek at Samuel P. Taylor State Park.  Sediment yields are highly skewed by large 
events (e.g., December 31, 2005) so that sediment delivery in San Geronimo Creek was about 
80% of the sediment yield for WY 1983-2005 (the extent of available data), but only about 50% 
on Lagunitas Creek in which it was possible to include flows also for WY 2006 (i.e. WY 1983-
2006 in total).  It seems probable that the sediment delivery data is an underestimate due in part to 
averaging the data over the majority of the study period, but also because of limits to field 
sampling and estimates of road-related sediment production and hillslope overland flow erosion, 
and because of the unextrapolated portion of the study area (11%).  Conversely, because rivers in 
flood rarely transport their hydraulic capacity of sediment, the sediment yield data may be an 
over-estimate.  As such, estimated minimum and maximum unit rates of sediment delivery of 
between 160 and 300 t km-2 a-1 may bound the true value of sediment delivery from the Middle 
Lagunitas Creek watershed.  Such values are in broad agreement with values obtained from 
neighboring watersheds.  Sediment yields, and by implication, delivery, are highest in years with 
high magnitude flows and especially in those estimated to have precipitation intensities and 
duration sufficient to cause mass slope failure on hillsides.  Annual sediment yields may vary 
from almost zero in drought years (e.g., WY 1977) to more than 100,000 tonnes in extreme high 
flow years (e.g., WY 1982, 2006).   
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1 INTRODUCTION AND PURPOSE 

Erosion and sedimentation in the Middle Lagunitas Creek watershed is suspected to have 
impaired aquatic habitats since the onset of European settlement.  Over the last 20 years, urban 
development and demands imposed on regulated stream systems has prompted studies of 
sediment supply, transport, and yield in the watershed.  These studies suggested that degraded 
aquatic habitat and declining fish populations are associated with “excess” fine sediment 
contributions primarily from the San Geronimo Creek watershed, particularly when viewed in 
relation to reductions in the volume of incoming coarse material from Lagunitas Creek caused by 
the existence and subsequent raising of Peters Dam.  Overall, reports commonly cite historic 
slope instability, gully formation, streamside bank erosion, agricultural and logging practices, 
livestock grazing, and road-related surface erosion as dominant natural and anthropogenic causes 
capable of degrading aquatic fisheries (Prunuske Chatham 1987; Hecht and Woyshner 1988; 
Prunuske Chatham 1990; Neimi and Hall 1996; Hecht and Glasner 2002; Stetson Engineers 
2002).  In Lagunitas Creek, mitigation strategies were developed, subsequent to the expansion of 
Peters Dam in 1982, to address sedimentation and related impacts on impaired resources 
associated with the enlarged reservoir capacity of Kent Lake (CRWQCB 1995; Prunuske 
Chatham 1997).     
   
In an effort to better understand sediment dynamics in the Lagunitas Creek watershed, the Marin 
County Department of Public Works (MPW) has tasked Stillwater Sciences with quantifying 
sediment delivery from the Middle Lagunitas Creek Watershed (i.e., portion of watershed 
including San Geronimo Creek, Lagunitas Creek from Peters Dam to the Devils Gulch 
confluence, and Devils Gulch).  The purpose of this study is to identify causal mechanisms of 
“active” processes that have delivered sediment directly to mainstem reaches and tributaries as 
well as in the unregulated portions of Middle Lagunitas Creek, including the San Geronimo 
Creek and Devils Gulch subwatersheds during the past 30 water years [WY] (WY 1976–2005).  
The importance of identifying erosion and sediment contributions existing during such a specific 
temporal framework reflects MPW’s commitment to tracking chronic and acute sediment sources 
and reducing sediment input to impaired mainstem channels and tributaries.  Results will report 
quantitative estimates of sediment production and grain size distribution of sediment sources 
throughout the watershed to volumetrically assess sediment sources and their delivery to the 
lower Lagunitas watershed. 
 
The sediment delivery assessment includes a quantitative accounting of watershed sediment 
production from bedrock, colluvial (hillslope), and alluvial (channel and floodplain) sediment 
sources and sinks through identification of primary controls on rates and grain size distributions 
of sediment delivered to the channel network.  Within the channel network, all material eroded 
from the banks and bed of the channel is available for sediment transport.  Rates derived in this 
assessment consider sediment produced and subsequently stored on hillslopes before reaching the 
channel network.  Sediment delivery is assessed through fieldwork and subsequent extrapolation 
into unsurveyed areas.  Previous sediment source studies in the watershed were used as guidance 
and as the basis for developing a geo-referenced database of sediment production in the study 
area. An aerial photographic time series correlated with important hydrographic events was used 
to identify potential sediment source locations in the watershed prior to field survey.  Spatially-
extensive evaluation of watershed sediment delivery was computed by subdividing the watershed 
into areas of specific terrain characteristics that dominantly control erosion, defined as “process 
domains”.  For corroboration, we compare the results to sediment yields estimated from two 
gauging stations with sediment rating curves.  As such, the assessment implicitly accounts for 
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rates of movement of material through alluvial sediment storage the study area and thus provides 
a first approximation of a sediment budget.  Specific project objectives include the following: 
 

1) Identification of active and potentially significant geomorphic processes that deliver 
sediment to the channel network, and relation of each process to geology, land cover, 
landforms and topography, and present-day and historical land use activities; 

2) Development of quantitative estimates of average annual sediment delivery to the 
channel network by approximate grain size category and causation (following MPW 
2005). 

 
The second largest gauged flood on record occurred on December 31, 2005, shortly before project 
fieldwork.  The flood provided both opportunity for first-hand observation of new and 
rejuvenated sediment production, but also served to complicate designation of average sediment 
delivery rates over the project timeframe of 30 years (1976–2005).   
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2 BACKGROUND 

2.1 Watershed Overview 

The Middle Lagunitas Creek Watershed Study Area encompasses all land draining into Lagunitas 
Creek below Kent Lake from Peters Dam, downstream to and including the confluence of Devils 
Gulch (Figure 2-1).  Lagunitas Creek eventually drains through a broad tidal marsh at the head of 
Tomales Bay, located within the San Andreas Rift Zone (Jennings 1994).  The Study Area lies 
east of this prominent geologic structure and is predominantly (60%) comprised of mélange of the 
Central terrane, Franciscan complex (Wentworth et al. 1997; Blake et al. 2000).  Mélange is a 
sheared and deformed mixture composed mainly of greywacke, sandstone, shale, chert, 
greenstone, and metamorphic rocks integrated with lesser amounts of serpentine and silica-
carbonate rocks of the Coast Range ophiolite.  Slopes in the study area are mantled with clay-rich 
soils derived from highly weathered, matrix supported mélange, supporting a wide variety of 
vegetation cover and land use types. 
 
Average annual precipitation in the watershed is approximately 1,500 mm at Kent Lake (CDWR 
gauge #E10 4502 00) and approximately 1,100 mm at Woodacre (CDWR gauge #E10 7787 21), 
as measured from 1950–1999.  The Study Area receives most of the precipitation as rainfall from 
November through March and is typified by a mild Mediterranean climate, dominated by dry 
summers and wet winters that are punctuated by periods of intense rainfall (Fischer et al. 1996).  
The time period of interest for this study (1976–2005) encompasses two years with especially 
high magnitude, infrequent flow events (WY 1982 and WY 1998) and two droughts periods (WY 
1976–1977 and WY 1987–1992).  Because sediment mobilizing rainfall events within the Study 
Area occur infrequently, the correlation between average annual rainfall estimates and sediment 
supply is limited.  Annual sediment delivery to channels is highly variable in response to storm 
intensity so that prolonged, intense rainfall is required for sediment supply and mobilization from 
hillslopes, while the potential for sediment transport will be related primarily to high magnitude 
flow events.  Actual sediment transport will, therefore, be variable according to event and likely 
at a maximum when high magnitude flow events follow high intensity rainfall events.  An 
additional high magnitude flow event occurred during the project, in WY 2006.  While not part of 
the original scope of the project, data for WY 2006 are incorporated wherever appropriate or 
accessible, and used to extend our understanding of the inter-annual variability in sediment 
delivery and yields.  
 
In the upper mainstem, Lagunitas Creek drains adjacent and parallel to the dominant, northwest-
trending San Andreas Rift Zone.  Valley bottom altitudes range from ~60 m above Mean Sea 
Level (MSL) just downstream of Peters Dam to ~36 m above MSL at the Devils Gulch 
confluence.  To the west, the Bolinas Ridge ranges in altitude from ~ 400 m above MSL in areas 
adjacent to Kent Lake to ~270 m above MSL along the ridge, opposite of the confluence of 
Lagunitas Creek and Devils Gulch.  Riparian species such as alders, willows, ash, maples, and 
creek dogwood occupy the margins of Lagunitas Creek whereas, east-facing slopes of Bolinas 
Ridge support grassland and scrubland communities, primarily second-growth Douglas Fir 
stands, and some chaparral (NPS 1992).  Past land use in the Middle Lagunitas subwatershed was 
dominated by logging operations.  Currently, slopes in the area primarily accommodate 
recreational activities with hillslopes commonly traversed by recreation trails maintained by State 
or National Park Services. 
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San Geronimo Creek occupies a broad, roughly east-west trending alluvial valley.  The 
headwaters region of San Geronimo Creek is characterized by low-moderate relief, south-facing 
slopes supporting shrubs and grassland species, whereas, steep, north-facing slopes tend to 
support dense conifer growth.  The San Geronimo Creek watershed encompasses the residential 
communities of Woodacre, San Geronimo, Forest Knolls, and Lagunitas.  Four Open Space 
Preserves have been designated in the watershed.  San Geronimo Creek enters Lagunitas Creek 
approximately 0.5 km downstream of Peters Dam.   
 
Devils Gulch, located north of San Geronimo Creek, is confined within a steep valley.  Although 
vegetation and hillslope characteristics in Devils Gulch appear functionally similar to those in the 
San Geronimo Creek subwatershed, the drainage area is approximately 25% that of the San 
Geronimo watershed, with increased topographic relief.  Devils Gulch subwatershed is mostly 
publicly owned, partitioned between Golden Gate National Recreation Area (GGNRA) in 
headwater region and the Samuel P. Taylor State Park (SPT SP) downstream to the confluence 
with Lagunitas Creek. 
 

2.2 Watershed Disturbance History  

Rates of sediment production, delivery and transport in watersheds are profoundly affected by 
natural climatic events (e.g., high intensity and duration of rainfall, high discharges in stream 
channels) and by a suite of human activities.  The impacts of human activities are generally more 
noticeable once larger numbers of people inhabit a watershed.  As such, the initiation of 
significant human impacts on watershed sediment processes in the American West is generally 
associated with the influx of Euro-American settlers in the mid-Nineteenth century, although 
there were undoubtedly earlier impacts associated with the domestication of woodland and 
meadow environments by the Coast Miwok who originally settled the Middle Lagunitas Creek 
watershed.  Historical records can be used to determine a chronology of “disturbances” in this 
regard (Sear et al. 1995), that is, to determine distinct periods where human activities may have 
resulted in a discrete series of controls on sediment processes.  For instance, discrete periods may 
coincide with early land clearance for agriculture, logging practices, livestock grazing, road and 
urban construction and development, episodes of channel engineering and, in some areas, such as 
the nearby Redwood Creek (see Stillwater Sciences 2004), the retirement of agricultural land and 
its return to ‘natural’ vegetation cover.  For the Middle Lagunitas Creek watershed, historical 
records were obtained from several sources (Niemi and Hall 1996; Marin County Community 
Development Agency [Marin County CDA] 1997; SF Bay RWQCB 2002; Tomales Bay 
Watershed Stewardship Council 2003), allowing the post-European watershed history to be 
divided into four time periods that may reflect different controls on rates and size classes of 
sediment delivery (Table 2-1). 
 
Unlike neighboring Redwood Creek which is 95% parkland and has a very distinct disturbance 
chronology, the Middle Lagunitas Creek watershed has a more “normal” progression of 
increasing development pressure in time, albeit with less urban development than other areas of 
Marin County.  The first period (1850–1918) recognizes the establishment of European 
settlements within the San Geronimo valley and the beginning of crop production, ranching, and 
logging (in this case directed towards paper production).  The remaining three periods 
fundamentally reflect increasing flow impoundment through the watershed (Table 2-1).  The first 
(1919–1945) is characterized by initial flow impoundments and a switch from row crops to 
grazing.  The second (1945–1982) involves the greatest extent of additional impoundment of the 
Lagunitas watershed above the current study area, with additional flow regulation below the study 
area (Nicasio Reservoir) and limited population increases in the watershed.  The present period 
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(1983–present) is characterized by further increases in flow regulation for Lagunitas Creek but 
made against a backdrop of legislation that strives to maintain environmental quality in the 
presence of such disturbances.  The period is also notable following a large flood that occurred on 
January 4, 1982.  Using evidence from available river gauging stations in Marin County 
supplemented with historical narratives from the Muir Woods National Monument suggested that 
the 1982 event may have been the largest flow event in the County since an event on February 11, 
1925 (Stillwater Sciences 2004, p.50).  If these different periods do reflect different controls on 
rates and size classes of sediment delivery, then the disturbance history provides a context in 
which to interpret changes observed under the timeframe of the current study (1976–2005), a 
potentially important factor when considering that landscape changes resulting from geomorphic 
processes can take many decades if not centuries to complete.  
 

Table 2-1.  Chronology of major activity and disturbances in the Lagunitas watershed. 

Period Time Period Watershed Activity/Disturbance 

European 
Arrival and 
Resource 

Development 

1850 – 1918 

• Establishment of San Geronimo, Lagunitas, Forest Knolls, and 
Woodacre.   

• Establishment of  farms (wheat, oats, barley, and potatoes), ranches 
(cattle and sheep), and infrastructure (permanent buildings, roads) 
[1860–1888];  

• Channelization, construction of levees, extraction of in-channel 
sediment, and diking of marshes at mouth of Lagunitas Creek for 
agricultural and development purposes 

• Establishment of paper mill on Lagunitas Creek initiates intensive 
logging (1865), North Pacific Railroad track built along Lagunitas 
(1873–1874), Sir Francis Drake road built (1892).   

• Major fires in watershed (1878 and 1904) 
• First water supply dam constructed (Lagunitas reservoir 1872: 350AF) 

Regulation  
and Grazing 1919 – 1945 

• Start of flow impoundment of Lagunitas Creek.  Impoundment of 
Alpine Lake (Alpine Dam 1918: enlarged 1924, 1941: 8,891AF) 

• Change in dominant agriculture practice from crop farming to 
livestock (1930’s) 

• Continued logging in the watershed 
• Major fire in watershed (1945) 

Intensive 
damming 1946 – 1982 

• Increase in population and development directly following World War 
II (post-1945) 

• Intensive damming of Lagunitas Creek for water supply purposes.  
Impoundment of Bon Tempe Reservoir (1948: 4,017AF ), Kent Lake 
(Peters Dam 1954, enlarged 1982: 32,895AF) and Nicasio Reservoir 
(1960: 22,430 AF)  

• Continued extraction of natural resources.  Mining of mercury ore in 
open pit mines (1940-1970) and removal of in-channel sand and 
gravel from stream bed at confluence of Lagunitas and Nicasio Creek 
(through 1961). 

• End of logging in watershed (1960) 
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Period Time Period Watershed Activity/Disturbance 

Raising of 
Peters Dam, 
planning & 
mitigation 

1983 –
present 

• Increasing significance of San Geronimo Community Plan (from 
1978) 

• Increased impoundment of water/sediment within the watershed.  
Peters Dam (Kent Lake) raised 45 ft (completed 1982)   

• Large storm in WY 1982 suspected to have reset channel conditions   

Sources:  Niemi and Hall 1996, Tomales Bay Watershed Stewardship Council  2003, SF Bay RWQCB  2002,  and MMWD 2007 
 
 

2.3 Conceptual Understanding of Geomorphology of Middle Lagunitas 
Creek Watershed   

Our conceptual understanding of the geomorphology underpinning sediment delivery rates in the 
Middle Lagunitas Creek watershed is derived from several sources.  These include reference to a 
series of academic investigations of the geomorphology of neighboring watersheds (e.g., Haible 
1980; Lehre 1982; Niemi and Smith 1996; Ritchie et al. 2004), understanding resulting from a 
similar investigation in nearby Redwood Creek (Stillwater Sciences 2004), and a series of reports 
specific to our study area undertaken since 1979 (including Hecht and Enkeboll 1979, 1981; 
Hecht et al. 1980, Hecht and Woyshner 1983, 1988; Prunuske Chatham and Hecht 1987; 
Prunuske Chatham 1990, 2003; Hecht 1992; Stetson Engineers 2002; SPAWN 2002; O’Conner 
Environmental 2006).   
 
Context for the project is provided by the history of watershed disturbances derived in Section 
2.2.  It is clear, for instance, that during the first phase of European settlement in Lagunitas 
watershed (1850–1918 in Table 2-1), and to some extent during the second phase (1919–1945) 
rates of sediment delivery were greatly increased by activities associated with livestock raising, 
the introduction of non-native grasses and intensive logging greatly increased rates of sediment 
delivery.  Using available map records, Niemi and Hall (1996) documented that Tomales Bay at 
the mouth of the Lagunitas Creek watershed prograded more than 1 km in the period 1860 to 
1918, and an additional 500–800 m along tidal channels in the period 1918–1954.  Little further 
sedimentation occurred in the interval 1954-1982 (roughly contemporaneous with our third 
period): Niemi and Hall speculate that this relates to reduced rates of sediment delivery in the 
period, primarily due to sediment interception by Kent Lake (1954) and Nicasio Reservoir 
(1959).  Interpretation of several sediment cores taken in neighboring locations corroborates this 
interpretation.  Rates of sediment accumulation in the period from 1850-1900 reach 13–19 mm a-1 
in Bolinas Lagoon (Bergquist 1977, as cited in Niemi and Hall 1996), before reducing to 3–4 mm 
a-1 in the early Twentieth century, a rate that is more indicative of long-term rates of Holocene 
deposition.  A sediment core taken in Olema Creek also records a greater amount of coarser 
sediment deposition over the past two centuries.  In nearby Stemple Creek, rates of sedimentation 
on floodplains decreased since the 1950s following a conversion from row crops to pasture in the 
watershed (Ritchie et al. 2004); in Middle Lagunitas Creek, the change from row crops to pasture 
occurred in the 1930s so rates of sediment delivery may have reduced earlier than in Stemple 
Creek. 
 
Overall, the geomorphology of Middle Lagunitas Creek appears to follow a relatively simple path 
(up to 1982, at least) of greatly increased rates of sediment delivery from Lagunitas Creek due 
primarily to logging and crop agriculture following European arrival, particularly before 1918, 
and a progressive decrease in sediment delivery thereafter.  Chronologically, the decreases 



Marin County Department of Public Works  
Sediment Delivery Analysis Middle Lagunitas Creek Watershed 

 
29 May 2007  Stillwater Sciences 

7 

appears to relate first, to re-vegetation of some hillslopes in the early Twentieth century, second, 
to a change from row crops to pasture from the 1930s and, third, to increasing flow and sediment 
regulation in the watershed from the 1950s.  It is also probable that the balance of coarse and fine 
sediment has altered during this period especially in upstream areas subject to variations in local 
supply.  Narrative evidence for increasing fine sediment supply in the San Geronimo valley since 
approximately 1952 is given in the 1977 San Geronimo Valley Plan where it is suggested that 
gravel bed siltation (and septic system leachate) have been responsible for reducing salmonid 
spawning and rearing habitat in the watershed. 
 
It seems likely that this conceptual model of operation has been subject to a greater variety of 
competing influences since 1982.  The raising of Peters Dam in 1982 further reduced sediment 
delivery from the Middle watershed but this and other factors contributing to channel erosion may 
be responsible for increases rates of sediment delivery from alluvial sediment stores, changing the 
balance of sediment sources from hillslopes towards channels.  Factors contributing to channel 
erosion may have begun with increased rates of rainfall- runoff following de-forestation of the 
watershed, and further increases in the peakedness and volume of runoff has probably arisen as a 
consequence of an increasing extent of impermeable surface following population increases in the 
watershed.   Some degree of headwards migrating channel incision is likely to have been 
triggered by documented mining of sand and gravel from the confluence of Lagunitas and Nicasio 
Creeks.  An extent of downstream prograding incision is likely to have resulted from the 
damming of Nicasio Creek and Lagunitas Creek (Peters Dam).  Potentially, secondary, upstream 
moving incision may also have resulted in Lagunitas Creek and San Geronimo Creek, 
respectively, as incision of the primary channel caused a step in the bed profile at confluences.  
The extent of channel incision in the Middle Lagunitas Creek watershed may be less than 
documented for nearby Redwood Creek because bedrock outcrops serve to limit downcutting.  
Finally, the progressive increase in the network of unpaved roads in the watershed may be 
responsible for the existence of new discrete sediment sources, as documented in recent studies 
(SPAWN 2002; Stetson Engineers 2002). 
 
Additional complexity in the conceptual model of geomorphic functioning of Middle Lagunitas 
Creek is partly matched by additional data available upon which to resolve the model.  Since 
1979, a series of geomorphology and biology studies have been undertaken in the Middle 
Lagunitas Creek watershed designed to produce methods by which to mitigate the possible 
degradation in Lagunitas Creek caused by the raising of Peters Dam.  Monitoring of flow and 
sediment yields at gauging stations across the Lagunitas watershed, combined with surveys of 
channel topography, bed configuration, and bed material surveys occurred from WY 1980-1982 
(Hecht and Enkeboll 1979; Hecht et al. 1980; Hecht and Enkeboll 1981; Hecht and Woyshner 
1983) and resulted in a sediment management plan focused primarily on sediment yield reduction 
from San Geronimo Creek (Hecht 1983).  Supplementary sediment transport modeling was 
performed in 1987 (Hecht and Woyshner 1988) and a collection of cross-sections re-surveyed 
yearly since 1993 (e.g., Prunuske Chatham 2003).  Sediment source analyses have been 
performed on several occasions as the basis for identifying and later checking on source-
reduction prospects (Prunuske Chatham and Hecht 1987; Prunuske Chatham 1990; Stetson 
Engineers 2002). 
 
In 1992, a summary statement regarding geomorphic conditions in Lagunitas watershed was 
prepared (Hecht 1992).  In brief, the summary recognized that bed sediment in both Lagunitas 
and San Geronimo Creeks were readily mobilized, with finer gravels and more sand delivered 
from San Geronimo Creek, which was the primary supplier of sediment to the bed of the upper 
and middle Lagunitas Creek and capable of filling pools in Lagunitas Creek with sand and fine 
gravels.  The majority of annual sediment transport occurs during a period of 1–3 days of high 
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flows, as might be expected, and the vast majority of sediment transport occurs during wetter 
years.  Sediment sampling indicated that sediment transport rates remain elevated for some weeks 
after a particularly large magnitude flood, such as that in 1982.  Estimates of bedload transport 
based on simulations of stream flow in the period 1955–1984 suggest that bedload yields from 
San Geronimo Creek were above the level of those estimated in 1982 on three occasions, 1967, 
1970, and 1973 (Hecht 1992). 
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3 METHODS AND RESULTS 

This chapter outlines the basic framework used to assess sediment production and delivery from 
erosion sources located in mainstem channel reaches and tributary hillslope areas, including road-
related contributions of the Middle Lagunitas Creek watershed within the time period from 1976–
2005.  Methods were based on the understanding that a specific and finite set of geomorphic 
processes are likely to operate in the project area and that certain processes could be neglected 
given the 30-year time frame for analysis (Table 3-1). 
 
Subsequent to initial field reconnaissance and development of digital elevation models (DEMs), 
we compiled published erosion rates for regional and local areas having similar sediment controls 
(Lehre 1982; Haible 1980; Prunuske Chatham 1990, 1997; Tetra Tech 2001; Stetson Engineers 
2002; Stillwater Sciences 2004).  Specific terrain characteristics considered as dominant controls 
on erosion in the watershed were defined based on vegetation/cover type and density, underlying 
bedrock geology, hillslope gradient, and channel gradient.  These terrain characteristics represent 
key factors controlling sediment supply from sediment sources and were stratified into unique 
geomorphic terrains (i.e., process domains, Reid and Dunne 1996) to (1) identify their spatial 
distribution across the study area, (2) generalize geomorphic processes and rates, and (3) 
extrapolate processes and rates to areas with similar controls. Previously mapped sediment source 
inventories were incorporated to identify process domains dominated by erosion.   
 
We conducted hillslope and in-channel field surveys to quantify sediment supply from tributary 
and mainstem erosion sources.  Evidence from hillslope field surveys was collected along 
selected traverses in upland reaches of the tributary channel network.  We documented the 
location and geometry of all sediment sources along each hillslope traverse and noted site-
specific causal mechanisms and the relative grain size of the source material.  These data 
identified dominant erosion sources as (1) shallow-seated landslides along steep streamside 
slopes, (2) deep-seated landslides associated with highly sheared and erosive bedrock materials, 
and (3) various types of road-related contributions (e.g., culvert crossing or road fill failures, 
gully/rill erosion, or cut bank slides).  Quantification of sediment production is derived from field 
measurements of eroded material volumes.  We qualitatively assessed sediment delivery to first 
and second order channels by evaluating hydrologic connectivity, hillslope gradient, distance to 
channel, and sediment storage at sample sites, where feasible.  We extrapolated tributary 
sediment production rates from sampled process domains, supplemented with data from earlier 
sediment production surveys (Stetson Engineers 2002), to estimate sediment delivery rates from 
unsampled subwatersheds.  Existing data, field surveys, and extrapolation provided the basis for 
deriving a total average annual unit area estimates of sediment production from hillslopes and 
tributary channels in the study area.  
 
Mainstem San Geronimo Creek (including Woodacre Creek), Lagunitas Creek (from Peters Dam 
to Devils Gulch confluence), and Devils Gulch were surveyed to quantify rates of in-channel 
sediment production.  Volumetric measurements of past bank erosion (post-1982) and estimates 
of percent fine sediment within eroding bank deposits were used to estimate annual average bank 
erosion rates of sediment (total and fine) for each of the individual mainstem reaches.  Average 
annual rates of mainstem channel incision were determined through comparison of field 
observations of current channel thalweg elevation and previous channel thalweg elevation 
(obtained from cross-section surveys and bridge design drawings).  These data were then 
compiled to obtain total average annual mainstem sediment production (and associated sediment 
yield) for San Geronimo Creek, Lagunitas Creek, and Devils Gulch. 
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Methods and results used in this study to derive sediment production and delivery rates are 
summarized in the following sections.   
 
Table 3-1.  Finite geomorphic process set typical to sediment sources in watersheds of the 

California coast range. 
Category Geomorphic process Method of investigation 

Natural Processes 
Conversion of bedrock to 
soil mantle Sediment production 
Rockfall 

Not appropriate to the time frame of reference for this 
study. 

Creep and biogenic transport 
Soil creep in this study was subsumed into rates of 
streamside bank erosion that represents the eventual 
delivery of creep-derived material to the channel network. 

Shallow landsliding 

Use of prior reports, existing landslide inventories, 
records of landslide activity, and field survey to ascertain 
the location, volume, and timing of shallow landslides, 
and characterization of grain size distributions. Hillslope mass 

wasting processes 

Deep-seated landsliding 

Use of prior reports, existing landslide inventories, 
records of landslide activity, and field survey to ascertain 
the location, volume, timing of deep-seated landslides, 
and characterization of grain size distributions.  
Topographic evidence suggests that very large deep-
seated sliding has been active in the current or recent 
historical past. 

Hillslope overland 
flow erosion Sheetwash and rill erosion Estimated from field survey where possible. 

Channel head advance 
Evidence from prior reports, GPS location of channel 
heads, and extrapolation of measured slope-thresholds for 
channel initiation. 

Gully incision 
Evidence from prior reports and aerial photographs, field 
survey of sediment volumes corroborated by age of 
vegetation, characterization of grain size distributions.  

Bank erosion 

Field surveys focusing on determining the volume of 
erosion according to channel morphology, vegetation age 
structure, characterization of grain size distributions, and 
stratigraphic evidence. 

Channel production 
processes 

Mainstem incision / 
aggradation 

Use of time series of cross-sections throughout the 
watershed from previous studies.  Field surveys focusing 
on determining the volume of erosion according to 
morphology, vegetation age, near-channel structures, 
characterization of grain size distributions, and 
stratigraphic evidence.   

Channel sediment 
routing and storage 

dynamics 
Sediment transport 

Use of suspended sediment and bedload gauging records 
where available.   

Human Disturbances 
Cut and fill failures 
Surface erosion 
Stream crossing fill failures  
inboard ditch incision and 
slope destabilization 

Road-related 

Gully formation due to 
runoff associated with 

Use of prior inventories of road-related erosion in 
combination with field evidence to estimate rates and 
relative timing of sediment input and characterization of 
grain size distributions; road-related erosion in this study 
was too low to identify discrete fine sediment sources 
from field surveys and was subsumed into rates of 
hillslope and tributary erosion that represents the eventual 
delivery of hillslope-derived material to the channel 
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Category Geomorphic process Method of investigation 

inboard ditch relief 
Accelerated runoff and 
channel destabilization 

network. 

Surface wash rilling and 
gullying See methods for rill erosion and gully incision above 

Accelerated runoff and 
channel destabilization 

See methods for bank erosion and mainstem incision / 
aggradation  above. 

Hillslope vegetation removal 
and landsliding See methods for shallow landsliding above. 

Agriculture and 
rangeland 

Riparian vegetation removal 
and channel destabilization 

See methods for bank erosion and mainstem incision / 
aggradation above. 

Construction phase sediment 
pulse 

Rates of urban construction were too low to identify 
discrete fine sediment sources from field survey. 

Connection of drainage 
network 

Examined channels above and below storm-water outfalls 
for erosional changes. Urban 

Post-construction low 
sediment and accelerated 
runoff 

See methods for bank erosion and mainstem incision / 
aggradation above. 

Channel destabilization 
through straightening and 
relocation 

Reviewed information on channelization and 
maintenance.  Field surveys of channel management 
activity; correlated to channel morphology changes. 

Channel destabilization 
through LWD removal 

Reviewed information on channel maintenance for 
evidence of LWD removal. 

Channel management 

Sediment reduction through 
bank revetment, dams, 
source control measures 

Field survey to examine potential sediment storage 
reservoirs and compilation of pre-existing information. 

Note: With the exception of road-related erosion, human disturbances affect the geomorphic processes already identified as natural 
and, therefore, require efforts to separate the relative influence of natural and human factors. 
 
 

3.1 Available Data and Applicable Erosion Rates  

3.1.1 Hydrologic and rainfall records   

Streamflow data was compiled for three locations within the Lagunitas Creek watershed:  
Lagunitas Creek near Point Reyes Station, (USGS gauge #11460600, October 1974 to present), 
Lagunitas Creek at Samuel P. Taylor State Park [SPT SP], (USGS gauge #11460400), Lagunitas 
Creek downstream of Kent Lake (MMWD spill record), and San Geronimo Creek at Lagunitas 
Rd bridge (MMWD gauge) (see Figure 2-1b).  Sediment discharge data were compiled for the 
Lagunitas Creek at SPT SP (suspended sediment data from the USGS and bedload data from 
Hecht [1983]) and San Geronimo Creek at Lagunitas Road bridge (suspended and bedload data 
from Hecht (1983)].  These data sources are discussed further in Section 3.5.   
 
In an effort to assist state and local agencies in recognizing areas susceptible to landslide activity, 
commonly occurring in response to storm events related to episodes of pronounced El Niño 
Southern Oscillation (ENSO) activity, the USGS compiled a series of landslide reports as a 
digital database developed from empirical evidence gathered in the San Francisco Bay Region.  
As part of the landslide series, Wilson and Jayko (1997) published two preliminary isohyetal 
maps illustrating 6-hr and 24-hr rainfall thresholds necessary to trigger debris flows during both 
short-duration, intense storms and long-duration, moderate to strong storms. Based on empirical 
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data and normalized rainfall records, the 24-hr rainfall threshold map predicts that approximately 
190-200 mm (7.5 to 8.0 inches in original units of measurement) of rain within a 24-hr period 
will likely increase debris flow activity within the study area (Wilson and Jayko 1997).   
 
For the Middle Lagunitas Creek watershed, we assume that 24-hr rainfall amounts correlate with 
the daily rainfall data recorded at the nearby Kentfield rain gauge, operating since 1888.   On 
December 31, 2005, the Kentfield rain gauge recorded approximately 186.2 mm (7.33 inches) of 
rain within a 24-hour period.  Recent evidence from hillslopes surveyed during this study 
indicates that deep-seated landslides and debris flows were initiated in landslide-prone areas of 
the San Geronimo Creek watershed during the year end, El Nino storm event.  Several slope 
failures triggered by the 2005 storm were associated predominantly with saturated soil conditions 
and typically, steep slopes underlain by sheared Franciscan mélange bedrock.  Because a large 
portion of the Middle Lagunitas Creek watershed consists of similar geologic and geomorphic 
conditions, we suggests that long-duration, moderate intensity rainfall events capable of 
delivering even slightly less than 190.5 mm (7.5 inches) within a 24-hr period, have a high 
probability of triggering large magnitude landslides and debris flows.  Based on this information, 
and using data since 1948, it appears that the study area has experienced at least seven major 
storm events over the last 49 years capable of generating significant amounts of sediment through 
large scale mass wasting (Table 3-2).  Because the January 4, 1982 storm event represents the 
first landslide-generating storm since 1967, we selected 1982–2006 as the representative time 
period for erosion estimates in this study.  

 
Table 3-2.  Potential landslide-triggering storm events 

and daily rainfall totals as recorded at the Kentfield rain 
gauge from 1948-2006.  

24-hr rainfall total  Date of Record 
(mm)  

Dec. 22, 1955 188.2 
Jan. 5, 1966 253.7 

Jan. 21, 1967 293.6 
Jan. 4, 1982 268.0 
Nov. 5, 1994 202.2 
Dec. 11, 1995 196.3 
Dec. 31, 2005 186.2 

 
 

3.1.2 Local existing erosion studies and rates derived  

We compiled a comprehensive spatial database containing previously mapped erosion sites across 
the study area (Figure 3-1; Alexander & Associates 1988; Ellen and Wieczorek 1988; Purunske 
and Chatham 1988, 1990, and 1997 [priority sites only]; Morrissey et al., 1999; Stetson 
Engineers 2002).  The compiled database provides a basis for defining characteristic processes 
and identifying relevant controls on sediment dynamics within the watershed.  For this study, we 
assume that each digitized sediment source site represents a close approximation of the actual 
field erosion site measured during the previous study and provides an accurate representation of 
spatial distribution for past and potential mass wasting.  However, the exact location of 
previously mapped sites and associated level of detail regarding eroded volume estimates may 
vary and are limited by the resolution of the original data set.  We used attribute information for 
each of the existing erosion studies to evaluate the utility of the existing data sets. 
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In the fall 2001, Stetson Engineers coordinated a sediment source inventory assisted by MMWD 
and MCOSD personnel and community volunteers, reporting 298 sediment source sites along 
mainstem and upland tributary channels, hillslopes, and roads within San Geronimo Creek.  
Although, Stetson Engineers (2002) reports volumetric contributions and sediment production 
rates for 37 mainstem sites and 105 tributary and road sites, site conditions described in the report 
commonly lack the information necessary to classify geomorphic processes or causal mechanism 
of each site.  Individual sediment production rates were derived by assuming lateral recession 
rates for each erosion site, regardless of the geomorphic process or causal mechanism (Stetson 
Engineers 2002).  In this study, we incorporate measured volumes from the Stetson Engineers 
inventory with volumetric data from the Stillwater Sciences hillslope field survey to evaluate 
sediment production for sampled process domains (Section 3.4.1.2).   
  

3.2 Geomorphic Process Domains  

Spatially-extensive evaluation of watershed sediment delivery can be managed effectively by 
subdividing the watershed into areas of specific terrain characteristics that dominantly control 
erosion, defined as “process domains”.  The process domain concept hypothesizes that patterns of 
sediment supply to channels reflect the spatial and temporal variability of geomorphic processes 
that drive erosion, which is related to patterns of natural disturbance and land use activities within 
a watershed (Reid and Dunne 1996, 2003; Montgomery 1999).  Geomorphic process domains are 
areas defined by a unique combination of terrain characteristics.  Each process domain is assumed 
to contain a distinct set of potential geomorphic processes and process rates that contribute to 
sediment production.  Four terrain characteristics used to define process domains were selected 
based on their dominant role in determining and regulating erosion processes: geology, hillslope 
gradient, vegetation cover and channel gradient.  While other characteristics such as the local 
structure or bedding of the geologic strata, slope aspect, and precipitation may influence sediment 
production, they were assumed to be of secondary importance at the spatial and temporal scale of 
this study.  The three area-based terrain characteristics were divided into three to four terrain 
criteria reflecting assumed differences in erosion activity in each criterion (Table 3-3). Channel 
gradient was subdivided into four categories (0–2, 2–4, 4–8, and over 8% slope) but is a linear 
rather than areal property and is dealt with independent of the other characteristics.  Criteria 
representing the other three terrain characteristics are combined into 48 possible process domains 
resulting from a combination of vegetation, geology and hillslope characteristics.  Each domain 
was given a unique numeric code corresponding with the sub-division shown in Table 3-3. 
 

Table 3-3.  Numerical process domain code for dominant terrain characteristics in the 
study area.  

Vegetation and cover terrain 
(first digit) 

Geologic terrain 
(second digit) 

Hillslope gradient 
(third digit) 

1 = Agricultural/ Herbaceous 
2 = Mixed Forest >50% canopy 
3 = Mixed Shrub <50% canopy  
4 = Urban and barren surfaces 

1 = Quaternary alluvium 
2 = Nicasio Reservoir 
3 = San Bruno Mountain 
4 = Franciscan mélange 

1 = 0-5% 
2 = 5-30% 
3 = >30% 

Example: Process domain code 343 represents a process domain with mixed shrub with less than 50% canopy cover underlain by 
Franciscan mélange on slopes greater than 30%. 
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3.2.1 Vegetation and cover terrains 

Four vegetation and cover terrains were defined: (1) agricultural and herbaceous grasslands; (2) 
conifer and hardwood forests; (3) mixed shrubs; and (4) urban and barren ground dominantly 
comprised of impermeable surfaces (Table 3-4; Figure 3-2).  These four categories were 
aggregated from a digital coverage of existing vegetation within Marin County derived from 
LANDSAT imagery (30-m resolution) (USFS 2005).  Vegetation and cover terrains reflect the 
relative potential for erosion due to differences in canopy cover, rainfall interception, and the 
effects of root distribution and strength on slope stability.  
 

Table 3-4.  Vegetation and cover terrains in the study area. 
Percent of subwatershed area 

Subwatershed Total area 
(km2) Ag/Herb Mixed 

Shrub Mixed Forest Urban/Barren

San Geronimo Creek 20.6 26% 25% 45% 4% 
Woodacre Creek 3.6 13% 21% 50% 17% 
Devils Gulch  7.0 27% 6% 67% 0% 
Lagunitas Creek 8.8 12% 9% 78% 1% 

TOTAL 40.0 22% 18% 57% 4% 
 
 
Agricultural and herbaceous terrain 
Agricultural and herbaceous terrain encompasses approximately 22% of the total study area and 
includes herbaceous land that is dominated by agricultural lands or herbaceous grasslands.  These 
areas all have less than 50% tree canopy cover. Agricultural lands include areas of permanent 
pastures, cultivated land, and orchards. 
 
Mixed shrub terrain 
Mixed shrub terrain encompasses approximately 18% of the total study area.  Shrub land species 
included in this terrain are chaparral, chemise, manzanita, ceanothus, etc. Typically, areas 
occupied by mixed shrub terrain have less than 50% canopy cover. 
 
Mixed forest terrain 
Mixed forest terrain encompasses approximately 57% of the total study area.  Forest lands are 
dominated by conifers, hardwoods, or some mixture of both hardwoods and conifers.  Typically, 
areas occupied by mixed forest terrain have greater than 50% canopy cover. 
 
Urban and barren terrain 
Urban and barren terrain encompasses 4% of the total study area and includes areas with little or 
no vegetation.  The urban and barren terrain category includes impermeable areas that, at a 30-m 

x 30-m parcel scale, consist primarily of urban structures, residential units, paved roads, and/or 
exposed bedrock.   
 

3.2.2 Geologic terrains 

The Middle Lagunitas Creek watershed was divided into four geologic terrains.  Digital database 
information from published 1:75,000-scale geologic maps (Wentworth 1997; Blake et al. 2000), 
in conjunction with reconnaissance-level field observation, was used as to assign geologic terrain 
units based on lithologic composition, structural integrity, or resistance to erosion.  These data 
illustrate that the study area is dominantly underlain by variously sheared, Cretaceous-Jurassic 
Franciscan Complex bedrock, each commonly comprised of an assemblage of different rock 
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types known as “terranes”.  Bedrock terrane assemblages reflect the diversity of the Franciscan 
Complex, where rock units are grouped based on similar structural and/or stratigraphic relations 
(Blake et al. 2000).  The four geologic terrains, presented from oldest to youngest, include: (1) 
San Bruno Mountain terrane; (2) Nicasio Reservoir terrane; (3) Franciscan mélange terrane; and 
(4) Quaternary alluvium (Table 3-5; Figure 3-3).   
 

Table 3-5.  Geologic terrains in the study area. 

Percent of subwatershed area 
Subwatershed Total area 

(km2) Quaternary 
Alluvium 

Franciscan 
melange 

Nicasio 
Reservoir 

San Bruno 
Mtn 

San Geronimo Creek 20.6 9% 78% 11% 2% 
Woodacre Creek 3.6 10% 74% 11% 6% 
Devils Gulch  7.0 0% 57% 43% 0% 
Lagunitas Creek 8.8 0% 15% 51% 34% 

TOTAL 40.0 5% 60% 26% 9% 
 
 
San Bruno Mountain terrane (Cretaceous)  
San Bruno Mountain terrane encompasses approximately 9% of the total study area and is 
comprised of an alternating sequence of sandstone and shale beds.  Sandstone beds are typically 
thick, medium to coarse-grained arkosic wacke stone that forms resistant topography (Wentworth 
1997; Blake et al. 2000).  Shale beds are typically thinner, more erosive than the sandstone beds 
and are comprised of laminated and locally fissile, fine-grained mudstone.  Rocks of the San 
Bruno Mountain terrane are located predominantly along the east side of Bolinas Ridge and may 
be locally sheared, brecciated, and/or faulted into repeated sections.  Deeply dissected drainages 
are common. 
 
Nicasio Reservoir terrane (Cretaceous-Jurassic)  
Nicasio Reservoir terrane encompasses approximately 26% of the study area and is a mixture of 
accreted “greenstone” bedrock that includes mafic-rich intrusive basalt, massive to pillow lava 
(Wentworth 1997; Blake et al. 2000).  Localized outcrops of massive chert (~30 m thick) or 
thinly bedded chert stratified with shale interbeds exist in the study area.  These relatively hard 
and erosion resistant rocks are located predominantly in the western portion of the study area 
where outcrops straddle the drainage divide between all Lagunitas, San Geronimo, and Devil’s 
Gulch subwatersheds.  Drainage dissection is strongly defined by incised tributary channels along 
the base of Barnabee Mountain. 
 
Franciscan mélange (Cretaceous-Jurassic) 
Franciscan mélange encompasses approximately 60% of the total study area and represents a 
tectonically mixed assemblage comprised of an assortment of variably sheared metamorphic 
rocks, serpentine, greenstone, and chert blocks from several lithologic terranes, “floating” within 
a highly sheared argillite (fine-grained mudstone) or lithic sandstone matrix (Wentworth 1997; 
Blake et al. 2000).  Franciscan mélange is typically a landslide-prone geologic terrain type 
especially where the matrix contains clay-rich lenses and/or deeply weathered serpentine soils.  
These soils tend to restrict infiltration of surface runoff, leading to increased pore pressures and 
soil expansion.   
 
Quaternary alluvium  
Quaternary alluvium encompasses approximately 5% of the study area and is composed of 
unconsolidated fine-grained silts, sands, and gravels deposits on valley bottom surfaces.  
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Typically alluvium is derived from matrix-supported and/or intensely fractured bedrock, 
mobilized by mass wasting, soil creep, and surface erosion processes, and transported downslope 
and into stream channels by fluvial processes to form floodplain and terrace land surfaces.   In 
areas underlain by highly erosive bedrock, particle attrition represents an important mechanism 
by which fine-grained alluvium is effectively transported through the drainage network (Cui et al. 
2001).     
 

3.2.3 Hillslope terrains 

Three hillslope categories were incorporated into the definition of process domains based on 
hillslope gradient derived from 10-m DEM data (Table 3-6 and Figure 3-4).  Hillslope gradient 
categories are assigned to reflect geomorphically significant slope breaks identified as practical 
thresholds for slope stability.  Hillslope gradients <5% represent valley bottom or flat upland 
areas suspected of being relatively stable; hillslope gradients >30% and assumed to be relatively 
unstable, and the remainder of hillslope gradients in the range 5-30%.   
 

Table 3-6.  Hillslope gradients in the study area. 
Percent of subwatershed area 

Subwatershed Total area 
(km2) 0 - 5% 5 - 30% > 30%  

San Geronimo Creek 20.6 6% 34% 60% 
Woodacre Creek 3.6 6% 42% 53% 
Devils Gulch  7.0 1% 27% 72% 
Lagunitas Creek 8.8 1% 27% 72% 

TOTAL 40.0 4% 32% 64% 
 
 

3.2.4 Channel terrains 

Geomorphic processes such as bank erosion, bank failure, channel bed incision, gully incision 
and channel head advance produce sediment directly to stream channels and are incorporated in 
the sediment delivery assessment according to the channel length over which they occur. 
Different processes tend to pre-dominate according to the gradient and order of the stream 
channel.  Four channel gradient classes (0–2%, 2–4%, 4–8%, and >8%) were defined using a 
combination of 10-m DEM data and the USGS 1:24,000 DLG hydrology “blueline” river network 
with an additional threshold-area-based extension for defining channel headwaters (Figure 3-4, 
Table 3-7), to reflect characteristic channel morphologies, capacity for sediment transport, and 
potential for sediment storage (Montgomery and Buffington 1997, 1998).  Channel gradient 
classes to do not integrate directly into the process domains, but are used for guidance in later 
analyses. The watershed steam network was divided into 1st, 2nd, 3rd, 4th, and 5th order channels 
based on the methodology devised by Strahler (1952) (Figure 3-5).  The stream orders were then 
used to guide subwatershed-scale sediment production rates (as described in Section 3.4). 
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Table 3-7.  Channel lengths by gradient class in study area subwatersheds. 

Percent of total subwatershed channel length 
by gradient class Subwatershed  

Total 
channel 
length, 

km 0–2% 2–4% 4–8% > 8% 
San Geronimo Creek 64 15% 18% 16% 51% 
Woodacre Creek 12 17% 15% 8% 60% 
Devils Gulch 19 11% 13% 10% 66% 
Lagunitas Creek 28 20% 1% 4% 76% 

TOTAL 123 15% 13% 12% 60% 
 
 

3.2.5 Resultant process domains 

GIS overlay of terrain criteria related to vegetation cover, geology and hillslope gradient resulted 
in 48 process domains.  The extent of each domain is documented and shown graphically in 
Appendix A.  Certain process domains are more prevalent than others: Table 3-8 and Figure 3-6 
illustrate the 19 most common process domains (each with a total occurrence in the study area of 
greater than 0.25 km2).  Together, these domains account for 96% of the total study area,  The 
most common domain (243), steep (over 30% slope) forested land on Franciscan mélange (see 
Table 3-3 for interpretation of process domain codes), occurs across nearly 22% of the study area.  
Hillslope field surveys were targeted primarily at the most common domains so that the results 
could be extrapolated with some confidence over the greatest possible amount of the study area 
(see Section 3.4.1). 
 

Table 3-8.  Extent of common process domains in the study area as a percentage of 
watershed area1. 

Process 
Domain 

San 
Geronimo 

Creek 
Woodacre 

Creek 
Devils 
Gulch  

Lagunitas 
Creek 

Percent of study area 
represented by each 

process domain  
243 57% 11% 23% 9% 22% 
223 22% 3% 33% 43% 13% 
242 57% 16% 16% 11% 10% 
343 85% 9% 5% 1% 9% 
143 78% 4% 18% 0% 7% 
233 8% 2% 0% 91% 6% 
142 65% 7% 28% 0% 5% 
342 81% 14% 3% 2% 5% 
123 26% 4% 31% 39% 4% 
222 22% 2% 26% 51% 3% 
323 26% 12% 9% 54% 3% 
232 16% 3% 0% 82% 2% 
122 26% 4% 43% 27% 2% 
111 100% 0% 0% 0% 1% 
112 100% 0% 0% 0% 1% 
442 61% 40% 0% 0% 1% 
132 18% 14% 0% 68% 1% 
411 63% 37% 0% 0% 1% 
412 52% 48% 0% 0% 1% 

Total 
Representation 96% 93% 99% 97% 96% 

1 Table illustrates only process domains with total terrain areas >0.25 km2.   
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3.3 Terrain Assessment and Field Surveys 

3.3.1 Preliminary terrain analysis 

Available aerial photographs were acquired as scanned digital images for 1978, 1999, and 2000, 
providing a limited times series for the study area.  Probable erosion sites were interpreted from 
each set of digital photographs and digitized as points into a GIS.  Mapped sites were evaluated 
and compared with published data to make preliminary assessments regarding the presence of 
erosion sites mapped during the air photo analysis.   
 
As a consequence of the limited air photo coverage and/or poor digital resolutions, historical 
aerial photographs provided inconclusive evidence to validate the existence and/or magnitude of 
erosion for previously mapped sediment sources or establish a time series record of erosion across 
the Middle Lagunitas Creek watershed.  Therefore, the hillslope analysis lacks the time reference 
necessary to establish landslide initiation and reactivation history or correspondence with 
potential landslide-triggering storm events, detect changes in land use/cover type, and determine 
hillslope response to storm events, urban development, and road construction or 
decommissioning.   
 
Sediment source inventories from previous investigations were digitally compiled to determine 
the relation between site distribution, geomorphic processes, and process domains.  The study 
area consists predominantly of clay-rich Franciscan mélange with slopes steeper than 30% 
predominantly occur across the study area under all vegetation cover types (i.e., process domains 
codes 143, 243 and 343 cover 37.5% of the total study area – Table 3-8).  Moderate to steep 
slopes underlain by Nicasio Reservoir terrane bedrock supporting mixed shrub or herbaceous 
grasses occupy large areas of Devils Gulch and Lagunitas Creek (domains 124, 223 in Table 3-8).  
Previous studies report shallow and deep-seated mass wasting, stream bank erosion, knick point 
migration, and/or road-related sediment contributions in areas designated with these combinations 
of terrain characteristics (Alexander & Associates 1988; Ellen and Wieczorek 1988; Prunuske 
Chatham 1988, 1990, and 1997; and Stetson Engineers 2002).   
 
Steep slopes underlain by San Bruno Mountain terrane bedrock commonly support dense mixed 
forest vegetation across a large portion of the Lagunitas Creek subwatershed (domain 233 in 
Table 3-8).  These slopes are relatively resistant to erosion; however, Prunuske Chatham (1990) 
report channel head cutting in locations defined with similar terrain characteristics.  Lastly, 
stream bank and gully erosion are usual process of erosion in low gradient, valley bottoms 
consisting primarily of Quaternary alluvium (process domains 111 and 411 in Table 3-8).   
 
The combination of terrain analysis and previous sediment source surveys provides a useful 
preliminary assessment of the distribution and frequency of erosion by process domain, and 
information regarding common geomorphic processes active within the study area.  However, the 
utility of these studies is often limited due to the lack of volumetric data in reported site 
characterizations.  We used the information obtained during the preliminary terrain analysis to 
select a representative cross section of process domains as sample areas for hillslope and 
mainstem channel field surveys during this study.  Site selection included process domains where 
sediment production was known to be common and/or from portions of the study area lacking 
data.  Site selection also reflects recommendations from local agency representatives who 
reported significant erosion initiated during the December 31, 2005 storm event.  Accessibility 
and landowner cooperation also influenced the location of hillslope traverses during field efforts. 
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3.3.2 Tributary channels and hillslopes: field survey 

During June 2006 a two-person field crew conducted field surveys in tributaries and hillslope 
areas.  Field surveys documented the extent of erosion across the study area by characterizing site 
conditions, measuring eroded site dimensions, and approximating sediment delivery along ten 
“hillslope” transects (Figure 3-7).  Criteria used to select the ten hillslope transects include, but 
were not necessarily limited to: (1) areas containing previously mapped hillslope, upland 
tributary, or road-related sites, (2) reasonably accessible areas, (3) areas providing a sufficient 
representation of common and dominate process domains, (4) areas dominated by hillslope 
erosion processes rather than channel erosion processes, and (5) areas of erosion known to have 
initiated during the December 31, 2005 storm event.  The ten transects were chosen in an effort to 
(1) validate process domains from the geomorphic terrain analysis, (2) reoccupy selected 
sediment source sites identified in previous surveys, and (3) evaluate the short-term hillslope 
response associated with, and in the context of, the recent high-intensity storm event of December 
31, 2005.    
 
Sediment source sites along the ten transects met one or more of the following criteria to be 
included in the hillslope survey: (1) the initiation point of the eroded site occupied hillslopes or 
tributary locations (i.e., no mainstem channel reaches were evaluated); (2) sediment sources 
indicated a potential to deliver sediment directly to tributary channels, and (3) sediment sources 
exhibited characteristics indicative of activity within last 30 years.  We mapped 63 sediment 
source sites during the reconnaissance-level tributary and hillslope transect surveys.  At each 
sediment source site we identified primary and secondary modes of erosion and quantified 
sediment contributions by measuring volumetric sediment supply from 84 initiation points (some 
sediment source sites have more than one initiation point).  Table 3-9 in Section 3.4.1.2 
summarizes hillslope and tributary sediment production and delivery by process as measured 
during the 2006 field inventory.   
 
A set of standard field methods were employed to identify geomorphic processes and document 
sediment production along the ten transects.  Site conditions and process domains were 
established using reconnaissance-level field mapping and photo documentation.  We measured 
eroded site dimensions using a laser rangefinder and prism or standard metric tape measure as 
necessary. Hillslope and channel gradients were confirmed using the laser rangefinder and prism 
when feasible.  Erosion sites were mapped on topographic base maps at a scale 1:24,000 or larger 
(Figure 3-7).  We used handheld GPS units to geo-reference site locations when feasible.  
Relative timing of sediment input was established based on geomorphic and vegetation reference 
indicators such as scarp angle and weathering, characteristics of tree size, species, location, and 
deformation within the slide mass, root exposure, or the presence/condition of anthropogenic 
materials.  
 
Field observations established lithologic composition as well as the field moisture conditions 
(e.g., saturated, seepage, etc) and estimated grain size of source and/or deposited materials at each 
erosion site (Appendix B).  Where feasible, we collected volumetric grab samples of sediment 
from eroding hillslopes, stream banks, and stream beds for laboratory analysis of particle size 
distribution (Appendix C). 
 
Eroded volumes were converted to mass yield by assuming bulk density for weathered soils and 
colluvium.   Under visual inspection, most eroded sites expose weathered rock fragments with 10 
to 85% gravel-sized clasts supported by a silty sand or sandy silt matrix.  Eroded materials were 
classified as either “earth” or “debris”.  “Earth” materials represent predominantly fine-grained 
sediment sources having an assume density of 1.4 t m-3.  “Debris” material represents 
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predominantly coarse-grained sediment sources having an assume density of 1.6 t m-3.  Assumed 
bulk density values applied in this study are consistent with the range of values applied to San 
Geronimo Creek sediment source sites by Stetson (2002) and are supported by published data 
from Lehre (1982) for similar hillslope materials.  See Appendix B for more detailed information. 
 

3.3.3 Mainstem channels: Field survey 

In order to quantify the extent of net in-channel sediment production on the watershed scale, a 
comprehensive field survey was conducted to document in-channel erosion along the mainstem 
San Geronimo Creek (including Woodacre Creek), Lagunitas Creek, and Devils Gulch.   
Erosion features that were examined during this field effort included channel bank retreat (i.e., 
lateral retreat), localized bank failure (i.e., streamside shallow landsliding), and channel incision.  
These erosion feature types were documented during a survey of the channel during July 2006 
(Figure 3-7).  As the channels were traversed, locations of apparent, chronic in-channel erosion 
were noted on a field map and the pertinent feature characteristics were determined.  The length, 
height, and depth of eroded bank were measured at bank retreat sites in order to determine 
volume of eroded sediment (depth of erosion was based on visual estimates of local bank position 
relative to adjacent, more stable banks).  In an effort to expedite the in-channel survey so that 
bank retreat could be examined throughout the watershed, only bank retreat sites that had an 
initial visually estimated erosion volume greater than approximately 3.0 m3 (100 ft3) were 
examined and recorded.  At localized bank failures, length, height, and depth of shallow landslide 
feature, and the percent of the slide block remaining for subsequent erosion was determined.  At 
both bank retreat and localized bank failure sites, exposed bedrock was noted as an indication of a 
significant decrease in future erosion rate and bank features that could help date bank erosion 
(tree roots, in-channel structures, etc.) were noted.  Channel incision locations were also 
characterized by the thalweg elevation relative to adjacent vegetation (e.g., rooting systems) or in-
channel structures (e.g., bridge piers, building foundations) that could help constrain the rate of 
incision.  See Appendix D for the compiled data.  At all erosion sites, the percent fine sediment 
(<2 mm) present in the eroding substrate was visually estimated.  .  Bulk sediment samples were 
also collected at several representative bank and in-channel locations for laboratory analysis of 
particle size distribution (approximate sample size = 1,000 cm3).  These samples were chosen to 
characterize sediment sizes delivered from bank erosion, upstream reaches, and from tributaries.   
 
To help constrain estimates of bank erosion rates, the age of a small sample of trees on eroding 
banks on mainstem San Geronimo Creek, Lagunitas Creek, and Devils Gulch were related to 
adjacent bank erosion.  The tree age was established by taking cores and counting the tree rings 
from the bark to the pith (center of tree).  The trees that were chosen had an exposed root system 
indicating the extent of bank erosion since tree establishment, and were located on relatively 
straight reaches with relatively uniform flow hydraulics (i.e., no bend-induced bank erosion).  
The tree age determined from the cores was then correlated with the observed bank erosion extent 
(error of ±10 years).   Coring sites included five sites in total: one tree on San Geronimo Creek 
(Red alder), two trees on Lagunitas Creek (Redwood and Tanoak), and two trees on Devils Gulch 
(Douglas fir and California torreya).  See Appendix D for more detailed information. 
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3.4 Sediment Production and Delivery  

3.4.1 Hillslopes and tributaries 

3.4.1.1 Dominant processes and rates, this study 

Hillslope landslides 
Sediment input derived from landslides was estimated by mapping landslide scars located in open 
hillslope positions, above tributary channels, or along steep streamside slopes within each of the 
ten transects.  Slides were categorized as either shallow or deep-seated based on the observed 
slope morphology, style of slope movement, and failure plane depth.  Shallow landslides typically 
exhibit rapid, catastrophic mass movement of unconsolidated rock, soil, and/or colluvium along 
relatively shallow, planar failure surface that is typically located above the rooting depth of 
conifers or hardwoods.  Deep-seated landslides differ from shallow landslides in that (1) failure is 
typically along a concave surface or diffuse shear zone at depth, typically below the rooting depth 
of conifers and hardwoods; (2) internal deformation occurs in incompetent, weathered, sheared or 
deformed bedrock; and (3) mass movement is typically slow or incremental.   
 
Landslide measurements included length and width of the historically active scar.   Where 
possible, rupture depth was measured using exposed slide plane surfaces.  In locations where the 
slide plane was obscured by debris, the scarp height was measured as a reasonable proxy, 
representing a minimum rupture depth. The eroded volume for complex landslides (i.e., multiple 
slide scars at one site) was measured for each discrete scar and subsumed to derive total sediment 
production at a site.  A percentage of sediment delivered was estimated by qualitatively assessing 
the relative degree of connectivity with tributary channels based on hillslope gradient and slope 
distance of the perceived run-out path, and by assuming an amount of hillslope storage based on 
the “remaining” slide mass.  The measured volume of the remaining slide mass often does not 
reflect the actual volume of stored landslide sediment due to volumetric expansion of the slide 
material.  Based on visual observations, most of the slide material exposed in the head scarps of 
both shallow- and deep-seated landslides was coarse-grained material, classified in general as 
“debris”.     
     
Shallow and deep-seated landslides represent 23% and 10% of the total number of sites 
measured, respectively, and combined account for over 60% of the total sediment supply 
measured during our survey.  Shallow landslides are more prevalent but deep-seated landslides 
account for the largest sediment contribution.  Temporary increases in pore water pressures, 
commonly related to intense rainfall activity, represent a common triggering mechanism for both 
shallow and deep-seated landslides observed within the study area.  An increased depth of failure 
was noted in areas where non-cohesive, unconsolidated materials were underlain by intensely 
fractured and weathered or highly sheared bedrock. 
 
Assuming a 24 year representative time period for landslides mapped and negligible hillslope 
storage, we estimate the total sediment production rate from shallow landslides as nearly 140 t a-1 
[metric tonnes year-1].  Sediment production rates derived from deep-seated landslides were 
approximately 340 t a-1, more than two times the rate of shallow landslides sediment production 
(Table 3-9).  Gully incision occasionally represents a mode of transport for landslide materials.  
Sediment production rates derived from landslides surveyed in June 2006 reflect a sampling 
biased and likely provide an overestimate due to surveying anomalously large, deep-seated 
landslides triggered during the December 31, 2005 storm event.  We address uncertainties 
associated with hillslope sediment production rates by subsuming eroded mass of landslide 
material with other discrete processes to derive total sediment production for sampled process 



Marin County Department of Public Works  
Sediment Delivery Analysis Middle Lagunitas Creek Watershed 

 
29 May 2007  Stillwater Sciences 

22 

domains.  Sediment production rates extrapolated by process domain are discussed in Section 
3.4.1.2.  
   
Stream bank erosion and channel incision 
Tributary stream bank erosion, channel/gully incision, and channel headcuts were measured along 
transects in Manzanita Creek, Montezuma Creek, Larsen Creek, Spirit Rock Creek, and Upper 
Woodacre Creek, accounting for nearly 30% of the total sediment supply from tributary estimates 
(Table 3-9).  Height and width measurements of actively eroding (unvegetated) sites along 
colluvial and/or alluvial terrace deposits were taken in 1st and 2nd order tributaries.  Depth of 
erosion at these sites was estimated from exposed tree roots and overhanging root wads or depth 
to channel bed.  Qualitative grain size estimates of the eroding bank material were established in 
the field and volumetric grab samples were collected.  The volume of eroding banks was then 
calculated and subsumed with other discrete processes to derive total sediment production for 
each sampled process domain.  Collectively, a total sediment production rate of 225 t a-1 can be 
attributed to tributary channel processes assuming a short-term erosion rate across the 1982-2006 
time period and complete sediment delivery from stream bank erosion, channel/gully incision, 
and channel headcuts (Table 3-9).  Sediment production rates derived from tributary channel 
processes surveyed in June 2006 may reflect an overestimate caused by surveying areas 
experiencing significant flood flows as a result of the December 31, 2005 storm event.  We 
address uncertainties associated with tributary sediment production rates by subsuming eroded 
mass from tributary sources with other discrete processes to derive total sediment production for 
sampled process domains.  Sediment production rates extrapolated by process domain are 
discussed in Section 3.4.1.2.  
 
Roads and trails 
The total number of road-related sediment sources, representing 13% of the surveyed sites, 
account for approximately 9% of the total sediment supply based on sites measured during this 
study (Table 3-9).  Using field evidence we conclude that a majority of road-related erosion 
surveyed during this study reflects the elevated sediment production rates associated with the 
December 31, 2005 storm.  During this period of prolonged winter saturation, infiltration rates 
decreased causing elevated rates of surface runoff.  As a result, erosion was most commonly 
associated with plugged and/or failed culvert crossings as tributary drainages flooded.  Rilling 
and gullying also was observed along many unpaved roads and trails.  We surveyed road-related 
erosion in areas where runoff was hydrologically connected to tributary channels by measuring 
the eroded width and depth along the affected road length.  Assuming 100% delivery over the 
short-term 1982-2006 time period, we estimate the rate of sediment production from affected road 
lengths as 70 t a-1.  Sediment production rates derived from roads surveyed in June 2006 may 
reflect an overestimate caused by the December 31, 2005 storm event.  We address uncertainties 
associated with road-related sediment production rates by subsuming eroded mass from road-
related sources (i.e., crossing erosion, diversion rills and gullies, and cutbank failures) with other 
discrete processes to derive total sediment production for sampled process domains.  Sediment 
production rates extrapolated by process domain are discussed in Section 3.4.1.2.    
 
3.4.1.2 Erosion inventories: Data compilation and extrapolation of rates 

Process specific sediment production rates, derived from hillslope and tributary channel field 
surveys, included a significant number of large magnitude, deep-seated landslides and road-
related sediment sources initiated by the December 31, 2005 storm event.  As a result of the 
concentrated mapping in areas where substantial erosion was reported and a limited sample size 
across the entire 40 km2 study area, a sampling bias may overestimate rates of sediment supply 
from observed hillslope and tributary channel sources (Table 3-9).  To address concerns related to 
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inclusion of anomalous data points, we expanded our local field inventory by combining 
measured hillslope, in-channel tributary, and unpaved road sites from this study with upland 
tributary and road sites in the San Geronimo Creek watershed from the Stetson Engineers 2001 
survey.  To detect overlap within the digital dataset, data from the Stillwater Sciences and Stetson 
Engineers inventories was screened by applying a 20-m radius buffer around each sediment 
source site.  Four field sites observed in this study were determined to overlap with four sites 
inventoried by Stetson Engineers (2002).  By assuming that overlapping sites represent 
previously mapped sites, we evaluated the attributes of each site to interpret volumetric changes 
in sediment production and determine the applicability of each data point.  Sites were eliminated 
for either one or both of the following reasons: (1) insufficient data collection (i.e., no field 
confirmation, no mass measurement, or process domain association, or (2) substandard 
confidence in mapping noted in the previous survey (i.e., most current mapping is included).  A 
total of 163 sediment source sites were compiled from both field inventories, 107 from Stetson 
Engineers (2002) and 56 sites from this study to estimate total sediment production from hillslope 
and tributary channels on the basis of sampled process domains.  For this estimate, we assume 
that all sediment produced from hillslope, tributary, and road sources is delivered to tributary 
channels and is available for transport to mainstem reaches.   
 
In addition to determining total sediment production, quantifying the amount of fine sediment 
production is of particular importance for understanding impacts to biological process.  The 
percent of hillslope-derived sediment that is sand and finer (<2 mm) was calculated for the 
process domains from the laboratory sieve analysis of hillslope and mainstem channel sediment 
samples.  The sediment samples were compiled by process domain where the sample was taken, 
and the average percent fine sediment for the represented process domains was calculated.  For 
the process domains where sediment samples were not taken, the average percent fines values 
were derived from extrapolation of sieve analysis of field samples and field estimates.  See 
Appendix C for more information. 
 
Hillslope sediment production rates (both total sediment and fine sediment) for each of the 
sampled process domains was compiled to determined annual average hillslope sediment 
production throughout the entire watershed (Table 3-10 and Table 3-11).  The process for 
determining the average annual total hillslope sediment production rate is as follows:  

1) hillslope and road sediment production rates determined by Stillwater Sciences and 
Stetson Engineers (2002) were compiled by process domain within each subwatershed; 

2) sediment production values for each process domain were then compiled and a weighted 
average hillslope sediment production value for each sampled process domain was 
calculated; and 

3) average hillslope sediment production rates were then assigned to all of the sampled 
process domains and multiplied the total process domain area to calculate total hillslope 
sediment production for all of the surveyed process domains.  

 
The calculated average annual sediment production rate for sampled process domains in the 
watershed is 76 t km-2 a-1.  These rates were then combined with the percent fine sediment 
estimate for each process domain (Table 3-11), resulting in an estimate of annual average fine 
sediment delivery from the hillslopes of 40 t km-2 a-1.  



Marin County Department of Public Works  
Sediment Delivery Analysis Middle Lagunitas Creek Watershed 

 
29 May 2007  Stillwater Sciences 

24 

Table 3-9.  Summary of measured hillslope and tributary sediment production rates in the Middle Lagunitas Creek study area: 
1982-2006 (Stillwater Sciences survey only). 

SEDIMENT PRODUCTIONa 
t a-1 

Hillslope erosionb Tributary channels c Urbanizationd 
Sub-

watershed 

Drainag
e area, 

km2 
rill 

erosion  
(n = 3; 
4%) 

shallow 
landslides 
(n = 19; 
23%)  

deep-
seated 

landslides   
(n = 8; 
10%) 

bank 
erosion 
(n = 18; 
21%)  

channel 
incision 
(n = 10; 
12%) 

headcuts 
(n = 9; 
11%) 

gully 
incision 
(n = 6; 
7%) 

road-related 
erosion 

(n = 11; 13%) 

Surveyed 
Totale   

(n = 84) 
 

San 
Geronimo 

Creek 
20.6 0.1 128 267 12 148 4 29 69 657 

Woodacre 
Creek 3.6 0.0 0 70 9 0 1 1 2 83 

Devils 
Gulch  7.0 0.3 11 0 2 3 3 0 0 19 

Lagunitas 
Creek 8.8 0.0 0 0 0 13 0 0 0 13 

Total 
watershed 40.0 0.4 139 337 22 165 7 30 70 770 

Percent of surveyed 
sediment production 0% 18% 44% 3% 21% 1% 4% 9% 100% 

a  Sediment production rates assume bulk density based on classification of eroded material at each site, debris = 1.6 t m-3; earth = 1.4 t m-3; Sample inventory includes erosion from primary 
and secondary geomorphic processes; percentage of total inventory is denoted in parenthesis.   

b  Hillslope erosion estimates based on field surveys of (1) eroded area and assumed slope distance of observed rilling, and (2) eroded volume of streamside shallow landslides and deep-
seated landslides. 

c  Bank erosion and headcut estimates based on field surveys of eroding bank height, bank length, and bank depth; channel and gully incision estimates based on field surveys of eroded 
width, eroded length, and average eroded depth.           

d  Road-related erosion estimates are based on field surveys of eroded volume related to surface erosion or mass wasting along unpaved roads or trails. 
e  Total sediment production estimates based on field inventory of measured erosion by geomorphic process and representative time period between 1982-2006, this study.  Results assume 

negligible hillslope and tributary in-channel sediment storage due to potential for hydrologic connectivity between sediment source sites and tributary channels.  
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Table 3-10.  Summary of hillslope sediment production for the study area as extrapolated 
from sampled process domains (Stillwater Sciences survey and Stetson Engineers [2002] 

survey). 

Process 
domains 

with 
measured 

sites 

Sample 
terrain 
areaa 
km2 

Number 
of field 
samples 

Sum of 
terrain 
massb 

t 

Terrain 
sediment 

production 
ratec 

t km-2 

Total 
terrain 
area in 

study basin 
km2 

Extrapolated 
terrain mass 

t 

Extrapolated 
terrain 

sediment 
production 

rated 
t a-1 

111 0.3 1 17 52 0.51 27 1 
112 0.3 4 39 114 0.50 57 2 
122 0.3 3 134 446 0.71 316 13 
123 0.5 4 179 388 1.48 576 24 
142 1.1 12 569 534 2.13 1,137 47 
143 1.9 17 7,499 3,879 2.78 10,785 449 
211 < 0.1 1 3 341 0.15 52 2 
212 < 0.1 1 11 253 0.18 45 2 
222 0.1 2 27 205 1.18 243 10 
223 1.9 7 410 222 5.36 1,188 49 
241 < 0.1 2 83 4,202 0.15 640 27 
242 2.2 31 2,427 1,083 3.84 4,154 173 
243 5.3 40 13,684 2,594 8.69 22,529 939 
323 0.1 1 2,134 16,295 1.12 18,229 760 
342 0.9 8 3,366 3,642 1.96 7,154 298 
343 2.0 28 3,195 1,628 3.57 5,821 243 
411 0.1 1 2 38 0.38 14 1 

Total 17.1 163 33,781 1,977 34.7 72,967 3,040 

Average annual sediment production rate = 76 t km-2 a-1 
a  Sum of terrain area for individual sub-basins with sampled sediment source sites. 
b  Digital datasets were initially screened by applying a buffer (i.e., 20-m radius, equal to two grid cells) to eliminate error introduced 

by overlapping sediment source sites.  The sum of terrain mass is derived by addition of non-overlapping tributary, hillslope, and 
road sediment source sites from Stetson (2002) [n = 105] and this study (n = 84); mass yield assume bulk density values ranging 
from 1.4 to 1.6 t m-3.  

c  Terrain sediment production rates are used to extrapolate sediment production to similar process domains across the study area. 
d  Extrapolated sediment production rates represent a minimum for hillslope and tributary sediment input to mainstem reaches. 
 NOTE: The following assumptions apply: (1) a representative time period of 24 years (1982-2006); (2) 100% delivery of mobilized 

sediment; and (3) total drainage of 40 km2.    
 
 

Table 3-11.  Hillslope fine sediment production estimate for sampled process domains 

Process domain Percent fine sediment 
(<2 mm)a 

Extrapolated terrain fine 
sediment production rate, 

t a-1 
111 70% 0.8 
112 70% 2 
122 68% 9 
123 68% 16 
142 31% 15 
143 67% 301 
211 70% 2 
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Process domain Percent fine sediment 
(<2 mm)a 

Extrapolated terrain fine 
sediment production rate, 

t a-1 
212 70% 1 
222 30% 3 
223 30% 15 
241 35% 9 
242 30% 52 
243 62% 582 
323 30% 228 
342 63% 188 
343 74% 179 
411 70% 0.4 

TOTAL 1,603 
a  Bold percent fine sediment values from sieve analysis of field samples, non-bold values are 

derived from extrapolation of sieve analysis of field samples and field estimates of percent fine 
sediment. 

 
 

3.4.2 Mainstem 

The distribution of bank erosion sites analyzed during the 2006 field campaign is shown in Figure 
3-7.  Overall, 1,670 m of Woodacre Creek was surveyed with 25 erosion sites identified (20 bank 
retreat, 3 localized bank failure, and 2 channel incision); 7,200 m of mainstem San Geronimo was 
surveyed with 86 erosion sites identified (76 bank retreat, 8 localized bank failure, and 2 channel 
incision); 5,100 m of mainstem Lagunitas Creek was surveyed with 21 erosion sites identified (20 
bank retreat, and 1 localized bank failure); and 2,430 m of Devils Gulch was surveyed with 17 
sites identified (15 bank retreat, and 2 channel incision).  Erosion sites ranged in volume from 
approximately 3 m3 to over 280 m3.  Visual estimates of percent fine sediment (<2 mm) ranged 
from <10% to >90%, with an average value of 70% in Woodacre, 70% in San Geronimo, 75% in 
Lagunitas, and 65% in Devils Gulch. 
 
3.4.2.1 Mainstem bank erosion 

The volume of eroded mainstem bank material within each watershed (m3) was converted to an 
average annual rate of bank erosion by mass (t a-1) by assigning bulk density values (kg m-3) to 
the bank material and bank retreat rates (m a-1) for each identified bank erosion site.  Bulk density 
estimates were determined from studies of sediment erosion dynamics in adjacent watersheds 
(Lehre 1982; Heimsath 1999) and assigned to bank erosion sites based on surrounding terrain 
characteristics.  The lower bulk density value (1,350 kg m-3) was assigned to sites that were in 
alluvium or where the banks were composed of predominantly of finer sediment.  The upper bulk 
density value (1,750 kg m-3) was assigned to the sites in which eroding banks were composed of 
coarser-grained sediment.   
 
Bank retreat rate throughout each watershed was determined by combining of field observations 
and tree coring data.  Based on general observations during the channel survey, in conjunction 
with observations documented in Hecht (1983) during and subsequent to several major storm 
events in the early 1980s, it was initially concluded that the extent of bank erosion observed 
during the 2006 channel survey (on average) has occurred over the past 24 years (i.e., since 
1982).  The January 4, 1982 event was the largest storm on record in the Lagunitas and San 
Geronimo watersheds prior to WY 2006 and is known to have had a significant impact on 
channel morphology.  Hecht (1983) documents significant bank collapse and slope failures in San 
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Geronimo Creek and Lagunitas Creek as a result of this event (in which an estimated 150,000 
tonnes of sediment was delivered from Lagunitas Creek at SPT SP) and suggests that reaches in 
San Geronimo Creek that were scoured to bedrock during the event were subsequently re-
supplied with bed sediment following the peak of the storm, due to widespread upstream bank 
collapse.  These observations, along with the bank erosion observations in July 2006 which 
followed the January 2005 flood event, suggest that, on average, the majority of bank erosion 
along the mainstem channels throughout the entire Lagunitas Creek watershed (Woodacre Creek, 
San Geronimo Creek, Lagunitas Creek, and Devils Gulch) may have occurred since the early 
1980s (see data in Table 3-2).  Using this time period for bank erosion resulted in an average rate 
of  30.5 mm a-1 (0.10 ft yr-1) for Woodacre Creek, 33.5 mm a-1 (0.11 ft yr-1) for San Geronimo, 
21.3 mm a-1 (0.07 ft yr-1) for Lagunitas Creek, and 27.4 mm a-1 (0.09 ft yr-1) for Devils Gulch.  
Tree coring data collected during this investigation gave bank retreat values of 27.4 mm a-1 (0.09 
ft yr-1) for San Geronimo Creek, 15.2-18.3 mm a-1 (0.05–0.06 ft yr-1) for Lagunitas Creek, and 
9.1-12.2 mm a-1  (0.03-0.04 ft yr-1) for Devils Gulch.  Prunuske Chatham (1990) determined a 
bank erosion rate of 42.7–45.7 mm a-1 (0.14–0.15 ft yr-1 in original unit of measure) in a Spirit 
Rock Middle Tributary (a steep, actively eroding San Geronimo Creek tributary) using tree coring 
analysis.  The tree coring data from this study, therefore, at the very least corroborate the order of 
magnitude of the calculated bank erosion rates.   It should also be noted that the average bank 
erosion rate calculated in this study for San Geronimo Creek is very similar to an average San 
Geronimo bank erosion rate of 30.5 mm a-1 (0.1 ft yr-1 in original unit of measure) recently used 
by Stetson Engineers (2002). 
 
Bank erosion rates for individual erosion sites were compiled to determine an average bank 
erosion rate for each process domain within Woodacre Creek, mainstem San Geronimo Creek, 
mainstem Lagunitas Creek, and Devils Gulch (Table 3-12). The process for determining average 
bank erosion rate was as follows:  

1) bank erosion sites within each watershed were assigned to their adjacent Process Domain 
parcel;  

2) each individual parcel was assigned a unit bank erosion rate (t m-1 a-1) calculated as the 
sum of all bank erosion sites with the individual parcel (t a-1) divided by the length of 
channel within that parcel (m); and  

3) an average unit bank erosion rate for each Process Domain (t m-1 a-1) was derived from 
the average of the individual unit bank erosion rates for each Process Domain parcel 
weighted by the length of channel within each parcel.   

 
This averaged unit bank erosion rate for each Process Domain (t m-1 a-1) was then assigned to all 
of the Process Domain parcels adjacent to the mainstem channel to calculate a watershed-based, 
watershed-specific average unit bank erosion for each Process Domain observed (for total 
sediment and fine sediment).  Values for unit sediment production from bank retreat range from 
0.007–0.675 t m-1 a-1 for total sediment and 0.002–0.608 t m-1 a-1 for fine sediment.  Values for 
unit sediment production from localized bank failure range from 0.002–0.103 t m-1 a-1 for total 
sediment and 0.001–0.027 t m-1 a-1 for fine sediment.  Variation in individual unit bank erosion 
values between the different watersheds is a function of the variability of local channel and 
upstream watershed conditions.    
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Table 3-12.  Summary bank erosion rates by process domain and watershed. 
Unit Production from  

Bank Retreat  
(t m-1 a-1) 

Unit Production from 
Localized Bank Failure  

(t m-1 a-1) Watershed Process 
Domain 

Mainstem 
Channel 
Length  

(m) Total 
Sediment 

Fine 
Sedimenta 
(<2 mm) 

Total 
Sediment 

Fine 
Sedimenta 
(<2 mm) 

211 128 0.015 0.010   
212 188 0.029 0.024 0.013 0.011 
411 190 0.013 0.009   
412 805 0.012 0.007 0.002 0.001 
441 62 0.026 0.021 0.052 0.024 

Woodacre 

442b 295 0.119 0.033 0.020 0.006 
111 528 0.012 0.009   
211 2,494 0.078 0.054 0.005 0.003 
212 1,152 0.045 0.026 0.008 0.005 
221 344 0.192 0.050 0.103 0.027 
222 403 0.063 0.019   
241 112 0.039 0.014   
311 54   0.064 0.016 
321 52 0.022 0.020   
341 252 0.023 0.021   
342 296 0.012 0.008   
411 1,432 0.015 0.011   

San Geronimo 

412 133 0.675 0.608   
221 1,565 0.058 0.015   
222 1,675 0.007 0.002 0.011 0.003 
241 959 0.045 0.016   
242 448 0.073 0.022   
321 187 0.009 0.008   

Lagunitas 

341 262 0.062 0.056   
122 103 0.013 0.009   
221 523 0.068 0.018   
222 1,575 0.017 0.005   Devils Gulch 

223 230 0.016 0.005   
a  Bold fine sediment rates are derived from sieve analysis of field samples, non-bold rates are derived from extrapolation of sieve 

analysis of field samples and field estimates of percent fine sediment. 
b  From actively eroding 2nd order tributary at the headwaters of Woodacre Creek 
 
 
3.4.2.2 Mainstem channel incision 

The delivery rate of sediment from channel incision (t a-1) for the mainstem reaches in each 
watershed was calculated as a function of rate of incision (m a-1), channel area (m2), and density 
of channel bed sediment (t m3) (Table 3-13).  Channel-wide incision rates were difficult to 
determine due to the lack of suitable age-constraining datums within the watershed and the 
difficulty in correlating incision depth with age of in-channel structures and/or vegetation.  As 
such, incision rates presented are considered conservative estimates.  Within mainstem San 
Geronimo, the rate of channel incision was estimated from the depth of channel incision at the 
Mountain View Street bridge.  Comparison of channel thalweg elevation from design drawings of 
the bridge from 1960 (provided by MPW) with current channel thalweg elevation (from July 
2006 observations) suggest that the channel thalweg at this location has dropped approximately 
1.07 m in 46 years (average rate of 23 mm a-1).  Within mainstem Lagunitas Creek, the rate of 
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channel incision was estimated from recent bed monitoring as part of the San Geronimo Bedload 
Sediment Reduction Program (Prunuske Chatham 2003).  A comparison of the change in channel 
thalweg elevation at 4 monitoring sites in Lagunitas Creek (sites KB, KH, KC, and KJ) suggests 
an average drop in bed elevation of approximately 0.098 m from 1993 to 2003 (average rate of 
9.8 mm a-1).  Channel incision rate for Woodacre Creek and Devils Gulch were estimated from 
field observations.  Average, reach-wide depth of incision for both creeks was estimated to be 
approximately 0.46 m (1.5 ft).  Assuming the observed incision has occurred since the ‘channel-
resetting’ storm event of 1982 results in an average annual incision rate in Woodacre Creek and 
Devils Gulch of 19 mm a-1.  The average annual incision rates for Woodacre, San Geronimo, and 
Devils Gulch are similar to rates reported for adjacent watersheds with similar geologic, 
topographic, and land use characteristics (25 mm a-1 for Walker Creek [Haible 1980]).   
 
The mainstem channel area (m2) available for incision was calculated as a product of available 
channel length (i.e., length of alluvial reaches) and average channel bed width.  Alluvial reach 
length and average bed width for mainstem San Geronimo, Lagunitas, and Devils Gulch were 
derived from habitat mapping conducted by Stillwater Sciences (Stillwater Sciences, 2006).  For 
these three reaches, alluvial reach length was calculated as the total length of channel in which 
bedrock was not the primary or secondary substrate present (see Stillwater Sciences, 2006 for 
more detail on the habitat mapping effort). Average channel width was determined from several 
hundred low-flow width measurements at individual habitat units.  The number or low-flow width 
measurements used to calculate the average width ranged from 199 for mainstem Devils Gulch to 
391 for mainstem Lagunitas Creek.  For Woodacre Creek, alluvial reach length was determined 
as the length of mainstem channel within the Quaternary alluvial fill [Qal] geologic unit (see 
Figure 3-3) and average channel width was estimated from field observations. 
 
The density of bed sediment used to convert the average annual volume of incised sediment (m3 
a-1) into mass delivery rate of sediment from mainstem incision (t a-1) was 2.0 t m-3.  This value is 
the approximate mean bed sediment bulk density reported by Carling and Reader (1982) for 
gravel-bedded rivers with median bed-particle size (D50) between 10 and 100 mm.  Recent bed 
particle size distributions measured within mainstem San Geronimo, Lagunitas, and Devils Gulch 
range from approximately 10 mm to over 50 mm (O’Connor and Rosser 2006; Stillwater 
Sciences 2007), suggesting the applicability of the bulk density estimate. 
 

Table 3-13.  Summary of channel incision rates by watershed.  

Watershed 

Mainstem 
Channel 
Lengtha  

(m) 

Average 
Incision Rate

(m a-1) 

Average 
Bed Width 

(m) 

Alluvial 
Channel 
Length  

(m) 

Unit Channel 
Incision Production

(t m-1 a-1) 

Woodacre 1,667 0.019 2.13 1,660b 0.081 
San Geronimo 7,196 0.023 4.27 5,625 0.155 

Lagunitas 5,096 0.010 8.41 4,315 0.140 
Devils Gulch 2,431 0.019 2.74 1,787 0.077 

a  2nd/3rd order channel (Woodacre), 4th order channel (San Geronimo, Devils Gulch), 5th order channel (San Geronimo) 
b   Alluvial channel length is assumed to be the same as total mainstem channel length because there is no data currently available for 

% bedrock exposed with Woodacre Creek.  
 
 

3.4.2.3 Tributary bank erosion and channel incision (3rd order channels) 

Several subwatersheds contain 3rd order channels that have the potential to have higher in-channel 
sediment production rates than would be predicted from the hillslope analysis because the 
hillslope analysis concentrated on upslope 1st and 2nd order channels.  To account for this 
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additional sediment production, unit bank erosion rates and incision rates (t m-1a-1) from the 
mainstem channel analysis were applied to several 3rd order channels.  The subwatersheds 
considered in this analysis have an actively incising and eroding mainstem channel that is not 
significantly affected by downstream culverts and/or grade control.  Within the Devils Gulch 
watershed, the Devils Gulch mainstem (4th order channel) unit erosion rates were applied to the 
3rd order channels in the three Devils Gulch subwatersheds. To account for differences in 
subwatershed size and channel cross-sectional area, the 4th order in-channel erosion rates for 
Devils Gulch were decreased by a factor of two and then applied to the 3rd order channels.  
Within the San Geronimo watershed, the mainstem Woodacre unit erosion rates were applied to 
two subwatersheds (Montezuma Creek and Bates Canyon) and the mainstem San Geronimo unit 
erosion rates were used in the headwaters to San Geronimo Creek subwatershed.  Applying these 
rates to the 3rd order tributaries was deemed an appropriate approximation within Devils Gulch 
due to the similarity in land use and topographic slope within the 3rd order channels and mainstem 
4th order channel.  Within the San Geronimo/Woodacre watershed, use of Woodacre unit erosion 
rates was deemed an appropriate approximation because Woodacre is a 3rd order tributary to San 
Geronimo and geology and land use (i.e., low-density urban) is similar among San Geronimo 
subwatersheds with 3rd order tributary channels.  
 

3.5 Sediment Yields from Gauging Data  

3.5.1 Flow data 

3.5.1.1 Annual maximum discharge (flood frequency)  

The annual maximum discharge for San Geronimo Creek at Lagunitas Rd bridge (approximately 
1.1 km upstream from the confluence with Lagunitas Creek) was compiled from available 
hydrologic monitoring data collected for MMWD for WY 1980 through 2005 (Figure 3-8a).  The 
annual maximum discharge for Lagunitas Creek at Samuel P Taylor State Park (approximately 
1.25 km upstream of the confluence with Devils Gulch) was compiled from available hydrologic 
monitoring data collected for MMWD (WY 1980-1982) and hydrologic data collected at the 
United States Geologic Survey gauging station (USGS gauge #11460400) (WY 1983 through 
2006) (Figure 3-8b).  These data were then compiled and a flood frequency curve for each 
watershed was determined (Figure 3-9a and b).  Within San Geronimo Creek, the years with a 
significant storm event (i.e., peak discharge of Q5-yr or greater) over the period of record were 
WY 1980, 1982, 1983, 1986, and 2006 (although there is no data available yet for WY 2006, the 
December 31, 2005 is presumed to be great than a Q5-yr event).  Lagunitas Creek has had fewer 
events than San Geronimo Creek at or above the Q5-yr discharge (WY 1982, 1998, 2006), because 
its large events, which include significant spilling from Kent Lake, skew the data away from a 
normal flood frequency distribution.  High flow events in WY 1986 and 1997 plot just below the 
5-year return period. 
 
3.5.1.2 Daily mean discharge 

The daily mean discharge for San Geronimo Creek at Lagunitas Rd bridge for WY 1980 through 
WY 2005 was compiled from available hydrologic monitoring data collected for MMWD (Figure 
3-10a).  The daily mean discharge for Lagunitas Creek at Samuel P Taylor State Park was 
compiled from available hydrologic monitoring data collected for MMWD (WY 1982) and 
hydrologic data collected by the United States Geologic Survey (USGS gauge# 11460400) (WY 
1983 through 2006) (Figure 3-10b).  Daily mean discharge from WY 1976 to 1979 (in San 
Geronimo Creek) and WY 1976 to 1981 (in Lagunitas Creek) was determined from correlations 
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between measured daily mean discharge at these two locations and daily mean discharge for the 
same period of record for Lagunitas Creek at Point Reyes Station (USGS gauge #11460400) 
(Figure 3-11).  A linear regression was used in the correlation for more accurate prediction of 
higher magnitude flows in which sediment transport is expected to occur.  The regression 
coefficient for the correlation between San Geronimo daily mean flows and Lagunitas at Point 
Reyes Station daily mean flows is not as good as between the two Lagunitas stations because the 
Lagunitas stations both carry through the effect of high flow spilling over Peters Dam.  The 
localized precipitation dynamics (and the resulting effects on magnitude of spilling from Peters 
Dam) is apparent from the daily mean flow record: the wetter years (i.e., years with daily mean 
flow values above Q1.5-yr) in San Geronimo are WY 1982 and WY 1986 (and possibly WY 2006), 
where as the wetter years in Lagunitas Creek include WY 1982, WY 1986, WY 1995 through 
WY 1998, and WY 2006.  A major difference for the two watersheds is that the wetter years in 
Lagunitas include those years that had sustained flows from Peters Dam (WY 1995 through WY 
1998, see Figure 3-12), which is presumed to be a result of storm location and movement within 
the watershed.         
 

3.5.2 Sediment discharge 

3.5.2.1 Bedload 

The bedload transport rate (t day-1) and annual bedload yield (t) at San Geronimo Creek at 
Lagunitas Rd bridge and at Lagunitas Creek at Samuel P Taylor State Park were determined from 
bedload rating curves derived from measurements taken from WY 1979 through 1982 (Hecht 
1983; Hecht and Woyshner 1988) (Figure 3-13a and b).  The applicability of the San Geronimo 
rating curve to current channel conditions was assessed by plotting bedload data collected during 
WY 1997-2005 by Balance Hydrologics for MMWD (Owens and Hecht 2000a, b, c; Owens and 
Hecht 2001; Shaw et al. 2005) on the rating curve derived from data from WY 1979 through 
1982 (see Figure 3-13a).  As can be expected, there is a significant degree of scatter in the 
recently measured data, however, these data plot around the rating curve derived from the data 
collected over 25 years ago (and have a similar R2 as the regression through the WY 1979 
through 1982 data), suggesting that the bedload rating curve reported in Hecht and Woyshner 
(1988) is still valid.  There is no recent bedload data available for Lagunitas Creek (i.e., data 
collected after WY 1982), so direct corroboration of the Lagunitas Creek bedload rating curve 
was not possible. However, as shown later, the annual bedload yield is approximately 17% of 
total sediment yield (bedload + suspended load) on average, which is within the range of 10–20% 
suggested specifically for the Lagunitas Creek watershed (Hecht and Enkeboll 1979) and for 
coastal California rivers in general (Inman and Jenkins 1999; Sommerfield and Nittrouer 1999; 
Willis and Griggs 2003). 
 
In order to determine annual bedload yield (t), the bedload rating curves for San Geronimo Creek 
and Lagunitas Creek were combined with daily mean discharge, and the resulting daily bedload 
yields were summed on an annual basis.  To correct for using daily mean discharge for computing 
daily total bedload transport (t day-1) from the bedload rating curves, Hecht and Woyshner (1988) 
derived curves relating daily mean discharge to the ratio of bedload transport calculated from 
daily mean discharge  and bedload transport calculated from hourly discharge for San Geronimo 
Creek and Lagunitas Creek (Figure 3-14).  In general, these curves provide an empirical 
multiplier that increases bedload transport estimates when using daily mean discharge.  Daily 
bedload transport estimates (t day-1) were therefore increased using this correction factor, and the 
resulting daily bedload yields were then summed to get bedload yield for WY 1976–2005.   
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3.5.2.2 Suspended load 

The suspended load transport rate (t day-1) and annual suspended sediment yield (t) at San 
Geronimo Creek at Lagunitas Rd bridge was determined from a suspended sediment rating curves 
derived from data collected in WY 1981 (Hecht 1983) (Figure 3-15a).  The rating curve was 
deemed suitable for use in this analysis as it was for ‘normal’ conditions, has a relatively high 
regression coefficient (R2 = 0.936) and a relatively low standard error (SE = 0.158) (see Hecht 
1983).  The suspended load transport rate and annual suspended sediment yield at Lagunitas 
Creek at Samuel P Taylor State Park were determined from a suspended sediment rating curve 
derived from data collected by the United States Geologic Survey during WY 2004 and 2005 
(Figure 3-15b). The data were collected during flows between 8.5 and 1,250 cfs, and the 
regression coefficient for this correlation between discharge and suspended sediment transport 
rate is high (R2 = 0.994).  The applicability of the current Lagunitas Creek suspended sediment 
rating curve to previous years was assessed by comparing monthly suspended sediment yield in 
WY 1982 using the constructed suspended sediment rating curve against monthly suspended 
sediment yield reported by Hecht (1983).  In general, the monthly values are of the same order of 
magnitude, suggesting the applicability of the constructed rating curve to prior years (there is 
only a 15% difference between the sum of the WY 1982 monthly suspended sediment yield given 
Hecht [1983] and the sum of WY 1982 monthly suspended sediment yield using the rating curve 
constructed from USGS gauging data).  Furthermore, as shown later, the annual suspended 
sediment yield for both Lagunitas Creek and San Geronimo Creek is approximately 80-85% of 
total sediment yield (bedload + suspended load) on average, which is within the range suggested 
specifically for the Lagunitas Creek watershed (Hecht and Enkeboll, 1979) and for coastal 
California rivers in general (Inman and Jenkins 1999; Sommerfield and Nittrouer 1999; Willis 
and Griggs 2003). 
 
3.5.2.3 Inclusion of January 4, 1982 event  

The volume of sediment transported during a storm event very much larger than those that form 
the basis of a sediment rating curve can be orders of magnitude higher than would be predicted 
from the sediment rating curve.  The storm event of January 4, 1982 is an example.  Sediment 
discharge data was collected for the period WY 1980–1982 but the January event was so much 
larger than other flows that Hecht (1983) derived a sediment yield for the event based on 
observations made during and after the storm event and from knowledge of watershed conditions 
and sediment transport dynamics within the watershed prior to the storm event.  Values for daily 
bedload and suspended load yield for January 4, 1982 for San Geronimo and Lagunitas were 
given in Hecht (1983) as 20,758 t [22,882 tons] (bedload) and 70,656 t [77,885 tons] (suspended 
load) for San Geronimo Creek at Lagunitas Rd bridge; and 30,935 t [34,100 tons] (bedload) and 
127,006 t [140,000 tons] (suspended load) for Lagunitas Creek at Samuel P Taylor State Park.  
These data are used in this analysis.  
 

3.5.3 Data analysis 

Average annual bedload and suspended load yield for San Geronimo Creek and Lagunitas Creek 
for WY 1976 through 2005 are shown in Figure 3-16a and b.  Within San Geronimo Creek, the 
average annual bedload yield for was 1,879 t (range of 0.11 to 24,813 t) and the average annual 
suspended load yield was 6,456 t (range of 10.9 to 82,735 t), with a total average annual sediment 
yield of 8,335 t (17% bedload, 83% suspended load).  Within Lagunitas Creek, the average 
annual bedload yield was 2,690 t (range of 1.8 to 35,479 t) and the average annual suspended load 
yield was 9,344 t (range of 20 to 139,280 t), with a total average sediment yield of 12,034 t (19% 
bedload, 81% suspended load).   
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Within an average annual context, these sediment yield data suggest that Lagunitas has delivered 
several thousand more tonnes downstream of Samuel P Taylor State Park than was delivered 
from San Geronimo Creek over the past 30 years.  On a year by year basis, the data show that the 
net delivery of sediment out of the Lagunitas Creek occurred within short time periods (1 to 5 
years) that punctuated longer periods of no net difference in sediment input/output or minor 
sediment accumulation.  Prior to and directly following WY 1982 (i.e., WY 1976 through 1981 
and WY 1983 through 1986), the annual sediment yield data suggest that Lagunitas Creek was 
either accumulating sediment or that there was no net difference between sediment input and 
output.  The large event in WY 1982 is thought to have resulted in more sediment being 
transported from Lagunitas Creek at Samuel P Taylor State Park than was delivered from San 
Geronimo Creek.  Prior to and directly following the 5-year period WY 1995 to 1999 (i.e., WY 
1987 through 1994 and WY 2000 through 2005), the annual sediment data again show Lagunitas 
Creek accumulating sediment or no net difference between sediment input and output.  During 
the wet period from WY 1995 to 1999, localized storm effects resulted in more flow within 
Lagunitas Creek (in large part due to Peters Dam spilling), which resulted in more sediment being 
transported out of Lagunitas Creek at Samuel P Taylor State Park than was transported in from 
San Geronimo Creek due to increase in flow with no associated increase in sediment input (i.e., 
Peters Dam does not pass sediment). 
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4 MIDDLE LAGUNITAS SEDIMENT DELIVERY  

4.1 Average Annual Sediment Delivery 

4.1.1 Compiled watershed sediment production and delivery  

Total sediment production and delivery within the mainstem channels (bank erosion and incision) 
and within the tributaries (hillslope and channel erosion) within each watershed is shown in Table 
4-1. San Geronimo watershed has almost twice as much average annual mainstem sediment 
production and over three times as much average annual hillslope/tributary sediment production 
as the other three watersheds.  The normalized sediment production rates (by channel length and 
subwatershed area) show that San Geronimo has the highest unit mainstem sediment production 
rate and San Geronimo/Woodacre has the highest unit hillslope/tributary sediment production rate 
(with Devils Gulch unit hillslope/tributary sediment production being slightly less than the San 
Geronimo/Woodacre values).  As the San Geronimo/Woodacre watershed has a legacy of urban 
and agricultural land use impacts, it follows that sediment production would be greatest on 
average within this watershed compared to Lagunitas and Devils Gulch.  The watershed sediment 
delivery is the same as sediment production, except within the San Geronimo Creek watershed, 
where an in-channel structure requires sediment removal.  Dickson weir is located within San 
Geronimo Creek headwaters tributary approximately 0.5 km upstream of the Woodacre Creek 
confluence and was likely built in the 1920’s (Liza Prunuske, pers. comm.).  The weir is 
approximately 1.5 m high and spans the channel, causing upstream sediment deposition during 
high flow events.  Recently, sediment removal has been approximately 670 yd3 over the past 10 
years (Harold Appleton, pers. comm.).  Assuming an average annual sediment removal volume of 
51.2 m3 (67 yd3) and a bulk density of 2.0 t m-3 for the sediment removed yields an average 
annual sediment removal from San Geronimo Creek of approximately 100 t a-1.  There is 
currently no other known data for sediment removal (in-channel or off-channel) within the 
Woodacre, San Geronimo, Lagunitas, or Devils Gulch watersheds.  Total estimated sediment 
delivery from the study area is approximately 6,380 t a-1, or the equivalent of 162 t km-2 a-1. 
 

Table 4-1.  Summary of sediment production and delivery. 
Mainstem Sediment Production 

and Deliverya 
Hillslope/Tributary Sediment 

Production and Deliveryb Watershed 
Mainstem 
channel 

(m) 

Watershed 
Area  
(km2) (t a-1) (t m-1 a-1) (t a-1) (t km-2 a-1) 

Woodacre 1,667 3.6 204 0.12 312 86.7 
San Geronimo 7,196 20.6 1,643 0.23 1,913c 92.9c 

Lagunitas 5,096 8.8 926 0.18 562 63.9 
Devils Gulch 2,431 7.0 253 0.10 580 82.9 

TOTAL 16,390 40.0 3,013  3,367  
a Bank erosion and incision 
b Hillslope + Tributary [1st – 3rd order] Erosion and Incision 
c Production was decreased by 100 t a-1 for delivery estimate  
  
 
4.1.1.1 By process domain  

The process domains with the highest hillslope sediment production potential (both unit sediment 
production and total watershed sediment production) for Woodacre, San Geronimo, Lagunitas, 
and Devils Gulch are shown in Table 4-2.  The maximum unit hillslope (i.e., not including 3rd 
order channels) sediment production values for total sediment for all four watershed is 679 t km-2 
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a-1 (process domain 323, steep, covering 2.8% of the watershed: Nicasio Reservoir terrane with 
mixed shrub).  This rate is derived largely from the existence of one large landslide identified in 
the Stetson Engineers (2002) study and not verified in this study due to lack of access.  The 
maximum total watershed hillslope sediment production values range from 106 t a-1 (Woodacre) 
to 537 t a-1 (San Geronimo), and is generally associated with (except Lagunitas Creek) process 
domain 243 (steep, forested, mélange terrain, the most common process domain in the watershed 
[21.7%]). 
 
Table 4-2.  Process domains with the highest hillslope sediment production for Woodacre, 

San Geronimo, Lagunitas, and Devils Gulch watesheds. 
Maximum Unit Hillslope/Tributary 

Sediment Production by Process 
Domain 

(t km-2 a-1) 

Maximum Total Watershed 
Hillslope/Tributary Sediment Production 

by Process Domain 
(t a-1) 

Watershed 

Process Domain Total Sediment Process Domain Total Sediment 

Woodacre 323 679 243 106 
(34% of hillslope total)a 

San Geronimo 323 679 243 537 
(32% of hillslope total)a 

Lagunitas 323 679 323 407 
(72% of hillslope total)a 

Devils Gulch 323 679 243 213 
(46% of hillslope total)a 

a This percentage does not include any additional contribution to account for 3rd order tributary channels 
 
 
The process domains with the highest mainstem bank erosion sediment production potential (both 
unit sediment production and total watershed sediment production) for Woodacre, San Geronimo, 
Lagunitas, and Devils Gulch are shown in Table 4-3 (definitions for numbered process domains 
provided in Table 3-2).  The maximum unit mainstem bank erosion sediment production values 
for total sediment range from 0.068 t m-1 a-1 (process domain 221 in Devils Gulch) to 0.675 t m-1 
a-1 (process domain 412 in San Geronimo) and the maximum total watershed bank erosion 
sediment production values range from 35 t a-1 (process domain 221 in Devils Gulch) to 205 t a-1 
(process domain 211 in San Geronimo).  Within Devils Gulch and Woodacre Creek, the process 
domain with the maximum unit mainstem bank erosion sediment production rate was also the 
process domain that accounted for the most mainstem bank erosion sediment production over the 
entire watershed.  Within the San Geronimo watershed, process domain 412 has the highest unit 
mainstem bank erosion sediment production rate but the combination of mainstem channel length 
(2,494 m) and unit bank erosion sediment production rate (0.083 t m-1 a-1  of total sediment) 
associated with process domain 211 resulted the highest watershed-wide mainstem bank erosion 
sediment production.  Similarly in Lagunitas Creek, significant localized bank erosion triggered 
by the 12/31/2005 storm event caused process domain 242 to have the highest unit bank erosion 
sediment production (0.073 t m-1 a-1) but the length of mainstem channel (1,565 m) and relatively 
high unit bank erosion rate (0.058 t m-1 a-1 of total sediment) associated with process domain 221 
resulted in the highest watershed-wide mainstem bank erosion sediment production. 
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Table 4-3.  Process domains with the highest mainstem bank erosion sediment production 
potential Woodacre, San Geronimo, Lagunitas, and Devils Gulch watersheds. 

Maximum Unit Mainstem Sediment 
Production by Process Domain 

(t m-1 a-1) 

Maximum Total Watershed Mainstem 
Sediment Production by Process Domain 

(t a-1) Watershed 
Process 
Domain 

Total 
Sediment 

Fine 
Sediment 

Process 
Domain 

Total 
Sediment 

Fine 
Sediment 

Woodacre 442a 0.139 0.039 442a 
41 

(59% of 
mainstem total) 

12  
(38% of 

mainstem total) 

San 
Geronimo 412 0.675 0.608 211 

205 
(39% of 

mainstem total) 

144  
(44% of 

mainstem total) 

Lagunitas 242 0.073 0.022 221 
90 

(45% of 
mainstem total) 

24  
(34% of 

mainstem total) 

Devils Gulch 221 0.068 0.018 221 
35 

(53% of 
mainstem total) 

9  
(50% of 

mainstem total) 
NOTE: BOLD fines sediment production values were derived from sieve analysis of field samples 
a From actively eroding 2nd order tributary at the headwaters of Woodacre Creek 
 
 
4.1.1.2 By subwatershed 

Rates of subwatershed sediment delivery, that is, delivery encompassing hillslope and 1st-3rd 
order channel erosion sources within Woodacre, San Geronimo, Lagunitas, and Devils Gulch are 
shown in Table 4-4.  Numbers do not include sediment derived from mainstem channel sources.  
Subwatersheds are identified by number in Figure 4-1.  Within Woodacre, erosion from hillslopes 
and all tributary channels accounts for approximately two-thirds of the total sediment production 
(516 t a-1) within the watershed.  Within San Geronimo watershed, the subwatersheds with the 
highest total sediment production are subwatershed 16 (which includes Spirit Creek, Flanders 
Creek, Horse Creek, and San Geronimo Creek headwaters), subwatershed 10 (Arroyo Creek), and 
subwatershed 8 (Larson Creek).  Overall, sediment production in subwatersheds 16, 10, and 8 
accounts for approximately 16%, 7%, and 4% of the total delivery from San Geronimo 
watershed, respectively.  Within Lagunitas, subwatershed 38 (adjacent to mainstem between San 
Geronimo confluence and Barnabe Creek confluence) has the highest sediment production within 
the watershed at 276 t a-1 (19% of Lagunitas total sediment production all from hillslope/1st and 
2nd order sediment production).  Within Devils Gulch, subwatershed 1 (upper western tributary) 
has the highest sediment production at 308 t a-1 (37% of total Devils Gulch production) 
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Table 4-4.  Sediment production for hillslope and 1st–3rd order channel erosion within 
Woodacre, San Geronimo, Lagunitas, and Devils Gulch watersheds. 

Watershed Subwatershed 
ID 

Subwatershed 
Area  
(km2) 

Hillslope/ 
Tributary 
Sediment 

Production (t a-1) 

Additional 
3rd Order 
Tributary 
Sediment 

Production 
(t a-1) 

Total 
Subwatershed 

Sediment 
Production (t a-1) 

Woodacre 
27 

Woodacre 
Creek 

3.66 312.0  312.0 

7 
Clear Creek 0.98 88.2  88.2 

8 
Larsen Creek 1.81 155.2  155.2 

9 0.29 23.5  23.5 
10 

Arroyo Creek 3.49 262.2  262.2 

11 0.73 68.1  68.1 
13 0.24 22.8  22.8 
14 0.54 89.8  89.8 
15 0.21 16.3  16.3 
16 

Spirit/Flanders
/Horse/San 
Geronimo 
headwaters 

3.80 290.9 279.7 570.6 

18 0.57 48.4  48.4 
19 

Montezuma 
Creek 

0.98 87.9 16.7 104.6 

21 0.62 39.4  39.4 
22 

Sylvestris 
Creek 

0.66 53.9  53.9 

23 
Deer Camp 

Creek 
0.38 35.3  35.3 

24 
Bates Canyon 0.87 81.2 15.7 96.9 

25 
Creamery 

Creek 
1.14 100.4  100.4 

29 0.23 7.1  7.1 
30 0.15 11.9  11.9 
31 0.39 28.1  28.1 
32 0.07 3.2  3.2 
33 0.85 46.0  46 
34 0.30 13.7  13.7 
35 0.39 36.9  36.9 
36 0.39 10.4  10.4 

San Geronimo 

37 0.63 80.5  80.5 
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Watershed Subwatershed 
ID 

Subwatershed 
Area  
(km2) 

Hillslope/ 
Tributary 
Sediment 

Production (t a-1) 

Additional 
3rd Order 
Tributary 
Sediment 

Production 
(t a-1) 

Total 
Subwatershed 

Sediment 
Production (t a-1) 

5 
Deadman’s 

Creek 
0.41 10.2  10.2 

6 
Barnabe Creek 0.69 20.0  20 

12 1.71 75.7  75.7 
17 0.74 3.9  3.9 
20 0.96 25.8  25.8 
26 0.94 26.5  26.5 
38 2.12 276.2  276.2 
39 0.43 106.0  106 

Lagunitas 

40 0.80 17.1  17.1 
1 2.50 223.0 84.7 307.7 
2 1.46 127.6 22.7 150.3 Devils Gulch 
3 3.02 113.0 9.4 122.4 

 
 

4.1.2 Fine sediment source areas 

Fine sediment (<2 mm) within the Lagunitas Creek watershed has been identified as a factor 
affecting important biological processes.  Fine sediment production by subwatersheds within the 
San Geronimo, Lagunitas, and Devils Gulch watersheds was assessed by assigning a percent fines 
value for each process domain and compiling these values for each subwatershed to determine an 
average percent fines produced (and subsequently delivered to the mainstem channel) for each 
subwatershed (Table 4-5).  The percent fines values assigned to the process domains were derived 
from laboratory analysis of field samples from individual process domains and, where field 
samples were not taken, from field estimates of percent fines within observed eroding areas.  The 
percent fines values range from 28% to 70%.  Overall, sediment production (from hillslope and 
tributary bank erosion) in the majority of San Geronimo/Woodacre subwatersheds (95% of total 
subwatershed area) is >50% fine sediment (see Figure 4-1 for location of subwatershed ID).  
Within Lagunitas Creek and Devils Gulch, sediment production in the majority of the 
subwatersheds (60% and 65% of total subwatershed area in Lagunitas and Devils Gulch, 
respectively) is <50% fine sediment.  These results fit the overall conceptual understanding of the 
watershed in that, on average, Woodacre/San Geronimo subwatersheds produce the finer 
sediment fraction that is delivered to mainstem Lagunitas and that Lagunitas/Devils Gulch 
subwatersheds produce the coarser sediment fraction that is delivered to mainstem Lagunitas. 
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Table 4-5.  Categorization of fine sediment production by subwatershed. 

Watershed Subwatershed 
ID 

Subwatershed 
area  
(km2) 

Hillslope/ 
Tributary 
sediment 

production  
(t a-1)a 

Percent fine 
sediment 

from 
hillslope/ 

tributaries 

Hillslope/ 
Tributary fine 

sediment 
production  

(t a-1) 

Woodacre 
27 

Woodacre 
Creek 

3.66 312.0 51% 158.4 

7 
Clear Creek 0.98 88.2 62% 54.7 

8 
Larsen Creek 1.81 155.2 62% 95.8 

9 0.29 23.5 63% 14.8 
10 

Arroyo Creek 3.49 262.2 57% 149.1 

11 0.73 68.1 61% 41.9 
13 0.24 22.8 63% 14.3 
14 0.54 89.8 37% 32.9 
15 0.21 16.3 69% 11.3 
16 

Spirit/Flanders/
Horse/San 
Geronimo 
headwaters 

3.80 290.9 63% 182.6 

18 0.57 48.4 61% 29.5 
19 

Montezuma 
Creek 

0.98 87.9 60% 52.5 

21 0.62 39.4 58% 22.9 
22 

Sylvestris 
Creek 

0.66 53.9 56% 30.0 

23 
Deer Camp 

Creek 
0.38 35.3 68% 24.0 

24 
Bates Canyon 0.87 81.2 62% 50.7 

25 
Creamery 

Creek 
1.14 100.4 62% 62.5 

29 0.23 7.1 62% 4.4 
30 0.15 11.9 53% 6.3 
31 0.39 28.1 65% 18.4 
32 0.07 3.2 59% 1.9 
33 0.85 46.0 61% 28.2 
34 0.30 13.7 62% 8.4 
35 0.39 36.9 61% 22.5 
36 0.39 10.4 59% 6.2 

San 
Geronimo 

37 0.63 80.5 32% 26.0 

Lagunitas 
5 

Deadman’s 
Creek 

0.41 10.2 41% 4.2 
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Watershed Subwatershed 
ID 

Subwatershed 
area  
(km2) 

Hillslope/ 
Tributary 
sediment 

production  
(t a-1)a 

Percent fine 
sediment 

from 
hillslope/ 

tributaries 

Hillslope/ 
Tributary fine 

sediment 
production  

(t a-1) 
6 

Barnabe Creek 0.69 20.0 39% 7.8 

12 1.71 75.7 43% 32.6 
17 0.74 3.9 53% 2.1 
20 0.96 25.8 58% 14.9 
26 0.94 26.5 62% 16.5 
38 2.12 276.2 31% 84.3 
39 0.43 106.0 30% 31.8 
40 0.80 17.1 59% 10.1 
1 2.50 223.0 60% 134.3 
2 1.46 127.6 48% 61.4 Devils Gulch 
3 3.02 113.0 50% 56.8 

a Does not include any additional contribution to account for 3rd order tributary channels 
 
 

4.2 Sediment Delivery Estimates versus Sediment Yields from Gauging 
Data 

The existence of hydrology and sediment transport data near the mouth of San Geronimo Creek 
(MMWD gauge, early 1980’s to present: Hecht 1992; Hecht and Glasner 2002), and at Samuel P. 
Taylor State Park on Lagunitas Creek (USGS gauge #11460400, December 1982 to present) 
allows a calculation of sediment yield passing two locations within the Middle Lagunitas Creek 
watershed.  The sediment yield information provides a first-order independent check on the 
adequacy of the sediment delivery estimate determined from process domain analysis.  The 
sediment yield data itself may not be highly accurate: both the bedload and suspended sediment 
rating curves are based on limited gauging information in most instances, and the bedload data 
requires the use of a conversion factor to utilize available mean daily rather than instantaneous 
measurements (see Section 3..2); further, the accuracy of sediment rating will in part depend on 
the sampling regime being sufficiently frequent to overcome temporal differences in rating that 
occur before and after individual events.  However, the data are used here simply in two senses: 
first, to establish an order-of-magnitude check on the accuracy of the field assessment of 
sediment delivery and, second, to establish a relative sense of inter-annual sediment dynamics 
within the study area (see Section 4.3) wherein the gauging data provide clues to the year-on-year 
variability in sediment delivery that cannot be readily achieved from interpretative field data. 
 
The sediment delivery estimate and the sediment yields are compared over a period from WY 
1983 to WY 2006 (to WY 2005 for San Geronimo Creek because data for WY 2006 were not 
available) (Table 4-6).   The period for comparison does not extend back to WY 1976 because the 
1982 high flow event is assumed to have initiated a new cycle of erosion in the study area which 
was used as the starting point for averaging field data. 
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Table 4-6.  Comparison of sediment delivery and sediment yield information. 
Sediment delivery estimated 

from extrapolated field survey 
Sediment yield derived from 

sediment rating data Watershed 
WY 1983-2006 (t a-1) WY 1983-2005/2006 (t a-1) 

San Geronimo @ Lagunitas Road 
bridge 4,172a 5,265c 

Lagunitas Creek @ Samuel P. 
Taylor State Park 5,660b 11,280d 

Notes: 
a combination of Woodacre and San Geronimo watershed hillslope and mainstem sediment delivery estimates (Table 4-1). 
b combination of Woodacre, San Geronimo and Lagunitas Creek watershed hillslope and mainstem sediment delivery estimates (Table 
4-1). 
c sediment yield data averaged from WY 1983 – 2005 (WY 2006 data was not available from MMWD at the time of report 
production) 
d sediment yield data averaged from WY 1983 - 2006  
 
 
Data presented in Table 4-6 indicate that the sediment delivery estimate for Lagunitas Creek is 
approximately 50% of the sediment yield estimate.  For San Geronimo, the value is 79% but the 
estimates will become more disparate once the high-flow WY 2006 sediment transport data is 
added.  The values are therefore, of comparable orders of magnitude, but significantly different.  
Differences between the two may simply reflect intrinsic errors associated with the mechanics of 
estimation for both methods (e.g., possible overestimation of sediment rating curve, potential 
underestimation associated with extrapolating the process domains), or it may reflect one or more 
of the following features:     

• Of particular note is the fact that the sediment delivery estimates are most probably 
minimum values.  This stems from the frequent difficulty in assigning a start date to field-
observed evidence for erosion.  Each estimate is actually averaged over different periods.  
For lateral channel erosion, the period is WY 1983-2006, as all currently visible eroded 
surfaces are assumed to post-date channel re-setting in the WY 1982 event; a similar 
logic applies to the hillslope estimates except that the field estimate is likely to include 
some unhealed scars from the 1982 event.  As such, each erosion estimate is averaged 
over its maximum possible period when, in reality, individual instances may have begun 
in wet periods in, for instance, 1994 or 1995 (see Table 3-2), or may even have begun 
during the December 31, 2005 (WY 2006) event.  In such instances, the 24-year period of 
erosion assumed (WY 1983-2006) would be shorter (e.g., 13 years from WY 1994-2006, 
or 1 year for the WY 2006 event).  Conversely, the estimate of channel incision in 
Lagunitas Creek is taken from cross-sections taken WY 1993 to WY 2003, so does not 
include the potential affect of either the WY 1982 or WY 2006 high-flow events.  In the 
other watersheds, evidence is drawn from erosion around bridges and therefore extends 
back over longer period and through to WY 2006.  In general, if evidence was available 
to allow sediment delivery estimates to be averaged over shorter time-frames, we would 
expect the average delivery rate to be higher; 

• Sediment yield estimates may exceed sediment delivery because limits to the extent of 
field sampling cause an inherent underestimation of sediment sources, especially for 
hillslope-derived sediment where it is impossible to sample the entire watershed.  Under 
this assumption, estimates would be expected to converge with additional field data; 

• As a related issue, it was not possible to undertake a comprehensive survey of road 
erosion – an anthropogenic sediment source that is frequently a significant source of 
sediment in a watershed.  Additional estimates of road-related sediment production, 
either through comprehensive field survey or through parameterizing a road sediment 
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numerical model to provide an estimate from the recently-completed database of roads 
within the Lagunitas watershed will likely elevate sediment delivery estimates; 

• Sediment delivery may be underestimated because extrapolation of the field survey by 
process domain leaves a residual area of the watershed (11%) without an estimated 
delivery rate (i.e., from minor process domains that were not sampled).  At comparable 
rates of delivery, inclusion of these areas would add 11% to the sediment delivery 
estimate rate estimates. 

• Sediment delivery rates are also almost certainly underestimated because chronic 
sediment sources from processes of hillslope overland flow erosion (e.g., sheetwash and 
rill erosion) have not been explicitly accounted for in the sediment delivery estimate.  
Such processes likely produce a minor, but spatially extensive rate of delivery that would 
elevate the overall rate estimate. 

• It is also possible that the average sediment yield estimate, especially for the period 
including WY 2006, is overestimated because sediment is frequently limiting during high 
flow events, that is, that the sediment supply to the river channel rarely matches the  
hydraulic capacity of the river to transport the sediment.  Because sediment rating 
information rarely incorporates sediment measurements taken during extreme high flow 
events (frequently for reasons of safety), extrapolated rating curves may overestimate 
sediment transported during the highest events.  Such a situation would result in a 
reduced estimate of sediment yield.  

 

4.3 Inter-annual Variability in Sediment Delivery 

High inter-annual variability in sediment delivery is expected because sediment transport 
processes are highly non-linear in response to varying year-on-year discharges.  To begin, the 
ability of flowing water to transport suspended sediment increases as an exponential factor of 
discharge (e.g., Figure 3-15).  Further, several aspects of sediment transport are threshold-based.  
For example, bed load sediment transport requires a threshold discharge to entrain the majority of 
the bed particles, channels banks will not erode until such time that (a) hydraulic forces are 
sufficient to overcome the resistance of the bank (for particle entrainment) or (b) the bank 
becomes saturated and loses much of its internal cohesion (for mass failure), and hillslope 
processes require a storm of sufficient intensity to cause landslides (e.g., Table 3-2) and, 
potentially, the failure of road surfaces and crossings.  The final of these examples means also 
that the effective contributing area of sediment varies as a threshold phenomenon: only in the 
largest rainfall events does an appreciable amount of hillslope sediment have the prospect of 
reaching the river channel – in smaller events, the majority of sediment is delivered only from the 
channel bed and banks.   
 
For the Middle Lagunitas Creek watershed, comments regarding variability in sediment delivery 
are based on the general correspondence between our estimates for average annual sediment 
delivery and those for average annual sediment yield.  It is impossible to obtain inter-annual rates 
of sediment production and delivery from field reconnaissance, instead repeat field surveys (of 
channel cross-sections and landslide scars), field measurements from a dense network of 
sediment samplers, or repeat large-scale aerial photography (for hillslope mass failures) would be 
required.  Where based on accurate sediment rating curves, especially of suspended sediment, 
annualized sediment yield (e.g., Figure 3-16) should at least partially reflect the episodic delivery 
of sediment from hillslopes, and factors such as bank erosion and bed sediment transport.  
Twenty-four-hour rainfall intensities (Table 3-2) suggest that hillslope sediment production was 
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potentially at a maximum in WY 1982, 1995, 1996 and 2006, but that lower instantaneous 
maximum peak discharges in WY 1995 and 1996 (Figure 3-8) may have reduced sediment 
delivery rates in these years.  Unless by coincidence, this variability is indeed indicated in our 
annual sediment yield plots (Figure 3-16).  Further, because we estimate mainstem channel 
sediment to provide between 31% (Devil’s Gulch) and 62% (Lagunitas) of total sediment 
delivery from individual watersheds (Table 4-1), and delivery of channel sediment should be 
approximately equal to production over long time periods, we may further infer that our annual 
sediment yield estimates reflect fairly well on variability in annual sediment delivery. 
 
Review of Figure 3-16a and b illustrates the inherent inter-annual variability.  In San Geronimo 
from WY 1976-2005, the mean total coarse sediment yield of 8,335 t disguises a range from 11 t 
(WY 1977) to 107,549 t (WY 1982).  Discounting 1982, the highest other sediment yield was 
21,039 t (WY 1986) so that, in comparison to the mean average yield, the median yield is 
approximately 3,000 t (e.g., WY 1997, 1978).  Likewise, in Lagunitas Creek at Samuel P. Taylor 
State Park, the mean 1976-2005 value of 12,034 t encompasses a range from 22 t (WY 1977) to 
174,759 t (WY 1982).  Again, 1982 was by far the greatest yield prior to WY 2006, so that the 
second highest yield was 38,481 t (WY 1998), and the median value is 1979 t (e.g., WY 2003, 
2000).  Adding the estimated yield for WY 2006 (94,471 t), increases the mean sediment yield 
from Lagunitas to 14,693 t, indicating the volatility of an arithmetic mean under conditions of 
such skewed data.  While the absolute accuracy of sediment yield data can be called into question 
(see Section 4.2), there is the distinct possibility that sediment delivery may range from almost 
zero under conditions of extreme drought such as in WY 1977 (note that this year was the single 
driest in recorded history [1906-1999] in the Sacramento River valley, Meko et al. 2001) to over 
100,000 tonnes under high flow conditions. 
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5 DISCUSSION  

5.1 Accuracy 

Approaching sediment delivery assessment using individual hillslope- and channel-based 
observations of sediment production has the advantage of providing a far more distributed 
approach than one based on lumped sediment yields at several points in the watershed.  It is 
possible, therefore, to make specific conclusions regarding the influence of those factors included 
in each process domain, and to readily speculate on the cause of sediment production.  However, 
while, with sufficient monitoring, the sediment yield approach faithfully represents the 
integration of production and delivery processes over an extensive area, field-based (and 
consequently extrapolated) identification of individual sediment sources is more prone to error 
and omissions when undertaken over extensive areas, depending on the sample density.  
Accuracy in watershed-wide summation of sediment sources becomes a function of field 
interpretative skill, the extent of area physically observed during fieldwork (and, therefore, 
time/resources available for fieldwork), the application of empirical results from studies in and 
adjacent to the study area, and quality control in assimilating and analyzing the various data 
sources.  In addition, for studies such as this one, which supplements earlier field studies, 
accuracy is also dependent on the accuracy of earlier field data collection and the consistency of 
interpretation between multiple field surveyors: both of these factors are difficult to constrain. 
 
For these reasons, comparative data is perhaps the simplest way to obtain corroboration and thus 
provide some level of confidence in the results obtained.  (Such data does not, however, rule out 
the prospect of serendipitous equifinality, where multiple errors may cancel each other out.)  Two 
primary comparative sources are available, namely (1) sediment yield data from two gauging 
stations within the study area (Section 3.5), and (2) results from previous studies in neighboring 
locations.  In approximate terms, the sediment delivery estimate is about 50% of sediment yield 
when WY 2006 is included (see Table 4-6).  As outlined in Section 4.2, there are numerous 
reasons why the value for sediment delivery is an underestimate, and at least one major reason 
why the WY 1983-2006 sediment yield for Lagunitas Creek may be an overestimate.  As such, 
the true value of sediment delivery within the overall study area may be, at minimum, 6,400 t a-1 
(sediment delivery estimate from Table 4-1) to around 12,100 t a-1 (Lagunitas Creek sediment 
yield estimate [Table 4-6] plus sediment delivery estimate from Devils Gulch [Table 4-1]).  Such 
estimates imply unit rates of delivery from the Middle Lagunitas Creek watershed of between 160 
– 300 t km-2 a-1.  The unit rate of delivery from San Geronimo Creek is something in excess of 
172 t km-2 a-1.  Sediment budgets assembled for Redwood Creek in Marin County (22.7 km2) 
(Stillwater Sciences 2004) produced a yield of 198 t km-2 a-1 for the period 1981-2002, with 
maximum rate of 324 t km-2 a-1 in the period 1921–1980.  The 1981-2002 rate relates to a 
watershed where almost all land has been taken out of agricultural production but where 
significant legacy erosion effects remain in-channel.  Elsewhere locally, the long-term rate of 
production from the much smaller Lone Tree Creek (1.74 km2) has been estimated at 214 t km-2 a-

1 (Lehre 1982) with a shorter-term rate (1971–1974) that encompasses a large storm (1973) of 
691 t km-2 a-1.  Hillslope production rates from Bolinas Creek (43 km2) have been estimated at 
275 t km-2 a-1 (Tetra Tech 2001).  Considering differences in land use and size between these 
watersheds would seem to indicate that data from the Middle Lagunitas Creek watershed bound 
roughly appropriate values.   
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5.2 Sediment Delivery Dynamics and Anthropogenic Influence 

5.2.1 Dominant erosion processes 

Field surveys identified a range of active, sediment producing processes operating in the Middle 
Lagunitas Creek watershed including: shallow- and deep-seated landslides; erosion, incision and 
headcutting of first- and second-order tributary channels; gully erosion; culvert failures, rilling 
and gullying of unpaved road surfaces; and bank erosion, bank collapse and incision of the 
mainstem and third-order channels.  Overland flow erosion processes such as sheetwash and 
rilling could not be assessed quantitatively in the field, but likely also contribute to overall 
sediment yield.  Away from the mainstem channels, landslides accounted for a majority of the 
surveyed sediment supply (over 60%), then tributary erosion processes (nearly 30%) and road 
erosion (9%).  Undertaking field survey shortly after a rare hydrological event with sufficient 
precipitation intensity to trigger hillslope failure probably biases the field results towards 
landslides as a dominant mechanism, and the event magnitude may also account for the lack, in 
many cases, of significant sediment stores on hillslopes from which to estimate a sediment 
delivery ratio.   
 
Likewise, survey of the mainstem channels shortly after the largest discharge on record in 
Lagunitas Creek may explain why much more bank erosion and failure was identified in this 
survey compared to earlier studies (compare Figure 3-1 with Figure 3-7).  Overall, when 
extrapolated, sediment production from mainstem channel sources (47%) was slightly less than 
the contribution from hillslope/tributary sources (53%).  It should be noted that the majority of 
the mainstem channel sediment is estimated to have been derived from incision processes (72% 
of total) rather than bank retreat (28%), although using the contemporary channel bed width for 
the volumetric estimation of sediment incision implicitly includes some bank retreat in the 
estimate of channel incision.   
 

5.2.2 Dominant process domains 

The dominant sediment-delivering process domains are illustrated in Figure 5-1, by estimated 
total and unit annual sediment production.  Six domains yielding from 173 to 939 t a-1 are shown; 
there is a clear break between these domains and the seventh highest yielding domain which 
produces 49 t a-1 (see Table 3-10).  The five highest unit area producing domains have annual 
production ranging from 108 to 679 t km-2.  The sixth highest unit area producer yields 68 t km-2 
a-1.   Not surprisingly, there is a strong correlation between the highest total yielding domains and 
the most common domains.  In total, four of the five most common domains are also the highest 
yielding (domain 243, 242, 343, 143), and the other two highest yielding domains are the 8th and 
11th most common domains (342, 323).  However, four of the highest yielding domains occur also 
in the list of highest unit area producers of sediment (domains 143, 243, 323, 342).  Focusing on 
these four “most important” domains, three occur on Franciscan mélange (x4x), and three on 
hillslopes above 30% (xx3).  Land uses for these four domains vary between 
agriculture/herbaceous, mixed forest, and mixed shrub, leading to the possible conclusion that 
steep mélange terrain is a dominant influence on sediment production in the study area, 
irrespective of land use.  (Perhaps for reasons of slope instability hazard, there is relatively little 
urban development on steep mélange terrain.)  Overall, of the seven domains that are either high 
yielding or have high unit area production, three are mixed forest and three are mixed shrub.  If it 
is assumed that steep mélange terrain results in high sediment production irrespective of land use, 
it is tempting to conclude either that (1) discrete sediment sources are more evident under these 
land uses simply because they cover large extents of the watershed, and/or (2) that hillslope 



Marin County Department of Public Works  
Sediment Delivery Analysis Middle Lagunitas Creek Watershed 

 
29 May 2007  Stillwater Sciences 

47 

sources are more prevalent under less intensively managed shrub and forest land covers, than 
under agriculture and urban development. 
 
Note that the analysis of sediment yield by process domains does not include the 53% of sediment 
delivery estimated to occur from 3rd order channel or mainstem sediment sources.  

 

5.2.3 Dominant subwatersheds 

Figure 5-2 illustrates estimated sediment delivery from high yielding and high unit yielding 
subwatersheds, including production from 3rd order channels.  The highest annual yields (>100 t 
a-1) are of course tied closely to the largest subwatersheds so that seven of the nine largest 
subwatersheds are included (subwatersheds 16, 27, 1, 38, 10, 8, 2 in order of annual yield, see 
Table 4-4 for data).  The highest yielding subwatershed contributes more the 584 t annually and 
there are ten subwatersheds total that each produces >100 t a-1.  Note also that six of the seven 
highest yielding subwatersheds have 3rd order channel contributions and so are dependent on the 
third order production having been accurately predicted from mainstem production rates.  In 
hillslope and 1st and 2nd order channel production alone, subwatersheds 27, 16, 38, 10, and 1 (in 
order, highest first) produce over 200 t annually (range from 312 to 223 t a-1).   
 
Of the subwatersheds that produce high unit sediment yields, three are estimated to produce >150 
t km-2 a-1 (range 154-245 t km-2 a-1) and seven others between 100-150 t km-2 a-1.  Two of the 
highest unit yielding subwatersheds (14 and 39) are small area watersheds with single large 
identified failures, but subwatersheds 1 (upper Devils Gulch) and 16 (a collection of upper San 
Geronimo headwater creeks) are both large and produce high sediment yields per unit area, and 
thus would seem to have extra significance in sediment production terms.  One caution is that 
little access was made to subwatershed 1, so that the high yield is a reflection of extrapolated high 
rates of delivery from the constituent process domains.  Far more access into subwatershed 16 
was made during this and previous surveys. 
 

5.2.4 Subwatersheds with high fine sediment yields 

Figure 5-3 focuses particularly on the generation of sediment of less than 2 mm diameter within 
the study area.  Again, the largest subwatersheds are the primary providers of fine sediment (i.e., 
subwatersheds 16, 27, 10, and 1 in order of descending yield), yielding in excess of 130 t a-1 (see 
Table 4-5 for data).  However with the exception of subwatershed 1, these largest watersheds are 
not the highest unit providers of fine sediment.  Instead, the highest unit producers of fine 
sediment occur primarily in the middle and lower San Geronimo watershed, on both north and 
south-facing slopes.  High unit yields are largely absent from the Lagunitas subwatershed, 
although the large slope failure below Peters Dam is responsible for the highest single fine 
sediment unit yield of approximately 74 t km-2 a-1. Values of unit fine sediment elsewhere are 
relatively consistent between these subwatersheds and are usually between 50-60 t km-2 a-1, and 
seemingly correlated frequently with steep, Franciscan terrain. 
 

5.3 Recommendations for Further Data Collection 

Developing distributed estimates of sediment delivery requires numerous reliable sources of 
sediment data and, especially as a first iteration, may result in the generation of considerable 
sources of uncertainty and potential for estimate error.  Priority items in reducing these 
uncertainties stem from error sources outlined in Section 4.2 and include: 
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1) Additional data to help sub-divide the time-step over which sediment production 
rates are averaged.  Chief among these would be further analysis of large-scale aerial 
photographs, if repeat cover can be achieved, and access to any remaining sources of 
channel survey data; 

2) Further hillslope field survey, targeted towards under-represented areas and 
process domains.  Of note are the high sediment yields estimated largely by 
extrapolation for subwatersheds in upper Devils Gulch and upper south-facing San 
Geronimo Creek watershed, the Arroyo Creek subwatershed and the north-east facing 
(Bolinas Ridge) subwatersheds of Lagunitas Creek;  

3) Field data collection targeted particularly at developing more reliable estimates of 
tributary channel erosion and channel head advance.  Such areas are frequently 
subject to poor access and are obscured in aerial photographs; 

4) A dedicated survey of road-related sediment production based on the recently 
completed roads database for the Lagunitas watershed.  Sediment delivery is likely to 
be greatest where stream crossings intersect steeply sloping hillsides and the database has 
indicated a far greater number of stream crossings than previously understood.  Extensive 
field survey, or application of a road-sediment numerical model will improve this 
estimate; 

5) Increased resolution of the types of urbanized/developed areas within the 
watershed.  These data would help to better identify the urbanization and development 
practices that are having the greatest effect on sediment production within the watershed.  

6) Development of a reliable method for accounting for hillslope overland flow erosion 
and rill development, particularly under canopy where such processes may go largely 
undetected, and in agricultural areas that may be under-represented in field survey. 

 
As a related issue, greater confidence is required in measures for corroborating the sediment 
delivery estimates at strategic locations.  Of central importance are: 

7) New or extended campaigns of flow and sediment monitoring to add confidence in 
high flow estimates of flow magnitude and sediment transport.  The highly episodic 
nature of flow in the study area puts particular emphasis on rigorous sediment rating at 
during high magnitude events to add confidence in sediment yield data; 

8) Estimates of sediment yield derived from reservoir filling rates.  Bulk estimates of 
reservoir sedimentation could provide useful corroboration in general, while stratigraphic 
survey would permit greater understanding of the role of large events in sediment 
delivery; 

9) Stratigraphic analysis and dating of sediments near the mouth of Lagunitas Creek 
in Tomales Bay would provide greater long-term context for sediment yields, including 
evolutionary changes related to Euro-American settlement in Lagunitas Creek and the 
relative effect of land clearance and dam development in the watershed. 
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Figure 2-1. Map of Middle Lagunitas Creek Watershed and relevant in-channel infrastructure.
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Table D-2.  Compiled data for bank erosion estimate from tree cores. 

Reach Site Reach type Bank 
(L/R) 

Common 
name 

Approx. 
height 

(ft) 

DBH 
(cm) 

DCH 
(cm) 

Core 
height 
(cm) 

Approx. 
age 

(±10 yrs) 

Approx. 
bank 

erosion 
(ft) 

Bank 
erosion 

rate 
(ft/yr) 

Bank 
substrate Comments 

Devils 
Gulch DG-C1 straight run R Douglas 

Fir 40 24.5 29.3 28 30 1.25 0.04 alluvial 
fill 

Maximum estimate 
for bank erosion rate 

Devils 
Gulch DG-C2 

outside 
bend, D/S of 

riffle 
L California 

Torreya 45 21 26.3 24 62 2.0 0.03 silty soil Minimum estimate 
for bank erosion rate 

Lagunitas L-C1a 

pool 
tailout/riffle 

head, 
straight, 
confined 

L Redwood 90 81.2 81.2 100 103 5.5 0.05 silty soil 

- Maximum estimate 
for bank erosion rate 
(bank erosion may 
have started when 
older tree established 
at this location) 
- At Balance site KH 
(Kelley's Upper) 

Lagunitas L-C2 Inside bend, 
riffle/run R Tanoak 50 28.7 33.3 13 48 2.75 0.06 silty soil 

- Maximum estimate 
for bank erosion rate 
- Located between 
Shafter Bridge and 
Balance 'Below 
Shafter' site 

San 
Geronimo SG-C1 

straight run, 
riffle head 
(large LB 
tree ~20ft 

U/S that has 
some 

hydraulic 
effect) 

R Red Alder 30 24.2 25.1 23 33 3.0 0.09 silt/gravell
y soil 

Minimum estimate 
for bank erosion 
Located on RB at 
west entrance (D/S 
end) of Castro Rd 
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1 INTRODUCTION  

1.1 Background 

The Marin Resource Conservation District, along with the Tomales Bay Watershed Council, 
Point Reyes National Seashore, Marin Municipal Watershed District (MMWD), Salmon 
Protection and Watershed Network (SPAWN), Trout Unlimited, and Marin County sponsored the 
Lagunitas Creek Watershed Limiting Factors Analysis as part of a Proposition 13, Coastal Non-
point Source Control Program grant.  The overall purpose of the grant is to fill information gaps 
related to physical and biological factors controlling salmonid population dynamics within the 
watershed.  The project was completed in two phases.  Because of the high level of public support 
and interest within the watershed, a number of studies and monitoring programs have been 
implemented in recent years.  Much of the focus of Phase I work was to review and synthesize 
this existing information in order to develop hypotheses and identify information gaps concerning 
salmonid population dynamics.  Phase II consisted of implementing focused field studies to fill 
key information gaps identified during Phase I and synthesizing the results of these studies with 
analyses that were based on existing information.  This report combines the results from both 
phases of study.   
 
Two focal species were selected by Marin Resource Conservation District and the Lagunitas 
Advisory Group for consideration during the limiting factors analysis—coho salmon 
(Oncorhynchus kisutch) and steelhead (O. mykiss).  Although other species/indicators were 
considered for inclusion in the analysis (freshwater bivalves, California freshwater shrimp, 
California red-legged frog, aquatic macroinvertebrates), it is believed that a wide variety of 
ecosystem attributes important to these species and the aquatic community as a whole would be 
reasonably addressed by focusing on the needs of these two anadromous salmonid species 
throughout their freshwater life histories.   
 

1.2 Objectives 

There were four major objectives for the Lagunitas Creek watershed limiting factors analysis: 
1. Develop conceptual models and test hypotheses about factors potentially limiting 

populations of the focal species using the available literature and data; 
2. Refine conceptual models based on the Phase I analysis of available data; 
3. Test conceptual models and hypotheses through focused field studies during Phase II;  
4. Develop restoration recommendations based on the results of focused field studies and 

analysis of existing information.   
 

1.3 Approach 

Our approach to stream and salmonid restoration is based primarily on restoring or reinitiating 
geomorphic and ecological processes to achieve the goal of self-sustaining target populations.  A 
key objective is to link land-use activities with their effects on salmonid populations.  Human 
activities affect watershed inputs (e.g., water, sediment), leading to a cascade of changes in 
important geomorphic processes, habitat characteristics, species abundance, and population 
dynamics (Figure 1-1).   
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Watershed Inputs

• water
• sediment
• nutrients

• energy
• large woody debris
• chemical pollutants

Physical Processes
• sediment transport/deposition/scour
• channel migration and bank erosion
• floodplain construction and inundation
• surface and groundwater interactions

Physical and Chemical Attributes
• channel morphology (size, slope, shape, 

bed and bank composition)
• floodplain morphology
• water turbidity and temperature

Habitat Structure and Connectivity
• instream aquatic habitat
• shaded riparian aquatic habitat
• riparian woodlands
• seasonally inundated floodplain wetlands

Biotic Responses
(Aquatic, Riparian, and Terrestrial Plants and Animals)
• abundance, age/size structure, and distribution of 
native and exotic species
• food web structure
• non-trophic biotic interactions

Human Land 
Use and Flow 

Regulation

Natural
Disturbance

 
Figure 1-1.   A simple conceptual model of the physical and ecological linkages used in 

developing biotic response indices of river ecosystem health. 
 
 

A limiting factors analysis integrates the effects of habitat carrying capacity and density-
independent mortality across the entire life cycle of an organism to determine mechanisms 
regulating population growth.  Our approach to identifying limiting factors began with a general 
conceptual model describing the life history of the focal species and identifying habitat 
constraints most likely to affect survival of key life stages.  This general formulation provided a 
starting point for reviewing available data for the Lagunitas watershed and developing hypotheses 
about mechanisms controlling salmonid abundance under contemporary conditions.  We then 
tested these hypotheses with existing information and results of focused field studies.  The results 
of these studies were synthesized in multi-stage stock recruitment models that estimate carrying 
capacities and density-independent mortality at different life stages, with the goal of reaching a 
mechanistic understanding of how mortality at one or more life stages may limit population size.  
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The iterative process of hypothesis development, testing, and refinement provided an adaptive 
and efficient process for identifying priority restoration strategies for salmonid populations.  
 

1.4 Study Area 

The study area included stream reaches of Lagunitas Creek, San Geronimo Creek, Devils Gulch, 
and Olema Creek, in western Marin County, California accessible to anadromous salmonids 
(Figure 1-2).  Peters Dam (Kent Lake) and Nicasio Dam (Nicasio Reservoir) prevent passage of 
anadromous fish on Lagunitas Creek and Nicasio Creek, respectively.   
 

 
Figure 1-2.   Map of the study area. 
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1. Introduction 
 
The Napa County Resource Conservation District (RCD) received funding to conduct an instream 
flow study of Milliken Creek.  This study was intended to focus on periods of low flow (less than 20 
cubic feet per second [cfs]), which is representative of conditions in spring, summer, and early fall.  
The goal of this project was to provide greater scientific understanding about the relationships 
between water use, stream flow, and fish habitat by utilizing a physical habitat model approach. 
 
The Napa River watershed historically supported three salmonid species: steelhead (Oncorhynchus 
mykiss), Chinook salmon (Oncorhynchus tshawytscha), and coho salmon (Oncorhynchus kisutch).  
There has been a significant decline in the distribution and abundance of steelhead in the Napa 
River and its tributaries since the late 1940s (USFWS 1968; Anderson 1969; Leidy et al. 2005).  The 
U.S. Fish and Wildlife Service (1968) estimates that the Napa River watershed once supported runs 
of 6,000–8,000 steelhead, and 2,000–4,000 coho salmon, and that by the late 1960s, coho salmon 
were extinct in the watershed, and the steelhead run had reduced to about 1,000 adults.  Napa 
River steelhead belong to the Central California Coast Steelhead Distinct Population Segment (DPS), 
which was listed as a threatened species under the Federal Endangered Species Act in August 1997. 
 
Human uses of water have been identified as a potential cause of reduction in springtime baseflow, 
leading to more rapid drying of the lower reaches of tributaries, and causing poor flow persistence 
over riffles.  It has been hypothesized that these changes in stream conditions are exerting a 
significant influence on steelhead run size in the Napa River watershed (Stillwater Sciences, 2002; 
Stillwater Sciences, 2007). Reduced stream flow may impact steelhead habitat in two ways: it may 
reduce food availability for juveniles, thus limiting size at outmigration (which subsequently 
reduces survival during early ocean occupancy) and/or it may reduce the window of opportunity 
for steelhead to outmigrate in the spring, thus leaving steelhead either stranded in isolated pools 
or subject to mortality due to unsuitable dry season conditions. 
 
Milliken Creek is known to support steelhead spawning and rearing (RCD 2009, Leidy et al. 2005).  
Occasionally, Chinook salmon are also sighted spawning in Milliken Creek (Koehler, pers. obs. 
2006); however it is not known how common this is.  Based on stream morphology, Chinook would 
be expected to be limited to the lower gradient reaches of Milliken Creek below Westgate Drive 
with occasional strays occurring higher in the watershed in favorable hydrologic years.  Due to the 
inconsistent presence of Chinook in Milliken Creek, this study focused solely on the life history 
requirements of juvenile steelhead. 
 
Prior to this study, the Napa RCD conducted a habitat survey of the entire length of Milliken Creek 
in the summer of 2007 as part of a larger assessment effort funded by the California Department of 
Fish and Game (RCD 2009).  The 2007 survey identified a total of 5.01 miles of potential steelhead 
habitat between the Napa River and the upper limit of anadromy, which is located at a natural 
bedrock falls approximately 1.7 miles upstream of our study reach. 
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Figure 1.  Milliken Creek watershed map 
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2. Physical Habitat Model 
 
The Physical Habitat Simulation System (PHABSIM) model was developed by the US Fish and 
Wildlife Service, US Geological Survey, and other agencies to examine stream flow management 
issues as part of the Instream Flow Incremental Methodology (IFIM).  PHABSIM predicts physical 
microhabitat changes associated with flow alterations such as a reduction in stream flow. It also 
provides a variety of simulation tools, which characterize the physical microhabitat structure of a 
stream and describe the flow-dependent characteristics of physical habitat relative to selected 
target species and life stages. When interpreting PHABSIM results, an assumption is normally made 
that flow-dependent habitats are useful in determining carrying capacity and therefore are related 
to the instream flow needs for fish or other aquatic organisms in streams (USGS, 2001). 
 
For this project, we used PHABSIM to simulate habitat conditions for juvenile steelhead during low 
flow conditions that are typical of tributary streams throughout the Napa River watershed in spring 
and early summer.  Based on historical flow records, we determined that flows between zero and 
20 cfs were an appropriate range to characterize this period.  The spring season (approximately 
March through July) has been identified as an important period for juvenile steelhead growth as 
well as smolt outmigration (Stillwater Sciences, 2007; Koehler, 2009).  The results of the PHABSIM 
model were intended to identify important flow thresholds for juvenile steelhead during this 
critical period and ultimately help inform water management strategies within the Milliken Creek 
watershed. 
 
 
 

3. Study Reach 
 
A total of twelve transects were established in the Milliken Creek study reach, which began at 
Westgate Drive and extended approximately 1,258 feet downstream (Figure 2).  The watershed 
area above the study reach is approximately 13.8 square miles. 
 
Transect locations were determined by using existing habitat data to stratify the study reach into 
three major habitat types: pools, riffles, and runs.  Four transects were placed in run habitat types, 
four were placed in riffle habitat types, and four were placed in pool habitat types.  Beginning at 
the upstream end of the reach (Westgate Drive), we proceeded downstream until we encountered 
each habitat type.  To minimize placement bias, we measured the full length of each potential unit 
and used a random number generator to locate a potential transect location within the unit.  Exact 
transect locations were placed as close to these randomly selected points as possible while still 
allowing for collection of high quality flow measurements.  Each transect was surveyed using a 
theodolite and stadia rod according to the methodology outlined in the PHABSIM User’s Manual 
(USGS, 2001). 
 
The study reach was selected for several reasons: 1. it was identified as flow-limited during 
previous habitat typing surveys, 2. it is located at the point where the channel transitions from 
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canyon to alluvial fan, and 3. it is a representative stretch of Milliken Creek on the valley floor 
where water diversions are likely to take place in spring and summer.  Habitat conditions upstream 
of the study reach are significantly different in regards to channel slope, substrate, width-to-depth 
ratio, and channel-type (RCD 2009).  Therefore, the results of this model can be reasonably applied 
to the channel for some distance downstream of our study reach, perhaps past Atlas Peak Road, 
but we would caution against the use of these modeling results to characterize the upstream 
canyon reaches. 
 
 
 

4. Model Input 
 
We measured water surface levels (WSL) with a theodolite and stadia rod at all transects at the 
three target flows listed in Table 1.  Water velocities were measured during the medium flow using 
the six-tenths depth method and USGS-style Price pygmy current meters and wading equipment.  
In addition, a stream discharge measurement was collected during each of the three field visits at a 
location deemed most suitable by the project hydrologist.  This measurement was not necessarily 
taken on one of the transects. 
 
 
Date Discharge 

(cfs) 
WSL 
Measured 

Velocities 
Measured  

May 19, 2010 2.32 Yes No 
May 4, 2010 4.91 Yes Yes 
April 21, 2010 14.90 Yes No 
Table 1.  Summary of PHABSIM field measurements on Milliken Creek 
 
 
There are several published juvenile steelhead Habitat Suitability Criteria (HSC) curves for water 
velocity and depth.  We selected the Bovee 1978 HSC curves for juvenile steelhead based on 
extensive literature review, consultation with Stillwater Sciences, and experience with previous 
modeling efforts.  Overall, we felt the two curves developed by the Bovee 1978 study were most 
appropriate for our analysis because of similarities in watershed areas, stream size, and target 
species.  Both curves are shown in Appendix B. 
 
In addition to the three calibration flows listed in Table 1, the PHABSIM model was setup to run 
simulations for 0.5, 1.0, 10.0, and 20.0 cfs to completely bracket the target flow range.  Based on a 
recommendation by DFG, simulations of 30 and 40 cfs were also run to give insight into habitat 
conditions at higher flows.  These simulations, however, extrapolate the model beyond the tops of 
several transects. 
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Figure 2.  Milliken Creek PHABSIM study reach (P = pool, R = riffle, N = run) 



Milliken Flow Study 7   Napa County RCD  
 

5. Model Calibration 
 
The STGQ option was selected to model WSLs because we did not intend to extrapolate the model 
very far from the calibration data.  The STGQ model predicted WSLs in close agreement with 
observed data as shown in Table 2, and did not require calibration.  The velocity model was 
calibrated by comparing simulated and observed results for the 4.91 cfs flow.  Plots of simulated 
velocity were visually analyzed for consistency.  Manning’s N values for particular stations along 
transects with poor agreement between simulated and observed values were adjusted manually to 
minimize differences, as described in the PHABSIM users manual. 
 

 
Table 2. Milliken Creek PHABSIM model calibration results showing observed (obs) and simulated 
(sim) water surface levels and the difference between the two values (diff) at all nine transects.  All 
values are in feet. 
 
 
 

6. Results and Discussion 
 
The Milliken Creek PHABSIM model results are shown in the form of a Weighted Usable Area 
(WUA) curve.  The model produces quantitative estimates of total habitat area over the full range 
of flows, however it is generally considered more accurate to assess the shape of the WUA curve 
rather than the specific numeric results.  In light of this, we analyzed the WUA curve for breaks in 
slope, which are believed to represent flow thresholds for juvenile steelhead. 
 

X-sec 
ID 

2.32 
(obs) 

2.32 
(sim) diff (ft) 

4.90 
(obs) 4.90(sim) diff (ft) 

14.90 
(obs) 

14.90 
(sim) 

diff 
(ft) 

0 67.070 67.071 0.001 67.190 67.188 -0.002 67.440 67.441 0.001 

193 69.210 69.205 -0.005 69.400 69.410 0.010 69.870 69.864 -0.006 

524 70.110 70.100 -0.010 70.230 70.250 0.020 70.610 70.598 -0.012 

618 71.950 71.950 0.000 72.170 72.171 0.001 72.610 72.610 0.000 

675 72.580 72.581 0.001 72.860 72.857 -0.003 73.480 73.482 0.002 

781 75.250 75.240 -0.010 75.410 75.432 0.022 75.900 75.887 -0.013 

872 77.500 77.508 0.008 77.660 77.639 -0.021 77.880 77.893 0.013 

1010 78.720 78.717 -0.003 78.870 78.877 0.007 79.250 79.245 -0.005 

1094 79.080 79.084 0.004 79.220 79.210 -0.010 79.440 79.446 0.006 

1204 79.930 79.933 0.003 80.100 80.094 -0.006 80.420 80.423 0.003 

1229 80.370 80.364 -0.006 80.480 80.491 0.011 80.750 80.744 -0.006 

1258 80.420 80.412 -0.008 80.550 80.565 0.015 80.880 80.872 -0.008 
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PHABSIM model results suggest there is at least one distinct low-flow threshold for juvenile 
steelhead rearing habitat.  This is apparent at approximately five cfs, where the WUA curve is 
steepest (Figure 3).  The model predicts that the amount of juvenile steelhead rearing habitat 
continues to increase sharply until approximately 10 cfs, where there is a more subtle break in 
slope.  Above 10 cfs, the amount of additional juvenile steelhead habitat gained gradually flattens 
out as flows increase, eventually leveling off at flows above approximately 40 cfs.  Although the 
amount of juvenile steelhead habitat does not appear to increase as sharply at higher flows, it 
should be noted that higher flows are important for maintaining and creating habitat complexity as 
well as supporting adult fish passage and spawning. 
 
 

 
 
Figure 3. Weighted usable area (WUA) results from the Milliken Creek PHABSIM model for juvenile 
steelhead.  Note: the dashed portion of the line depicts results that extend well beyond the 
model’s calibration dataset and should be interpreted with this limitation in mind. 
 
 
Based on our PHABSIM results, a critical threshold appears to exist at approximately five cfs, where 
the rate of habitat value gain/loss is steepest.  We would expect that any reductions in streamflow 
under such low-flow conditions would have a disproportionately large negative effect on steelhead 
habitat.  
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7. Conclusions  
 

1. In our study reach of Milliken Creek, we found five cfs to be a distinct flow threshold for 
juvenile steelhead habitat.  Any water diversions occurring while the stream is flowing at or 
below five cfs are likely to substantially reduce the amount of habitat available to juvenile 
steelhead. 
 

2. Juvenile steelhead habitat was gained up to a maximum flow of approximately 40 cfs.  Flows 
above this magnitude would not be expected to improve conditions for juvenile steelhead.  
However, higher flows are beneficial for a variety of other reasons not directly investigated 
in this study, including maintaining adequate depth for adult passage and spawning, as well 
as helping to maintain habitat complexity. 
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Appendices 
 

A. Site Photos 
 

 
Milliken Creek, 2.32 cfs, 5/19/2010 
 
 

 
Milliken Creek, 4.91 cfs, 5/4/2010 
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Milliken Creek, 14.90 cfs, 4/21/2010 
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B. Habitat Suitability Criteria Curves 
Both curves are based on data from Bovee, 1978 
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Executive Summary 
 
Recognizing the growing need for an integrated and regional approach to water 
management, four wastewater utilities and one water agency in the North San Pablo 
Bay region of California have joined forces to plan a project that would considerably 
expand the use of recycled water region-wide. 

The proposed North San Pablo Bay Restoration and Reuse Project (Project) would 
build on commitments to long-term inter-agency cooperation to address common 
needs related to reliable water supplies and enhanced environmental restoration. As 
implementation of the Project would likely require external funding assistance, the 
investigation and development of the Project is being carried out in conformance to 
the requirements of the U.S. Department of the Interior’s Bureau of Reclamation 
Public Law 102-575, Title XVI, which provides a mechanism for Federal participation 
and cost-sharing in approved water reuse projects. 

The five participating agencies have organized themselves under a Memorandum of 
Understanding (MOU) as the North Bay Water Reuse Authority (Authority). The 
Authority members include: 

 The Las Gallinas Valley Sanitary District (LGVSD) 

 The Novato Sanitary District (Novato SD) 

 The Sonoma Valley County Sanitation District (SVCSD) 

 The Napa Sanitation District (Napa SD) 

 The Sonoma County Water Agency (SCWA). 

North Marin Water District and Napa County are also providing technical and 
financial support to the Authority. 

The Authority members undertook cooperative planning efforts over a 5-year period 
– including 19 technical workshops as well as monthly institutional workshops, with 
extensive outreach to potential Project stakeholders – to define shared issues and 
develop feasible alternatives toward definition of a region-wide recycled water project 
that would enable them to address those issues.  

This report, representing part of the third phase of a three-phase planning effort, 
presents an engineering feasibility evaluation and economic and financial analysis of 
the proposed project. The report describes the Project area and the key water 
management problems and needs within the Project area, identifies water reuse 
opportunities in the Project area, develops and analyzes alternative measures that 
could address the identified water management needs, presents an overview of 
associated legal and institutional requirements, compares the alternatives, presents an 
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economic and financial analysis of the proposed Project, and discusses potential 
environmental effects of the Project. 

In short, this report provides the engineering and economic studies that guide the 
Authority’s selection of a recommended Project for funding and implementation. 
Along with the environmental documentation that is currently underway, these three 
elements will form the complete Project feasibility study report.  

Project Setting and Future Conditions 
As shown in Figure ES-1, the initial study area encompasses approximately 318 
square miles of land within Marin, Sonoma, and Napa Counties. This region extends 
some 10 to 15 miles inland of the tidal San Pablo Bay, with a total population of over 
270,000 in the major urban centers of San Rafael, Novato, Petaluma, Sonoma, and 
Napa. The region supports agriculture, including predominantly some of the premier 
wine-grape growing land in North America, as well as light industry, commercial and 
institutional uses, parklands, and residential areas. It is an area of natural and 
cultivated appeal and productivity, all proximate to the additional cultural attractions 
of the greater San Francisco Bay Area. 

The waterways of this region – the Napa River, Sonoma Creek, and Petaluma River, 
as well as smaller streams, some of which support only seasonal flows – are tributary 
to the San Pablo Bay estuary. Although threatened until recently by development, the 
remaining tidal wetlands of the San Pablo Bay estuary serve in a vital ecological role 
as nurseries for fisheries and wintering areas for migratory waterbirds. 

Local and regional planning projections indicate that there will be sustained pressures 
for residential growth in the study area, with estimates of 10-12 percent growth in 
most of the existing urban centers by the year 2020 (as compared to 2005 populations). 
Existing policies in principal cities will tend to favor concentrated rather than 
dispersed growth. 

Agricultural land use is expected to remain relatively constant over a 20-year 
planning period, and all three County governments in the study area have explicit 
policies in place to protect agricultural lands. Given the high value of wine-grape 
culture, there is unlikely to be much change in the 75 percent of agricultural acreage 
committed to vineyards. 

With the removal of Petaluma from the Project1, total urban water use – including 
both residential and non-residential uses – in the study area is projected to increase 
from the 2005 level of 63,700 acre-feet per year (AFY) to about 72,800 AFY in 2020. 
Total water use for irrigation of agricultural lands is estimated at approximately 
23,300 AFY at present. 

 
1  After initial evaluation was concluded for the Project, Petaluma decided not to participate in 

the Project. See Section 1.3 for a discussion of Petaluma’s participation. 
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Meeting these water demands are sources that include surface water supplies (both 
internal and external to the study area), groundwater, and recycled water. SCWA 
supplies much of the study area with surface water conveyed from the Russian River 
and its tributaries in central Sonoma County, external to the study area. SCWA’s 
reliable supplies to customers in the study area are 87,970 AF during a dry year.  

Groundwater serves many agricultural users (and some residential users) as a 
primary source of supply and serves as a secondary source of supply for some urban 
users as well, notably the City of Sonoma and Valley of the Moon Water District. 
Although the total quantity of groundwater in the study area is unknown, 
groundwater pumping has been measured. The vast (80 percent) increase in pumping 
of groundwater in the past 30 years to support agricultural irrigation has resulted 
locally in groundwater outflow exceeding inflow, some impacts on groundwater 
quality, and a lowering of groundwater levels in some parts of the study area that are 
dependent on groundwater supplies. 

Existing treatment and distribution infrastructure in the study area currently produce 
about 7,300 AFY of recycled water for irrigation and wetlands restoration purposes, 
which could increase to 11,250 AFY by 2020.  

At first glance, average year and wet season conditions appear to yield sufficient 
water to meet total annual demand in the study area. This conclusion gives a 
distorted – and inaccurate – picture of water use in this area, however. In fact, the 
seasonal availability of some water sources (against the strong seasonality of 
agricultural demand), the potential for overdraft of groundwater with impacts on 
quality and quantity, and the growth pressures on the area’s urban centers all argue 
for an effective, coordinated, and regional approach to the increased use of recycled 
water. 

Problems and Needs 
The water management concerns of the North San Pablo Bay study area can be 
summarized as follows: 

 The agricultural economy, dominated by high-value vineyard agriculture, needs a 
highly reliable water supply to maintain and to expand its base. 

 Urbanization of the greater San Francisco Bay area requires highly reliable water 
supplies. 

 The vitally important estuarine ecosystem of the North San Pablo Bay area, which 
includes endangered species and vital wetlands, has been under intense pressure. 
Although protective and restorative measures are in place, the habitat requires a 
reliable supply of water. 
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 Surface waters are becoming less reliable sources of supply as they are already 
diverted by multiple users, have low flows in the summer (which coincides with 
the irrigation season), and can have low flows in dry years. 

 Groundwater supplies are heavily pumped for agricultural and limited municipal 
uses and in some localities have marginal quality. 

These concerns are all among those addressed in the planning issues originally agreed 
to by the participating agencies of the Authority. 

Water Reuse Opportunities 
The principal governing document for regulating the use of recycled water in 
California is the California Code of Regulations Title 22, Division 4, Chapter 3, 
commonly referred to as Title 22. Title 22 defines four levels of recycled water quality 
standards, with the most stringent being disinfected tertiary recycled water, which is 
suitable for unrestricted use in agricultural and landscape irrigation, as well as for 
environmental (wetlands) restoration.  

These high-order uses are in fact the intended uses of recycled water under the 
Project. Some 34,000 acres of land in the study area appear suitable for irrigation, 75 
percent of it being vineyards and the remainder comprising urban landscaping, 
dairy/pasturelands, other irrigated farmland, and orchards. The estimated maximum 
water use for irrigation of these lands in the study area is about 23,300 AFY at present. 

The potential sources of disinfected tertiary recycled water are the four wastewater 
treatment plants (WWTPs) in the study area. The dry-season (June through October) 
discharge flows (in million gallons per day [mgd]) for these WWTPs are: 

Recent WWTP Dry Weather Flows in North San Pablo Bay Study Area 

Wastewater Treatment Plant 2002 Average Dry 
Weather Flow  

Existing or Currently Planned Tertiary 
Treatment Capacity 

LGVSD WWTP 2.1 mgd 2.0 mgd currently delivered to Marin Municipal 
Water District for tertiary treatment 

Novato SD WWTP 5.0 mgd Existing capability for 0.5 mgd Title 22 
disinfected tertiary treatment  

SVCSD WWTP 2.6 mgd Existing capability for 16.0 mgd Title 22 
disinfected tertiary treatment  

Napa SD WWTP 6.2  mgd Existing capability for 8.8 mgd Title 22 
disinfected tertiary treatment 

All of the WWTPs deliver recycled water during the dry season, when the Regional 
Water Quality Control Board imposes restrictions on discharge of secondary effluent 
to waterways. SVCSD and Napa SD have the most extensive infrastructure in place 
for conveyance, storage and distribution of recycled water to local users. All the 
WWTPs currently have the capability to produce disinfected tertiary recycled water 
conforming to Title 22 requirements for unrestricted use. All of the agencies have 
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projects in various stages of planning and implementation to increase treatment 
capacity or plan to increase the local use of recycled water, if funding is available. Full 
implementation of those individual local projects would result in WWTP discharge 
and beneficial reuse at the following levels in 2020: 

Potential Year 2020 WWTP Discharge and  
Beneficial Reuse Volumes in Study Area 

Wastewater Treatment Plant WWTP Flow (AFY) Beneficial Reuse (AFY) 

LGVSD WWTP 3,671 902 

Novato SD WWTP  8,673 1,015 

SVCSD WWTP 5,506 3,000 

Napa SD WWTP 9,800 4,540 

TOTAL 27,650 9,457 

The potential for use of recycled water in the study area is not limited by demand but 
rather by the limited capacity for tertiary treatment and by the lack of regional 
conveyance and storage networks that would deliver disinfected tertiary recycled 
water where and as needed. Acting individually and locally, the districts have only a 
very limited ability to maximize their potential for water reclamation and reuse. 
Adopting a regional outlook and plan, however, greatly expands the potential for 
beneficial water reuse by the Authority. 

For purposes of developing and evaluating alternatives for a regional water recycling 
project, it is assumed that the WWTPs will have developed, at a maximum, the 
following capacities for producing Title 22 tertiary recycled water (increased to reflect 
the peak daily dry weather flow demands of the anticipated local users supplied by 
the WWTP), as a part of the overall Project investment and implementation. These 
values reflect the maximum treatment needed to implement the largest recycled water 
system. Actual treatment capacity will depend upon the alternative chosen. 

Assumed Future Tertiary Treatment Capacity in WWTPs  
of the North San Pablo Bay Study Area 

Wastewater Treatment Plant Assumed Maximum Tertiary 
Capacity for Project 

LGVSD WWTP 3.1 mgd  

Novato SD WWTP 10.4 mgd  

SVCSD WWTP 16.0 mgd 

Napa SD WWTP 17.9 mgd 

TOTAL 47.4 mgd 

These recycled water production values are assumed in the development and 
evaluation of Project alternatives, as described in the following section. 
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Formulation and Description of Project Alternatives 
Working in close collaboration with the participating agencies of the Authority, the 
Project study team organized an array of Project options as characterized by existing, 
agency-identified, and potential recycled water projects in the study area; by the size 
of recycled water distribution network (basic regional, regional, and expanded 
regional) that would be involved; and by storage options (no new storage, partial 
storage, and full storage of recycled water supplies). 

This process led to the formulation of six initial Project alternatives – one basic 
regional alternative, four expanded regional alternatives, and one interconnected 
regional system alternative. As each alternative had three possible storage options 
associated with it, there were a total of 18 alternatives considered. 

Preliminary analysis indicated that the alternatives with “no new storage” would 
make insufficient use of recycled water to merit further consideration. Alternatives 
with “full storage”, on the other hand, would be prohibitively costly to implement. 
Consolidation and rationalization of the remaining six “partial storage” options left 
three action alternatives to be carried forward for feasibility analysis.  

These three action alternatives are defined as follows: 

 Alternative 1 (Basic Regional System) – The most basic regional system of the three 
Project action alternatives, putting first emphasis on the implementation of recycled 
water projects local to each WWTP. Under this alternative, no WWTPs are 
connected for joint treatment, storage, or distribution of combined recycled water. 
Area-wide, the recipients of recycled water include the urban users in Novato, the 
existing SVCSD reuse area, the Sonoma Valley Recycled Water Project, Carneros 
East area, the Napa Milliken-Sarco-Tulocay (MST) Creeks area, and the Napa Salt 
Marsh restoration area. 

 Alternative 2 (Regional System) – A larger regional recycled water system that 
takes advantage of increased storage capacity and additional pipelines to distribute 
recycled water more widely throughout the Project area than could be achieved 
under Alternative 1. Interconnectivity between WWTPs occurs between SVCSD 
and Napa SD to serve the Napa Salt Marsh Restoration Area during the restoration 
period, and between Novato SD and LGVSD to serve the Sears Point Area. Area-
wide, the recipients of recycled water include the Peacock Gap golf course, urban 
users in Novato, agricultural users in the Sears Point Area, the existing SVCSD 
reuse area, the Sonoma Valley Recycled Water Project, the Southern Sonoma area, 
Carneros East area, the Napa MST area, and the Napa Salt Marsh restoration area. 

 Alternative 3 (Interconnected Regional System) – A regional system that connects 
all four wastewater treatment plants in the Project area, thereby maximizing reuse 
by potentially enabling recycled water from any WWTP to be delivered to any area 
that needs recycled water. In actual operation, each WWTP would put first priority 
on delivery of recycled water to local projects, with excess recycled water being 
sent into the regional recycled water delivery system for use in more distant 
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locations of the Project area. Areawide, the “local” recipients of recycled water 
would include the Peacock Gap golf course, urban users in Novato, the existing 
SVCSD reuse area, the Sonoma Valley Recycled Water Project, the Napa MST area, 
and the Carneros East area. The “regional” recipients would include the 
agricultural users in Sears Point, the Southern Sonoma Valley, and the Central 
Sonoma Valley areas, as well as the Napa Salt Marsh restoration area. 

Within the alternatives described above, the Authority members have collectively 
prioritized the projects within their individual service areas to identify a phased 
implementation plan under any of the alternatives being considered. The first phase 
(Phase 1) of alternative implementation includes projects that each member agency 
has defined to a level of detail that allows both for project-level environmental review 
in other sections of the feasibility study, and short-term readiness for design, funding, 
and construction. Each treatment plant puts first priority on the delivery of recycled 
water to its local projects. Local projects include the Novato urban users, the Sonoma 
Valley Recycled Water Project, the Napa MST area, and the Napa Salt Marsh 
restoration area.  

A fourth alternative, the “No Action Alternative”, assumes that there is no joint 
Project. It essentially represents the “current status” in which the potential need to 
develop additional potable water supplies continues to be a regional challenge, and 
additional treatment capacity and water recycling might occur strictly from the 
implementation of local plans for expansion, as funding is available. 

Of the action alternatives, Alternative 1 has the lowest associated costs and provides 
the least recycled water supply; Alternative 3 has the highest costs and provides the 
greatest amount of recycled water. The differences in cost among the alternatives 
stems from the successively greater installation of pipelines, storage, treatment, and 
pumping facilities associated with each in turn. 

The recycling benefits and costs of the alternatives are summarized below: 

Summary of Recycling Capacity and Associated Costs of Alternatives of the  
North San Pablo Bay Restoration and Reuse Project 

Action Alternative New Recycled 
Water Demand 

(Beneficial 
Reuse) 

Developed by 
the Alternative(1)

Total Recycled 
Water Demand 
in the Project 

Area (w/Project) 

Discharge 
to Bay 

Estimated 
Capital 
Costs 

(millions) 

Estimated 
Annual 

Operations & 
Maintenance 

Costs (millions) 

No Action Alternative 0 AF 4,944 AF 22,711 AF $270 M -- 
Alternative 1 – Basic 
Regional System 

6,455 AF 11,329 AF 16,256 AF $210 M $1.8 M 

Alternative 2 – 
Regional System 

11,215 AF 16,159 AF 11,496 AF $378 M $2.8 M 

Alternative 3 – 
Interconnected 
Regional System 

12,725 AF 17,669 AF 9,986 AF $414 M $3.1 M 

(1)  The new recycled water demand developed by the alternatives represents total beneficial reuse to customers. 
Additional recycled water is available from SVCSD and Napa SD for the Napa Salt Marsh which is not included in 
these totals, as the amount of water needed for the Napa Salt Marsh is unknown at this time. Supplying recycled 
water to the Napa Salt Marsh would further reduce discharges to San Pablo Bay. 
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Legal and Institutional Requirements 
The following issues define the principal legal and institutional framework of the 
Project. 

 Organizational structure – For purposes of joint planning, the five participating 
entities of this Project have executed an MOU to work as the North Bay Water 
Reuse Authority, with SCWA acting as Administrative Agency on behalf of the 
Authority. The participants may agree to form a joint powers authority when the 
Project becomes operational. 

 Agency consultation – The Authority has initiated informal “information 
discussions” with the federal, state, and local agencies that will be required to 
review Project plans for conformance to applicable laws and regulations, 
particularly with regard to environmental documentation. The Authority has also 
conducted outreach to water districts within whose service areas the Project would 
deliver recycled water, both for informational purposes and to determine their 
interest in participating in the Project. 

 Effects of recycled water use – The Project would alter the disposition of recycled 
water by reducing discharge into the San Pablo Bay and its tributaries and instead 
providing increased recycled water supply to agricultural, urban, and habitat 
restoration uses. The main economic benefit of the Project, to be weighed against its 
estimated costs, would be to increase the reliability of water supplies for urban and 
agricultural irrigation. Environmental benefits include a reliable water supply for 
the Napa Salt Marsh and potentially improved water quality in San Pablo Bay and 
its tributaries for fisheries and wildlife habitat. 

 Water rights effects – The Project will not affect the water rights of downstream 
water users, as water downstream of the participating communities is brackish and 
not suitable for most potable and irrigation purposes. Potential recipients of 
recycled water are protected by California Water Code from any loss of their 
existing rights to surface water supplies. 

 Regulatory requirements – The study team has identified some 25 Federal, State, 
and local agencies as well as private utilities that must be contacted for purposes of 
Project review, coordination/consultation, and permitting. Federal and State 
regulatory requirements having greatest bearing on the Project include Title 22, the 
California Department of Fish & Game Code, and the California Water Code. 

It is affirmed that the Project will not adversely affect any of the participating 
agencies’ contractual water supply obligations for recycled water; existing recycled 
water customers would continue to be served as they are now served.  
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Recommended Alternative 
Based on the analysis presented, the Authority believes Alternative 1 is the most 
viable based on implementability, storage issues, and costs.   

 Alternative 1 requires the least amount of system storage of the action alternatives, 
making use of existing storage or land available at the WWTPs. Implementing the 
larger recycled water distribution systems would require 1,400 to 1,800 AF of more 
storage.  

 The capital costs of both Phase 1 of Alternative 1 and a fully-developed Alternative 
1 are lower than the respective capital costs of the other alternatives. The cost of 
delivering recycled water must be cost effective for the member agencies to 
implement any alternative. Larger alternatives may be too costly (in terms of 
construction and environmental documentation) for the agencies to pursue without 
additional external funding at this time. 

 At this time, implementation of Alternative 1 would begin with the projects 
identified as Phase 1, due to current funding opportunities. These projects have 
been recognized as those most ready for implementation due to the level of 
detailed analysis already prepared.  

Economic and Financial Capability Analysis 
The economic analysis evaluates whether the Project is cost-effective and would 
provide net economic benefits to the Authority region. The economic analysis uses the 
alternative cost method to determine water supply benefits of the Project. The 
Project’s water supply benefits would occur by providing recycled water for urban 
landscape, agricultural, and environmental uses. The Project costs are compared to 
non-recycled projects that could potentially serve the same region and are indicative 
of new surface water supply costs for the region: the proposed Water Supply, 
Transmission, and Reliability Project (Water Project) for the Sonoma and Marin 
Counties portion of the Project area; and imported water to the MST area for the Napa 
County portion of the Project area2. Due to current funding opportunities, the Project 
costs evaluated are for the first set of projects implemented under Alternative 1, 
referred to as the Phase 1 set of projects. The following table summarizes the results.  

 
2  Although these non-recycled water supply projects would not serve agricultural users in 

Sonoma Valley or environmental water needs in the Napa Salt Marsh, this analysis assumes 
that those non-recycled water projects are representative of water supply costs in the region. 
Therefore, the project costs are used as alternative cost measurements for agricultural and 
environmental water supplies. 
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Phase 1 and Non-Recycled Projects Summary Cost Comparison 

 
Alternative 1 

Phase 1 

Water Project 
(Sonoma and Marin 
Counties Portion of 

Project area) 

Import Water to MST 
Area (Napa County 
portion of Project 

area) 
Total Capital Costs $121,000,000 $174,479,487 $95,700,000 
Annual Capital Costs(1) $4,702,725 $6,781,232 $3,719,428 
Annual O&M Costs $1,381,000 N/A(2) N/A(2)

Total Annual Costs $6,083,725 $6,781,232 $3,719,428 
    
Supply (AF) 4,645 3,613 1,937 
    
Dollar per acre-foot $1,307 $1,877 $1,920 
(1) Capital costs are annualized based on 50-year project life and 3 percent real discount rate. 
(2) Not available 

 

The Project would be less expensive to implement relative to both non-recycled water 
projects; therefore, it would have net economic benefits to the region. Based on the 
alternative cost method, the water supply benefits of the project would be between 
$1,877 and $1,920 per acre-foot. The Project would also provide various indirect 
benefits, including improved groundwater quality and levels and reduced operational 
costs for the member agencies. The economic analysis concludes that the Project 
would result in net benefits to the region.  

The financial capability analysis discusses a preliminary funding plan for the local 
cost share of the Project. The Authority members have not yet developed a firm 
financing plan. The federal share of funding is expected to be $25 million. Preliminary 
discussions have indicated Authority members would finance the local share through 
State and local grants, if available, and loans and revenue bonds. Loans and bonds 
would be repaid primarily through user fees, both for wastewater service and for 
recycled water supply deliveries. Through signing the MOU, completing this 
feasibility study, and developing an environmental impact statement/environmental 
impact report, the Authority members have shown a commitment in implementing 
the Project. A final cost-sharing plan and a more thorough analysis of financial 
capability will be developed before a construction funding agreement with the United 
States is executed. 
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Table 6-1 
Project Reuse Areas (1)

Area Name County WWTP Serving Area Alternatives in which 
Area Appears (2)

Peacock Gap Golf Course Reuse Area Marin  LGVSD Alt 2 & 3 
MMWD Reuse Area (existing) (3) Marin LGVSD Phase 1; Alt 1 & 2 & 3 
Hamilton Field (in the southern part of the 
NMWD Urban Recycled Water Project) 

Marin  LGVSD Phase 1, Alt 1 & 2 & 3 

NMWD Urban Recycled Water Project, 
North & Central Areas (4)

Marin Novato SD Phase 1, Alt 1 & 2 & 3 

NMWD Urban Recycled Water Project, 
West Area 

Marin Novato SD Alt 2 & 3 

Sears Point Area Sonoma  Novato SD Alt 2 & 3 
Southern Sonoma Valley Sonoma  SVCSD/Novato SD (5) Alt 2 & 3 
Central Sonoma Valley Sonoma  SVCSD Alt 3 only 
Sonoma Valley Recycled Water Project (6) Sonoma  SVCSD Phase 1; Alt 1 & 2 & 3 
SVCSD Reuse Area (existing) Sonoma  SVCSD Phase 1; Alt 1 & 2 & 3 
Carneros East Napa  Napa SD Alt 1 & 2 & 3 
Napa MST Area Napa  Napa SD Phase 1; Alt 1 & 2 & 3 
Napa Salt Marsh Restoration Napa  SVCSD/Napa SD (7) Phase 1; Alt 1 & 2 & 3 
(1) LGVSD = Las Gallinas Valley Sanitary District; MMWD = Marin Municipal Water District; NMWD = North Marin Water 

District; Novato SD = Novato Sanitary District; SVCSD = Sonoma Valley County Sanitation District; MST = Milliken-
Sarco-Tulocay Creeks area; Napa SD = Napa Sanitation District 

(2) Note that availability of water storage may preclude some areas from being completely developed.  
(3)  Although not included in the Project alternatives, the MMWD Reuse Area was included in the modeling to account for 

any capacity and distribution pressure impacts to other areas.  
(4) Includes Novato SD WWTP and existing Stone Tree Golf Course reuse area, 
(5) Southern Sonoma Valley served by only SVCSD in Alternative 2 and served by only Novato SD and LGVSD in 

Alternative 3. 
(6) Approximately 75% of the Sonoma Valley Recycled Water Project components appear in Phase 1, with full 

development in Alternatives 1, 2, & 3. 
(7) Napa Salt Marsh is served only by SVCSD in implementation Phase 1, and jointly served by SVCSD and Novato SD in 

fully developed Alternatives 1, 2, & 3. 

 

The action alternatives were designed to provide a balance among four characteristics 
important to the North Bay Water Reuse Authority (Authority): 

 Quantity of recycled water served, 

 Quantity of WWTP discharge reduced, 

 Amount of storage required, and 

 Planning-level cost estimates. 

Regional partnership opportunities and system logistics were also factors considered 
in refining the alternatives. Section 5.3 describes the initial alternatives screening 
process and why Alternatives 1, 2, and 3 were chosen for further evaluation.  

6.1  No Action Alternative 
The “No Action Alternative” assumes that there is no joint Project. It represents the 
reasonably foreseeable actions taken by the members of the Authority, and other 
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agencies involved in the study area’s water supply, in absence of the Project. The 
current water supplies in the region, including groundwater and imported surface 
water, are not reliable in the long-term, and could result in water shortages to 
agriculture, including the region’s renowned vineyards. Therefore, the agencies 
would not take “no action,” but would implement other water supply projects to 
improve reliability and meet future demands. Because of the limited water supply 
options in the region, agencies would have difficulty in meeting all future water 
needs without the Project. The potential need to develop additional potable water 
supplies, and limit demand on existing potable supplies, would continue to be a 
regional challenge under the No Action Alternative.  

Additional wastewater treatment capacity and water recycling might occur strictly 
from the implementation of local plans for expansion. Planned treatment 
improvements are discussed for each WWTP in Section 4.2, and potential future 
recycled water production is discussed in Section 2.2.2. However, given local funding 
constraints, it is unlikely these plans could be implemented without the Project. 

This section addresses non-recycled water supply projects which are options in 
absence of the proposed Project. The Project would generally serve urban landscape 
areas in Marin County and urban and agricultural users in Sonoma and Napa 
Counties. A number of previous and ongoing water supply studies were reviewed to 
develop these non-recycled water options to the proposed Project. These projects had 
been developed for primarily municipal and industrial users and have not focused on 
agricultural users. Few options have been formulated in the study area to directly 
serve the demands that would be met by the Project. The sections below summarize 
the non-recycled water projects. 

6.1.1  Sonoma and Marin County Projects 
Under the No Action Alternative, potable water customers in the Sonoma and Marin 
Counties portion of the Project’s service area (including the City of Sonoma, Valley of 
the Moon Water District [VOMWD], and NMWD), would receive water from Sonoma 
County Water Agency’s (SCWA’s) Water Supply, Transmission, and Reliability 
Project (Water Project). Agricultural water users in Sonoma Valley would continue to 
use local surface waters and pump groundwater under the No Action Alternative. 

6.1.1.1  Potable Water Users 
SCWA is currently evaluating the Water Project, which proposes to release and use 
additional water currently stored in Lake Sonoma and divert and re-divert the water 
from the Russian River. Releases from Lake Sonoma would be increased by up to 
26,000 acre-feet per year (AFY) as necessary so that the total authorized amount of 
diversions and re-diversions would increase from the current limit on transmission 
system diversions of 75,000 AFY to a maximum of 101,000 AFY (Booker 2008b). The 
proposed Water Project would also expand the existing transmission system to 
alleviate system constraints, meet existing and future demands, and improve existing 
and future system reliability. The Water Project would serve SCWA water contractors, 
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groundwater levels could result in potential adverse effects of increased salinity 
intrusion, potential land subsidence, losses in stream flows, environmental damages, 
and increasing extraction, well deepening, and replacement costs.   

The Sonoma Valley Groundwater Management Plan identifies potential activities to 
increase groundwater sustainability, including storm water recharge, groundwater 
banking, recycled water use, and conservation/demand reduction (SCWA 2007).  
Under the No Action Alternative, the Stormwater Capture Project and Groundwater 
Banking Project could be implemented to sustain groundwater levels for irrigation.  
Stormwater captured could be used for direct irrigation or groundwater recharge. 
Additional agricultural conservation measure would also be implemented, though the 
majority of grape growers employ intense conservation practices.  Costs for these 
projects have not yet been identified.  

Many agencies in California are implementing similar groundwater recharge and 
banking projects. San Joaquin County has estimated capital costs for groundwater 
banking projects range from $53 to $65 million and conjunctive use projects with 
surface water diversion and recharge range from $86 to $250 million, depending on 
the size of diversion and/or recharge (Northeastern San Joaquin Groundwater Basin 
Authority 2007). These prices are likely indicative of the costs of a groundwater 
banking or recharge project in the Sonoma Valley. 

6.1.2  Napa County Projects 
The Project would serve recycled water to the MST area, which is an unincorporated 
portion of Napa County due east of the City of Napa named after the three creeks that 
run through the area. The area consists of a mix of rural residential, vineyard, a golf 
course, and unimproved open space. Current water supplies consist of groundwater 
and small surface water diversions. Continuing current groundwater pumping 
patterns would severely affect the sustainability of the MST groundwater basin, 
which is in a current state of groundwater overdraft (Farrar and Metzger 2003).  

No alternative water supplies have been defined in previous studies for bringing 
water to the MST area of Napa County. Several options have been identified and are 
listed below; however, several of these have significant implementation issues. The 
most feasible new water supply alternative, other than bringing recycled water into 
the area, is to import potable water to the area. 

 Direct recharge to aquifers – The MST groundwater basin has a low hydraulic 
conductivity throughout most of its area, which greatly restricts the feasibility of 
artificial recharge through wells or from surface water retention facilities (Farrar 
and Metzger 2003). USGS notes that “encouraging reductions in groundwater 
pumping by supplying imported water or reclaimed water to users in and near the 
pumping depressions might hold the greatest promise of reducing groundwater 
level declines” (Farrar and Metzger 2003). 
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including the Cities of Santa Rosa, Sonoma, Rohnert Park, Cotati, and Petaluma, the 
Town of Windsor, VOMWD, and NMWD. The project is currently in the 
environmental review stage. 

The current estimated capital costs of the proposed Water Project are $647 million, in 
2008 dollars. Depending on the project components, only a portion of this cost would 
apply to providing water to users in Sonoma, VOMWD, and NMWD. The 
incremental cost per acre-foot to expand the Water Project can be used for comparison 
to the components of this feasibility study that would offset the need for additional 
SCWA potable water in Sonoma and Marin Counties. Section 9 describes preliminary 
costs allocated to the three districts for purposes of this report; these allocations will 
change as SCWA refines project cost estimates. The proposed Water Project is 
anticipated to provide incremental increases of 2,294 AFY to NMWD, 629 AFY to 
VOMWD, and 690 AFY to Sonoma over 2005-2006 Russian River deliveries. After 
Water Project implementation, Russian River water supplies from SCWA would total 
13,000 AFY for NMWD, 3,730 AFY for VOMWD, and 3,000 AFY for Sonoma. (Booker 
2008b) 

The Water Project delivers water supply to these contractors, which would then need 
to deliver the water to customers at additional costs. These additional costs are 
described in Section 9. 

Although no ocean desalination plants are currently being planned by water agencies 
in the Authority, MMWD which adjoins the study area, is considering such a plant. 
Given the uncertainties associated with other developable water supplies, it is 
possible that desalination may become an option in the study area. The MMWD Bay 
Water Desalination Project would treat diversions from San Rafael Bay to drinking 
water standards to increase MMWD’s water supply reliability. The proposed project 
is a 5 million gallon per day (mgd) plant that could ultimately supply up to 15 mgd.  
The first phase, a 5 mgd facility, would provide supplemental water supply, 
particularly during drought years.  The estimated project capital cost of the 
expandable 5 mgd desalination plant in 2008 dollars is $121 million. Operation and 
maintenance (O&M) costs range from $4.3 million in average conditions to $7.1 
million in drought conditions (MMWD 2007). MMWD assumes the plant will initially 
produce 5,300 AF per year (Kennedy/Jenks Consultants 2007). 

6.1.1.2  Agricultural Water Users 
Currently, the agricultural users in the Project’s service area rely on stored runoff 
from small local streams and local groundwater. The proposed Water Project would 
not serve agricultural users in the Sonoma Valley. Under the No Action Alternative, 
agricultural users would rely on current supplies for irrigation. Groundwater 
pumping in Sonoma Valley groundwater basins is increasing. It was estimated that 
from 1975 to 2000, 17,300 AF were lost from total groundwater storage. Projected 
increases in demands are estimated to result in a further reduction of approximately 
16,000 to 22,000 AF from storage in the groundwater basin (SCWA 2007).  Declining 
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frequently used in evaluating federally developed water supplies, and it is 
recommended in Reclamation’s Directives and Standards WTR 11-01 for economic 
analysis of Title XVI projects (Reclamation 2008). 

The Project would also result in various indirect benefits to the study area, including 
water quality improvements, increased groundwater levels, and operational cost 
reductions. These indirect benefits are described qualitatively in Section 9.2.2.    

9.2.1 Water Supply Benefits 
Phase 1 is expected to provide about 4,654 AF of water for urban landscape and 
agricultural customers during peak demands. Urban landscape would receive 
approximately 2,021 AF of recycled water and agricultural users would receive about 
2,634 AF, with 90 percent of the recycled water going to vineyards.  During non-peak 
periods, Sonoma Valley County Sanitation District (SVCSD) could potentially provide 
up to 2,362 AF of recycled water to the Napa Salt Marsh during its maintenance 
operations. The amount of water required at the Napa Salt Marsh still needs to be 
coordinated between SVCSD and appropriate regulatory agencies. Water deliveries 
are further described in Section 6. The following analysis estimates the economic 
benefits of the recycled water supply. 

As indicated above, this analysis uses costs of developing and operating non-recycled 
water supplies to measure water supply benefits of the Project. Section 6.1 describes 
alternative non-recycled water projects under the No Action Alternative. Because of 
the various counties and jurisdictions involved in the Project, several non-recycling 
projects were identified to serve users in the study area. These projects are briefly 
described below; Section 6.1 contains more detailed descriptions.  

Similar to the Project costs, the costs of the non-recycling water supply projects are 
discounted over a 50-year period of analysis using a real interest rate of 3 percent. 
Costs are then converted to a dollar per acre-foot based on the quantity of water the 
non-recycling project is expected to provide. At this time, all costs for the non-
recycling water supply projects are preliminary. This section presents all costs in 2008 
dollars. 

After dollar per acre-foot costs are identified for the non-recycling water supply 
projects, they are compared to the dollar per acre-foot costs of the Project. The least 
cost project would be the most cost effective. 

9.2.1.1 Water Supply, Transmission, and Reliability Project 
The Sonoma County Water Agency (SCWA) is proposing the Water Supply, 
Transmission, and Reliability Project (Water Project) to increase potable water 
supplies to Valley of the Moon Water District (VOMWD), City of Sonoma (Sonoma), 
and North Marin Water District (NMWD) in the study area. The project proposes to 
release and use additional water currently stored in Lake Sonoma, and divert and re-
divert the water from the Russian River. The proposed Water Project would also 
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expand the existing transmission system and includes a conservation component. The 
project is currently in the environmental review stage. 

The proposed Water Project is projected to provide an additional 26,000 AF per year 
(AFY) of Russian River water to the SCWA contractors. VOMWD, Sonoma, and 
NMWD would receive water supply from the Water Project. Table 9-2 shows the 
2005-2006 Russian River water deliveries and the projected deliveries under the Water 
Project to VOMWD, Sonoma, and NMWD. 

Table 9-2 
2005-2006 Russian River Water Deliveries and Projected Deliveries  

under Proposed Water Project  
Service Area Delivered Water  

2005-06 
(AFY) 

Water Project 
Annual Delivery 

Limit 
(AFY) 

Projected Increase in 
Annual Water Supply 

(AFY) 

NMWD 10,706 13,000 2,294 
VOMWD 3,101 3,730 629 
Sonoma 2,310 3,000 690 
Total 16,117 19,730 3,613 

 

SCWA estimates that the total capital costs of the Water Project are about $647 million 
(2008 dollars) (Booker 2008b). Operation and maintenance costs have not yet been 
estimated. SCWA contractors would share the total costs of the project; therefore, 
VOMWD, Sonoma, and NMWD would be responsible for a portion of the Water 
Project costs. SCWA has not yet completed the cost sharing for the Water Project; 
however, if costs are apportioned based on 2005-2006 water deliveries, NMWD, 
VOMWD, and Sonoma would be responsible for about $174.5 million in capital costs.1  
Table 9-3 summarizes NMWD, VOMWD, and Sonoma’s capital, present value, and 
per acre-foot costs for the proposed Water Project. Operation and maintenance costs, 
which are not yet estimated, would add annually to the project costs.  

Table 9-3 
Proposed Water Project Preliminary Costs for 

NMWD, VOMWD, and Sonoma  
Total Capital Costs $174,479,487  
Annual Capital Costs(1) $6,781,232  
Annual O&M Costs N/A 
Total Annual Costs $6,781,232  
    
Supply (AF) 3,613 
$ per acre-foot $1,877  
(1) The capital costs were discounted based on a 50-year period of 

analysis using a 3 percent real discount rate. 
 

                                                           
1  The costs are preliminary and subject to change, and were developed solely for comparison 

to recycled water costs. 
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to cost about $9.7 million, a new distribution system about $40 million (Riesenberg 
2008), and the NBA expansion to accommodate Napa’s water supply about $38 
million.2 Napa County also assumes legal and administrative fees to implement this 
alternative would be about $8 million. Therefore, total costs would be about $95.7 
million, which does not include annual operating and maintenance costs. Section 6.1.2 
further describes these features and potential costs. Table 9-4 summarizes the 
assumed total, annualized, and per acre-foot costs to import potable water to the MST 
area. The costs to import about 1,937 AF of water to the MST area would be about 
$1,920 per acre-foot.  

Table 9-4 
Preliminary Costs to Import Water to the MST Area   

Total Capital Costs $95,700,000 
Annual Capital Costs(1) $3,719,428 
Annual O&M Costs N/A 
Total Annual Costs $3,719,428 
    
Supply (AF) 1,937 
Dollar per acre-foot $1,920 
(1) The capital costs were discounted based on a 50-year period of analysis 

using a 3 percent real discount rate. 
 

9.2.1.4 Summary Cost Comparison 
This section compares the Project costs with the non-recycling project costs to 
determine the cost-effectiveness of the Project. Table 9-5 summarizes the life cycle 
costs and per acre-foot costs of the Project and non-recycling water supply projects. 
The table also presents the annual quantity of water delivered under each water 
supply option.   

The Project would cost $1,307 per acre-foot to serve about 4,654 AF to agricultural and 
urban users in the study area and to the Napa Salt Marsh. Preliminary costs for the 
Water Project indicate that it would be more expensive than the Project to serve urban 
users in Sonoma Valley and NMWD, about $1,877 per acre-foot. The Water Project 
would not serve agriculture in the Sonoma Valley, but this analysis assumes the 
Water Project’s costs are indicative of delivering a new water supply to the region. 
Planning cost estimates for importing water to the MST area are about $1,920 per acre-
foot, which is also more expensive than the Project costs to provide the same amount 
of water to the MST area. No water supply projects have been planned for specific 
water deliveries to the Napa Salt Marsh, so alternative costs have not been included as 
a quantitative measure of benefits in this report. However, costs of both the Water 
Project and importing water to Napa County are indicative of the high costs of 
developing environmental water supplies in the study area.  

                                                           
2 Costs are preliminary and for planning purposes only. 
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The Water Project would deliver water to Sonoma, VOMWD, and NMWD, which 
would then need to deliver the water to customers at additional costs for a complete 
comparison to Phase 1 project costs. For example, NMWD’s treatment, distribution 
and delivery cost is about $1,000 per acre-foot, which would be in addition to 
NMWD’s portion of Water Project costs for a new water supply (McIntyre 2008). This 
analysis recognizes that these additional costs exist, but does not add them to the 
Water Project costs because the Water Project costs are preliminary and not 
disaggregated by retail district. Also, because the $1,877 per acre-foot cost for the 
Water Project is already higher than the Project costs, local treatment and delivery 
costs were not necessary to show the cost effectiveness of the Project.   

9.2.1.2 Groundwater Recharge in Sonoma Valley 
Without the Project, agricultural users in Sonoma Valley would continue to rely on 
groundwater and small surface diversions for irrigation. As described in Section 
2.2.2.2, groundwater would not be a sustainable supply in the future if current 
pumping patterns continue.  

To prevent further reductions in groundwater storage, SCWA is investigating 
potential groundwater recharge projects. Groundwater banking would require an 
imported water source and recharge facilities, either percolation ponds or injection 
wells. Stormwater and rainfall recharge would require a collection system and 
recharge facilities. These projects would serve agricultural water users in Sonoma 
Valley.  

Costs have not yet been developed for these projects. The analysis assumes the Water 
Project costs would be indicative of these costs because it would serve other users in 
the same region of Sonoma County. However, the proposed Water Project is not 
planned to serve agricultural users in Sonoma Valley. 

9.2.1.3 Import Water to the Milliken-Sarco-Tulocay Creeks Area  
This project would serve potable water and agricultural users in the Milliken-Sarco-
Tulocay Creeks (MST) area of Napa County who currently rely on groundwater. The 
groundwater levels in the MST area are decreasing and groundwater would not likely 
be a reliable supply in the future (see Section 2.2.2.2.1). There are no other usable local 
water supplies for the MST area; therefore, importing water appears to be the only 
alternative to supply users who would be served by the Project. For the alternative 
cost analysis, the non-recycled water supply project would bring imported water to 
the MST area for potable water users. These imported water supplies would likely be 
wheeled through the State Water Project’s North Bay Aqueduct (NBA), which would 
need to be expanded to accommodate new water supplies.  

Costs for this project would include costs for water purchases, the distribution 
system, and expansion of the NBA. This analysis assumes that Napa County would 
import 1,937 AF to serve the MST area, which is the same amount of recycled water 
the Project would provide to MST under Phase 1. Long-term water supply is assumed 
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Table 9-5 
Summary Cost Comparison 

 
Alternative 1 

Phase 1 

Water Project (Sonoma 
and Marin Counties 

Portion of Project area) 

Import Water to MST 
Area (Napa County 
portion of Project 

area) 
Annual Capital Costs $4,702,725 $6,781,232 $3,719,428 
Annual O&M Costs $1,381,000 N/A N/A 
Total Annual Costs $6,083,725 $6,781,232 $3,719,428 
      
Supply (AF) 4,654 3,613 1,937 
      
Dollar per acre-foot $1,307 $1,877 $1,920 

 

Based on the cost estimates in Table 9-5, the Project would be the most cost-effective 
to implement relative to other water supply projects in the region. The benefits of 
Phase 1 Alternative 1 would be the alternative costs, which are $1,877 per acre-foot for 
Sonoma and Marin County users and $1,920 per acre-foot for Napa County users. 
Recycled water would also provide an important offset to potable water use that 
could then be delivered to meet potable water needs. The economic benefits of this 
offset would be even larger during a dry year or drought conditions.  

9.2.2 Other Project Benefits 
The Project would serve environmental needs of the Napa Salt Marsh. The Project 
would also result in various indirect benefits to the Authority’s region, including 
water quality improvements, increased groundwater levels, and operational cost 
reductions. These benefits are described qualitatively and would add to the economic 
justification for pursuing a recycled water project.    

Groundwater basins close to the San Francisco Bay, including those in Sonoma and 
Napa Counties, have areas of high total dissolved solids, largely from saline intrusion 
from the Bay. Saline groundwater is unusable for either urban drinking water needs 
or for irrigating crops and threatens the long-term sustainability of the basin. The 
Project would offset groundwater pumping by delivering recycled water to 
agricultural and urban users that currently rely on groundwater. Decreasing 
groundwater pumping would increase groundwater storage and potentially decrease 
saline migration in the basin.   

In addition to improving groundwater quality, the Project could potentially improve 
the long-term sustainability of the basin by reducing groundwater overdraft. The 
Project would provide a consistent annual source of recycled water to agricultural and 
urban users. This water source could offset groundwater pumping each year and the 
basin would benefit from an increased amount of from natural recharge. Increasing 
groundwater storage would also reduce groundwater pumping costs and may 
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prevent expenses for well deepening or replacement.  These groundwater quality and 
groundwater storage improvements would be indirect benefits of the Project. 

Providing a water use for the treated wastewater would decrease discharges into 
North San Pablo Bay and would reduce operation costs of the sanitation districts 
during the no-discharge period. For example, Las Gallinas Valley Sanitary District 
(LGVSD) currently pumps unused effluent to pasture fields. LGVSD estimates that 
the average annual cost to pump effluent to the pasture lands from June 1 to October 
31 is about $11,000 (Moore 2008). By delivering recycled water to the Project area, 
LGVSD would not incur these costs. Napa Sanitation District (Napa SD) and Novato 
Sanitary District (Novato SD) have similar practices and would also avoid these 
operations costs if the Project were implemented.  

9.3  Financial Capability Analysis 
The following section presents information on the financial status of the four 
participating wastewater districts, provides a preliminary cost allocation of Phase 1 
construction and operation costs among the United States and the districts, and 
describes potential ways the districts may fund and repay their respective share of 
costs. A final cost-sharing plan and a more thorough analysis of financial capability 
will be developed before a construction funding agreement with the United States is 
executed. It is anticipated that construction will begin in late 2009.  

This section focuses on the four participating wastewater districts (LGVSD, Novato 
SD, SVCSD, and Napa SD), although as subsequently addressed, local potable water 
supply agencies may provide cost-sharing assistance, and formation of a single 
regional cost-sharing entity may be pursued in the future. To the extent either of these 
possibilities is reflected in the final cost-sharing plan, supplemental financial 
information will be developed.  

9.3.1 Financial Status of the Districts 
Table 9-6 displays selected financial data extracted from the most recent audited 
district financial statements, dated June 30, 2007. This information is provided for 
background purposes and general comparison to the costs to be incurred for Phase 1.    

For all districts, the largest component of asset value is their existing capital assets, 
mainly the wastewater collection, treatment, and disposal systems. Capital assets 
range from 76 percent to 86 percent of total assets, depending on the district. All 
districts had recently completed capital improvements and/or had construction in 
progress as of June 30, 2007. The remaining asset values for all districts primarily 
consist of cash, cash equivalents, and investments. 
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Table 9-6 
Selected Financial Parameters, by District, as of June 30, 2007 

Item LGVSD Novato SD SVCSD Napa SD 
     
Total Assets $47,593,657 $140,917,038 $79,916,179 $169,473,959 
--Capital Assets $39,964,402 $106,973,161 $69,090,776 $145,408,177 
     
Total Liabilities $10,534,333 $32,854,805 $18,199,241 $41,976,582 
--Long-Term Debt $9,655,000 $30,152,853 $15,770,713 $39,644,965 
     
Unrestricted Net Assets $3,863,632 $31,022,492 $5,025,850 $9,161,483 
     
Revenues $5,305,423 $12,808,228 $9,666,975 $14,925,426 
--Sewer Service Fees $3,937,800 $9,573,338 $8,234,343 12,003,390 
     
Expenses $5,108,164 $8,724,100 $7,798,020 $14,360,596 
Source: LGVSD 2007; Novato SD 2007; SVCSD 2007; Napa SD 2007b. 

 
 

Long-term debt comprises between 86 and 95 percent of total liabilities. The long-term 
debt of LGVSD and SVCSD consists almost entirely of revenue bonds issued to 
develop their wastewater facilities. The long-term debt of Novato SD reflects a 
revolving line of credit which was drawn on to begin their Wastewater Facilities 
Upgrade Project; the district intends to roll this debt into a loan from the State 
Revolving Fund. Napa SD’s largest long-term debts are 1998 Certificates of 
Participation and a 1993 loan from the Water Reuse Association. 

As of June 30, 2007, the financial statements of all districts except Novato SD reflected 
unrestricted net assets between 5 percent and 8 percent of total asset value. 
Unrestricted net assets are those assets in excess of liabilities which can be utilized to 
pay for operating expenses and capital improvements. Novato SD unrestricted net 
assets were 22 percent of total asset value. The large percentage of unrestricted net 
assets for Novato SD on June 30, 2007, represented cash advances from their line of 
credit that were subsequently expended on the Wastewater Facilities Upgrade Project.  

Customer sewer service fees represent the largest revenue source for all districts, 
between 74 and 85 percent. Most of the additional operating revenues for LGVSD and 
Novato SD were property tax receipts; SVCSD reported insignificant property tax 
revenues and Napa SD did not report any. Most of Napa SD’s revenues aside from 
sewer charges were connection fees to developers. Most of SVCSD’s revenues aside 
from sewer charges were investment earnings. 

Although not separately disclosed in Table 9-6, the major operating expenses for all 
districts were salaries and benefits, materials and supplies, and depreciation. 
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9.3.2 Preliminary Cost Allocation and Federal Cost-Share 
Table 9-7 displays a preliminary allocation of Phase 1 facility construction costs 
among the four participating wastewater districts. Each facility included in the Phase 
1 cost estimate relates solely to one of the districts; therefore, there was no need to 
allocate costs of any single facility among the districts.    

It is expected that the Federal cost-share on Phase 1 will be $25 million. In December 
of 2007, the U.S. House of Representatives passed the North Bay Water Reuse 
Program Act (HR236), and identical legislation is currently under consideration by the 
U.S. Senate (S1472). The legislation specifies that the authorized appropriation for 
Federal share of the total cost of Phase 1 shall not exceed 25 percent of the total cost or 
$25 million, whichever is less. Since the Project cost currently exceeds $100 million, 
the federal share would be $25 million.   

Table 9-7 shows the federal and non-federal cost share tentatively allocated among 
the four wastewater agencies in proportion to their respective total project cost. The 
table shows each agency’s preliminary portion of the Project infrastructure costs, 
including pump stations, storage, and pipelines. Contingencies were added based on 
Reclamation’s cost estimating guidance. For this preliminary allocation, LGVSD 
would be responsible for $6.3 million, Novato SD would pay $15.9 million, SCVSD 
would pay $44.6 million, and Napa SD would pay $29.2 million after the federal 
funding share is allocated.  

Table 9-8 displays the allocation of estimated annual O&M expenses among the four 
districts. Total O&M for each of four facility categories (distribution pipelines, pump 
stations storage, and WWTP treatment upgrades) was allocated to each district in the 
same proportion as each district’s construction cost displayed in Table 9-7.  In 
accordance with the legislation, no Federal cost-sharing is provided for O&M 
expenses. 



D
ra

ft 
P

ha
se

 3
 

 

A
 

 

E
ng

in
ee

rin
g 

an
d 

E
co

no
m

ic
/F

in
an

ci
al

 A
na

ly
si

s 
R

ep
or

t  
S

ec
tio

n 
9 

E
co

no
m

ic
 a

nd
 F

in
an

ci
al

 C
ap

ab
ilit

y 
A

na
ly

si
s 

9-
11

 

Ta
bl

e 
9-

7 
Su

m
m

ar
y 

of
 C

on
st

ru
ct

io
n 

C
os

ts
 b

y 
M

em
be

r A
ge

nc
y 

fo
r P

ha
se

 1
 o

f A
lte

rn
at

iv
e 

1 
(1

)

A
ge

nc
y 

D
is

tri
bu

tio
n 

P
ip

el
in

es
 

P
um

p 
S

ta
tio

ns
 

S
to

ra
ge

 
W

W
TP

 
U

pg
ra

de
s 

S
ub

to
ta

l 

P
lu

s 
A

llo
w

an
ce

s 
an

d 
C

on
tin

ge
nc

ie
s 

(1
5%

+2
0%

) 
To

ta
l F

ie
ld

 
C

os
t 

P
lu

s 
N

on
-

C
on

tra
ct

 
C

os
ts

 (2
5%

) 

To
ta

l 
C

on
st

ru
ct

io
n 

C
os

ts
 

Le
ss

 F
ed

er
al

 
S

ha
re

 
N

on
-F

ed
er

al
 

S
ha

re
 

LG
VS

D
 

$3
,2

74
,9

77
 

$3
76

,4
81

 
$1

83
,1

00
 

$8
71

,8
47

 
$4

,7
06

,0
00

 
$1

,6
47

,0
00

 
$6

,3
53

,0
00

 
$1

,5
88

,0
00

 
$7

,9
41

,0
00

 
$1

,6
41

,0
00

 
$6

,3
00

,0
00

 

N
ov

at
o 

SD
 

$7
,7

50
,5

39
 

$9
10

,8
44

 
$2

05
,0

72
 

$3
,0

09
,8

40
 

$1
1,

87
6,

29
5 

$4
,1

57
,0

00
 

$1
6,

03
3,

00
0 

$4
,0

08
,0

00
 

$2
0,

04
1,

00
0 

$4
,1

41
,0

00
 

$1
5,

90
0,

00
0 

SV
C

SD
 

$2
6,

44
7,

49
2 

$2
,3

34
,1

73
 

$4
,5

29
,6

55
 

$0
 

$3
3,

31
1,

31
9 

$1
1,

65
9,

00
0 

$4
4,

97
0,

00
0 

$1
1,

24
3,

00
0 

$5
6,

21
3,

00
0 

$1
1,

61
4,

00
0 

$4
4,

59
9,

00
0 

N
ap

a 
SD

 
$1

5,
44

9,
33

4 
$1

,3
99

,2
30

 
$0

 
$4

,9
62

,2
39

 
$2

1,
81

0,
80

3 
$7

,6
34

,0
00

 
$2

9,
44

5,
00

0 
$7

,3
61

,0
00

 
$3

6,
80

6,
00

0 
$7

,6
05

,0
00

 
$2

9,
20

1,
00

0 

To
ta

l 
$5

2,
92

2,
34

2 
$5

,0
20

,7
28

 
$4

,9
17

,8
27

 
$8

,8
43

,9
25

 
$7

1,
70

4,
41

7 
$2

5,
09

7,
00

0 
$9

6,
80

1,
00

0 
$2

4,
20

0,
00

0 
$1

21
,0

00
,0

00
 

$2
5,

00
0,

00
0 

$9
6,

00
0,

00
0 

(1
)  T

ot
al

 v
al

ue
s 

m
ay

 n
ot

 a
dd

 c
or

re
ct

ly
 d

ue
 to

 ro
un

di
ng

. 

 



Section 9 Draft Phase 3 Engineering and Economic/Financial Analysis Report   
Economic and Financial Capability Analysis 

Table 9-8 
Summary of Local Projects for Phase 1 of Alternative 1 - Annual O&M Costs by District (May 2008) 
  
  

Agency 
Distribution 

Pipelines 
Pump 

Stations Storage 
WWTP  

Upgrades 
Total O&M 

Costs 

Total O&M 
Costs 

(rounded) 
LGVSD $20,483 $24,502 $1,154 $68,218 $114,358 $114,000 
Novato SD $48,475 $59,280 $1,293 $235,507 $344,555 $345,000 
SVCSD $165,414 $151,913 $28,553 $0 $345,880 $346,000 
Napa SD $96,627 $91,065 $0 $388,274 $575,966 $576,000 
  Total  $331,000 $326,759 $31,000 $692,000 $1,380,759 $1,381,000 

 

 
9.3.3 Preliminary Non-Federal Funding Plan 
A firm plan for funding the non-Federal share of Phase 1 construction costs has not 
yet been developed among the four wastewater districts and their potential partners. 
A complete, detailed financial capability analysis will be provided to Reclamation 
prior to construction, in advance of the federal cost share. A potential partner for 
sharing in costs allocated to LGVSD and Novato SD is NMWD. Costs allocated to 
SVCSD could be shared by SCWA, the City of Sonoma, and VOMWD. Napa SD costs 
may be shared by Napa County. The wastewater districts are currently working with 
these partners to develop a funding plan. Preliminary discussions among these 
entities have included the possibility of forming a single regional authority to fund 
and administer the project.   

There are several possible funding sources being considered by the wastewater 
districts and potable water agencies for their nonfederal share of construction costs. 
Some level of cash contribution from district reserves could be made, although this 
would likely be a low percentage of the total required. Various state or local grants 
are currently being sought. In addition, loans may be taken, notably in the form of 
Certificates of Participation or the State Revolving Fund, which have been used by 
some districts for past projects. Finally, any construction funds not covered by district 
reserves, grants, or loans will probably be raised through issuance of revenue bonds. 
It is likely that the final funding plan will include some combination of the above 
measures. 

It is expected that any debt instruments (loans and bonds) acquired to fund 
construction would be repaid primarily through user fees, both for wastewater 
service and for recycled water supply deliveries. It is possible that rates for all users in 
the wastewater and water agencies, not just the users receiving the recycled water 
supply, could be raised for debt service of this project. In addition, tax assessments 
could be used to retire project debt, although assessments are not now a large portion 
of district revenues. The annual O&M expenses for Phase 1 will probably be collected 
in the same manner as the annual debt service. 
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Willingness to Pay 
Although formal resolutions to pay for their share of the construction costs will not be 
made by the wastewater districts and their local partners until the cost-sharing plan is 
finalized prior to construction, all entities support the Project. The Memorandum of 
Understanding (MOU) to create the Authority, the legislative collaboration on HR236 
and S1472, and the local funding for the feasibility analyses are all indicative of 
continuing Project support by the wastewater districts and their partners. 

9.4  Summary and Conclusions 
The economic analysis evaluated the water supply, environmental, and indirect 
benefits of the Project. Water supply benefits are based on alternative costs of a non-
recycling water supply for the region. Napa, Sonoma, and Marin Counties have 
limited water supply alternatives available to meet future water demands. The few 
alternatives that exist would be more expensive to implement than the Project. The 
economic analysis estimated that the Project would cost about $1,307 per acre-foot 
and would have benefits between $1,877 and $1,920 per acre-foot. The Project would 
also provide a water supply to the Napa Salt Marsh to help restore its tidal wetlands 
and would offset groundwater pumping to improve groundwater conditions in the 
Napa and Sonoma Valley basins. The economic analysis concludes that the Project 
would result in net benefits to the region. 

The Authority members have not developed a firm financing plan for the Project. The 
federal share of funding is expected to be $25 million. Preliminary discussions have 
indicated Authority members would finance the local share through State and local 
grants, if available, and loans and revenue bonds. Loans and bonds would be repaid 
primarily through user fees, both for wastewater service and for recycled water 
supply deliveries. Through signing the MOU, completing this feasibility study, and 
developing an environmental impact statement/environmental impact report, the 
Authority members have shown a commitment in implementing the Project. A final 
cost-sharing plan and a more thorough analysis of financial capability will be 
developed before a construction funding agreement with the United States is 
executed. 
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EXECUTIVE SUMMARY 
 
INTRODUCTION 
Groundwater resources have long played a significant role in the development, growth 
and sustainability of the Sonoma Valley, with more than half the water demand in a 
given year met by local groundwater resources. With continuing and increasing demand 
on finite local groundwater supplies, overall groundwater storage in the Sonoma Valley 
has been and will continue to be depleted without appropriate actions in the near future. 
This voluntary, non-regulatory Sonoma Valley Groundwater Management Plan (Plan) 
identifies a range of water management actions to sustain resources for future 
generations. The goal of the Plan is to locally manage, protect, and enhance 
groundwater resources for all beneficial uses, in a sustainable, environmentally 
sound, economical, and equitable manner for generations to come.  
 
The Plan has been prepared under the authority of the Groundwater Management Act 
Water Code § 10750 et seq., originally enacted as Assembly Bill (AB) 3030, to 
encourage voluntary groundwater management at the local level, subsequently modified 
under Senate Bill (SB) 1938 which mandated that all water agencies adopt or participate 
in a groundwater management plan to be eligible for state funds for groundwater 
projects.  The Plan was developed in coordination with the Sonoma County Water 
Agency (Agency), the Valley of the Moon Water District (VOMWD), and City of Sonoma 
(City) under a collaborative and cooperative process that also included a broad range of 
stakeholders who live in the Sonoma Valley.  Stakeholders were represented on a Basin 
Advisory Panel (PANEL), which met monthly and directed the preparation of the Plan. 
 
The Plan area (Figure ES-1), referred to as the Sonoma Valley, is the Sonoma Creek 
Watershed.  The Sonoma Valley is approximately 166 square-miles in size, and is 
bounded by Sonoma Mountain to the west, the Mayacamas Mountains and Mount Hood 
to the east and north, and San Pablo Bay to the south.   
 
PROBLEM STATEMENT 
In 2001, the Agency’s Board authorized an agreement with the United States Geological 
Survey (USGS) to develop a cooperative study to characterize major groundwater 
basins in Sonoma County.  The study estimated that pumping in the Sonoma Valley has 
generally increased from approximately 6,200 acre-feet per year (AF/yr) in 1974 to 8,500 
AF/yr in 2000, a 37 percent increase in pumping. The USGS also estimated on the basis 
of groundwater flow modeling, that during the period 1975 to 2000, 17,300 AF were lost 
from overall groundwater storage. As a result, the Sonoma Valley has been experiencing 
localized declining groundwater levels in some areas, and potential groundwater quality 
problems from seawater intrusion and geothermal upwelling. 
 
WATER RESOURCES SETTING 
Water Supply 
The Sonoma Valley relies on groundwater and imported surface water to meet domestic, 
agricultural and urban demands. Based on the USGS study (2006), in 2000 more than 
half the water demand was met with groundwater (57 percent), followed by imported 
water (36 percent), with the remaining demand met from recycled water (7 percent), and 
local surface water (not quantified (Figure ES-2). 
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Figure ES-1. Sonoma Valley Plan Area. 
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Figure ES-2.  Sonoma Valley Water Supply for Year 2000. 
 
Note:  acre-feet per year (AF).  One AF is equal to 325,800 gallons or the approximate amount of water needed to cover a 
football field one foot deep. 
 
The largest use of groundwater in the Sonoma Valley in 2000 was for irrigation (72 
percent), followed by rural domestic use (19 percent), and urban demand was the third 
largest (9 percent). For the year 2000, total water use in the Sonoma Valley, including 
groundwater and imported water, was estimated at 14,810 AF, with 48 percent for 
irrigation, 41 percent for urban use, and the remaining 11 percent for rural domestic use. 
 
Groundwater is the primary supply for approximately 25 percent of the Sonoma Valley 
population and is the sole source of drinking water supply for rural domestic and other 
unincorporated areas not being served by urban suppliers. Rural domestic demand is 
met by groundwater extracted from privately owned and operated wells. There are also 
mutual water companies in the Sonoma Valley that supply domestic water to multiple 
households mainly with groundwater, although some companies also use imported 
water. Agricultural water demands are largely met by Sonoma Valley groundwater 
supplies.  
 
Imported water, the primary source of drinking water to meet urban demands, serves 
approximately 75 percent of the Sonoma Valley population. Imported water supplies 
from the Russian River are provided via aqueduct by the Agency to the VOMWD and the 
City, who in turn provide water directly to their urban customers. The imported water is 

Total Water Use Local Groundwater 
Use
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supplemented in dry years with local groundwater from the City's and the VOMWD's 
public supply wells.   
 
One of the key elements in meeting the future urban water demands is the strategy to 
increase imported water supply. The Agency is in the process of obtaining additional 
water rights, and if successful, there should be an increase of imported water into the 
Sonoma Valley to VOMWD and the City by 2016 to help meet the increase in urban 
water demands. Until that time, the City and VOMWD plan to increase their Sonoma 
Valley groundwater use to meet their projected increasing demands. 
 
GROUNDWATER MANAGEMENT PLAN ELEMENTS 
The elements of this groundwater management plan prepared by the PANEL include 
Basin Management Objectives and program components and actions to meet the goal 
and objectives.  Modeling results provide the basis for the components and action items 
to implement the Plan.   
 
Plan Basin Management Objectives (BMOs) 
The following ten BMOs provide the foundation for the Plan, to achieve the Plan's goal, 
as state on page 1: 
• BMO-1 Maintain groundwater elevations for the support of beneficial uses of 

groundwater and to protect against inelastic land subsidence.  
• BMO-2 Improve water use efficiency and conservation. 
• BMO-3 Identify and protect groundwater recharge areas and enhance the recharge 

of groundwater where appropriate.  
• BMO-4 Manage groundwater in conjunction with other water sources. 
• BMO-5 Protect groundwater quality for beneficial uses including minimizing saline 

intrusion. 
• BMO-6 Protect against adverse interactions between groundwater and surface water 

flows.  
• BMO-7 Improve the community’s awareness of groundwater planning, water 

resources, and legal issues.  
• BMO-8 Improve the groundwater database and basin understanding through 

consistent monitoring and additional surveys, and improve basin analytical tools 
including the groundwater simulation model. 

• BMO-9 Manage groundwater with local control.  
• BMO-10 Explore, identify and maximize non-regulatory approaches to manage the 

groundwater resource. 
 
Groundwater Model Forecasts 
To supplement previous USGS modeling, additional groundwater modeling analyses 
were completed to evaluate the effects of increasing demands on groundwater for the 
period 2001 - 2030. Additional modeling analyzed normal and dry year weather 
scenarios. Given uncertainty surrounding the timing and availability of additional 
imported water from the Russian River, the modeling analyzed both an increase in 
imported water as well as static supplies of imported water.  The static imported supply 
scenarios were developed to represent the worst-case estimate of future supplies. 
 
Based on the modeling, rural domestic, agricultural and urban groundwater use in the 
Sonoma Valley is projected to increase from an estimated total of 8,500 AF/yr in 2000 to 
an estimated 10,100 to 11,300 AF/yr in 2030, with and without an increase in imported 
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water supplies, respectively. This increased demand on groundwater is estimated to 
result in a reduction of approximately 16,000 to 22,000 acre-feet from storage in the 
groundwater basin. The losses from overall groundwater storage will likely result in lower 
groundwater levels, and cause various associated potential adverse impacts such as 
increased extraction costs, possible well deepening or replacements costs, possible 
groundwater quality degradation including salinity intrusion, potential land subsidence, 
decreases in streamflow, and environmental damage. The modeling results provide the 
rationale and basis for groundwater management actions to be implemented in the 
Sonoma Valley.  
 
The modeling results are shown below in Figure ES-3. In summary, only Scenarios A, B, 
and C resulted in an increase in groundwater storage within the Basin.  Plan 
components and actions that achieve the most storage have been prioritized by the 
PANEL.  
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Figure ES-3.  Simulated Change in Groundwater Storage in Acre Feet in the Sonoma 
Valley for the 12 Simulation Cases for the period 2001 - 2030:  

A) Additional imported water, all groundwater sustainability options implemented, normal weather year 
scenario. 

B) Additional imported water and all options implemented, dry weather year scenario. 
C) All options implemented, normal weather year scenario. 
D) Only groundwater banking implemented, normal weather year scenario. 
E) Additional imported water, stormwater recharge, recycled water and conservation implemented, 

normal weather year scenario. 
F) Additional imported water, recycled water and conservation implemented, dry weather year 

scenario. 
G) Only conservation implemented, normal weather year scenario. 
H) Only recycled water implemented, normal weather year scenario. 
I) Additional imported water, no actions, normal weather year scenario. 
J) Only stormwater recharge implemented, normal weather year scenario. 
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K) No actions, normal year weather scenario. 
L) No actions, dry year weather scenario. 
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Plan Component Actions 
Plan Component Actions seek to attain groundwater sustainability and achieve the Plan 
Goal and BMOs.  While recommending implementation of all components, the PANEL 
prioritized Groundwater Sustainability and Groundwater Quality Protection as 
components that would best achieve the Plan Goal and BMOs.   
 
Groundwater Sustainability - The Plan seeks to attain groundwater sustainability by 
pursuing the following actions: 1) stormwater recharge, 2) groundwater banking, 3) 
increased use of recycled water to offset groundwater pumping, and 4) increased 
conservation and other demand-reduction measures.  
 
Groundwater Quality Protection - Groundwater quality protection is critical to ensure a 
sustainable groundwater resource. Groundwater quality protection includes: 1) strategies 
to prevent and minimize contamination in the Sonoma Valley basin, and 2) mitigation of 
existing contamination including saline water intrusion.  
 
Monitoring Program - A robust monitoring program should be capable of assessing the 
current status of the Sonoma Valley and predicting responses in the basin as a result of 
future management actions or inaction. The Plan includes actions to: 
 Monitor groundwater elevations and groundwater quality;  
 Monitor potential land surface subsidence resulting from groundwater extraction; 
 Understand the relationship between surface water and groundwater along Sonoma 

Creek;  
 Adopt monitoring protocols; and 
 Maintain a central data management system of monitoring information and improve 

computer models. 
 
Planning Integration - Integrating water management planning on a regional scale is 
critical. Planning integration includes coordinating and incorporating existing urban water 
management plans, drinking water source assessment and protection program plans, 
land use planning issues though local and county plans, and other planning documents 
that have been or will be developed in the valley. These include an integrated water 
resources management plan underway and the Sonoma Creek Watershed 
Enhancement Plan. 
 
Stakeholder Involvement - Several means of achieving broad stakeholder participation in 
the management of the Basin will be used, including: 1) PANEL meetings 2) public 
outreach, 3) public agencies & stakeholder briefings, and 4) partnership opportunities. 
 
Plan Implementation 
Implementation of the Plan is structured to encourage an open, collaborative and 
cooperative process for groundwater management activities and to maximize 
coordination of the many actions envisioned by the PANEL in the coming years. Plan 
studies, projects, and programs will be conducted under the Agency as the lead, with 
guidance from the PANEL and a supporting Technical Advisory Committee (Figure ES-
4).  The preliminary implementation schedule is based on the priorities that the PANEL 
identified during preparation of the Plan, which includes the Groundwater Sustainability 
and Groundwater Quality Protection components.   
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Notes:
*Lead agency
UWMP – Urban Water Management Plan
DWSAP – Drinking Water Source Assessment and Protection Program
The Technical Advisory Committee (TAC) will include members fromthe Basin Advisory Panel (BAP) and other entities and will report to the BAP.

Sonoma County Water Agency*

City of Sonoma
Valley of the Moon Water District
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Figure ES-4. Plan Action Implementation Organizational Chart. 
 
Plan Funding 
Funding implementation is anticipated from a variety of sources including the Agency, 
funding and/or in-kind services by member agencies, state or federal grant programs, 
and partnerships at the local, state, and federal level. Stakeholder Involvement and the 
Monitoring Program form the foundation for the Plan, and are required Plan components 
under the Water Code to be eligible for state funds for groundwater projects.   
 
The Groundwater Quality Protection, Groundwater Sustainability, and Planning 
Integration components contain many more planned actions that are not funded and will 
require study, data, feasibility analysis and pre-design before funding can be obtained. 
Implementation of many of these actions, including significant projects such as 
groundwater banking and stormwater recharge, are probably a minimum of 3 to 5 years 
in the future, and will depend on obtaining funding. 
 
Annual Plan Implementation Reporting and Future Review 
The Agency will describe implementation progress in an annual report that summarizes 
the groundwater conditions in the Sonoma Valley. The Plan is a living document that will 
continually evolve as more information about Sonoma Valley water resources and 
hydrogeology becomes available. The Agency or PANEL may identify additional actions 
as the Agency continues to evaluate how well all of the actions and objectives are 
meeting the overall Plan Goal over time. 
 

Reference: U.S. Geological Survey (USGS). (2006).  Geohydrological Characterization, Water-Chemistry, and Ground-
Water Flow Simulation Model of the Sonoma Valley Area, Sonoma County, California, USGS Scientific Investigations 
Report 2006-5092.  
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North Bay Water Reuse Authority 
Las Gallinas Valley Sanitary District | Novato Sanitary District | Sonoma County Water Agency 

| Napa Sanitation District | Sonoma Valley County Sanitation District 

Notice of Availability 
North Bay Water Recycling Program 

(also known as the North San Pablo Restoration and Reuse Project) 

The North Bay Water Reuse Authority (NBWRA) has prepared a joint Draft Environmental Impact Report/ 
Impact Statement (EIR/EIS) pursuant to the California Environmental Quality Act (CEQA) and the National 
Environment Policy Act (NEPA) to assess potential environmental effects of their proposed North Bay Water 
Recycling Program or NBWRP (also known as North San Pablo Restoration and Reuse Project). As contract 
administrator for the NBWRA, the Sonoma County Water Agency (SCWA) will act as Lead Agency under 
CEQA and the Department of Interior, Bureau of Reclamation will be the federal Lead Agency under NEPA. The 
45-day review period begins on May 5, 2009 and extends to June 26, 2009. Written comments on the Draft 
EIR/EIS may be submitted to: 

Sonoma County Water Agency 
Attn: Marc Bautista, Senior Environmental Specialist 
PO Box 11628 
Santa Rosa, CA 95406-1628 

You may also submit your comments electronically at the following website: www.nbwra.org 

The Project: NBWRP is proposed to promote the expanded beneficial use of recycled water in the North Bay 
region to: 

• Offset urban and agricultural demands on potable supplies;  
• Enhance local and regional ecosystems;  
• Improve local and regional water supply reliability; 
• Maintain and protect public health and safety; 
• Promote sustainable practices; 
• Give top priority to local needs for recycled water; and  
• Implement recycled water facilities in an economically viable manner.  

The Draft EIR/EIS will consider three alternatives as well as the No Action Alternative. The alternatives represent 
a range of recycled water reuse and regional facility integration, and include: Alternative 1, Basic System, which 
includes use of recycled water near each of the individual wastewater treatment plants (WWTP); Alternative 2, 
Partially Connected System, which adds pipelines, pump stations and storage to partially connect the existing 
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WWTPs; and Alternative 3, Fully Connected System, which provides a fully integrated and regional recycled 
water distribution system connecting all four Member Agency WWTPs. Under each alternative treatment and 
storage capacity would be constructed at existing WWTPs and distribution facilities (pump stations and pipelines) 
would be constructed within or along public roadways within Marin, Sonoma, and Napa Counties. 

Environmental Analysis: Analysis of environmental impacts associated with the NBWRP identified potentially 
significant impacts, primarily temporary impacts resulting from construction activities, in the following areas: 
aesthetics; air quality; biological resources; cultural resources; geology, soils, seismicity, and mineral resources; 
hazards and hazardous materials; hydrology and water quality; land use and planning; recreational and 
agricultural resources; noise; public services; transportation and traffic; and utilities and service systems. Growth 
inducement potential, secondary effects of growth and cumulative impacts are also addressed in the Draft EIR. 
For environmental impacts determined to be significant or potentially significant, mitigation measures have been 
identified to reduce those impacts. Per CEQA Section 15087(c)(6), the Draft EIR/EIS identifies sites with 
documented use, storage, or release of hazardous materials or petroleum products under Section 65962.5 of the 
California Government Code found within 660 feet of the Phase 1 project components. 

Document Availability: The Draft EIR/EIS is available for public review at the following locations during 
normal business hours: 

Las Gallinas Valley Sanitary District Novato Sanitary District Napa Sanitation District 
300 Smith Ranch Road 
San Rafael, CA 94903 

500 Davidson Street 
Novato, California 94945 

935 Hartle Court  
Napa, CA 94559 

 
Sonoma County Water Agency Sonoma Valley Regional Library Napa City-County Library 
404 Aviation Boulevard 755 West Napa St 580 Coombs Street 
Santa Rosa, CA 95403 Sonoma, CA 95476 Napa, CA 94559 
   
Sonoma County Central Library Marin County- Novato Branch Library Marin County- Central Branch Library 
211 E Street 1720 Novato Blvd 3501 Civic Center Drive #427 
Santa Rosa, CA 95404 Novato, CA 94947   San Rafael, CA 94903 

 
Persons interested in reviewing documents referenced in the EIR or receiving copies of the Draft EIR/EIS with a 
fee or are invited to contact: Marc Bautista, Sonoma County Water Agency, 707-547-1923. 

Public Hearings: Public hearings on the NBWRP will be held on: 

June 9, 2009 June 10, 2009 June 11, 2009 
6:00 p.m. – 7:30 p.m. 

Margaret Todd Senior Center 
1560 Hill Road, Novato 

2:30 p.m. – 4:00 p.m. 
Sonoma Community Center 

276 East Napa Street, Sonoma 

6:00 p.m. – 7:30 p.m. 
Napa Elks Lodge 

2840 Soscol Avenue, Napa 
 

Deadline: Comments on the Draft EIR/EIS must be received by the end of the 45-day public review period, 
which is June 26, 2009 at 5:00 p.m. Submit comments in writing to: Marc Bautista, Sonoma County Water 
Agency, P.O. Box 11628, Santa Rosa, CA  95406-1628. 
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DRAFT ENVIRONMENTAL IMPACT REPORT/ 
ENVIRONMENTAL IMPACT STATEMENT 

for the North Bay Water Recycling Program 
 

This Draft Environmental Impact Report/Environmental Impact Statement (EIR/EIS) has been 
prepared by the North Bay Water Reuse Authority’s Member Agencies and the Bureau of 
Reclamation in accordance with the requirements of the California Environmental Quality Act 
(CEQA) and the National Environmental Policy Act (NEPA) for the North San Pablo Bay 
Restoration and Reuse Project or the North Bay Water Recycling Program (NBWRP). Napa 
County and North Marin Water District are additional agencies supporting the NBWRA through 
contribution of funds and staff time.  
 
NBWRA is exploring “the feasibility of coordinating interagency efforts to expand the beneficial 
use of recycled water in the North Bay Region thereby promoting the conservation of limited 
surface water and groundwater resources.” This Draft EIR/EIS describes and evaluates the 
potential environmental, social and economic effects of the North Bay Water Recycling Program 
(or North San Pablo Bay Restoration and Reuse Project). The NBWRP would provide increased 
recycled water supply to urban, agricultural and environmental uses in the North San Pablo Bay 
region. 

The Draft EIR/EIS considers three action alternatives and the No Project and No Action 
Alternatives. Each of the action alternatives are intended to meet the purpose, objectives, and 
need identified by the NBWRA.  

• No Action Alternative, provides a “future without the project” scenario as a NEPA 
baseline to compare the impacts of the proposed Action Alternatives. 

• Alternative 1, Basic System, which includes use of recycled water near each of the 
individual wastewater treatment plants (WWTPs);  

• Alternative 2, Partially Connected System, which adds pipelines, pump stations and 
storage to partially connect the existing WWTPs; and  

• Alternative 3, Fully Connected System, which provides a fully integrated and regional 
recycled water distribution system connecting all four Member Agency WWTPs. 

 
This Draft EIR/EIS analyzes the direct, indirect, and cumulative environmental effects of the project 
on the following resources: hydrology and drainage, water quality, terrestrial and aquatic resources, 
earth resources, biological resources, land use, agriculture, transportation and circulation, air 
quality, noise, utilities and public service systems, hazardous materials and public health, 
visual/aesthetic resources, recreation, cultural and paleontological resources, socioeconomic 
effects, environmental justice, Indian Trust Assets, growth-inducing effects, and climate change. 
 
Please submit any comments before 5 p.m. on June 25, 2009 to Marc Bautista, Sonoma 
County Water Agency, P.O. Box 11628, Santa Rosa, CA 95406-1628, Phone: (707) 547-1998, 
Email: marc.bautista@scwa.ca.gov or David White, Bureau of Reclamation, Mid-Pacific 
Region, 2800 Cottage Way, MP-730, Room W-2830, Sacramento, CA 95825-1898, Phone: 
(916) 978-5074, Email: dtwhite@mp.usbr.gov. 
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THE WITHIN INSTRUMENT IS A CORRECT COpy 
OF THE ORIGINAL ON FILE IN THIS OFFICE. 

• ATIEST: December 14, 2009 

• Chris Thomas, Acting Clerk of the 'Board of Directors 
· of the SONOMA COUNTY WATER AGENCY 

BYd ... ):5bU"~'-"!D'Puty CI,ri< 

#60 
Resolution No. 09-1144 

C O'ltl1iy o.f SO.[W'ID<1 

S:a.nta Rosa} CA :95403 

Date: 12/8/2009 

Resolution Of The Board Of Directors Of The Sonoma County Water 
Agency To Certify The North San Pablo Bay Restoration And Reuse Project 
Final Environmental Impact Report, And Make Certain Findings In 
Connection Therewith. 

Whereas, the Sonoma County Water Agency (Agency) wishes to promote and 
expand the beneficial use of recycled water in the North San Pablo Bay Region thereby 
promoting the conservation of limited surface water and groundwater resources. 

Whereas, pursuant to the California Environmental Quality Act (CEQA), the 
State CEQA Guidelines, and the Agency's Procedures for the Implementation of CEQA, 
a Draft Environmental Impact Report (Draft EIR) was prepared for the proposed North 
San Pablo Bay Restoration and Reuse Project and circulated for public review. 

Whereas, in response to comments received on the Draft EIR, a Final 
Environmental Impact Report (Final EIR) has beenprepared for the proposed North San 
Pablo Bay Restoration and Reuse Project, and the review process has been satisfactorily 
completed as more fully described below. 

Whereas; in December 2006, the .Sonoma Valley County Sanitation District 
completed the Sonoma Valley Recycled \Vater Project Environmental Impact Report to 
provide recycled water to agricultural and urban users within Sonoma Valley for 
irrigation and other non-potable uses, which includes specific elements and components 
incorporated into the North San Pablo Bay Restoration and Reuse Project; approved the 
Sonoma Valley Recycled Water Project and authorized the filing of a Notice of 
Determination. 

Whereas, In June 2004, the California Coastal Conservancy, U.S. Army Corps of 
Engineers and California Department of Fish and Game completed the Napa River Salt 
Marsh Restoration Proj ect Environmental Impact Report/Environmental Impact' 
Statement (EIRIEIS) to promote salinity reduction and habitat restoration project for the 
Napa River Unit of the Napa-Sonoma Marshes Wildlife Area, which includes specific 
elements and components incorporated into the North San Pablo Bay Restoration and 
Reuse Project Reuse Project 

Whereas, on June 13, 2006, the Sonoma Valley County Sanitation District 
approved the Napa River Salt Marsh Restoration Project; authorized the General 
Manager/Chief Engineer to pursue funding, design .and construction of a recycled water 
pipeline to the Napa River Salt Marsh Restoration Project directed the filing of a Notice 
of Determination. 

Rl 
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N ow, Therefore, Be It Resolved, that this Board finds that the foregoing recitals 
are true and correct and further finds, declares, determines and orders as follows: 

Procedural Findings: 

1. . On July 25, 2008, the General Manager/Chief Engineer of the Sonoma 
County Water Agency caused a Notice of Preparation of an Environrhental Impact Report 
to be mailed to the owners and occupants of all properties adjacent to the proposed 
pipeline routes, all persons who had requested to be on the proj e.ct mailing list, and local, 
state, and federal agencies. The project description for the Notice of Preparation was 
based on a draft Engineering Feasibility Study for the project. No Initial Study was 
prepared since Agency staff decided in advance that a full ErR would be required for this 
project. 

2. The July 2008 Notice of Preparation also included notice for three scoping 
meetings held on August 4, 2008, at the Napa' Elks Lodge, August 5, 2008, at the 
Margaret Todd Senior Center in Novato, and on August 6, 2008, at the Sonoma 
Community Center. The Agency held the scoping meetings to give the public an 
opportunity to make comments and suggestions on the scope of the Environmental 
Impact Report. 

3. On May 5,2009, hard copies and/or compact discs of the Draft EIR, along 
with Notices of Availability, were sent to responsible and trustee agencies,apc:l regiQnal 
libraries. In addition, approximately 2,000 Notices of Availability were sent to resi<lents 
located within the proj ect area identified in the Draft EIR, and to individuals who 
requested to be on the mailing list for the proj ect. An on -line copy of the Draft ErR was 
also made available at the Agency's internet site. 

4. On June 9, 10, and n, 2009, three public hearings were held to receive 
comments on the Draft EIR and on the proposed proj ect. Public comment was received 
and the public hearing was closed. 

5. After the end of the public review period for the Draft EIR, written and 
oral comments were reviewed, and responses to comments were prepared. The Response 
to Comments document together with the Draft EIR constitutes the Final EIR. 

6. The Final EIR includes revisions, updates, and clarifications in response to 
public comment on the Draft EIR. The revisions, updates, and clarifications made for the 
Final EIR do not include disclosures of: (1) any new significant impact from the project; 
(2) a substantial unmitigated increase in the severity of any impact; or (3) a feasible 
alternative or mitigation measure considerably different from others previously analyzed 
that would clearly lessen project impacts but that the Agency does not propose to adopt. 
The new information provided in the Final EIR does not constitute "significant new 
information" within the meaning of CEQA so as to require recirculation of the Final EIR. 
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SUBSTANTIVE FINDINGS. 

1. The Board has reviewed and considered the information contained in the 
Final EIR for the North San Pablo Bay Restoration and Reuse Project. 

2. The Board finds that the Final EIR has been revised to address recent 
changes in CEQA requiring consideration of greenhouse gas concerns. The Board 
further finds that this revision as proposed does not identify any new project-level 
significant environmental impact not otherwise identified and analyzed in the Draft EIR 
and as such does not constitute "significant new infornlation" within the meaning of 
CEQA. 

3: The Board finds that the Final EIR describes a range of reasonable 
alternatives .. 

4. The Board finds that the Final EIR represents a good faith effort to 
achieve completeness and full environmental disclosure. 

5. The Final EIR reflects the independent judgment and analysis of the Board 
of Directors of the Sonoma County Water Agency. 

6. The Board certifies that it has reviewed and considered the information in 
the Final EIR, and finds that it represents the independent judgment and analysis of the 
Sonoma County Water Agency Board of Directors. The Board finds that the Final EIR is 
an adequate informational document, and has provided this Board and the public with full 
and fair disclosure of potential environmental impacts associated with the project. The 
Board will consider this Final EIR prior to making its decision on the merits of the North 
San Pablo Bay Restoration and Reuse Project. 

Now, Therefore, Be It Further Resolved, based on the record of this proceeding 
and the foregoing findings and determinations, the Board of Directors of the Sonoma 
County Water Agency does hereby certify that the Final ErR has been completed, 
reviewed, and considered in compliance with CEQA, the State CEQA Guidelines, and 
the Agency's Procedures for the Implementation of CEQA, and that the Final EIR 
reflects the independent judgment and analysis of this Board. 

Directors: 

Brown: Absent Kerns: Aye Zane: Aye Carrillo: Aye Kelley: Aye 

Ayes: 4 Noes: Absent: 1 Abstain: 

So Ordered. 



 

 
                          Recycled Water Use Allowed In California1 
 
 
 
 

Treatment Level 

Irrigation 
Disinfected 
Tertiary 
Recycled 
Water 

Disinfected 
Secondary-2.2 
Recycled Water 

Disinfected 
Secondary-23 
Recycled Water 

Undisinfected 
Secondary Recycled 
Water 

Food crops where recycled water contacts the 
edible portion of the crop, including all root 
crops 

Allowed Not allowed Not allowed Not allowed 

Parks and playgrounds Allowed Not allowed Not allowed Not allowed 
School yards Allowed Not allowed Not allowed Not allowed 
Residential landscaping Allowed Not allowed Not allowed Not allowed 
Unrestricted access golf courses Allowed Not allowed Not allowed Not allowed 
Any other irrigation uses not prohibited by 
other provisions of the California Code of 
Regulations 

Allowed Not allowed Not allowed Not allowed 

Food crops where edible portion is produced 
above ground and not contacted by recycled 
water 

Allowed Allowed Not allowed Not allowed 

Cemeteries Allowed Allowed Allowed Not allowed 
Freeway landscaping Allowed Allowed Allowed Not allowed 
Restricted access golf courses Allowed Allowed Allowed Not allowed 
Ornamental nursery stock and sod farms Allowed Allowed Allowed Not allowed 
Pasture for milk animals Allowed Allowed Allowed Not allowed 
Nonedible vegetation with access control to 
prevent use as a park, playground or school 
yard 

Allowed Allowed Allowed Not allowed 

Orchards with no contact between edible 
portion and recycled water 

Allowed Allowed Allowed Allowed 

Vineyards with no contact between edible 
portion and recycled water 

Allowed Allowed Allowed Allowed 

Non food-bearing trees, including Christmas 
trees not irrigated less than 14 days before 
harvest 

Allowed Allowed Allowed Allowed 

Fodder crops (e.g. alfalfa) and fiber crops (e.g. 
cotton) 

Allowed Allowed Allowed Allowed 

Seed crops not eaten by humans Allowed Allowed Allowed Allowed 
Food crops that undergo commercial pathogen-
destroying processing before consumption by 
humans 

Allowed Allowed Allowed Allowed 

Ornamental nursery stock, sod farms not 
irrigated less than 14 days before harvest 

Allowed Allowed Allowed Allowed 

Supply for Impoundment 
Disinfected 
Tertiary 
Recycled 
Water 

Disinfected 
Secondary-2.2 
Recycled Water 

Disinfected 
Secondary-23 
Recycled Water 

Undisinfected 
Secondary Recycled 
Water 

Non-restricted recreational impoundments, with 
supplemental monitoring for pathogenic 
organisms 

Allowed2 Not allowed Not allowed Not allowed 

Restricted recreational impoundments and 
publicly accessible fish hatcheries 

Allowed Allowed Not allowed Not allowed 

Landscape impoundments without decorative 
fountains 

Allowed Allowed Allowed Not allowed 

Supply for cooling or air 
conditioning 

Disinfected 
Tertiary 
Recycled 
Water 

Disinfected 
Secondary-2.2 
Recycled Water 

Disinfected 
Secondary-23 
Recycled Water 

Undisinfected 
Secondary Recycled 
Water 

Industrial or commercial cooling or air 
conditioning involving cooling tower, 
evaporative condenser, or spraying that creates 
a mist 

Allowed3 Not allowed Not allowed Not allowed 

Industrial or commercial cooling or air 
conditioning not involving cooling tower, 
evaporative condenser, or spraying that creates 
a mist 

Allowed Allowed Allowed Not allowed 

Other Uses 
Disinfected 
Tertiary 
Recycled 
Water 

Disinfected 
Secondary-2.2 
Recycled Water 

Disinfected 
Secondary-23 
Recycled Water 

Undisinfected 
Secondary Recycled 
Water 

Groundwater recharge Allowed under special case by case permits by RWQCBs4 
Flushing toilets and urinals Allowed Not allowed Not allowed Not allowed 
Priming drain traps Allowed Not allowed Not allowed Not allowed 
Industrial process water that may contact 
workers 

Allowed Not allowed Not allowed Not allowed 

Structural fire fighting Allowed Not allowed Not allowed Not allowed 
Decorative fountains Allowed Not allowed Not allowed Not allowed 
Commercial laundries Allowed Not allowed Not allowed Not allowed 
Consolidation of backfill material around 
potable water pipelines 

Allowed Not allowed Not allowed Not allowed 

Artificial snow making for commercial outdoor 
uses 

Allowed Not allowed Not allowed Not allowed 

Commercial car washes not done by hand & 
excluding the general public from washing 
process 

Allowed Not allowed Not allowed Not allowed 

Industrial process water that will not come into 
contact with workers 

Allowed Allowed Allowed Not allowed 

Industrial boiler feed Allowed Allowed Allowed Not allowed 
Nonstructural fire fighting Allowed Allowed Allowed Not allowed 
Backfill consolidation around nonpotable piping Allowed Allowed Allowed Not allowed 
Soil compaction Allowed Allowed Allowed Not allowed 
Mixing concrete Allowed Allowed Allowed Not allowed 
Dust control on roads and streets Allowed Allowed Allowed Not allowed 
Cleaning roads, sidewalks and outdoor work 
areas 

Allowed Allowed Allowed Not allowed 

Flushing sanitary sewers Allowed Allowed Allowed Allowed 
Note: 
1) Source: This chart is an informal summary of the uses allowed based on the California Department of Health Services Title 22, Article 4 Code of Regulations’ June 

2001 version. 
2) With “conventional tertiary treatment.”  Additional monitoring for two years or more is necessary with direct filtration 
3) Drift eliminators and/or biocides are required if public or employees can be exposed to mist. 
4) Refer to Groundwater Recharge Guidelines 
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Section 1   
Introduction  
The Phase 2 Project Definition Scoping Study was conducted to assist the North Bay Water Reuse 

Authority’s (NBWRA’s) existing and potential new members in determining whether to proceed to the 

next steps in the scoping studies, feasibility-level engineering analysis, environmental documentation, 

and financial analysis for Phase 2 of the North Bay Water Reuse Program (NBWRP). The purpose of the 

Phase 2 studies is to explore options for recycled water use and, as feasible, to develop a program 

expanding recycled water use within the North San Pablo Bay region beyond the projects currently 

being constructed as Phase 1 of the NBWRP. 

1.1 Background 
NBWRP Phase 2 studies have been initiated to provide a seamless transition to design and construction 

of Phase 2 when the NBWRP Phase 1 construction projects are substantially completed in 2016 or 

shortly after. Phase 1 of the NBWRP was initiated in 2003, was federally authorized in 2009, and the 

Record of Decision was completed in 2011.  

The timing of Phase 2 studies can be critical to continued success of the NBWRA project funding and 

implementation. The NBWRA has developed a strong reputation with the U.S. Bureau of Reclamation 

(Reclamation) as a regional reuse program that can effectively leverage federal funds to provide critical 

water supplies and support the regional economy with construction. The timeline to complete Phase 2 

studies in coordination with completing Phase 1 construction is critical to maintaining Reclamation’s 

attention and potential support for this regional program.  

Figure 1-1 illustrates the conceptual timeline to pursue a continued stream of funding to implement the 

region’s projects to meet long-term water needs and maintain the economic strength of the region. 

Readiness to proceed is a key aspect of obtaining funding as federal agencies’ success can depend on 

how effectively they administer the funds budgeted by the Administration and Congress. The sequence 

of NBWRP Phase 1 activities below highlights the time required to go from early studies to initiation of 

funding and design of projects. 

 

Figure 1-1  
NBWRP Phase 1 and Phase 2 Conceptual Schedules 
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Given the NBWRA’s understanding and knowledge of the process, it is expected that the Phase 2 

program timeline could be significantly shorter. The key step of going from feasibility study to federal 

authorization is not required specifically for Phase 2 as the existing federal authorization already covers 

a second phase of the NBWRP; however, the Phase 1 activities and dates below, going from project 

initiation to first construction funding, illustrate the need to initiate and maintain Phase 2 activities to be 

ready for design and construction as early as 2016. 

�� 2003-2008: The first NBWRA members organized and agreed to investigate the potential for a 

regional program. They worked with federal representatives to secure 50 percent matching 

grants for the Phase 1 Feasibility Study in partnership with Reclamation. The Program planning, 

engineering, environmental, and economic studies were completed in 2008 with a combined 

federal and local cost of $3 million. 

�� 2005-2009: The NBWRA members continued to work with their federal Representatives to secure 

the NBWRP construction authorization. Under the Omnibus Public Land Management Act of 2009, 

the NBWRP was authorized for construction in two phases. The first phase has a project cost 

ceiling of a $100 million, with a $25 million, or 25 percent, federal cost share. 

�� 2008-2011: The federal and state environmental documents and permits were prepared and 

were completed in 2011. 

�� 2009-2011: Preliminary investigations were conducted of the potential to expand the use of 

recycled water by adding a storage element to the NBWRP.  

�� 2010: The NBWRA received its first construction funding, a $7.3-million American Recovery and 

Reinvestment Act grant, for projects studied and authorized under Phase 1. 

1.2 Scoping Study Process 
The Project Definition Scoping Study is the second step in a proposed series of scoping studies under 

Phase 2 of the NBWRP. The Phase 2 scoping study process is shown in Figure 1-2.  

  

Figure 1-2  
NBWRP Phase 2 Scoping Study Process 
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The first scoping study, Membership and Outreach, identified the potential partners for studies to 

expand the NBWRP beyond Phase 1. The Membership and Outreach process and subsequent 

conversations with interested agencies resulted in several new agencies partnering with the NBWRA in 

the Project Definition Scoping Study: Marin County; Marin Municipal Water District (MMWD); City of 

Petaluma; and the City of American Canyon. The City of Sonoma contributed directly to Sonoma Valley 

County Sanitation District’s (SVCSD’s) participation in this study. 

Following the Project Definition Scoping Study, the New User Assessment and Multi-Purpose Storage 

Scoping Study would focus on the specific users, opportunities for partnerships between agencies for 

reuse projects, and an expanded list of potential demands beyond the preliminary list provided by the 

agencies in this study, as well as address the specific engineering and cost aspects of developing new 

seasonal storage in concert with creating habitat enhancements. 

1.3 Project Definition Scoping Study Tasks 
The Project Definition Scoping Study consisted of the tasks detailed below: two engineering planning 

tasks; two financial related topics; discussion of benefits; and the scope of work to complete a feasibility 

study based on the preliminary list of engaged agencies. This Project Definition Scoping Study Report is 

intended to provide preliminary information on the potential size and costs of Phase 2 project 

construction and the scope of work to complete scoping studies, feasibility studies, and environmental 

analysis.  

�� Conceptual Level Operational Analysis – determine seasonal storage needs, potential 

integration with Phase 1 facilities, and general points of delivery.  

�� Preliminary Identification of Program and Costs for Design and Construction – develop an 

order of magnitude-level estimate of cost based on conceptual level layouts of storage, 

conveyance, and distribution facilities.  

�� Initiation Fee for New Participants - define a range of financial options under which a new 

agency may become a fully vested participating member.  

�� Conceptual Level Project Benefits – identify the programmatic benefits of potential Phase 2 

projects to justify local and federal expenditures.  

�� Scope of Work for Full Phase 2 Feasibility, Economic, and Environmental Studies – prepare 

scope of work for future studies. 

A second financial task, Review of Members’ Ability to Meet Non-Federal Cost Share, was to prepare a 

preliminary assessment of the capacity of participating and new agencies to take on construction 

projects following Phase 1 commitments. However, as the NBWRA moved through the Project Definition 

Scoping Study process, this task was postponed because the detail regarding which projects and 

agencies are to be included in future Phase 2 studies and the potential costs per agency are still too 

preliminary at this point. This analysis will be revisited during the potential feasibility study phase, 

when projects and partners are more clearly defined. 
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Section 2   
Participants 
The efforts of the Membership and Outreach Scoping Study identified the agencies potentially interested 

in participating in the rest of NBWRA Phase 2 scoping studies. The existing NBWRA member agencies 

and the new agencies who agreed to contribute as partners in the Project Definition Study are discussed 

below. Figure 2-1 presents the location of these agencies in relation to the Phase 1 and Phase 2 study 

area boundaries.  

 

Figure 2-1  
Agencies Participating in the Project Definition Study 

 

2.1 Existing NBWRA Members 
The six existing NBWRA member agencies who participated in the Project Definition are listed below in 

Table 2-1, along with their Phase 1 projects for reference. North Marin Water District declined to take 

part in this study. 

  



Section 2  �  Participants 
 

2-2 

Table 2-1. Existing NBWRA Member Agencies Participating in the Project Definition Study 
Agency Phase 1 Projects 

Las Gallinas Valley Sanitary District (LGVSD) Novato North 
Novato Sanitary District (Novato SD) Novato South 

Novato Central 
Sonoma County Water Agency  No project – fiscal agent for NBWRA 
Sonoma Valley County Sanitation District  Sonoma Valley Recycled Water Project 

Napa-Sonoma Salt Marsh 
Napa County Napa State Hospital Recycled Water Pipeline 

Milliken-Sarco-Tulocay (MST) Recycled Water Pipeline Napa Sanitation District (Napa SD) 

 

2.2 New Agencies 
The Membership and Outreach Scoping Study resulted in several new agencies partnering with the 

NBWRA for this study: Marin County; City of Petaluma; City of Sonoma (directly with SVCSD); and the 

City of American Canyon. Since the completion of the Membership and Outreach Scoping Study, MMWD 

decided to join the Phase 2 Project Definition Study. These agencies are briefly described below. 

2.2.1 Marin County  
Marin County covers the study area from San Rafael at the southern end of the Phase 2 study area north 

through Novato. While not sponsoring a specific project in Phase 2 of the NBWRP, Marin County has two 

watershed restoration, recreation, and flood control projects that could interface with potential Phase 2 

projects, the Novato Flood Protection and Watershed Program and the Miller Creek Flood Protection 

and Watershed Program. Marin County would benefit through partnering with NBWRA members in two 

ways: jointly planning to integrate desired goals and accomplish mutually beneficial project outcomes; 

and leveraging financial contributions for project infrastructure construction. The Marin County Flood 

Control and Water Conservation District has been the primary contact with the NBWRA consultant staff. 

2.2.2 Marin Municipal Water District 
MMWD has been providing recycled water to its customers in northern San Rafael since the early 1980s. 

(MMWD 2012) MMWD receives secondary treated wastewater from LGVSD and treats it to tertiary 

standards at their own recycled water facility, serving up to two million gallons per day (mgd) to over 

350 customers.  

2.2.3 City of Petaluma 
Petaluma’s Ellis Creek Water Recycling Facility treats 5 mgd of wastewater and produces about 2,150 

acre-feet per year (AFY) of secondary and tertiary treated recycled water for reuse at the plant and 

irrigation. (City of Petaluma 2012) Currently the plant serves two golf courses, a vineyard, and 

additional agricultural land. The City’s 2004 Recycled Water Master Plan identified an additional 3,000 

AFY of tertiary and secondary demand that could be served by the recycled water system. (City of 

Petaluma 2004) 

2.2.4 City of Sonoma 
The City of Sonoma receives water from the Sonoma County Water Agency and operates three 

groundwater wells. The expanded use of recycled water in the City of Sonoma could result in significant 

water supply and environmental benefits, including reduced diversions from creeks and streams and 
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reduced peak potable water demands on the City’s distribution systems including Russian River and 

groundwater supplies. 

2.2.5 City of American Canyon 
American Canyon’s wastewater treatment plant (WWTP) produces up to 1 mgd of tertiary treated 

wastewater. The city is currently completing the final segments of its recycled water transmission 

system, which will be able to supply about 1,000 AFY of recycled water at build out. As of 2010, the city 

delivered 73 AFY of recycled water to 13 users. By 2015, the city expects to have 45 customers 

connected, for a total recycled water delivery of 666 AFY. (City of American Canyon 2011) 
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Section 3   
Potential Phase 2 Projects for Investigation 
Section 3 presents the potential NBWRP Phase 2 recycled water projects initially identified by each of 

the participating agencies for further investigation. The section discusses the general layout and 

provides a preliminary description of the physical components of each project. It also examines how 

the demands of the new Phase 2 projects could be met by the recycled water supplies that will be 

available after completion of the ongoing Phase 1 projects. Finally, the section identifies how future 

seasonal storage of recycled water may be needed to meet the new demands 

3.1� Potential Phase 2 Projects  
The addition of new projects under Phase 2 of the NBWRP could allow participating agencies to 

further expand the area for beneficial use of recycled water that was developed under Phase 1 of the 

Program. Figure 3-1 illustrates the areas of potential projects and pipelines that could be investigated 

under Phase 2, shown in yellow. For reference, each agency’s existing recycled water projects are 

shown in blue and NBWRP Phase 1 projects are shown in red. The potential Phase 2 projects are listed 

in Table 3-1. 

Table 3-1. Potential NBWRP Phase 2 Projects 
Agency Potential Projects 

MMWD 

�� Peacock Gap Extension 
�� Peacock Gap Area 
�� Lucas Valley Extension 
�� Recycled Water Treatment Plant (RWTP) Expansion 

LGVSD  �� Additional Storage Ponds 
�� Recycled Water Facility Expansion 

Novato SD  
�� Regional Recycled Water Distribution Project 
�� Transmission Pipeline to LGVSD 
�� Replace Existing Outfall Pipe with Recycled Water Wetland 

City of Petaluma �� Local Recycled Water Distribution 

SVCSD  �� Sonoma Valley North Recycled Water Project 
�� Sonoma Valley South Recycled Water Project 

Napa SD  

�� Los Carneros Water District (LCWD) Project 
�� Milliken-Sarco-Tulocay (MST) Tulocay Pipeline 
�� Increase Filter Capacity 
�� Additional Storage 
�� Increase Pump Station Capacity 

City of American Canyon 
�� Green Island Road Project 
�� Tower Road Project 
�� Private Vineyard Project 

 

3.1.1 MMWD – Peacock Gap Study Area 
As a part of Phase 2, MMWD would investigate extending its existing recycled water distribution 

system south and eastward to serve the Peacock Gap area in two projects. The information on 

potential projects in the Peacock Gap study area was compiled from the following sources: 
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The Phase 2 infrastructure described above is expected to provide 535 AFY of recycled water to users. 

3.1.6 City of Petaluma Study Area 
As a part of Phase 2, the City of Petaluma would investigate a tertiary recycled water distribution 

system consisting of 113,000 LF of pipelines. Information on the City of Petaluma projects was 

compiled from the following sources: 

�� City of Petaluma 2010 Urban Water Management Plan, Public Review Draft (City of Petaluma 

2011); and 

�� City of Petaluma Water Demand & Supply Analysis Report (City of Petaluma 2006). 

The pipelines would range in size from 6” to 20” in diameter. The distribution system would consist of 

two main branches: one branch would extend from the end of an existing (but not yet in use) 20” 

pipeline that originates from the Ellis Creek Water Recycling Facility and would run westward to 

serve customers; the second branch would connect to the existing 20” pipeline upstream of the first 

branch and extend in the southwest direction. The distribution system would serve mostly schools 

and parks, but the two biggest users would be golf courses. 

The locations of the proposed pipelines are shown in Figure 3-6. This distribution system would 

provide 1,994 AFY of tertiary recycled water, of which 1,423 AFY would offset potable water demands 

and 571 AFY would offset non-potable water demands. 

3.1.7 Sonoma Valley Recycled Water Project Study Area 
For its Phase 2 project elements, SVCSD would investigate new recycled water pipelines to expand its 

recycled water service area north of the SVCSD wastewater treatment facility (WWTF). The locations 

of the proposed pipelines are shown in Figure 3-7. The new pipelines will range in size from 6” to 12” 

in diameter and will total 22,750 LF. One branch would begin at the WWTF and extend north for 

approximately three miles. Another branch would connect to the end of an existing Phase 1 pipeline 

and continue in the north and west directions. The new pipelines would deliver an estimated 354 AFY 

of recycled water to new customers. 

SVCSD would also expand its existing recycled water network south and east of the WWTF to existing 

vineyards and local ponds in the area. The location of the targeted project area is shown in Figure 3-8. 

Exact locations for the pipelines have not been identified, but based on discussions with SVCSD staff, it 

is estimated that approximately 20,000 LF of 12” pipelines would be considered for construction. 

Through a review of the vineyard acreage within the targeted project area, it is estimated that this 

expansion could deliver an additional 314 AFY to new customers. 

Information on these proposed pipeline expansion projects was compiled from the following sources: 

�� SVCSD WWTF Recycled Water Effluent Pumping Station Design Report, draft, dated July 5, 2011. 

(Sonoma Valley County Sanitation District 2011); 

�� Discussions with Kevin Booker in October 2011; and 

�� Email correspondence with Marc Bautista and Kevin Booker on March 12, 2012. 



0 1 20.5
Miles

-

Figure 3-7
Sonoma Valley North Recycled Water Project Study Area
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Figure 3-8
Sonoma Valley South Recycled Water Project Study Area
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Table 3-5. Existing and Phase 1 Monthly Recycled Water Use by Agency (Acre Feet/Month)  
Month MMWD/LGVSD Novato SD Petaluma1 SVCSD Napa SD American 

Canyon 
Total 

January 1 1 0 1 0 0 3 
February 1 1 0 0 0 0 2 

March 8 7 0 3 0 0 17 
April 71 57 0 21 305 36 489 
May 88 71 0 224 500 58 941 
June 169 137 0 329 938 116 1,690 
July 197 160 0 324 981 121 1,783 

August 203 164 0 214 803 98 1,482 
September 139 112 0 70 533 64 918 

October 109 88 0 20 223 26 466 
November 13 11 0 1 0 0 25 
December 5 4 0 0 0 0 10 

Subtotal (AFY) 1,004 812 0 1,207 4,283 519 7,826 

1: City of Petaluma’s values reflect tertiary recycled water demands only.  
 

3.2.2.2 Net Water Supply for Phase 2 Projects 
The graphs that follow present the 2010 total supply data from each WWTP, compared to the 

available supply assuming current or near-term completion of each participant’s existing reuse and 

Phase 1 recycled water projects. In some cases, the available water supply during peak demand 

months is negative, indicating that the agency has a mechanism for seasonally storing water during off 

peak months to serve peak demand months. The total amount of storage required to meet these 

demands is represented by the shaded areas in Figures 3-12 through 3-17 and summarized in Table 

3-6. 

LGVSD: LGVSD can meet its projected Phase 1 recycled water demands without storage and has 

capacity to serve some additional summer demands except in July and August. 

 

Figure 3-12. LGVSD Total Recycled Water Supply and Supply After Phase 1 
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CITY OF SONOMA

RESOLUTION NO. 62- 2002

A RESOLUTION OF THE CITY COUNCIL
OF THE CITY OF SONOMA

SUPPORTING THE SONOMA VALLEY COUNTY SANITATION DISTRICT IN
CONDUCTING A RECYCLED WATER FEASIBILITY STUDY; DIRECTING THE
CITY MANAGER TO DRAFT LETTERS OF SUPPORT FOR SONOMA VALLEY

COUNTY SANITATION DISTRICT GRANT FUNDING REQUESTS; AND
DIRECTING THE CITY MANAGER TO PROVIDE STAFF SUPPORT TO THE

SONOMA VALLEY COUNTY SANITATION DISTRICT FOR REVIEW OF STUDY
DOCUMENTS AND IN SUPPORT OF PUBLIC OUTREACH EFFORTS

WHEREAS, Sonoma Valley water supplies, including the Sonoma County Water Agency's
water transmission system and local groundwater, are constrained during peak water use periods;
and

WHEREAS, the Sonoma Valley County Sanitation District produces recycled water for
beneficial reuse; and

WHEREAS, the Sonoma Valley County Sanitation District currently provides recycled water
for agricultural use, and for environmental enhancements; and

WHEREAS, the use of recycled water can offset potable water uses in the Sonoma Valley
including use of the Sonoma County Water Agency's water transmission system by the City of
Sonoma and the Valley of the Moon Water District, and use of local ground-water supplies; arid

WHEREAS, the use of recycled water can provide benefits which include: increasing the
reliability of local water supplies, offsetting water transmission system use and groundwater use
during peak demand periods, reducing surface discharges to local waterways, and providing
water for environmental enhancement and restoration; and

WHEREAS, the Sonoma Valley County Sanitation District's Board of Directors has directed
staff to develop a recycled water project in the Sonoma Valley to beneficially use recycled water
for urban, commercial, environmental, and agricultural purposes; and

WHEREAS, Sonoma Valley County Sanitation District staff have embarked on a feasibility
study to identify potential alternatives that use recycled water for beneficial purposes within the
Sonoma Valley; and



WHEREAS, it would benefit the City of Sonoma and the Valley of the Moon Water District to
participate in a recycled water use study in the Sonoma Valley because use of recycled water can
provide water supply, sanitation, and environmental benefits to Sonoma Valley residents.

NOW, THEREFORE BE IT RESOLVED that the City Council of the City of Sonoma
approves the following actions:

1. Supports the Sonoma Valley County Sanitation District in conducting a recycled water
feasibility study.

2. Directs the City Manager to draft letters of support for the Sonoma Valley County
Sanitation District's grant funding requests.

3. Directs the City Manager to provide staff support to the Sonoma Valley County
Sanitation District for review of study documents and in support of public outreach
efforts.

PASSED, APPROVED AND ADOPTED this 7th day of August 2002 by the following vote:

AYES: COUNCILMEMBERS: Ashford, Costello, Brown, Baniett
NOES: COUNCILMEMBERS: None
ABSENT: COUNCILMEMBERS: Mazza
ABSTAIN: COUNCILMEMBERS: None

GAY
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 White Paper Prepared for Bay Area Clean Water Agencies 

Executive Summary 
Population growth and climate change are predicted to reduce the reliability and sustainability of 

the water supply that many of people in the Bay Area take for granted. The recently completed 

San Francisco Bay Area Integrated Regional Water Management Plan (Bay Area IRWMP) both 

highlights the growing imbalance between regional water supplies and demands and provides a 

blue print for improving the region’s water supply reliability and meeting other water 

management objectives. This plan emphasizes the need for a multi-faceted approach to 

addressing regional water problems.  A core strategy of the plan is increasing the amount of 

water recycling in the region. 

Communicating the growing importance of recycled water to the Bay Area, its role in regional 

water management objectives, the regional economic benefits of recycled water, and ways to 

ensure its safety and allay public concern is an important task for managers of Bay Area water 

and wastewater agencies.  This paper, commissioned by Bay Area Clean Water Agencies, 

provides a digest of factual information about the importance of water recycling in the Bay Area 

that water managers can utilize when participating in forums where recycled water is under 

discussion. 

The paper is organized into three main topic areas: (1) the importance of recycled water to 

regional water management; (2) economic considerations of recycled water; and (3) recycled 

water implementation opportunities and challenges.  The paper concludes with six key 

messages about recycled water in the Bay Area.  This Executive Summary provides highlights 

and key findings from each of the paper’s topic areas. 

Putting Recycled Water into Context 
Water recycling has been a part of California’s water management picture for more than 100 

years.  California farmers are reported to have used recycled water as early has 1890 and by 

1910 at least 35 communities were using recycled water for farm irrigation.1 Today, recycled 

water use, estimated to be within a range of 450 and 580 thousand acre-feet per year, is 

becoming widespread in California.2  Recycled water is primarily used for crop and landscape 

irrigation and industrial processes and cooling.  But it is also being used for groundwater aquifer 

protection, environmental restoration, wastewater management, and indirect reuse. 

                                                 
1 Recycled Water Task Force (2003). “Water Recycling 2030: Recommendations of California’s Recycled 
Water Task Force.” June 2003. 
2 Ibid. 
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Recycled water use can be planned or unplanned.  Most indirect reuse of recycled water is 

unplanned and results from the upstream discharge of treated wastewater, which becomes part 

of river flows that are diverted downstream by farms and municipalities.  For example, 

downstream diverters reuse about 90 percent of municipal wastewater discharged into the San 

Joaquin River.3

Direct uses of recycled water are generally planned, and involve delivering recycled water 

through pipes to the users of the water.  Recycled water projects are designed to meet 

particular water management objectives and the intended uses of the recycled water determine 

the types and levels of wastewater treatment.  Typical water management objectives that have 

led to the use of recycled water in California include:4

• A water supply to displace the need for other sources of water 

• A cost effective means of environmentally sound treatment and disposal of wastewater 

• A water supply for environmental enhancement 

• Protection of groundwater resources threatened by seawater intrusion 

Recycled water projects are not the only way to achieve these objectives, and typically 

proposed recycled water projects are evaluated alongside other water management alternatives 

to determine the most cost-effective approach.  Water recycling can make the greatest impact 

on augmenting the State’s water supply in regions like the Bay Area where treated wastewater 

has no opportunity to be reused downstream because it is discharged directly to bays or the 

ocean. 

Importance of Recycled Water to Bay Area Water Management 

Recycled Water Helps Address Growing Water Demands 
Regional water supply reliability may be the toughest water management challenge confronting 

the Bay Area. Two-thirds of the Bay Area’s water supply is imported into the region. While still 

capable of meeting regional demands during years of normal rainfall, imported water supplies 

are increasingly inadequate when rainfall is below normal.  This problem will continue to worsen 

as more people and businesses move into the region and demand for water increases. 

                                                 
3 Ibid. 
4 Ibid. 
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The Association of Bay Area Governments (ABAG) predicts Bay Area population will increase 

by 1.7 million people by 2030. Regional water suppliers are forecasting water demands will 

increase by approximately 200,000 acre-feet by this time. The projected increase in demand is 

similar in magnitude to current demands for the entire service area of the East Bay Municipal 

Utility District (EBMUD), which serves 20 incorporated cities and 15 unincorporated 

communities, covers approximately 325 square miles, and serves 1.35 million people. 

According to the Bay Area IRWMP, approximately 30 percent of the projected increase in 2030 

regional water demands could be met with recycled water projects. 

Recycled Water Reduces Dependence on Vulnerable Imported Water Supplies 
The Bay Area’s dependence on imported surface water makes it highly vulnerable to cyclical 

drought. On a cumulative basis, Bay Area imported water deliveries could decline by an 

average of 39 percent during a period of sustained drought down to 548,000 acre-feet, or 

about 61 percent of normal.  A key regional benefit of recycled water is its imperviousness to 

drought.  From the standpoint of the region’s hydrologic cycle, it is 100 percent reliable.  As a 

result, a "drought-proof" Bay Area supply of 60,000 acre-feet of recycled water is worth at least 

100,000 acre feet of entitlements to imported water susceptible to drought reduction. To ensure 

the same level of drought supply through surface storage may require storage capacities that 

are three to five times the expected dry year yield. 

Recycled Water Helps Mitigate Risks of Long-term Climate Change 
Long-term climate change poses substantial water supply risks to the Bay Area. While there is 

uncertainty and controversy surrounding climate change models and forecasts, the 

preponderance of available evidence strongly suggests the Bay Area’s climate will get hotter 

and its primary source of water storage, the Sierra Nevada snow pack, will get smaller. 

Absent the natural water storage provided by the Sierra Nevada snow pack, the imported water 

systems the Bay Area depend on for most of its water supply would be grossly inadequate. 

Figure E-1 shows predicted changes in snow pack for two climate change scenarios.  Under 

these two scenarios the Sierra Nevada snow pack diminished by 60 to 80 percent within the 

next hundred years. 

Climate change research also suggests an increased likelihood of critically dry years: up to 1.5 

times more critically dry years under the lower warming scenario shown in Figure E-1; and 2-2.5 

times more critically dry years under the medium warming scenario.  Additionally, higher 
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average temperatures and increased frequency of heat waves are expected to increase 

average water demands. 

Even in the absence of climate change, the region will need to develop new water supplies to 

meet growing demands.  With climate change, the need will be even greater.  Water recycling 

provides an economically feasible and proven technology that can be deployed on a large scale 

within the region.  Most importantly, however, the water supply it provides does not depend on 

weather or climate. 

Figure E-1: Sierra Nevada Snow Pack for Two Climate Change Scenarios 

 
Source: California Climate Change Center (2006), “Our Changing Climate – Assessing the Risks to 
California.” July 2006. 
 

Recycled Water has a Smaller Energy Footprint than Most Other Water Supply Options 
All water supply options require significant amounts of energy and result in the release of 

greenhouse gases.  The question is how does recycled water compare to other water supply 

options available to the region?  According to the Natural Resources Defense Council, which 

described recycled water as a highly energy efficient water source, recycled water is less 

energy intensive than any physical source of water other than local surface water.  Recycled 

water requires about an eighth of the energy required for seawater desalination; less than half 

the energy used by the SWP to bring water to the Bay Area; and haft to three-quarters the 

energy required to pump groundwater.  
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The Bay Area is Geographically Well Situated for Water Recycling 
The Bay Area discharges over half a million acre-feet of water each year into the Bay and 

Pacific Ocean.  This discharge represents a potential new source of fresh water supply to the 

region and to the State. Unlike recycling in inland regions, which often does not result in new 

supply because water discharged back into upstream water bodies is indirectly reused by 

downstream diverters, recycling in the Bay Area creates “new” fresh water supply. The Bay 

Area IRWMP recognized the potential of recycled to provide new water for the region. Of the 52 

projects in the plan ranked highly for water supply reliability that could be permitted by 2010, 50 

percent were recycled water projects.  All of the projects ranked highly for water supply reliability 

in the plan that could be permitted by 2014 were recycled water projects. 

Recycled Water Can Be Used to Simultaneously Address Multiple Regional Water 
Management Objectives 
Few other water management options provide the diversity of possible uses and applications as 

recycled water. Bay Area water agencies are using water recycling to augment water supplies, 

reduce the impacts and costs of wastewater disposal, and restore and improve sensitive natural 

environments.  Recycling by itself cannot solve the region’s looming water crisis, but used in 

conjunction with other water supply and management options it can help the Bay Area continue 

to enjoy a safe and reliable water supply. 

Economic Considerations of Recycled Water 
Recycled water is often perceived to be an expensive water supply option.  However, when the 

full range of benefits derived from recycled water projects are properly taken into account, most 

Bay Area projects turn out to be both affordable and cost competitive with other water 

management options. 

Recycled Water is Cost Competitive with Other Supply Options 
The State’s Recycled Water Task Force convened in 2001 estimated that capital costs for 

recycled water averaged about $683 per acre-foot and O&M costs about $342 per acre-foot for 

a total unit cost of about $1,025 per acre-foot (updated to today’s dollars).  The Task Force 

report noted this cost was comparable to costs of other water supply options, including new 

dams and reservoirs or desalination. The Task Force’s average unit cost estimate is very close 

to the average unit cost of 26 Bay Area recycled water projects evaluated in 2005.  Collectively, 

the Bay Area projects had an average unit cost between $1,000 and $1,200 per acre-foot. 
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Perceptions about the relative cost of recycled water are frequently based on unequal 

comparisons.  The cost of recycled water at the customer tap is frequently compared to the cost 

of other water supplies at their source, without taking into account the transmission, treatment, 

and distribution cost associated with moving water from a source to the customer tap. 

Cost comparisons with other supply options commonly ignore differences in delivery reliability, 

which is of critical importance to the Bay Area.  They also frequently ignore avoided costs of 

wastewater disposal and environmental impact. 

Most Recycled Water Projects Proposed in the Bay Area Make Economic Sense 
Bay Area recycled water projects make economic sense in most cases.  Contrary to assertions 

that most recycled water projects are economic losers, regional studies involving detailed 

economic analyses of specific project proposals have concluded that the economic benefits 

would exceed costs of construction and operation over a broad range of implementation levels.  

Cost comparisons with other supply alternatives are generally favorable.  This is not to say that 

all recycled water projects are sound economic investments.  Each project must be able to 

stand on its own bottom line in terms of the benefits it produces for the Bay Area.  Agencies 

must utilize rigorous benefit-cost tests as a part of project screening and prioritizing. 

Recycled Water Implementation Opportunities and Challenges 
While the Bay Area IRWP and BARWRP studies have shown tremendous potential for recycled 

water in the Bay Area, there are a number of implementation challenges the region must 

address in order to realize this potential.  These challenges include securing state and federal 

participation in regional recycled water projects; coordinating local recycled water plans and 

projects for regional benefits; resolving jurisdictional constraints; improving public knowledge 

and understanding of recycled water; and addressing public health risk perceptions. 

State and Federal Participation is Essential to Implementation of a Large-Scale Regional 
Recycling Program 
Single-entity financing is often unsuited to financing large-scale recycled water programs in the 

Bay Area because of jurisdictional boundary issues.  Economically beneficial recycled water 

projects are at risk of not getting implemented without state and federal participation. State and 

federal participation were instrumental in developing the Bay Area’s water recycling regional 

master plan and State funding was instrumental in developing the Bay Area IRWMP.  The State 

Recycled Water Task Force concluded there is a State and federal interest in regional recycling.  
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As noted by Congressman George Miller, “[i]t only takes a small federal investment in the Bay 

Area Water Recycling Program to yield massive dividends to [the] region over time.” 

Regional Implementation of Recycling Requires a Regional Recycling Program 
BARWRP and the Bay Area IRWMP both stress the need for a regional recycled water program 

to address water agency jurisdictional boundary issues, inter-agency agreements, utility service 

duplication, and cost and revenue sharing agreements. Such a program would provide essential 

coordination functions, including: 

• Prioritizing recycled water projects and activities; 

• Identifying when, where, and how to interconnect the local recycled water projects to 

support the long-term interests of the region; 

• Providing a forum to assist in balancing differences that may exist between local water 

or wastewater jurisdictions; 

• Providing guidelines for recycled water project cost-sharing agreements; 

• Developing and administering a regional program to facilitate transfers and exchanges of 

water among water entities and water recycling producers; and 

• Developing and administering a regional water banking or wastewater discharge credit 

system. 

Expanding Recycled Water Use in the Bay Area Requires Resources Devoted to the 
Public Understanding of Water Reuse 
Public understanding of recycled water can be as complex as the engineering required to 

produce it and likewise requires a regional investment in public information.  Public resistance to 

recycled water projects often derives from fundamental misunderstandings about the water 

cycle, upstream and downstream water reuse, and intended uses of recycled water.  Regional 

recycling cannot move forward without public understanding of and confidence in the resource.  

Public confidence in the safe application of recycled water varies by type of use. When 

discussing the safety of recycled water, it is important to emphasize matching appropriate 

technology to intended use.  There is a large body of research showing that recycled water can 

be made safe for all intended uses when paired with the appropriate treatment technologies. 

Improving public understanding of water reuse will require informational programs designed to 

provide the public with: 
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• A better understanding of regional imported and locally derived water supplies; their 

respective reliability and sustainability; and the extent to which they are shared with 

other users within and outside of the region. 

• More information about the various technologies that can be used in combination or 

alone to produce recycled water appropriate to specific circumstances or uses. 

• Additional public information about risks of recycled water given appropriate pairings of 

treatment technology with intended uses, so as to avoid excessive investment in 

treatment technologies providing little or no additional risk reduction benefits for the 

intended uses of the water. 

Moreover, meaningful public involvement must be incorporated into all phases of planning, 

development, and construction of recycled water projects.  Responses to community concerns 

about public safety and environmental risks of recycled water must be addressed openly, using 

the best available science and information.  To advance water recycling in the Bay Area water 

agencies and regional leaders must invest in general public awareness and understanding of 

how recycled water can be safely used to address some of the most pressing water issues 

confronting the Bay Area. 
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4.3.6 Legal Constraints 

There are no existing legal constraints on the Water Agency’s ability to use its groundwater supply.  The 
Water Agency’s pumping rights are shown in Table 4-10. 
 

Table 4-10. Water Agency Groundwater Pumping Rights 
(ac-ft/yr) 

Basin Name Pumping Right – ac-ft/yr 

Santa Rosa Plain (1-55.01) Not limited 

Total Not limited 

Source: DWR, 2003 

4.4 Transfer and Exchange Opportunities 
Currently, the Water Agency does not transfer and/or exchange water with other entities, and it is not 
anticipated that transfers or exchanges will occur in the future (Table 4-11).  Water transfers between 
the Water Agency’s Customers have been necessary in the past and may be necessary in the future to 
improve water reliability.  The Restructured Agreement authorizes water transfers between water 
contractors in certain limited circumstances. 
 

Table 4-11. (DWR Table 20) Transfer or Exchange Opportunities 
(ac-ft/yr) 

Transfer Agency 
Transfer or Exchange Opportunities 

Transfer or 
Exchange 

Short Term or 
Long Term 

Proposed 
Quantities 

N/A 0 0 0 

Total 0 0 0 

4.5 Desalination 
Desalinated water is not currently a viable option for Water Agency water supply, as the ocean is not 
immediately adjacent to the Water Agency’s facilities and the Water Agency’s wells produce neither 
brackish nor impaired groundwater.  

Although the Water Agency is not pursuing desalination as a potential water supply, some of its water 
contractors or customers may explore the option in the future.  MMWD has constructed a pilot-scale 
desalination plant (the Seawater Desalination Pilot Plant).  The status of MMWD’s desalination program 
is provided in their UWMP. 

4.6 Recycled Water 
Water recycling is the treatment and management of municipal, industrial, or agricultural wastewater to 
produce water that can be reused for beneficial uses and offset demands for potable water supplies.  
Water recycling provides an additional source of water that can be used for purposes such as irrigation, 
groundwater recharge, industrial uses, and environmental restoration.  Recycled water has been 
identified as a key water supply in the California Water Plan.  “Recycled water” is defined in the 
California Water Code as “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.”  The California Department of Public 
Health (CDPH) sets the water quality criteria for specific uses of recycled water in Title 22 of the 
California Code of Regulations.   
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The Water Agency does not supply recycled water to its Customers, but is involved with coordinating 
recycled water programs including funding for projects that offset Water Agency water deliveries.  In 
addition, through its sanitation districts and zones, the Water Agency is involved with planning potential 
future recycled water projects with the Town of Windsor and in the Sonoma Valley with the City of 
Sonoma and the Valley of the Moon Water District.  These efforts are discussed below. 

4.6.1 Coordination and Promotion of Recycled Water Use 

The use of recycled water reduces peak demands on the Water Agency’s water supply system and the 
need to construct additional water storage facilities.  Some of the Water Agency’s Customers have 
developed recycled water plans in coordination with the wastewater treatment facilities within their local 
service areas. 

The Water Agency and its water contractors encourage recycled water use by funding recycled water 
projects.  Funds are collected as part of the Water Agency water rates, for the Local Supply/Recycled 
Water/Tier 2 Conservation Fund known, also known as LRT2.  A total of $4,144,272 has been disbursed 
for recycled water projects between the program’s inception on July 1, 2000 and June 30, 2010.  There 
are no currently planned recycled water projects utilizing these funds. DWR Table 25 is not included 
since the Water Agency does not directly supply recycled water. 

Recognizing the growing need for an integrated and regional approach to water management, the Water 
Agency helped form the North Bay Water Reuse Authority (Authority).  The Authority consists of Water 
and Waste Water Agencies in Sonoma, Marin and Napa Counties.  These Agencies joined forces to plan 
and promote projects that would considerably expand the use of recycled water region-wide, including 
areas in Sonoma Valley and North Marin.  Projects would build on commitments to long-term inter-
agency cooperation to address common needs related to reliable water supplies and enhanced 
environmental restoration.  The Authority provides a model for maximizing the benefits of limited water 
resources in the west. 

4.6.2 Wastewater Collection, Treatment, and Disposal 

Wastewater collection, treatment, and disposal within the Water Agency service area is the responsibility 
of six main wastewater treatment plants owned by: Forestville Water District, Novato Sanitary District, 
City of Petaluma (Petaluma Wastewater Treatment Facility), Santa Rosa Subregional Reclamation 
System (Subregional System), Sonoma Valley County Sanitation District, and the Town of Windsor Water 
Reclamation Division.  The Subregional System and the Town of Windsor Water Reclamation Division 
both export some of their treated wastewater to the Geysers Recharge Project.  The wastewater facilities 
owned by the Sonoma Valley County Sanitation District are operated and maintained under contract by 
the Water Agency.  The Water Agency also operates other wastewater treatment facilities in the region 
including the Airport-Larkfield-Wikiup Sanitation Zone (ALWSZ).  Therefore, DWR Table 21 is not included 
in this Plan. 

Within the Water Agency’s service area, discharge of treated wastewater is regulated by the North Coast 
Regional Water Quality Control Board and the San Francisco Bay Regional Water Quality Control Board 
depending on the point of discharge.  In general, the majority of the wastewater generated and treated 
during the summer months that is not delivered to Geysers Recharge Project is used for alternative 
beneficial uses such as wetland habitat and restoration and irrigation for agriculture, pastures, 
vineyards, urban uses and golf courses.  The use of the recycled water helps offset part of the potable 
and agricultural water demand during the peak summer months.  The disposal of treated wastewater 
(i.e., non-recycled) is discussed in each of the Customers’ individual urban water management plans. 
Therefore, DWR Table 22 is not included in this Plan.  The Water Agency is involved with planning 
activities for the following potential future recycled water projects. 



Sonoma County Water Agency 2010 UWMP Section 4

 

 4-20

 

4.6.3 Sonoma Valley County Sanitation District 

Municipal wastewater services in the Sonoma Valley are provided by the Sonoma Valley County 
Sanitation District (SVCSD), which is managed and operated by the Water Agency.  SVCSD collects, 
treats, and disposes of wastewater generated from within the service areas of the Valley of the Moon 
Water District and the City of Sonoma.  The SVCSD reclamation facility provides a tertiary level of 
treatment.  The facility has a permitted average dry weather flow capacity of 3 mgd and is capable of 
treating up to 16 mgd.  From 2000 to 2010, the annual volume of wastewater treated by the plant 
ranged from approximately 3,500 (in 2007) to 4,800 (in 2006) acre-feet. 

Treated wastewater is currently either discharged to the San Pablo Bay via Schell and Hudeman Slough 
or is reused by dairy and vineyard operations in the southern part of the Sonoma Valley.  In 2009 
approximately 1,500 acre-feet of treated water was reused, thus offsetting groundwater pumping by this 
amount.  In recent years, the SVCSD has explored the feasibility of expanding recycled water use to 
offset local groundwater pumping or imported Russian River water in addition to reducing or eliminating 
discharges to San Pablo Bay. 

The City of Sonoma and Valley of the Moon Water District meet the water supply needs of their 
customers by importing water into the valley from the Water Agency, pumping local groundwater within 
the valley, and implementing water conservation programs.  A recent USGS study has found that saline 
water intrusion in the southern part of the valley could be occurring in the vicinity of a groundwater 
depression within and to the southeast of the City of Sonoma’s service area.  The use of recycled water 
to offset Valley of the Mood Water District, City of Sonoma, and agricultural groundwater pumping can 
help alleviate the potential for saline water migration in the Sonoma Valley, thus enhancing the reliability 
of their water supply. 

In addition to their own source of funds, the SVCSD and Water Agency have received funding via the U.S. 
Bureau of Reclamation’s Title XVI Program over the last several years as part of the North Bay Water 
Reuse Program for preparation of a feasibility study to develop a regional water recycling plan including 
preparation of environmental documents, engineering report, and a financial plan.  As part of the North 
Bay Water Reuse Program, SVCSD has also recently received project design and construction funding 
from the Bureau of Reclamation, U.S. Department of Interior American Recovery and Reinvestment Act 
of 2009 (stimulus funding).  These funds are being used to design and/or construct components of the 
SVCSD’s recycled water distribution systems, including a portion of the pipeline to provide water to 
restoration of the Napa-Sonoma Marsh.  SVCSD also received Proposition 50 funds through the Bay Area 
Integrated Regional Water Management Plan process to design another portion of the recycled water 
pipeline to serve Napa-Sonoma Marsh wetland restoration.  Finally, SVCSD has applied for Proposition 
84 funding from DWR through the Bay Area Integrated Regional Water Management Plan under the 
North Bay Water Reuse Program to continue design and construction work on expanding the recycled 
water distribution system. 

The projects to be constructed for the SVCSD with stimulus funding include a storage pond to hold winter 
and spring recycled water for use in the irrigation season, improvements to pumping facilities at the 
treatment plant, and construction of approximately 5,000 feet of pipeline to convey recycled water from 
the treatment plant to the northwest near Highway 12 and Watmaugh Road.  These projects can be 
expanded by the City of Sonoma and the Valley of the Moon Water District (in coordination with the 
SVCSD and Water Agency), to increase the offset of groundwater pumping or to offset Water Agency 
supplied water to the City of Sonoma and Valley of the Moon Water District in the future assuming 
additional funding becomes available. 
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4.6.4 Airport-Larkfield-Wikiup Sanitation Zone 

The Water Agency owns and operates the Airport-Larkfield-Wikiup Sanitation Zone (ALWSZ), which 
includes the Airport Business Park in its service area.  The Town of Windsor supplies potable water to the 
Airport Business Park.  The Water Agency and the Town are conducting a feasibility study to evaluate the 
use of ALWSZ and Town recycled water in the business park and other areas of the Town of Windsor’s 
water service area to offset use of the Russian River water for landscaping purposes. 

4.6.5 Recycled Water Use 

Individual Customers’ urban water management plans provide information related to amount of recycled 
water used.  Therefore, DWR Tables 23 and 24 are not included in this Plan. 

Some of the Water Agency’s Customers have developed recycled water system master plans and 
programs.  Current programs include using recycled water for irrigation of agricultural areas, parks, 
commercial properties, residential landscapes, golf courses and vineyards to offset potable and 
nonpotable water demands.   

4.7 Current and Projected Water Supplies 
This section provides projections of the future water supply quantities available for delivery by the Water 
Agency to its Customers.  Future water supply projections are dependent upon planned infrastructure 
improvements being approved and constructed as summarized in Table 4-12 and upon the assumptions 
discussed in Section 1.6. 

The Water Agency evaluated the projected demands requested by its Customers and Russian River 
customers through 2035.  Based on this assessment, additional water supply projects will be needed to 
meet these projected demands.   The types of projects and their estimated schedule are summarized in 
Table 4-12.  These projects consist of obtaining additional water rights or modifying the terms of existing 
water rights, new water supply diversion facilities, and certain transmission system projects necessary to 
convey these additional supplies to portions of the transmission system where the demands are 
anticipated to occur.  The schedule shown in Table 4-12 assumes that the Water Agency’s Customers 
will determine these projects are affordable and support their financing.  Table 4-13 summarizes the 
Water Agency’s known and expected Russian River and groundwater supplies between 2010 and 2035.  
The following describes how these projects were identified. 

Based on the water demand projections described in Section 3.0, the Water Agency estimates that it will 
be necessary to increase its annual diversion and rediversion limit of 75,000 ac-ft/yr by about 2027.  
The projected increase in the Water Agency’s annual diversion and rediversion limit of Russian River 
water is estimated to be about 5,000 ac-ft/yr in 2035. In order for the State Water Resources Control 
Board to act on a petition to increase these limits, the Water Agency will need to prepare an 
Environmental Impact Report under CEQA.  

Additional water diversion facilities will be needed to meet future demands.  To estimate the additional 
capacity and schedule for these new facilities, the projected annual deliveries were input into a model 
that correlates annual deliveries to peak system demands.  These new estimated peak demands were 
then compared to the peak capacity of the existing facilities to determine how much additional 
production capacity will be necessary to meet projected demands.  Based on this evaluation, the Water 
Agency estimates that approximately 7 mgd of additional diversion capacity will be needed starting 
about 2030.  This additional production capacity can likely be developed by installing new wells (or 
perhaps retrofitting existing wells) in the Wohler and Mirabel areas.  Additional studies will be necessary 
to refine this future project and to examine alternatives.  The Water Agency will need to comply with 
CEQA to implement such a project. 
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APPLICATION FORM
State of California - The Resources Agency - California River Parkways Grant Program

Water Security, Clean Drinking Water, Coastal and Beach Protection Act of 2002 – Proposition 50

Project Name Grant Amount Requested:           $_________________
Estimtated Date of Completion:      ____________________
Estimated Total Project Cost:     $

(State Grant and other funds and In-Kind donations)
APPLICANT (Agency and address - including zip code) County Nearest City to Project

Project Address

Nearest Cross Street

Senate District No. Assembly District No.

Applicant's Representative Authorized in Resolution

Name: Title:

Phone:  Email Address:

Person with day to day responsibility for project (if different from authorized representative)

Name: Title:

Phone:  Email Address:

Longitude

Coordinates Represent:_____________________

Coordinates Determined Using:_______________

Name of River, Stream or Creek:   __________________________________________________________________

CALFED Solution Area
San Gabriel and Los Angeles River Watersheds
Disadvantaged Community

For Development Projects - Project is _______ acres: For Acquisition projects - Project will be________acres:

  _____________ feet / miles of trails to be created   _____________ feet / miles of trails to be created

  _____________ acres of habitat to be restored   _____________ acres of habitat to be restored

Acres owned in fee simple by Applicant: Acquire in fee simple by Applicant:

Acres available under a ________ year lease: Acquire in other than fee simple (explain):
Landowner Name:
Acres other interest (explain):

APN Number(s): APN Number(s):

Signed:
Date

I certify that the information contained in this project application, including required attachments, is complete and accurate.

Applicant's Authorized Representative as shown in Resolution

Latitude
(Summarize major activities to be funded by this Grant)

(See next page for instructions and choices)

Recreation   ………………………………
Habitat   ………………………………….. Check if project is located in:
Flood Management   …………………….
Conversion ……………………………….
Conservation & Interpretive Enhancement

Check one:
Non-Profit

Public Agency

Brief description of project 

Check only two (2) 
statutory 

conditions

1.    Application Form

Sausal Creek Restoration Project 
at Dimond Park

Alameda   Oakland
3860 Hanly Road
Oakland, CA
Dimond / MacArthur Blvd.

Creek Restoration, Bank stabilization, Fish passage,
Trails and Interpretive Elements,  Native Riparian 
Vegetation Restoration

37º 48’ 25” N  122º 12’ 51” W
       Actual Location
    Topozone

District 9   District 16  

X

X

Lesley Estes 
Watershed Improvements Program
City of Oakland
250 Frank Ogawa Plaza, Suite 5301 

Oakland, CA 94612

X

1.15

1.15

10/01/2010
2,896,980

Sausal Creek

300 l.f.

Lesley Estes        Watershed Program Supervisor

510.238.7431             lcestes@oaklandnet.net

Kristin Hathaway       Watershed Program Specialist 

510.238.7571                 khathaway@oaklandnet.net

1,818,980

.90

City of Oakland

City: 029A 132103601, Private: 024 053900600, 700, 800, 05190100, 200, 300, 400, 051902400, 500, 600, 700, 800, 051900601

Private Ownership
13 privately owned lots adjoin park at project site
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2.    Summary

PROJECT SUMMARY:

The Sausal Creek Restoration Project at Dimond Canyon Park will include 745 linear feet of 
channel restoration of which 180 linear feet involves channel daylighting.  In total this project 
will enhance and create over 1.15 acres of riparian habitat in a highly urban area within 
the City of Oakland.  This riparian restoration is adjacent to successful restoration work 
within Dimond Canyon just upstream, and will remove significant barriers to fish passage, 
reconnecting reaches of Sausal Creek for the native rainbow trout after decades of being 
disconnected.  In addition to the daylighting and improved fish passage, failing walls, invasive 
plants, and eroding bank will all be addressed.  

The Friends of Sausal Creek is enthusiastic about the plan because it provides opportunities 
for more biodiversity and high quality riparian habitat.  In addition, the greater community 
and adjacent property owners are supportive of the plan because it uses the multiple objective 
approach to stabilize steep banks using soil bioengineering methods.  Due to past restoration 
in the vicinity, the community understands the restoration process and sees the value of the 
multiple objective approach to stabilizing their banks and restoring their creek. 

The interpretive component and its associated trail draw visitors into the creek corridor, 
raising awareness of both the creek and the restoration and daylighting process.  Overlooks 
and interpretive features will describe the benefits of restoration and the impacts of human 
actions within the creek corridor and watershed.  

The Friends of Sausal Creek and the City of Oakland have long worked in concert to restore 
Sausal Creek.  This project addresses one of a number of Priority 1 actions outlined in the 
Sausal Creek Watershed Action Plan published in 2000 for the Friends of Sausal Creek. 

PROJECT COST ESTiMATE

Description            Cost

Project Management, Public Involvement, Planning & Design, Permitting*     $ 360,000

Mobilization & preconstruction:  dewatering, tree protection, erosion control      $ 94,406

Demolition & site work:  grading, channel engineering, large tree removal*    $ 633,492

Bioengineering & revegetation*           $ 263,609

Trails                  $ 87,638  

Interpretive features, headwalls/overlooks, seatwalls and site furnishings      $ 214,472

10% contingency              $ 165,361

Total              $1,818,980

*$600,000 in project matching funds is available from the City of Oakland for planning and 
design fees; $300,000 in project matching funds is available from the Alameda County Flood 
Control and Water Conservation District; and $80,000 of in-kind volunteer hours is available 
from the Friends of Sausal Creek. 
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A.  STATUTORY COnDiTiOnS 

Condition 2: Habitat

a) The primary purpose of this project is to restore 565 linear feet of creek channel and 
floodplain, and repair 900 linear feet of failing banks within the existing open reach of 
Sausal Creek in Dimond Park.  An additional 180 linear feet of adjacent creek channel 
that is currently buried in a 10’ reinforced concrete pipe (RCP) will be daylighted for a 
total of 745 linear feet of restoration.  Both reaches will have the native riparian corridor 
restored.  A total of 1.15 acres of riparian habitat will be reestablished in this project.  
In addition to the channel restoration, two creek overlook points connected by 300 
linear feet of creek-side, universally accessible (ADA compliant), walking paths will be 
constructed.

b) Although the lower reaches of the Sausal Creek watershed are highly urbanized, the 
upper and middle reaches of the watershed, where this reach is located, support a 
native population of rainbow trout (Oncorhynchus mykiss).  Removing barriers to fish 
and improving habitat structure are primary habitat goals.  Secondary goals include 
buffering water temperatures, improving water quality via restoration of sediment 
transport processes and creating terrestrial conditions that increase food sources for 
fishes.  

c) This project will restore a total of 745 linear feet of creek channel and remove a culvert 
spillway that is currently a barrier to fish passage. This work will reconnect this 
restoration reach with high quality aquatic habitat upstream of this project and will 
significantly expand the migration range of rainbow trout in Sausal Creek.  High quality 
habitat will develop over time in this reach through the inclusion of features that foster 
channel complexity.  These features will include boulder and log induced plunge pools, 
rootwads and large wood to provide cover and high flow refuge, as well as extensive 
bank and near-channel native planting for shade and to provide riparian habitat that 
promotes re-colonization of macroinvertebrates.

 o Structures: 

 The restoration plan will reestablish bankfull channel geometry, pool and riffle 
sequencing, and maximize floodplain creation within the corridor.  The daylighting of 
180 feet of upstream culvert and spillway will help to provide fish passage into the high 
quality upper reaches of Sausal Creek.  Step pool structure will be constructed below 
the remaining section of culvert and will provide for sediment transport.  

 o Functions:   

 This project will restore channel function by ensuring sediment transport is maintained 
through the project reach.  Channel incision has occurred due to the existing spillway 
constructed below the upstream culvert outfall.  The removal of this structure and 
daylighting of 180 feet of culvert upstream will reduce the destabilizing factors affecting 
this reach. In addition, the creation of a step-pool structure that can accommodate 
the erosive forces of the upstream culvert will prevent incision and will also provide 
for sediment transport and fish passage at a wider range of channel discharges.  
Reestablishment of channel floodplain will provide room for additional habitat 

3.    Project Evaluation Questions
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3.    Project Evaluation Questions

complexity and reduce velocities for higher stage events reducing the potential for bank 
erosion.

 The channel restoration will provide passage for the rainbow trout, and potentially 
increase spawning habitat.  Creation of channel pools and vegetative and woody debris 
cover will provide for summer habitat and protective cover.

 o Dynamics:  

 The restoration design will accommodate a broader riparian corridor for increased 
hydro-biological interactions.  The channel restoration will restore a native riparian 
corridor that approaches the historical diversity and density of plant species.  The 
existing non-native plant species will be removed and the Friends of Sausal Creek, 
a local creek-advocacy organization, will raise watershed-native plant stock in their 
native plant nursery.  The riparian vegetation and increased floodplain, coupled with 
the soil bioengineering will provide the level of bank stabilization required in this urban 
context, while maximizing the space for small scale disturbances and changes overtime 
that are responsible for supporting the complex systems required to support species 
diversity.

d) No wetland creation outside of the creek corridor will be included in this restoration 
plan.

e) Soil bioengineering treatments will be used extensively in this project.  Due to the 
existing failing banks along the right bank where private home are located at the 
top of the over-steepened banks, rock boulders will be used at the toe to stabilize the 
bank.  Rock placed at the toe will be joint-planted with live willow poles and dogwood 
cuttings to reduce near-bank channel velocities and provide for habitat development.

f) The sites’ susceptibility to external events, such as flooding and fire, is typical for 
creeks and riparian areas within the Bay Area.  The restoration work will create a more 
resilient site and buffer against any long term damage to the creek and to personal 
property.  Typical precautions required of restoration in waterways will be undertaken 
to reduce the risk of damage if a disturbance were to occur during construction.

g) No conflicting projects are planned at this time.  While the City and Friends of Sausal 
Creek have other restoration projects planned within the watershed, all of them are 
complementary.

h) The right bank of the restoration project reach is failing due to channel incision 
associated with the existing in-channel concrete structures.  Significant bank loss 
occurred during the New Year’s storm event of 2005.  There is potential for further loss 
of the channel banks that could result in an emergency project that would not include 
restoration objectives.  The opportunity for restoring this reach could be lost as a result.  
Because of the existing channel erosion, the existing habitat value is moderate to low.  
If this project does not occur the habitat value will continue to decrease.  Emergency 
repairs would likely include the installation of riprap, further reducing habitat.
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3.    Project Evaluation Questions

Condition 5: Conservation and Interpretative Enhancements

a) The project will feature a “Creek Walk” that will loop off of the existing park pedestrian 
trail and provide an overlook at the location of the creek confluence.  The Creek Walk 
will follow the heavily used existing park path that connects several neighborhoods 
with the Dimond Canyon Recreation Center which includes playground structures, 
a swimming pool and nature trails.  The Creek Walk will provide a wide range of 
users with an understanding of the biological richness of the Sausal Creek watershed 
including the presence of the native rainbow trout.

 One of the overlooks along the Creek Walk offers a direct view of a confluence where 
a storm drain fed reach joins Sausal Creek, providing an excellent opportunity to 
interpret the connection between storm drains and creeks in urban environments.  This 
confluence will be one of the five interpretive elements to be implemented with the 
restoration project.  Because vandalism is a significant threat in urban environments, 
signage is not the preferred interpretation method for this project.  Specific elements 
will be developed with an interpretive artist consultant who will work with the City of 
Oakland, Friends group, and local community. 

b) The proposed interpretive elements will be informative and artistic with the goal of 
the interpretive program to creatively reveal natural processes on-site in a manner 
that adds an additional layer of meaning and significance for Sausal Creek in Dimond 
Park.  Creating an interpretive program that reveals the dynamic nature of the site by 
explaining how the creek changes overtime will engage the frequent and infrequent 
park visitors alike.  Natural process themes to be explored include native fisheries, 
urban hydrology, and native riparian vegetation.  One of the most important elements 
in the interpretation of the Sausal Creek watershed is the significant contribution local 
community members have made in restoring and preserving this resource.  The Friends 
of Sausal Creek (FOSC) represents one of the most active “friends” groups in the 
country.  

c) Sausal Creek drains 4.15 square miles of the western facing Oakland hills before 
reaching heavily industrial Oakland Estuary.  Approximately 80,000 people live within 
the watershed, yet it has maintained viable habitat for native fishes.  The project builds 
on the restoration work that was completed upstream in Dimond Canyon where 
several failing dams were removed and the Friends of Sausal Creek planted over 
40,000 plants propagated by the Friends nursery.  The restoration reach is located in the 
urban flatlands just at the base of the Oakland hills.  It serves as a gateway to the more 
“wildland” area of Dimond Canyon.  Upstream of Dimond Canyon are public open 
spaces managed by the East Bay Regional Park District.

d) There are currently no urban creeks in Oakland that contain an interpretive program.  
This will be the first creek-side interpretive program within the City of Oakland.

e) The City of Oakland has a prioritized list of creek restoration projects and the Friends of 
Sausal Creek have a multi-decade plan to address Sausal Creek restoration goals.  The 
restoration of this project reach has been identified as a top priority for both the City of 
Oakland and the Friends of Sausal Creek.
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3.    Project Evaluation Questions

B. STATEwiDE RESOURCE PRiORiTiES 

1. Collaboration with agencies and other interested parties

a) Interagency partnerships include City of Oakland (lead agency), Alameda County 
Flood Control and Water Conservation District, and the Friends of Sausal Creek.  In 
1996, the Friends of Sausal Creek was formed by the City of Oakland, and the Alameda 
County Flood Control and Water Conservation District. An independent non-profit 
group, the Friends of Sausal Creek is interested in the entire Sausal Creek Watershed, 
and has organized weekly restoration activities, clean-up days, seed collection hikes, 
native plant propagation activities, water quality monitoring of the creek, and has 
planted a native plant garden and a riparian restoration site at the lower end of the 
hiking trail in Dimond Park.  For this restoration project, the City of Oakland will 
serve as the lead agency.  The Friends will conduct outreach efforts, provide plants 
through its native plant nursery and lead volunteers in planting and weeding activities 
at the site.   The Alameda County Flood Control and Water Conservation District will 
provide engineering support and design review. The City of Oakland will also provide 
engineering support and design review as well as oversee the implementation and post-
project monitoring and maintenance. 

b) The Friends of Sausal Creek is an extremely active community organization.  With over 
1200 current members, the organization regularly brings out hundreds of volunteers 
to conduct invasive plant removal, native plantings and trail construction in the Sausal 
Creek watershed.   The current restoration project reach contains 13 property owners 
along the right bank who have been involved in the development of the project.  All of 
these property owners strongly support this project and some are also members of the 
Friends of Sausal Creek.

2. Economic Benefit 

a) Dimond Park is a linear park with adjacent neighborhoods that contain middle and 
low income housing.  These neighborhoods have undergone a revitalization in recent 
years that has focused on the park. This project will provide economic benefit to the 
properties affected by the restoration project. Property values will be increased by the 
stabilization of creek banks on the property and by the removal of the concrete spillway 
that is undermining the integrity of several of the properties. 

b) The restoration project is located in the Dimond District of Oakland. The City of 
Oakland Community and Economic Development Agency has been targeting the 
Dimond District for on-going revitalization work including a $3 million streetscape 
project, neighborhood commercial façade grant program, and on-going support for the 
organizing of the area merchants.  The goal of the streetscape project, recently awarded 
$2M Metropolitan Transportation Commission Transportation for Livable Communities 
grant (expected completion by 2009), is to implement specific pedestrian safety 
improvements and enhance the walkability of the Dimond District.  One of the key 
foci will be to connect public art and other pedestrian-oriented amenities to the natural 
history of the District and as part of this, to increase awareness and accessibility to the 
adjacent Sausal Creek running through the District and just upstream in Dimond Park.
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3.    Project Evaluation Questions

c) This project  is part of a larger effort to improve public features in the Dimond District. 
In addition to revitalizing merchant areas, improving park features and stabilizing 
banks on adjacent private properties will improve the economic value of properties in 
the District.

d) This project is part of a long-term effort to develop a Sausal Creek trail that will traverse 
the City of Oakland to connect San Francisco Bay trails to the hills where East Bay 
Regional Park District has numerous wildland parks.   This project will expand and 
improve a creek-side trail that links the trails of Dimond Canyon to the revitalization 
efforts taking place just downstream in the Dimond Merchant District. As mentioned, 
the Dimond Merchant District streetscape improvements, which highlight the natural 
history and resources of the area, will direct visitors towards the park and creek 
restoration. 

3. Use of Recycled or Reclaimed Water, Recycled Materials and/or Energy Efficiency

a) This project will connect to the existing irrigation system for the park.  The restoration 
plantings will not require any additional watering past the second or third year.  In 
addition, lawn areas that are currently being irrigated will be transformed to riparian 
habitat thus reducing the long-term watering needs of the park.

b) Project detailing has not yet been conducted for this project.  The City of Oakland has 
used recycled materials in its other restoration projects and the use of recycled materials 
will be given priority in the selection of the construction materials required for the site.

c) The majority of the project plant materials will come from the Friends of Sausal Creek 
local watershed nursery, therefore the seed collection, propagation, and final plantings 
will all take place within less than a mile radius.  Material removal will be kept to a 
minimum by providing soil fill locations on-site and reusing trees in the restoration of 
the creek.

4. Other Statutory Conditions Met

a) Flood Control:  This project will repair flood damages incurred in the New Years storm 
event of 2005 and will provide for a dynamically stable channel with greater channel 
capacity. 

 Recreation:  The project will provide for an additional 300 feet of fully accessible trails 
and two creek overlooks.  This project is located on the existing trail system that will 
eventually connect the Oakland Estuary to the Regional Parks of the upper watershed.

C. ACCESS AnD LOCATiOn (15 POinTS)

1. The restoration work and interpretive program are being conducted in Dimond Park, a 
City of Oakland public park.  The park is linear in nature and there are numerous entry 
sites into adjacent neighborhoods.

2. The community surrounding the project site in Dimond Park is multi-ethnic with 
various income levels.  The park is a multi-use park that includes a swimming pool, 
recreation center, tot-lot, large group picnic area, and a playing field in addition to the 
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creek. All facilities are used heavily year-round by neighborhood residents as well as 
school, summer day camps and community groups. The new trail and interpretive 
elements will further encourage use of the site and will bring more attention to the 
presence of the creek in the park. 

3. The park is located in an urban neighborhood with hundreds of residences within an 
easy walk of the site.  The park can be accessed by car at numerous locations and by 
well developed public bus routes that connect the park and neighborhood with regional 
transit including BART.  The Dimond District commercial center is within ¼ mile of the 
restoration site.  The restoration site is located on an existing trail system that connects 
the neighborhood to the San Francisco Bay Trail and the Bay Area Ridge Trail.

4. City of Oakland parks are open all year but close sunrise to sunset, although there is no 
fencing used during the closure hours.  The park has a recreation center with full time 
staff.  The recreation center is open all year as well.

5. The Friends of Sausal Creek, the City’s Watershed Program, and creek-side property 
owners have reached a consensus on this issue.  The restoration reach will provide for 
the public to access the riparian corridor from the top of bank and not encourage access 
to the lower channel.  This reach will be one of the “wildland areas” that will focus on 
providing high quality trout habitat.  Public access improvements that allow for more 
intimate contact with creek are being developed within Dimond Park just upstream of 
this project site.  The interpretive program will encompass these reaches.

D. PROJECT READinESS (15 POinTS)

1. The City of Oakland and the Alameda County Flood Control and Water Conservation 
District are providing $900,000 for project.  This money will be used, in part, to fund the 
development of construction documents, enabling the design to move forward while 
the grant application is being reviewed.  It is the goal to have the design set developed 
to the 35% (schematic) or 50% CD level by the time the grant announcements are 
made.  At this time, CEQA and a first series of public meetings with the Friends group, 
creek-side property owners, and the local community members will be completed.  
After award of grant funds, the City will complete project designs, conduct regulatory 
permitting, and prepare for a public construction bid.  

2. The project cost estimate has been developed through a process that begins with the 
identification of project components and quantities. Unit costs are added and based 
on an evaluation of actual construction costs from local restoration projects.  A two-
year inflation cost is then added to each category.  Where possible, the reuse of on-site 
materials is planned into the project, including the reuse of removed trees and the 
on-site placement of excavated soil. The design also emphasizes the preference for soil 
bioengineering over traditionally engineered site features, thus lowering the overall 
materials and design costs.

3. There are no toxins suspected at this project site. The project site has been a City park 
since the area was developed in the 1920 and ’30.  Prior to this time the land use was 
grazing.  
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4. A City sewer pipe crosses the creek bed and has been unearthed due to the channel 
incision.  The project plan calls for this pipe to be buried and possibly reinforced.

5. Not Applicable

6. For Development Projects, explain the status of all of the following: 

• Preliminary plans: Completed

• CEQA compliance: Is a component of a Programmatic EIR for the City in process, to 
be finalized December 3, 2007.

• Commitments from project partners, contractors: Completed

• Planting palette and landscape designs: In Process

• Land access/tenure agreements: Near Completion.

• Applicable permits: To Be Acquired 

• Required reviews by other agencies: In Process

• Project renderings: Preliminary Design Completed

• Architectural/engineering designs: To Be Conducted.  Note, this task is funded by 
the City and portions of this task will be completed prior to award of grant funding.

• Mitigation requirements (permits or environmental clearance): Self Mitigating

• Property restrictions and/or encumbrances: Not Applicable

7. No additional factors that could compromise the project timeline have been identified at 
this time.

E. ORgAnizATiOnAL CAPACiTY AnD SUSTAinABiLiTY (10 POinTS)

1. The City of Oakland’s Watershed Program has served as the lead agency in the 
development and implementation of five successful restoration projects within the City 
including the restoration of Sausal Creek in Dimond Canyon, the restoration of Arroyo 
Viejo Creek in Arroyo Viejo Park, the restoration of Peralta Creek in Cesar Chavez Park, 
the restoration of Glen Echo Creek in Glen Echo Park, and the restoration of Arroyo 
Viejo Creek at the Oakland Zoo. Several other City-sponsored restoration projects are 
currently in design phase.

2. The City of Oakland has already contracted with multi-disciplinary restoration teams to 
provide on-call consulting services.  The City has access to some of the foremost experts 
in urban stream restoration.

3.  

a)  Long-term maintenance will consist of an adaptive management approach for the creek 
channel, bed and banks, the establishment of the native riparian corridor, and the on-
going eradication of invasive plant species.
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b) Long-term maintenance will be conducted in two ways.  The City of Oakland will 
assume responsibility for maintenance and will provide the necessary resources to 
ensure the site meets restoration goals and the public space is maintained as a high 
quality recreational resource.  Also, the extremely well organized volunteers of the 
Friends of Sausal Creek will conduct periodic clean-ups, invasive plant removal, and in-
fill plantings.  The Friends of Sausal Creek have a history of over ten years of organizing 
thousands of volunteer work hours per year. 

c) Park maintenance is funded through the City’s Lighting and Landscape Assessment 
District.

4. Protection, and overall stewardship, for this park and restoration project will continue 
to be primarily achieved through local community involvement.  There has been 
a sustained and well organized volunteer effort in the park for over 10 years.  The 
restoration plan and creek overlooks will provide additional opportunities to increase 
site lines, one of the Crime Prevention Through Environmental Design principles 
known to reduce vandalism and increase long-term care.

 An additional benefit of this project is the organizing of the local creek-side property 
owners.  Through the design development phase of this project, City Watershed 
Division staff and Oakland Police will work with the creek-side residents to develop 
a “park watch” public safety program.  This program will establish guidelines and 
avenues to work with the Community Policing department to report illicit actions in the 
creek and park.

5. Not Applicable.

F. COMMUniTY AnD REgiOnAL iMPACTS  (10 POinTS)

1. Land Use Planning and Community Involvement

a) The project service area is an existing, linear park with a creek that travels through 
and along side the park boundaries. Private property parcels contain the right bank of 
the project reach and the property owners will continue to be closely involved in the 
project.

b) Dimond Park and the adjacent Dimond Canyon comprise 35 acres of park and open 
space. This project will not alter the quantity of open-space in the area.

c) All property and park land use authorities have been contacted.  Many are active 
partners in the project.

d) The restoration will provide an additional amenity for park users and through planting 
days and other project-related activities, will foster community building among 
volunteers and neighborhood residents. It will also stabilize banks of private property 
while potentially reducing disturbances downstream by stabilizing the creek corridor 
within the project site.

e) The restoration work and associated trails and interpretive elements will serve as an 
additional park component without reducing existing park uses.  The public meetings 
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conducted to date have examined this issue and preliminary project designs have been 
responsive to user group interest.

f) No opposition has been identified to date.  

g) An initial round of public meetings has been conducted in preparation of the 
development of the preliminary design.  An additional series of meetings will include 
local residents, creek-side property owners, and the Friends group to allow direct 
dissemination of project information and feedback.  In addition to public meetings, 
information signs will be posted at the project site and project update information will 
be published in the Friend’s monthly newsletter.

h) The Friends of Sausal Creek has been in existence for over 10 years.  They will assist this 
project in a collaborative process with the City of Oakland in three ways: 1) collection 
and propagation of watershed native plant species; 2) planting container stock during 
the construction phase; and 3) ongoing invasive plant removal and in-fill plantings.  

2. Public Health

a) The paved walking paths in Dimond Park and the soft trails of Dimond Canyon are 
currently popular walking, hiking, and biking routes.  This project will provide an 
additional 300 linear feet of fully accessible creek-side paths, two creek-observation 
points, and provide three interpretive elements.  This project will significantly enhance 
the experience for users looking for hiking, running, and biking routes. Volunteer 
planting and weeding days will also provide an opportunity for creek-based physical 
activity in the park. 

b) Providing a variety of age appropriate, safe, and ecologically sound ways for users to 
experience the unique water resource of Sausal Creek is a primary goal of this project.  
Although the project reach identified for restoration is not suitable for direct physical 
access for park users, the project will provide visual access at two overlooks with 
interpretive access.  An additional interpretive location at an adjacent existing open 
reach, where the creek banks are shallow and a broad point bar offer stable creek access 
will be improved to encourage access.  This upper reach of the creek does not include 
pools important for summer fisheries habitat.  This site is also adjacent to a small 
children’s playground.

c) The project site is within an existing City of Oakland park that includes a popular 
recreation center with a swimming pool, tennis courts, walking paths, three children’s 
play areas and picnic areas. The trail created through this project connects to a larger 
trail system that links the Dimond Canyon to Oakland hills parks and the parks of the 
East Bay Regional Park District. 

d) The City of Oakland and its police department has made park safety a priority and 
has found success in facilitating communities to take pride and ownership in the park 
resources.  Active use of park resources is critical to ensuring user safety. This project 
will support the active use by providing additional park elements and thus further 
broadening the array of park users. Dimond Park is also patrolled daily by the Oakland 
Park Rangers, a unit of the Oakland Police Department, to ensure safety for all park 
users.
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e) Dimond Park is a linear park which provides local residents with an alternative non-
motorized transportation route from the Oakland hills to the Dimond Business District.  
The restoration project and associated trails will increase the diversity of trails in this 
park and encourage trail users.

f) This project will be presented in several local publications.  The Oakland Museum of 
California has developed and continues to maintain a map of Oakland’s watersheds.  
This map includes a key to the public parks in the City where creeks can be accessed.  
The map also identifies sites where restoration projects have occurred.  This project 
will be identified in the next edition of the Oakland Watershed Map.  The project will 
also be highlighted on the City of Oakland’s and Friends of Sausal Creek websites and 
volunteers will be brought to the site for planting-related activities. The Urban Creeks 
Council of California will also include the site in its tour of urban stream restoration 
projects.

g) The existing failing banks along the Sausal Creek are impairing water quality.

3. Environmental Justice

a) The improvements made through this project will add trails and high quality habitat 
in a highly diverse urban park and reveals urban ecology to a population with limited 
access to nature.  While the project is located in the Dimond District, it is less than 
a quarter mile from the Fruitvale District which is a multi-ethnic community with 
a median income level of less than $37,994.  Dimond Park receives frequent use by 
residents and school groups from the Fruitvale District. 

b) Public meetings, house visits and mailings have all been used to reach out to the 
community.  The input received has been integral in the development of the scope and 
specific details of this project.  Additional public meetings will provide a forum for 
additional community input.

c) Outreach to local residents is being conducted through multi-language meeting 
announcements.  As a coincidence, a language translation specialists who frequently 
consults for the city, is a creek-side property owner.  Her assistance will increase our 
meeting announcement outreach and meeting services.  

d) Interpretive elements may include written descriptions.   These elements will be 
provided in the three most common languages spoken in the local community.  In 
addition to multi-language elements, the site will be interpreted in other creative and 
artistic ways that are universal – not requiring written language to function.

4. Youth Employment 

 The East Bay Conservation Corps has been actively involved in the many restoration 
efforts conducted by the City of Oakland.  For the restoration project, the Corps will 
likely conduct the installation of soil bioengineering treatments as well as larger 
container stock planting that are not suitable for volunteers.  The Corps conducted the 
live cuttings and installed the soil bioengineering treatments in the restoration project in 
the upper reach of Sausal Creek of 2001.
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g. OThER SOURCES OF FUnDS (5 POinTS)

1. Funding 

a) The City of Oakland and Alameda County Flood Control and Water Conservation 
District are providing $900,000 towards this project.  The Friends of Sausal Creek will 
provide the equivalent to $80,000 in construction and maintenance costs for planting 
and invasive species eradication activities during the first 5 years of the project.

b) The project scope would likely be reduced, however the money listed above is currently 
available.

2. Disadvantaged Communities

a) While the median household income of Oakland as a whole is $40,055, the project is 
located within a quarter to half-mile of several census tracts in the Fruitvale District of 
Oakland that have a median household income of less than $37,994 including census 
tract 4056 (median household income: $36,918), census tract 4057 (median household 
income: $35,246), and census tract 4066 (median household income: $36,262. 

b) The project is located within a quarter mile of a Disadvantaged Community.

c) The project is within walking distance and is frequently used by residents of the 
Fruitvale District that come to use the community center and other park communities.  
Creating an interpretive component will provide an amenity that is currently 
unavailable in this neighborhood.

d) The City will continue to host public meetings to seek input from the greater 
community including the currently underserved Fruitvale District.

h. wATER QUALiTY AnD wATERShED PROTECTiOn (OPTiOnAL) (5 POinTS)

1. The Friends of Sausal Creek recently received a grant from the State Water Resources 
Control Board Bay Fund Program to fund the development of a Watershed 
Management Plan entitled “Assessment of an Urban Watershed as a Teaching Tool for 
Local Watershed Groups” to guide sustainable long-term restoration of the hydrological 
and biological functions of the Sausal Creek watershed.  The Watershed Plan will 
address two major water quality issues in the watershed: the effect of impervious 
surfaces on the volume and timing of storm flows on creeks and non-point source 
contaminants.  Region 2 of the State Water Board considers these issues top priorities 
of concern and also calls for the restoration of riparian and aquatic habitats in urban 
creeks.  The Plan will address and document the problem of storm flow and provide 
solutions for reducing erosion problems. This restoration project addresses the goals 
of the Watershed Management Plan by reducing impervious surface and erosions 
problems in the watershed and by focusing the interpretive program on similar themes. 
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2. The restoration project will provide dynamic stability to 565 linear feet of creek where 
banks are failing and channel incision is occurring.  An additional 180 linear feet of 
Sausal Creek will be daylighted from a buried culvert.  Both reaches will have the native 
riparian vegetation restored.  This work will likely have a measurable impact on the 
richness and density of macroinvertebrates within the project reach.  Monitoring of 
Sausal Creek invertebrates has been ongoing since 1998.  In a broader perspective, the 
project will inform park users about urban watershed issues and the benefits of healthy 
streams with specific interpretation of the connection between storm drains and the 
creek.

3. The Friends of Sausal Creek have been working in collaboration with the staff of 
SWAMP to ensure data collected follows SWAMP protocol.  FOSC members are also 
working with SWAMP staff to provide data that will be used as part of larger region-
wide study of monitoring trends in local creeks being conducted by the National 
Oceanic and Atmospheric Administration (NOAA). The Friends of Sausal Creek will 
continue to provide monitoring of all stretches of Sausal Creek following the SWAMP-
aligned protocols including the reach to be restored through this Project. 
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5.    Project Location Map
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Cross Section  1

Bankfull Dimensions Flood Dimensions Materials
27.2 x-section area (ft.sq.) 24.1 W flood prone area (ft) 30 D50 Channel (mm)
19.1 width (ft) 1.3 entrenchment ratio 110 D84 Channel (mm)
1.4 mean depth (ft) 12.7 low bank height (ft) 83 threshold grain size (mm):
1.9 max depth (ft)  6.8 low bank height ratio

20.0 wetted parimeter (ft)
1.4 hyd radi (ft)

13.5 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
6.0 velocity (ft/s) 0.043 Manning's roughness 2 channel slope (%)

163.2 discharge rate (cfs) 0.19 D'Arcy-Weisbach fric. 1.69 shear stress (lb/sq.ft.)
0.91 Froude number 6.4 resistance factor u/u* 0.93 shear velocity (ft/s)

3.9 relative roughness 10.6 unit strm power (lb/ft/s)
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Bankfull Dimensions Flood Dimensions Materials
21.8 x-section area (ft.sq.) 24.0 W flood prone area (ft) 30 D50 Channel (mm)
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8.    Local Support

 

Web 
www.sausalcreek.org 

coordinator@
sausalcreek.org

Oakland address 
P.O. Box 2737 

Oakland, CA 94602 
510-501-3672 tel 

Board of Directors
Mark Rauzon 

 President 
Biologist

Kristin Ohlson 
Vice President 

Lawyer 

Helen McKinley 
Secretary 

Environmental
Engineer

Harry Schrauth 
Treasurer 

Retired Public Works 

Patricia Bacchetti  
 Veterinarian 

Eleanor Dunn 
Veterinarian

Eric Havel 
Environmental

Educator

Kristen Hopper 
Botanist

Staff
Executive Director

Sara Marcellino 

Restoration Manager 
Kathren M. Stevenson 

 Nursery Manager 
Molly Bolt 

Friends of Sausal 
Creek is a 501(c)3    

non-profit organization. 

October 17, 2007 

California River Parkways Grant Program 
The Resources Agency 
Attn: Bonds and Grants Units 
1416 Ninth St. Suite, Suite 1311 
Sacramento, CA 95814 

Dear Sir or Madam, 

On behalf of our Board of Directors, this letter states the support of the Friends of 
Sausal Creek (FOSC) for the City of Oakland’s application for funding for the Sausal 
Creek Restoration Project at Dimond Park. The Friends of Sausal Creek plan to work 
collaboratively with the City of Oakland to bring volunteer assistance to this project 
through planting of native plants at the site and monitoring project progress. 

FOSC has worked closely with the City of Oakland for the past ten years on many 
successful projects throughout the Sausal Creek watershed including the restoration 
of Sausal Creek in Dimond Canyon, upstream of the location of the proposed 
restoration in Dimond Park. FOSC brings over ten years of experience in recruiting 
and coordinating community volunteers who have worked thousands of hours on 
restoration projects in the Sausal Creek watershed and looks forward to collaborating 
on this important creek restoration.  

In addition to recruiting volunteers, FOSC has the capability of growing thousands of 
native plants at our native plant nursery in the City’s Joaquin Miller Park for planting 
out at the project site.  

Thank you for considering this grant request. Please contact me with any questions 
you may have. 

Sincerely,

Sara Marcellino 
Executive Director 
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9.    Cost Estimate
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10.    Land Acquisitions Form

not Applicable
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11.    Project Timeline

SAUSAL CREEk iMPLEMEnTATiOn TiMELinE

2008 

Fall  Execute Grant Agreement

  Public Participation Process

Winter Restoration Design / Park Design Development

  Geomorphic Assessment

2009 

Spring  Complete Engineering Drawings (Plans, Specs, and Estimates)

  Public Bid

Summer Dewatering / Creek Restoration & Construction

Fall  Revegetation

  Park Improvements

2010 

Spring  Interpretive features installation

Summer Final Punch List
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14.    Signed Authorizing Resolution

 OAKLAND CITY COUNCIL
  

RESOLUTION NO.                              C.M.S. 

Approved as to Form and Legality 

City Attorney 

Introduced by Councilmember ___________________ 

RESOLUTION AUTHORIZING THE CITY TO APPLY FOR $1,818,980 IN 
GRANT FUNDING FROM THE CALIFORNIA RESOURCES AGENCY 
UNDER THE CALIFORNIA RIVER PARKWAYS GRANT PROGRAM AND 
TO ENTER INTO AN AGREEMENT WITH THE STATE OF CALIFORNA 
TO ACCEPT AND APPROPRIATE THE FUNDS FOR THE SAUSAL 
CREEK RESTORATION PROJECT IN DIMOND PARK 

WHEREAS,  the Legislature and the Governor of the State of California have provided Funds 
for the California River Parkways Grant Program under the Water Security, Clean Drinking 
Water, and Coastal Beach Protection Act of 2002 (Proposition 50); and 

WHEREAS, the State Resources Agency has been delegated the responsibility for the 
administration of this grant program; and 

WHEREAS, procedures established by the State Resources Agency require a resolution 
certifying the approval of an application for said funds; and

WHEREAS, the City if selected will enter into an agreement with the State of California for the 
development and implementation of the Sausal Creek Restoration Project in Dimond Park as 
specified in the project proposal; and 

WHEREAS, the City is authorized by acts governing the City to engage in the proposed 
activities necessary to implement the Sausal Creek Restoration Project in Dimond Park; now, 
therefore be it 

RESOLVED: That the City Council hereby approves filing of an application for funds and the 
accepting of funds from the State of California in the amount of $1,818,980 for the Sausal Creek 
Restoration Project in Dimond Park; and be it 

FURTHER RESOLVED:  That the City understands the assurances and certification in the 
application; and be it 

FURTHER RESOLVED: That the City will have sufficient funds to operate and maintain the 
Project or will secure the resources to do so; and be it 

FURTHER RESOLVED: That the City will comply with the provisions of Section 1771.8 of 
the State Labor Code regarding payment of prevailing wages on Projects awarded Proposition 50 
Funds; and be it 
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14.    Signed Authorizing Resolution

FURTHER RESOLVED: That the Project will comply with any laws and regulations 
including, but not limited to, legal requirements for building codes, health and safety codes, 
disabled access laws, and that prior to commencement of constructions, all applicable permits 
will have been obtained; and be it 

FURTHER RESOLVED: That the City Administrator or his/her designee is hereby authorized 
and empowered to execute in the name of the City all necessary applications, contracts, payment 
requests, agreements and amendments hereto, subject to the review and approval of the Office of 
the City Attorney, which may be necessary for the completion of the aforementioned Project. 

IN COUNCIL, OAKLAND, CALIFORNIA, __________________________,  20_______ 

PASSED BY THE FOLLOWING VOTE:

AYES - BROOKS, BRUNNER, CHANG, KERNIGHAN, NADEL, QUAN, REID, and PRESIDENT DE LA FUENTE 

NOES - 

ABSENT - 

ABSTENTION - 
ATTEST:______________________________

   LaTonda Simmons 
     City Clerk and Clerk of the Council  
       of the City of Oakland, California

This item is scheduled for planned adoption by City Council on 1/15/08.
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15.    Proof of Environmental Compliance

The Sausal Creek Restoration Project in Dimond Park has received CEQA review as part 
of a programmatic EIR developed for the City of Oakland. The EIR includes proposed 
components of the Oakland Trust for Clean Water and Safe Parks (Measure DD) Bond 
Implementation Project. The attached documents are pages of the EIR relevant to the 
Sausal Creek Restoration Project in Dimond Park and include:

• Cover sheets

• Notice of Release of Draft EIR and Public Hearing

• Project Description Section 

 A. Measure DD Background

 B. Project Objectives

 C. Proposed Measure DD Implementation Components

Group 4: City-wide Creeks Restoration, Preservation and Acquisition (pp. 58-60)

Table III-3: Required Permits and Approvals

A copy of the full Draft EIR can be accessed on-line at the following location: 

http://www.oaklandnet.com/government/ceda/revised/planningzoning/
MajorProjectsSection/environmentaldocuments.html  (Item 33)

The Draft EIR is scheduled for adoption at a hearing of the Planning Commission on 
December 3, 2007.
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance



Page 54 Sausal Creek Restoration Project At Dimond Park

15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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15.    Proof of Environmental Compliance
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16.    Restrictions/Encumbrances

 No easements or restrictions exist that will encumber the proposed Project.  There is a sewer 
easement that crosses the creek within Dimond Park.  The City of Oakland maintains all rights 
of access across the easement for maintenance and construction related work.  No known 
easements exist on the 13 private parcels adjacent to the creek.
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17.    Evidence of willing seller

not Applicable
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18.    Adequate Land Tenure
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18.    Adequate Land Tenure
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19.    Operations and Maintenance Documents

not Applicable
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20.    Stewardship Plan

not Applicable
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21.    Other Sources of Funds

SAUSAL CREEk RESTORATiOn AT DiMOnD PARk

Sources of Project Funding

Committed Funds       Dollar Amount     % of Total

City of Oakland -- Project development and design   $ 600,000  20.7%

Alameda County Flood Control and 

 Water Conservation District -- General Site work   $ 300,000  10.4%

Volunteer work       Equivalent Dollar Amount      % of Total

Friends of Sausal Creek -- Native planting and

 establishment, invasive plant removal      $ 80,000   2.8%

Total Committed Funds       $ 980,000           33.83%
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22.    Eligibility for nonprofit applications

not Applicable
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23.    CALFED Solution Area Consistency

not Applicable
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24.    San Gabriel and LA Watershed Consistency

not Applicable
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25.    Disadvantaged Community

Census Data

The median household income of Oakland as a whole is $40,055.

The project is located within a quarter to half-mile of several census tracts in the Fruitvale 
District of Oakland that have a median household income of less than $37,994 including:

Census tract 4056 (median household income: $36,918)

Census tract 4057 (median household income: $35,246)

Census tract 4066 (median household income: $36,262)
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Introduction and Overview 
The City of Oakland is planning the restoration of a section of Sausal Creek, located in 
Dimond Park in Oakland, California.  There are a number of trees within and immediately 
adjacent to the proposed project area.  Some trees, on the right bank of the creek, 
looking downstream, are located on private property.  The City of Oakland requested that 
Restoration Design Group, contract with HortScience, Inc. to prepare a Tree 
Management Report for the project.  This report provides the following information: 
 

1. Assessment of the accuracy of the tree inventory data found on the Sausal Creek 
Restoration Project in Dimond Park Construction Documents Set, including but 
not limited to Drawings L-1.1 and L-1.2, Restoration Design Group, LLC, 
September 2012. 

2. Visual assessment of tree health, structural condition and suitability for survival. 
3. Evaluation of impacts from the proposed project. 
4. Recommendations for action. 
5. Guidelines for tree preservation. 

 
Survey Methods 
Trees were assessed in October 2012.  The assessment focused on trees listed in the 
Existing Tree Schedule (Drawing L-1.1) of project plans prepared by Restoration Design 
Group, LLC (dated September 2012).  Each listed tree was visually assessed from the 
ground and evaluated as follows: 
 

1. Verify the species of tree. 
2. Attach a numerically coded metal tag on the trunk of each tree.   
3. Verify the tree’s general location on Drawings L-1.1 and L-1.2. 
4. Measure the trunk diameter at a point 54” above grade. 
5. Evaluate the health and structural condition using the following scale of 0-5 (0 = 

dead tree through 5 = tree in excellent condition): 
5 - A healthy, vigorous tree, reasonably free of signs and symptoms of disease, 
with excellent structure and form typical of the species. 
4 - Tree with slight decline in vigor, small amount of twig dieback, minor structural 
defects that could be corrected. 
3 - Tree with moderate vigor, moderate twig and small branch dieback, thinning 
of crown, poor leaf color, moderate structural defects that might be mitigated with 
regular care. 
2 - Tree in decline, epicormic growth, extensive dieback of medium to large 
branches, significant structural defects that cannot be abated. 
1 - Tree in severe decline, dieback of scaffold branches and/or trunk; most of 
foliage from epicormics; extensive structural defects that cannot be abated. 
0 – Tree is dead. 

6. Comment on presence of defects in structure, insects or diseases and other 
aspects of development. 

7. Assess tree suitability for survival as good, moderate or poor. 
 
Assessment consisted of a visual assessment from the ground, consistent with a Level 2 
– Basic Assessment as defined and described in the International Society of 
Arboriculture’s Best Management Practices Tree Risk Assessment and the American 
National Standards Institute’s ANSI A300 Part 9:  Tree, Shrub and Other Woody Plant 
Management – Standard Practices (Tree Risk Assessment a. Tree Structure 
Assessment).   
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Access to trees was sometimes limited by several factors including steep slopes and 
extensive vine and shrub growth.  Trees that could not be accessed were given a tree 
number but no tag was attached to the trunk.  Where vines prevented visual inspection of 
the lower trunk and base, it is noted Table 2. 
 
Description of Trees 
One hundred fifty-six (156) trees were evaluated, representing 26 species (Table 1, 
following).  The project area survey completed by Alameda County Flood Control noted 
an additional number (approximately 23) of tree stumps.  Tree stumps were not 
evaluated.  
 
Most trees appeared to have been planted as part of either the park or private 
landscapes.  Six species (California buckeye, white alder, coast live oak, willow, coast 
redwood and elderberry) are native to Oakland.  Some trees of these species may be 
indigenous to the site.  Coast redwoods, however, all appear to have been planted.  
 
Two species dominated the project area:  coast redwood and coast live oak.  Each 
species was represented by 41 trees.  Redwoods lined the east (or park) side of the 
creek (left bank looking downstream), located primarily between the top of the existing 
left bank and the paved sidewalk through the park (Photo 1).  Redwoods ranged from 
young, recently planted to mature individuals.  Trunk diameters reflected this variation 
and ranged from 7” to 67”.  
 

Photo 1.  Looking west at coast  
redwoods #106 (left), 123 and 127. 

 
The 41 redwoods varied widely in Condition 
(see Survey Methods, Page 1).  Six (6) 
trees were in Condition “2”. These were 
either suppressed in development or 
possessed small crowns with thin canopies 
of foliage.  Five redwoods were in Condition 
“5”:  #50 (38"), 52 (48"), 73 (8"), 106 (48"), 
and 127 (26").  The remaining 30 trees 
were in either Condition “3” (14) or 
Condition “4” (16).  Trees in Condition “4” 
usually had fuller, denser, more well-
developed canopies than those in Condition 
“3”.  The largest tree #139 was 67” in 
diameter and located near the Scout Hut.  It 
was in Condition “4” with good form and 
structure but extensive twig dieback. 
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The 41 coast live oaks ranged in diameter from 1” to 
40”, in development from young to mature, and in 
form from small shrubs to specimen trees (Photo 2).  
In general, larger trees were located on the flat 
areas of the park.  Smaller trees were present within 
the creek banks.  Tree Condition (see Survey 
Methods, Page 1) varied from Condition “2” (6 trees) 
to condition “3” (19) to Condition”4” (15).  In general 
larger trees were in better condition than smaller.  
For example, four coast live oaks were 18” or 
greater in diameter.  Trees #35, 110 and 165 were 
40”, 38” and 27” respectively.  All three were in 
Condition “4”.  Tree #11, also 40”, was in Condition 
“3”.  
 

Photo 2.  Coast live oak #8 was 16” in diameter, 
 in Condition “4” and located on a steep bank  

at the downstream end of the project.  Note  
the extensive vine growth. 

 
 
Suitability for Survival 
Trees that are slated for preservation on restoration sites like Sausal Creek at Dimond 
Park must be carefully selected to make sure that they can survive restoration grading 
impacts; adapt to a new environment; and perform well after the grading and restoration 
work are complete.  Our goal is to identify trees that have the potential for long-term 
health, structural stability and longevity.  It should be noted that our evaluation of these 
trees is done objectively based on the existing site conditions, not in relation to the 
proposed creek restoration project.  Evaluation of suitability for survival considers several 
factors: 
 

 Tree health 
 Healthy, vigorous trees are better able to tolerate impacts such as root injury, 

demolition of existing structures, changes in soil grade and moisture, and soil 
compaction than are non-vigorous trees.   

 
 Structural integrity 

 Trees with significant amounts of wood decay and other structural defects that 
cannot be corrected are likely to fail.  Such trees should not be preserved in 
areas where damage to people or property is likely. 

 
 Species response 

 There is a wide variation in the response of individual species to construction 
impacts and changes in the environment.  For example, coast redwood is 
relatively tolerant of construction impacts while holly oak and Chinese pistache 
are more sensitive. 

 
 Tree age and longevity 

 Old trees, while having significant emotional and aesthetic appeal, have limited 
physiological capacity to adjust to an altered environment.  Young trees are 
better able to generate new tissue and respond to change.   
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 Cost-benefit 
Some trees due to their size, location or historical character provide special 
benefits which must be weighed against the costs associated with retaining them. 

 
Each tree was rated for suitability for survival based upon its age, health, structural 
condition and ability to safely coexist within a restoration project environment (Table 2). 
 

Table 1.  Tree Suitability for Survival.  Sausal Creek Restoration in Dimond Park, 
Oakland CA 

 
 

 Good Trees with good health and structural stability that have the potential 
for longevity at the site.  Eleven (11) trees were rated as having good 
suitability for survival. 

 

 
 Moderate Trees in fair health and/or possessing structural defects that may be 

abated with treatment.  Trees in this category require more intense 
management and monitoring, and may have shorter life-spans than 
those in the “good” category.  Fifty (50) trees were rated as having 
moderate suitability for survival. 

 

 
 Poor Trees in poor health or possessing significant defects in structure 

that cannot be abated with treatment.  These trees can be expected 
to decline regardless of management.  The species or individual tree 
may possess either characteristics that are undesirable in landscape 
settings or be unsuited for use areas.  Ninety-two (92) trees were 
rated as having poor suitability for survival. 

 
 
We consider trees with good suitability for survival to be the best candidates for 
preservation.  We do not recommend retention of trees with poor suitability for survival in 
areas where people or property will be present.  Retention of trees with moderate 
suitability for survival depends upon the intensity of proposed site changes.   
 
Evaluation of Restoration Project Impacts 
Appropriate tree retention develops a practical match between the location and intensity 
of restoration construction activities and the quality and health of trees.  The results of the 
tree assessment were the reference points for tree condition and quality.  Impacts from 
the proposed project were assessed using the plans prepared by Restoration Design 
Group LLC (September 2012).  Plans encompassed demolition, grading, revegetation 
and irrigation.  Tree trunk locations were included on the plans.  Tree canopy outlines 
were representational. 
 
Impacts to trees could occur in a variety of ways.  Demolition of the existing structures 
and its associated infrastructure may directly damage tree roots and crowns.  A variety of 
walls, spillways and other bank support features will be demolished as part of the 
proposed project.  Removal of these structures may destabilize the existing creek bank.  
Grading and other construction activities may also damage trees, through both direct 
mechanical injury and indirectly by altering drainage.  Grading will be extensive, 
particularly on the east side of the creek where the existing top of bank will be moved 
eastward and the associated bank flattened to a more gradual slope.   
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Near coast redwood #139, the existing bathroom will be demolished and a new restroom 
constructed nearby.  Pavement surrounding the tree will be replaced by lawn.  Grading 
will occur in proximity to the tree.   
 
Based on my assessment of the proposed plans, I recommend preservation of 73 trees 
and removal of 83 (Table 2, pages 8-16).  Among the 73 trees recommended for 
preservation are 6 with good suitability for survival, 37 with moderate and 30 with poor.  
The 83 trees recommended for removal include 5 with good suitability for survival, 13 
with moderate and 62 with poor.  An additional three trees (#7, 69 and 115) are dead.   
 
Tree Preservation Guidelines 
The following are recommendations for design and construction phases that will assist in 
successful tree preservation. 
 
Design Recommendations 

1. Establish a TREE PROTECTION ZONE around each tree to be preserved.  For 
design purposes, the TREE PROTECTION ZONE shall be the edge of grading or the 
dripline (for trees within graded areas).  No grading, excavation, construction or 
storage of materials shall occur within that zone.  
 

2. Install protection around all trees to be preserved.  At the edge of grading, 
fencing shall be 6’ chain link with posts sunk into the ground.  Within graded 

area, fencing may be either hay bales or other flexible materials.  No entry is 
permitted into a tree protection zone without permission of the project 
superintendent. 
 

3. Modify irrigation systems so that main lines will be 20’ from the trunk of trees to 

be preserved, specifically coast redwoods #61, 123, and 127.  
 

4. Modify irrigation plans to include hand excavation in the area of Calif. buckeye 
#121. 
 

5. Hold irrigated lawn as far off the trunk of coast redwood #139 as feasible.   
 
Pre-construction and Demolition Treatments and Recommendations 

1. The Contractor’s Arborist shall meet with the Owner’s Representative (City of 

Oakland) before beginning work to discuss work procedures and tree protection.  
Contractor’s Arborist shall be an ISA Certified Arborist, 

 
2. Temporary irrigation for trees to be preserved shall be required during the 

demolition and construction phases. 
 

3. Trees to be preserved may require pruning to provide clearance and/or correct 
defects in structure.  See Attachments.  All pruning is to be performed by an ISA 
Certified Arborist or Certified Tree Worker and shall adhere to the latest editions 
of the ANSI Z133 and A300 standards as well as the ISA Best Management 
Practices for Tree Pruning.  Pruning contractor shall have the C25/D61 license 
specification. 
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Specific pruning requirements include: 
 

 Prune coast live oak #11 to remove the branch that extends into the 
crown of coast redwood #9.  Prune to reduce weight and length of long 
lateral branches. 

 
 Prune coast live oak #35 to reduce weight and length of long lateral 

branches. 
 

 Prune California buckeye #121 to remove the 24” stem that extends over 
the creek. 

 
 Prune coast redwood #139 to clean the crown. 

 
4. Create mowing circles around all coast live oaks to be preserved which fall inside 

lawn areas.  Mowing circles shall be 2’ from the trunk, turf-free and covered with 
3” mulch. 

 
Tree Protection During Construction 

1. Prior to beginning work, the Contractors working in the vicinity of trees to be 
preserved are required to meet with the Owner’s Representative and the 

Contractor’s Arborist at the site to review all work procedures, access routes, 
storage areas and tree protection measures. 
 

2. Grading, construction, demolition or other work that is expected to encounter tree 
roots shall be monitored by the Owner’s Representative and the Contractor’s 

Arborist. 
 

3. If injury should occur to any tree during construction, it should be evaluated with 
24 hours by the Owner’s Representative and the Contractor’s Arborist.  

Appropriate treatments shall be applied immediately after Owner’s 

Representative provides direction. 
 

4. Tree protection fencing is specified by the project.  Tree protection fencing shall 
remain until all site work has been completed.  Tree protection fencing shall not 
be relocated or removed without permission of the Owner’s Representative. 

 
5. Construction trailers, traffic and storage areas shall remain outside tree 

protection areas at all times. 
 

6. No materials, equipment, spoils, waste or wash-out water may be deposited, 
stored, or parked within the TREE PROTECTION ZONE (fenced area). 
 

7. Additional tree pruning required for construction access clearance shall be 
performed by a certified arborist and not by construction personnel. 
 

8. All trees shall be irrigated on a schedule to be determined by the Owner’s 

Representative.  Each irrigation zone shall wet the soil within the TREE 

PROTECTION ZONE to a depth of 30”. 
 

9. Roots damaged during grading or construction shall be exposed to sound tissues 
and cut cleanly by a certified arborist and not by construction personnel. 
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Tree Pruning Guidelines 
 
 



 

 

 
Pruning Guidelines 
Sausal Creek in Dimond Park 
Restoration Design Group 
 

 
Qualifications 

An I.S.A. (International Society of Arboriculture) Certified Arborist or Tree Worker is to be 
present at all times during pruning.  Contractor must have a State of Calif. Contractor’s 
License for Tree Service (C61-D49) and provide proof of workman's compensation and 
general liability insurance. 
 

 
Objectives 
The following are general objectives: 

1. Clean the crown of diseased, crossing, weak, dead, dying and otherwise 
structurally unsound branches to 1” diameter. 

 
2. Reduce the risk of failure by thinning small diameter (<2”) branches on horizontal 

and bowed scaffold limbs. 
 

3. Reduce the length and weight of heavy horizontal branches by thinning and 
reducing lateral branches less than 4” in diameter. 

 

 
Specifications 

1. All pruning shall be in accordance with the Best Management Practices for 
Pruning (International Society of Arboriculture, 2002) and adhere to the most 
recent editions of the American National Standard for Tree Care Operations 
(Z133.1) and Pruning (A300). 

 
2. Interior branches shall not be stripped out. 
 
3. No more than 20% of live foliage shall be removed on any one branch or 

throughout the entire tree. 
 
4. Trees shall not be climbed with spurs. 
 
5. Branch removal or reduction cuts (thinning cuts) are to be employed rather than 

heading cuts.  Trees shall not be topped or headed back. 
 

6. Do not raise canopies by removing lower branches.  
 
Jim Clark jim@hortscience.com 
Certified Arborist WE-0846 
Registered Consulting Arborist #357 
 
 
 
 

HORTICULTURE │ ARBORICULTURE │ URBAN FORESTRY 

HortScience, Inc. │ 325 Ray Street │ Pleasanton, CA  94566 
phone 925.484.0211 │ fax 925.484.5096 │ www.hortscience.com 





















 
 
 
 
 
 
 

 
PO Box 1402  •  Cobb, CA  95426  •  Phone:  510.333.9410  •  E-mail:  jmhagar@sbcglobal.net 

Hagar Environmental Science
 
 
 
April 12, 2011 
 
 
Ms. Kristin Hathaway, CSM 
Watershed Program Specialist 
City of Oakland 
Public Works Agency 
Watershed and Stormwater Management Program 
250 Frank Ogawa Plaza: Suite 4314 
Oakland, California  94612 
 
 
Dear Ms. Hathaway: 
 
Subject: Sausal Creek Restoration Project at Dimond Canyon 
 
 
As you know, I was asked by Restoration Design Group to provide review and comment on the 
Project including an opinion on habitat potential including passage issues and possible measures 
to optimize habitat, an evaluation of upstream areas previously improved in past projects, and an 
evaluation of the existing condition of the habitat, and identification of opportunities for habitat 
enhancement that are possible within project constraints, including features that have been 
successful in the previous work.  This letter gives some background on trout populations in the 
project area and provides comments based on my review of the project and site visits. 
 
Background 
Rainbow trout have been consistently observed in the upper Sausal Creek watershed in the 
vicinity of Dimond Park since at least 1997 when 15 trout were seen in Palo Seco Creek (“fish 
story”  Source: FOSC Newsletter 12/1997).  Electrofishing surveys were conducted in Sausal 
Creek between Canon Avenue and the Montclair Golf Club and upstream of Highway 13 in June 
1998 (Hagar and Demgen 1998).  No fish were seen in Sausal Creek, however five trout were 
collected in its tributary, Palo Seco Creek, upstream of the Montclair Golf Club.  Genetic 
analysis of tissue samples from these fish indicated that they are most closely related to wild 
coastal steelhead/rainbow trout stocks and not to known hatchery strains (Nielsen and Fountain 
1999).   

There are indications that population abundance of trout in the creek has increased over the 
period from 1997 to 2007.  Mark Rauzon reported in March 2007: "I have not seen more trout in 
ten years than I did today. There were pairs looking like they were spawning in the shallows, 
then a couple more came up the creek to join them or escape us." (Email to FOSC listserv March 
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11, 2007).  A total of  33 trout were captured in Sausal Creek between El Centro and Leimert 
Bridge during an electrofishing in the summer of 2009 (J. Sunahara, Email to Friends of Sausal 
Creek FOSC listserv 8/18/2009). 

Observations of trout in Sausal Creek have described fish from 4 inches through about 13 inches 
in length.  Although no reports have documented young-of-year trout (1 inch to 3 inch size 
range), possible spawning activity observed by Mark Rauzon (Email to Friends Of Sausal Creek 
listserv, March 11, 2007), together with the observation of multiple size classes present over the 
1997-2009 period, indicates that the population could be self-sustaining.  

Risk factors for this population include episodic water quality deterioration, a severely altered 
hydrograph, habitat fragmentation, and fishing.  Episodes of toxic contaminants entering the 
creek are potentially common given the urban nature of the surrounding watershed.  Eleven dead 
trout were found in the pool below the El Centro culvert on February 7, 2008.  The kill was 
attributed to dumping of a painting solvent into the gutter on Oakmore Ave. that drains into 
Sausal Creek at the turnaround area (Source: Emails to FOSC listserv from Kathren Murrell 
Stevenson and Mark Rauzon).  Another fish kill occurred in August 2010 and was attributed to 
release of improperly dechlorinated water during work on a pipeline conveying treated municipal 
water (Kristin Hathaway,  Watershed Program Specialist, City of Oakland, Watershed and 
Stormwater Management Program, personal communication, February 2011).    

Sausal Creek, like most urban streams, is subject to extreme flow variation.  Large areas of 
impervious surfaces in the watershed result in rapid runoff during winter storms that is channeled 
directly to the stream.  This increases the severity of flood flows, often with devastating effects 
on egg hatching success and survival of newly hatched fry.  The higher flows can also result in 
greater scouring of the stream banks and substrate and mobilization of fine sediments that are 
deposited in the substrate as flows recede.  Since more water runs off in storms, less percolates 
into the ground to be available to sustain flow through dryer periods.   

Habitat fragmentation in Sausal Creek has been described previously (Hagar and Demgen 1999).  
Barriers and obstacles to migration include a number of check dams and/or grade control 
structures from the WPA era that are barriers to upstream migration of fish.  There are also a 
number of trash racks consisting of vertical metal stakes driven into the substrate in a line across 
the streambed.  These may quickly clog during high flows and, if not maintained, would form 
intermittent barriers to upstream migration.  In this fragmented habitat, fish may move 
downstream for a number of reasons including forced displacement during high flow events, 
avoidance of episodic water quality deterioration, and dispersal of young.  Once re-located to 
downstream reaches they would not be able to return upstream.  If upstream populations are 
eliminated due to extreme events such as extreme high flow, lethal water quality conditions, or 
loss of habitat during drought conditions, this habitat cannot be re-colonized.   

Sausal Creek is highly accessible with open banks and a recreation trail right next to the creek in 
some areas.  Larger trout have been found dead with fish hooks and line attached (“fish story” 
Source: FOSC Newsletter 12/1997).  This is to be expected in heavily used areas with easy 
access and large visible trout. 
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The restoration of Sausal Creek in Dimond Park offers an opportunity to improve habitat 
conditions for trout inhabiting the stream and to ameliorate some of the risk factors threatening 
this population.  Specific recommendations to achieve these objectives are provided later in this 
document. 

 

Past Restoration Projects 
The project builds on the restoration work that was completed upstream in Dimond Canyon 
where several failing dams were removed and native vegetation was restored to parts of the 
streambank and surrounding areas.  Rock weirs were installed at several locations to control 
grade.  The rock weirs seemed to be functioning properly during a site visit in February 2011.  
Pools downstream of the weirs appeared relatively small and shallow though observations were 
limited by the high, turbid flow.   A section of boulder bank protection was added along an 
outside channel bend to prevent bank erosion.  This feature appears to provide good cover and 
deeper water with some seasonal overhanging vegetation.  There is a lack of large woody 
material and undercut banks in this reach, likely the result of low recruitment from the 
surrounding riparian zone, and lack of mature trees with well-developed root systems in close 
proximity to the stream.  The close proximity of a trail next to the stream appears to induce some 
access into the creek with resulting loss of vegetation and increased erosion.    

 

Present Condition of the Stream Environment in the Project Area 
In the upper part of the project site the creek is routed through a culvert with a downstream 
section of concrete apron with relatively steep gradient at the downstream end.  There has been 
incision at the downstream end of the apron with approximately 2.5 feet of drop.  The channel is 
shallow at the base of the drop with the flow dropping onto pieces of rubble.  The apron and 
associated drop forms a barrier to most, if not all, size classes of trout due to the lack of deep 
water at the base from which fish could perform a suitable leap.  The water flow over the 
concrete apron section is shallow and has relatively high velocity so that even if fish could 
perform the leap, they would likely be repulsed by the high velocity shallow flow above.  During 
a site visit on February 18, 2011, at least two trout of about 6 inches in length were seen trying to 
jump the drop and failing repeatedly.  The lower 180 feet of culvert and the concrete apron will 
be removed and the stream channel will be re-established in this section (City of Oakland 2007).  
Removing the existing culvert section and downstream apron together with associated re-
construction of the stream channel will increase the useable habitat in the reach by about 180 
feet.   

Downstream of the culvert, the channel is relatively straight with little variability in slope and 
without much variability in habitat structure.  It is essentially one long run/riffle with little pool 
development.   There is a lack of overhanging riparian vegetation, undercut banks, and structural 
elements such as root masses and tree trunks that provide essential habitat features.  In contrast, 
there is a relatively large amount of anthropogenic habitat forming material present including 
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large concrete “boulders”, undercut concrete bank –lining, and other decomposing bank 
protection structures.  While artificial, these do provide important instream cover.  The majority 
of this material will be removed as part of the project.   
 
There are a number of mature riparian trees in this reach including alder and redwood that 
provide shade.  In most cases they are too far from the active channel to provide instream cover 
from roots.   

Substrate appears to be primarily in the gravel (0.25 inch to 3 inch intermediate diameter) and 
cobble (3 inch to 12 inch ID) size classes and this is beneficial as both cover for smaller juvenile 
trout and food production.   Trout typically spawn in gravels that range in size between ¼” to 2 
½ inches intermediate diameter.  

  

Recommendations to Improve Habitat for Rainbow Trout and Ameliorate Risk Factors 
The section of culvert that will remain in place may still present a passage barrier, negating the 
value of removing the barrier at the end of the culvert.  If the remaining section of culvert does 
not meet criteria for passage (NMFS 2001), and it appears likely it does not, it would be 
beneficial to evaluate the potential to partially “backwater” this culvert through grade controls at 
the downstream end or to retrofit it with baffles.  It will likely not be possible to backwater the 
entire culvert.  The existing survey shows a 3-ft elevation change between the culvert inlet and 
the proposed post-project outlet.  The culvert hydraulics will need to be analyzed to see if baffles 
can be added.  Remediation of the remaining culvert section to allow passage would greatly 
enhance stream connectivity and address the risks associated with habitat fragmentation.   
 
Existing anthropogenic habitat forming material in the stream including large concrete 
“boulders”, undercut concrete bank –lining, and other decomposing bank protection structures 
will be removed from the project reach.  Instream cover provided by these features should be 
replaced and augmented as part of the restoration project.  It can be replaced with similar sized 
natural material both for channel stability and for habitat.  This is particularly important because 
it will provide the only cover for trout until riparian vegetation becomes well established.  These 
features ameliorate the effects associated with the urbanized hydrograph as they provide velocity 
shelter during high flows.  They also provide a measure of protection against potential predators 
and can be sources of localized scour that provide deeper water and promote more variation in 
flow velocity patterns. 
 
Mature riparian trees provide shade in the lower part of the project reach and ameliorate 
excessively high summer temperature.  Preservation of these native trees would be beneficial.  
Redwoods that need to be removed could be used as instream structure and possibly bank 
protection.  These are a valuable resource and if not useable in the Sausal Creek Restoration may 
be useable in another stream restoration project elsewhere.  
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Re-construction of the stream channel provides an opportunity to enhance physical habitat for 
the benefit of trout as well as ameliorating some of the effects of the urban hydrograph.  Channel 
alteration to provide greater sinuosity will reduce channel slope and reduce the erosive force of 
high flows.  Greater sinuosity can also induce formation of riffle/pool sequences with pools 
forming at the bends and riffles developing between bends.  In contrast to the existing channel 
structure which features an abundance of riffle without much pool, alternating pools and riffles 
provide excellent summer habitat with deeper pools for trout residence and shorter riffle sections 
that provide easier movement between pools and production of invertebrate drift that serves as a 
food source for trout.  Addition of structural components that contribute to pool scour would also 
be beneficial in this reach.  Pool maximum depths of 1.5 to 2.5 feet or greater would be an ideal 
condition with associated instream cover in the form of undercut banks, large woody material, 
and boulders. 
 
Re-construction of the channel with an integral floodplain will provide for overbank flows and 
reduce velocities for higher stage events reducing the potential for bank erosion and ameliorating 
the urban hydrograph, an important risk factor for this trout population.  Off-channel habitat can 
be important during high flow periods as refuge for juvenile salmonids.  Off-channel habitat that 
absorbs some of the flood flows while providing low velocity refuge habitat should be 
constructed in such a way that fish do not become stranded when flows recede. 
 
Existing substrate is primarily in the gravel and cobble size classes preferred by rainbow trout.  
Restoration should target these gravel and cobble size classes along with large boulders as cover 
for larger juvenile trout.  A mix of gravel in the ¼ to 2 ½ inch intermediate diameter size class is 
preferred by rainbow trout for spawning.  This material is often present at the tail of pools and 
glides and these locations generally provide suitable flow velocity and tendency for through-
gravel flow that enhances spawning.  Channel re-construction that favors pool/riffle sequences 
with bed slope and sediment transport characteristics that favor sorting and deposition of this 
material at pool tails would be beneficial to rainbow trout.   
 
Exposure to predators, including human predators using fishing gear, is a risk factor for rainbow 
trout in Sausal Creek.  Providing dense riparian vegetation and otherwise limiting access to most 
of the creek would greatly ameliorate this risk factor.  In addition to limiting access to the creek, 
dense riparian vegetation provides excellent cover when it overhangs the stream, it promotes 
undercut banks, and provides habitat for insects and other invertebrates that may contribute to 
the rainbow trout forage base.  Opportunities to view the creek from the upper bank area are 
certainly desirable but it would improve conditions for trout if they were not also associated with 
direct access to the creek. 
 
Modification of the hydrograph of Sausal Creek has been identified as an important risk factor 
for trout populations in the creek and the overall health of the aquatic environment.  Modification 
of the hydrograph is a result of increased impervious surfaces in the watershed and channeling 
runoff directly to the creek.  The restoration project should take a lead and set an example for 
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better stormwater management by incorporating design features that ameliorate these conditions 
within the scope and area of the project.  All walkways, parking areas, and other surfaces should 
be developed with infiltration of stormwater as a goal.  Runoff from existing structures in the 
project area can be a resource for achieving irrigation needs and at the least, should not be 
channeled directly to the creek but encouraged to infiltrate to the maximum extent possible.  
Incorporation of raingardens, infiltration swales, and even collection and storage of runoff for 
dry-season irrigation should be incorporated wherever possible. 
 
Thank you for the opportunity to provide input to this valuable project.  If you have any 
questions or comments regarding this letter, please contact me at 510-333-9410 or 
jmhagar@sbcglobal.net. 
 
 
Best Regards, 
 

 
 
Jeff Hagar 
Principal/Senior Biologist 
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memorandum 

 

date December 10, 2012 
 
to Kristin Hathaway 

Watershed Program Specialist, City of Oakland Public Works Department 
 
from Martha Lowe 

Senior Watershed Ecologist, ESA Biological Resources and Land Management Group 
 
subject Sausal Creek Restoration at Dimond Park: Biological Resources Survey Report 
 

The purpose of this memorandum is to fulfill the requirement for a site-specific project-level biological resources 
survey for creek restoration projects funded by Measure DD and evaluated at a program-level in the Measure DD 
EIR.  
 

Methods 

The following tasks were carried out in support of this memorandum: 
 

• Database searches (CDFG, 2012 and CNPS, 2012) to evaluate the potential for occurrence of special 
status species on-site. 
• A review of information on biological resources in the Sausal Creek watershed available on the Friends of 
Sausal Creek (FOSC) website; 
• A review of other resource assessments produced for the project (Hagar Environmental Science-, 2011; 
Hort Science, 2012); 
• A review of restoration plans for the project, as well as project  permits, which include conditions of 
approval pertaining to natural resources; 
• A review of Section IV.F, Biological Resources, of the Measure DD EIR (City of Oakland, 2007);  
• A review of the City of Oakland’s Standard Conditions of Approval for  development projects; and 
• A project site visit. 

 

http://www.esassoc.com/�
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Project Description 

The purpose of the proposed project is to expand the creek corridor to improve channel stability while improving 
conditions for fish passage. The City proposes to remove approximately 180-linear feet of the existing culvert and 
daylight the creek and to restore approximately 600-feet of incised degraded creek channel downstream of the 
currently daylighted portion. Therefore a total of 780-linear feet of Sausal Creek will be restored within the City 
of Oakland’s Dimond Park. 
 
The Project site will be dewatered prior to the start of construction using temporary cofferdams at the upstream 
and downstream limits of construction. A pump will divert summer base flows through a temporary bypass pipe 
that will include fish screens and sediment traps. Construction will begin with the excavation of approximately 
1,300-cubic yards of existing channel bed material from the open channel reach. Some of this material will be 
stock-piled, combined with imported materials, and then replaced in the new channel bed to provide a natural 
substrate. A culvert and failing concrete spillway will be excavated and removed for the new channel to be graded 
in the daylighted reach. Grading will continue downstream on the left bank (looking downstream) of the open 
reach to increase the width to depth ratio of the active channel and provide stable vegetated channel banks. Root 
wads and large woody debris will be incorporated into the left bank to provide fish habitat. The right bank toe will 
be stabilized with riprap then planted with native willow and dogwood, and the channel bed will be reconstructed 
to establish pool and riffle sequences. Site preparation would also involve removal and replacement of an existing 
bathroom structure, construction of a pedestrian walkway along the restored reach, and landscaping around the 
built environment. Approximately 100 existing native trees are being preserved within the project area and over 
3,600 plants will be installed along the project reach, including 80 trees, approximately 1,300 shrubs, including 
500 willow stakes, and over 2,000 herbaceous perennials. 
 

Existing Conditions 

A survey of the proposed project site was conducted on November 15, 2012 in order to characterize the habitat 
types present, catalog plant and wildlife species observed, and determine the potential of habitat at the project site 
to support special-status species.  
 

Vegetation and Wildlife 
The proposed project is located in an urban park, with the riparian corridor of Sausal Creek abutting areas of 
mowed turfgrass to the left (facing downstream) and houses with backyard fences along the top of bank to the 
right. The upland portions of the project site in Dimond Park and around the Scout Hut, the existing restrooms, 
and in the proposed staging area, consist of concrete and asphalt pathways, larger paved areas around the 
buildings, large expanses of mowed turfgrass, and scattered, mature native and non-native trees, including native 
coast live oak (Quercus agrifolia) and coast redwood (Sequoia sempervirens), some of which reach 3 feet or so in 
diameter, and non-native Japanese maple (Acer palmatum). Coast redwood is native to the Sausal Creek 
watershed. However, the redwoods in Dimond Park all appear to have been planted there (Hort Science, 2012).  

Vegetation along the riparian corridor in the proposed project reach consists of a fairly dense tree canopy 
consisting of coast redwood, non-native invasive blackwood acacia (Acacia melanoxylon), several California 
black walnut (Juglans hindsii), and arroyo willow (Salix lasiolepis). A shrub layer is absent in much of the project 
reach and where it does exist is made up of tree saplings, including occasional small redwoods, oaks, and walnuts, 
as well as more numerous young non-native plums (Prunus sp.) and acacia, and occasional native shrubs (one 
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blue elderberry [Sambucus caerulea ssp. nigra] was noted at the downstream end of the project reach) and non-
native shrubs such as cotoneaster (Cotoneaster sp.).  

Understory along the riparian corridor in the project reach is overwhelmingly dominated by just a few non-native 
species, with Algerian ivy (Hedera canariensis) and veldt grass (Ehrharta erecta) the most prevalent. Other non-
native species in the understory include Himalyan blackberry (Rubus armeniacus), common periwinkle (Vinca 
major), and hedge parley (Torilis arvensis).  

There is very little emergent instream or wetland vegetation along the project reach. Water parsley (Oenanthe 
sarmentosa) was noted instream at a single location and a small area (less than 50 square feet) supporting tall 
flatsedge (Cyperus eragrostis), dwarf nettle (Urtica urens), and watercress (Nasturtium officinale) was observed 
on one sediment bar.  

One adult rainbow trout, 10 to 12 inches in length was observed in a large pool below the culvert spillway during 
the November 2012 site visit. No other fish were seen in the project reach.  No reptiles or amphibians were 
observed during the November 2012 site visit. However, at least 15 species of common amphibians and reptiles, 
including several species of garter snakes (Thamnophis sp.), ringneck snakes (Diadophis punctatus), and arboreal 
salamanders (Aneides lugubris), have been observed in the parks, in the urban-wildland interface, and even in 
gardens of the more urbanized areas of the Sausal Creek watershed (Lowe, 2000). Species that may occur in the 
proposed restoration area also include Sierran treefrog (Pseudacris sierra), formerly known as Pacific chorus 
frog, which have been repeatedly introduced into Sausal Creek but may not be able to maintain a self-sustaining 
population, western fence lizard (Sceloporus occidentalis), and California slender salamander (Batrachoceps 
attenuatus).  

Ten species of birds were detected during the November 2012 site visit,  including yellow-rumped and 
Townsend’s warblers (Setophaga coronata; S. townsendi), Anna’s hummingbird (Calypte anna), common raven 
(Corvus corax), chestnut-backed chickadee (Poecile rufescens), ruby-crowned kinglet (Regulus calendula), black 
phoebe (Sayornis nigricans), western scrub jay (Aphelocoma californica), California towhee (Melozone crissalis), 
and brown creeper (Certhia americana).   

Mammals observed during the site visit include fox squirrels (Sciurus niger) and feral cats (Felis catus). There are 
several feral cat ‘feeding stations’ along the banks of the creek within the project reach and six cats were 
observed. Pocket gopher (Thomomys bottae) mounds were also observed in turf grass areas. Other mammals that 
may use habitat in Dimond Park and the project area include several opportunistic species that tolerate, and often 
benefit from, human presence and activity. These species include raccoon (Procyon lotor), Virginia opossum 
(Didelphis virginiana), and Norway rat (Rattus norvegicus) 

Aquatic Resources and Jurisdictional Waters 
As noted in more detail in Hagar Environmental Science’s (2012) memorandum on the Sausal Creek fisheries, 
and verified during ESA’s site visit, Sausal Creek at the upstream end of the project site is culverted, with a 
concrete apron on a relatively steep gradient at the downstream end of the culvert. Downstream of the concrete 
apron the stream has incised substantially and there is an approximately 2.5 foot drop in grade, with a large pool 
below the culvert. Hagar notes that, “ The apron and associated drop forms a barrier to most, if not all, size classes 
of trout due to the lack of deep water at the base from which fish could perform a suitable leap.  The water flow 
over the concrete apron section is shallow and has relatively high velocity so that even if fish could perform the 
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leap, they would likely be repulsed by the high velocity shallow flow above.” While the large pool beneath the 
culvert apron may provide both a low and high flow refuge for rainbow trout, this structure currently serves as a 
major barrier to fish passage in Sausal Creek.  
 

Downstream from the culvert, the channel is relatively straight with little variability in slope and without much 
variability in habitat structure. It is essentially one long run/riffle with little pool development within the reach. 
The streambed is primarily made up of gravels and cobbles of a size range that provides cover for smaller juvenile 
trout and is also beneficial for food production. Trout typically spawn in gravels that range in size between ¼ inch 
to 2 ½ inches in diameter and Hagar notes that gravels of this size class are present in the restoration reach.  

There is little in the way of overhanging riparian vegetation, undercut banks, or other structural elements such as 
root masses and tree trunks that provide essential habitat features for trout and other fish.  However, as is typical 
in urban creeks there are large pieces of concrete instream and areas where concrete and wood retaining walls 
have been undercut, such as below the concrete apron. Although these features are artificial in origin, they provide 
important instream cover for fish. The mature riparian canopy in this reach provides shade to keep water 
temperatures cool, which is important for trout; however, few of the trees are close enough to the active channel 
for their roots to provide instream cover.   

Sausal Creek has intermittent to perennial flow, depending on the rainfall year, and discharges into the Oakland 
Estuary at the Fruitvale Bridge. The estuary is hydrologically connected to San Francisco Bay and the Pacific 
Ocean. Therefore, Sausal Creek and its riparian corridor are protected and regulated as ‘Waters of the United 
States’ by the Army Corps of Engineers (Corps) and ‘Waters of the State’ by CDFG and the San Francisco 
Regional Water Quality Control Board (Regional Board). The City of Oakland has applied for and received 
permits for the proposed work in the creek and on its banks from CDFG and the Regional Board. The Corps 
permit is still pending.  

Special-status Species 
Although the California Natural Diversity Data Base (CNDDB; CDFG, 2012) and the California Native Plant 
Society’s Online Electronic Inventory (CNPS, 2012) document a number of special-status species as occurring in 
the Oakland East United States Geological Service (USGS) 7.5-minute topographic quadrangle, it is unlikely that 
any of these species occur at the project site due to its long history of disturbance and degradation of native 
habitat. In fact, habitat for most of the listed species documented in the quadrangle never occurred in the project 
area. Additionally, many of the remaining species occurrences are from historic sources and the species have 
since been extirpated from the area. No special-status plants were observed in the project area during the site 
survey and none are expected to occur due to lack of suitable habitat. However, aquatic habitat is available within 
Sausal Creek and the riparian corridor and adjacent park provide habitat for a variety of bird species and, 
potentially, bats and therefore several special-status species are further considered below. 
 
Anadromous steelhead (Oncorhyncus mykiss irideus), a species listed as threatened by the federal government, are 
not present in Sausal Creek. However, a landlocked self-sustaining population of rainbow trout does occur (Hagar 
Environmental Science, 2011) and these fish are of conservation interest to the permitting agencies, including 
CDFG. One adult, 10 to 12 inches in length was observed in a pool below the culvert spillway during the 
November 2012 site visit. In February 2011, at least two trout of about 6 inches in length were seen trying to jump 
the drop below the culvert spillway with no success (Hagar Environmental Science, 2011).  
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California red-legged frogs, a federal threatened species, occurred in Oakland’s 14th Avenue Creek before the 
turn of the century and they may have inhabited Sausal Creek as well, along with foothill yellow-legged frogs. 
However, a 1998 survey of Oakland’s creek resources found no evidence of amphibians in Sausal Creek or its 
tributaries (Lowe, 2000) and a 2001 survey of Sausal Creek similarly resulted in no sightings of special-status 
amphibians (City of Oakland, 2007). In addition, the CNDDB (CDFG, 2012) has no recent sightings of California 
red-legged or foothill yellow-legged frogs (a California Species of Special Concern) west of the ridgeline of the 
Oakland-Berkeley hills. Similarly, there are no recent sightings of western pond turtle (Emys marmorata), a 
California Species of Special Concern, in Sausal Creek and suitable habitat for this species does not occur within 
the project reach.  
 
Cooper’s hawk, a California Species of Special Concern, occurs in the Sausal Creek watershed and is known to 
nest in trees in Dimond Park. Apparently a pair, or a series of pairs, has nested there since at least 1994 (Lowe, 
2000). In 1998 a pair nested in the large redwood by the Scout Hut and more recently, they have been nesting in 
mature bay laurels (Umbellularia californica) across the creek from the Dimond Pool, just upstream from the 
proposed project site (M. Rauzon, personal communication). Although no large stick nests were observed in the 
project area, large trees in Dimond Park have the potential to support nesting by Cooper’s hawk and other raptors 
protected under the California Fish and Game Code, such as red-tailed hawk (Buteo jamaicensis), red-shouldered 
hawk (Buteo lineatus), or great-horned owl (Bubo virginianus). A number of smaller bird species could 
potentially nest in trees and shrubs along the restoration reach. Nearly all nesting birds are protected under the 
federal Migratory Bird Treaty Act (MBTA) and the California Fish and Game Code.  
 
Several special-status bat species, including pallid bat (Antrozous pallidus), a California Species of Special 
Concern, as well as hoary bat (Lasiurus cinereus) and silver-haired bat (Lasionycteris noctivagans), which are 
considered species of concern by the Western Bat Working Group, may roost in trees and forage over the creek 
and turf in Dimond Park, most likely only on a transient basis as they migrate through the area during spring or 
fall. 

Potential Project Impacts on Biological Resources 

The proposed project could result in direct and indirect adverse impacts on rainbow trout in Sausal Creek during 
creek reconfiguration through direct mortality and indirectly through water quality degradation.  The proposed 
project could also result in adverse impacts on nesting raptors and other protected birds through direct destruction 
of nests via vegetation removal or potential disruption of reproductive success through increases in noise and 
human activity during construction, which could result in nest abandonment. Similarly, the proposed project could 
result in direct mortality of special-status bats in association with tree removal. However, wildlife mortality and 
disturbance will be avoided through the implementation of avoidance and minimization measures included in the 
City’s Standard Conditions of Approval, permit conditions, and the mitigation measures proposed in the Measure 
DD EIR. Habitat impacts will be temporary as the proposed project is designed to result in improved fish passage 
and aquatic habitat as well as a more structurally and vegetatively diverse riparian corridor.  

The project will impact jurisdictional waters, including 600-linear feet of the existing stream channel and banks 
through grading and recontouring of the bed and banks of Sausal Creek. The project will also result in the 
removal of largely non-native vegetation along the banks of the creek. However, these impacts will be temporary 
as the proposed project will restore and enhance approximately 780 linear feet of aquatic and riparian habitat, 
resulting in a more stable stream reach, reducing erosion, and restoring native vegetative diversity to the reach.  
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A number of trees, some of which are protected under the City of Oakland’s Tree Protection Ordinance, will be 
removed from the project area to allow for channel reconfiguration or for ongoing safety purposes. Approximately 
35 native trees will be removed in total. However, the project proposes to plant approximately 80 native trees and 
500 willow stakes, as well as thousands of native shrubs and herbaceous plants to restore the riparian corridor in 
the project reach.  
 
The Measure DD EIR identified impacts on biological resources that could occur through implementation of 
creek projects throughout the City at a program level. No new impacts on biological resources were identified as a 
result of ESA’s 2012 site-specific survey for the Sausal Creek Restoration Project.  
 

Conclusions  

The proposed project will take place on a reach of stream located between existing houses and a well-used public 
park. While the creek and riparian corridor provide habitat values for fish, birds, bats, and common mammals, 
these values are diminished by high ambient noise levels and human activity associated with park use and habitat 
degradation from a number of additional sources. The riparian habitat along the project reach lacks both structural 
and vegetative diversity. The dense tree canopy has shaded out a functional shrub layer, which typically provides 
food sources and cover for a variety of wildlife. The understory is composed entirely of non-native, invasive 
species, reducing vegetative diversity and the food source opportunities that diversity provides. This means that 
only a limited subset of wildlife is able to use habitat in the project reach. In addition, the presence of several feral 
cat feeding stations along the banks in the project reach undoubtedly has an adverse impact on wildlife in the 
project area.   

Sausal Creek and its associated riparian corridor have been highly impacted in Dimond Park, as well as the rest of 
the watershed. Increases in creek discharges resulting from urbanization have had a number of effects that have 
reduced and degraded aquatic habitat in the creek. These impacts include channel incision to the point the creek is 
divorced, in many reaches and including lower Dimond Park, from a functional flood plain, eliminating a major 
source of refuge for aquatic organisms during periods of high water. Clearing of woody debris from the creeks for 
flood control purposes also reduces refugia. When refuge from high flows is scarce, aquatic organisms are swept 
downstream and the numerous culverts and drop structures placed in the creek constitute barriers to recolonization 
of upstream reaches. Although rainbow trout appear to have a self-sustaining population in Palo Seco and Sausal 
Creeks, and the creek provides what appears to be moderate quality habitat for trout within the project reach 
(Hagar Environmental Science, 2011), there is a low probability, based on past survey results and stream 
conditions, that any highly aquatic amphibians or western pond turtles can maintain populations in the 
watershed’s creeks. Additionally, periodic and repeated pollution events have played a role in reducing or 
eliminating fish and amphibian populations. Sewage overflows occur during flooding along Sausal Creek and all 
the watershed’s creeks receive non-point source pollution from city streets and yards, since they are a part of the 
city’s storm sewer system.  
 
Adverse impacts to special-status species, with the possible exception of Cooper’s hawk (a California Species of 
Special Concern), nesting birds and roosting bats, are not expected as a result of the proposed project. Overall, the 
proposed project is expected to improve habitat for fish substantially in the project reach. Adverse impacts on 
wildlife (including potential impacts to special status or otherwise protected birds and bats and temporary impacts 
on rainbow trout), the creek, and riparian vegetation will be fully mitigated through the City of Oakland’s 
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Standard Conditions of Approval, compliance with the City’s Creek Protection and Tree Protection ordinances, 
compliance with Corps, CDFG, and Regional Board permitting conditions, and implementation of applicable 
Measure DD EIR mitigation measures. Positive project impacts include the development of both terrestrial and 
aquatic habitat that could be used by special-status species, as well as common wildlife. Overall the project is 
expected to have a significant net environmental benefit by improving channel form and function, reducing 
erosion, improving water quality and enhancing flood protection, increasing fisheries habitat, and recreating a 
diverse native riparian corridor that will provide food and cover for a diversity of wildlife.  
 

References 

California Department of Fish and Game (CDFG), California Natural Diversity Database (commercial version), 
Data request for the Oakland East USGS 7.5-minute topographic quadrangle, accessed Nov. 19, 2012. 

California Native Plant Society (CNPS), Online Inventory of Rare and Endangered Plants, Data request for the 
Oakland East USGS 7.5-minute topographic quadrangle, http://www.cnps.org/cnps/rareplants/inventory/, 
accessed Nov. 20, 2012. 

Hagar Environmental Science, Letter from Jeff Hagar to Kristin Hathaway re: Sausal Creek Restoration Project 
at Dimond Canyon, Prepared by Hagar Environmental Science for the City of Oakland Public Works 
Agency, Watershed and Stormwater Management Program, April 12, 2011. 

Hort Science, Tree Management Report, Sausal Creek Restoration Project, Dimond Park, Oakland, California, 
Prepared by HortScience, Inc. for Restoration Design Group LLC, November 2012. 

Lowe, M.E., The Upper Sausal Creek Watershed (Oakland, California), Historical and Contemporary Ecology,     
Watershed Assessment, and Recommendations for Ecosystem Restoration and Management, Masters 
Thesis, Sonoma State University, June 2000. 

City of Oakland, Planning Department, Measure DD Implementation Project Environmental Impact Report, July 
2007.  

 



FINAL 

SAUSAL CREEK WATERSHED ENHANCEMENT PLAN 

SUMMARY 

 

 
Sausal Creek  “Restoration Reach” in 2003 

 
Prepared by Laurel Marcus and Associates, NewFields River Basin Services, Hydrologic Systems Inc. 

 

For  

 Friends of Sausal Creek  

 

March  2010 

 

Funding provided by the State Water Resources Control Board and the San Francisco Foundation Bay 
Fund 



SAUSAL CREEK WATERSHED ENHANCEMENT PLAN: SUMMARY    1 

SAUSAL CREEK WATERSHED ENHANCEMENT PLAN 
Summary 

 
 
In the middle of urban Oakland lies a series of parks which shelter Sausal Creek and create a green 
ribbon through the city. Unlike so many urban streams now flowing lifeless through pipes hidden 
beneath city streets, Sausal Creek has a natural channel over much of its length. Hikers can follow Sausal 
Creek and its tributaries from the top of the watershed on Skyline Boulevard down through Palo Seco 
and Dimond Canyons and past Interstate 580 before the natural creek channel is resigned to a culvert in 
the Oakland flatlands. Although the effects of its cemented urban drainage are everywhere, Sausal 
Creek is alive and inspiring. Native trees line the creek in many places and there is a small number of 
rainbow trout residing in its waters. These remnants of the natural world, gone from most of Oakland, 
make Sausal Creek a good candidate for enhancement actions, as well as community involvement and 
education.  
 
The Friends of Sausal Creek (FOSC) formed in 1996 to focus community activities to learn about, protect, 
and enhance the creek and its watershed. FOSC has completed projects using volunteers to remove 
invasive non‐native plants, install native plants, monitor water quality, control erosion, and complete a 
major creek habitat enhancement project. The Friends recognize that citizen participation is critical for 
building a long‐term commitment to protecting Sausal Creek as a natural resource for the greater 
Oakland community. FOSC operates a native plant nursery at Joaquin Miller Park. FOSC worked with 
Laurel Marcus & Associates (LMA), a consulting firm specializing in watershed planning, to raise grant 
funds to complete a plan for the Sausal Creek watershed. Funding for this plan was provided by the 
State Water Resources Control Board and the San Francisco Foundation. 
 
The Sausal Creek watershed covers 4.5 square miles (2,777 acres) in Oakland (Figure A). Most of the 
watershed has been developed for residential and commercial land uses. This development has changed 
the volume and rate of stormwater runoff. Impervious surface associated with development is the 
primary culprit, resulting in faster runoff and lower infiltration rates. The runoff is also collected in the 
pipes of a storm drain system and discharged into creeks. This urbanization process results in peak flood 
flows well in excess of the natural conditions that formed the creek. These effects of urbanization are 
further exacerbated by the steep slopes of the upper Sausal Creek watershed. 
 
This plan characterizes the hydrology of the Sausal Creek watershed in order to document a baseline of 
flow, sediment loading, and channel conditions. From this baseline the impacted hydrological and 
ecological conditions of the channels, and the watershed processes that resulted in that degraded 
condition, can be identified. In highly urban watersheds, many factors that adversely impact the creek 
are intrinsic parts of the developed landscape. Successful restoration or revegetation of urban creeks 
depends upon evaluation of the larger watershed and implementation of projects that will most offset 
the effects of urbanization. This plan describes projects to address the conditions that are adversely 
impacting Sausal Creek and its tributaries, and their aquatic habitats and water quality. Enacting a long‐
term plan to repair and improve the watershed will sustain Sausal Creek for future generations. 
 
This plan for the Sausal Creek watershed will: 

• Document the hydrology of the Sausal Creek watershed and identify watershed‐based projects 
that, to the greatest extent feasible, mitigate the effects of urban runoff on Sausal Creek, its 
habitats and water quality;
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• Collect and analyze existing water quality and aquatic insect monitoring data 
• Document erosion problems in the urban storm drain system and recommend improvements to 

reduce this erosion; 
• Discuss the location and extent of non‐native invasive plants on parklands and evaluate 

measures to eradicate these plants and revegetate with appropriate native plant species; 
• Identify locations where riparian habitat enhancement can be implemented; 

 
The Sausal Creek watershed extends from the Oakland Hills to the San Francisco Bay. Three tributary 
creeks make up the upper watershed—Shephard Creek, Cobbledick, and Palo Seco Creeks (Figure B). 
 

HUMAN HISTORY 
 
Prior to European arrival the Huichin Ohlone, a group of Native Americans, lived at very low densities in 
the East Bay including the Sausal Creek watershed and managed the landscape using fire, selective 
gathering of food plants, and hunting. In 1775‐1776, the Spanish Anza expedition explored the Bay area 
and soon thereafter established missions in the area. The Spanish restricted the burning practices of the 
Ohlone and brought non‐native European annual grasses to California. Americans were active in the 
watershed beginning in the 1840s when the San Antonio redwoods were logged. With statehood in 
1850, American settlement of the East Bay expanded. Urbanization of the Sausal Creek watershed began 
in the flatlands and extended into the hills during the 1930s and 1940s. Sausal Creek watershed has 
been significantly altered with culverts, storm drain systems, and impervious surfaces in its drainage. 
 

NATURAL RESOURCES 
 
Geology and Soils 
 
Sausal Creek is located along the eastern periphery of the San Francisco Bay. The steep hills on both 
sides of the bay were formed primarily through tectonic processes. The San Andreas Fault zone on the 
San Francisco side of the bay is one of a series of faults which dissect the Bay Area. The faults are areas 
of earth movement along the continental plates.  
 
Sausal Creek watershed reflects this regional geology with very steep hills in its upper watershed. These 
hills are made up of a variety of rock types. The Hayward Fault is a major geological feature which 
created the valley where Highway 13 is located. Downstream of the Hayward Fault on the flatter lands, 
Sausal Creek spreads out depositing material eroded from the highly sheared rock in the fault zone and 
the steep upper drainage. 
 
The soil types of the upper watershed have a high to very high erosion rating. Urbanization of these 
areas has created erosion problems by producing higher volumes of stormwater running off roofs, 
roads, and paved areas into steep ephemeral creek channels and onto highly erodible slopes. Ephemeral 
creeks only carry water immediately after a rainstorm. These steep channels, if not covered in dense 
vegetation or rock, will erode when urban development increases runoff volumes. 
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Hydrology 
 
A hydrologic analysis was completed in order to develop a watershed model that would simulate the 
rainfall‐runoff processes for 1‐year through 100‐year frequency storm events over the watershed. The 
model was developed at a level of detail that would allow for the evaluation of measures designed to 
reduce the peak discharge to Sausal Creek and its tributaries. A series of 33 hydrologic sub‐basins were 
delineated for use in the model (Figure C). Six precipitation gages in the area were evaluated. The 
Environmental Protection Agency's Storm Water Management Model (SWMM) computer model was 
used which allows for the analysis of stormwater runoff from multiple linked basins with various runoff 
characteristics.  
 
The Sausal Creek SWMM  existing conditions model was run using dynamic wave analysis and time steps 
of 1 second or less for the 1 –year, 2‐year, 5‐year, 10‐year, 25‐year, and 100‐year storm events.   Existing 
conditions output for the Sausal Creek hydrology model was calibrated to streamflow measurements 
during significant storm events on October 19, 2009 and November 20, 2009. The SWMM existing 
conditions model was run with rainfall data of the Sausal Creek watershed from two Oakland gages for 
the same period as the two storms.  
 
A hydraulic model was developed using surveyed cross‐sections of Sausal and Palo Seco Creeks and the 
Hydrologic Engineering Center River Analysis System, commonly referred to as HEC‐RAS. The hydraulic 
model was calibrated with measurements of high water marks and flow velocities at a known discharge. 
These calibration measurements were collected during significant storm event on October 19, 2009. 
 
Channel bed and bank stability varies throughout the Sausal Creek watershed, however, in general, the 
channel bed and banks are likely stable for velocities up to approximately 7 ft/sec and shear stresses up 
to approximately 2 lbs/ft2. These values are based on the US Army Corps of Engineers’ Engineering 
Research and Development Center “Stability Thresholds for Stream Restoration Materials” to determine 
permissible shear strengths reference for selection of stream restoration materials, and a useful guide to 
assessing the stability of existing stream materials. While conditions vary throughout the watershed, we 
made the assumption that the system has geomorphic controls such as riffles and artificial grade control 
structures with cobble and coarser particle sizes and some woody vegetation on the banks. As shown in 
Table A, the reaches with these characteristics would be stable for velocities up to 7 feet per second and 
shear stresses up to 2 pounds per square foot. Therefore, portions of the Sausal channel network are at 
risk of erosion under existing hydrologic and hydraulic conditions, even during the 1‐year discharge. 
Even moderate reductions in peak flows could reduce the frequency and duration of erosive flows and 
contribute to long‐term improvements in creek habitat conditions ( Figures D and E)  
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Figure D: Existing conditions longitudinal velocity plot. Dotted red line signifies approximate stability 
threshold for typical Sausal Creek sediment and vegetation characteristics. Velocities and shear 
stresses are largely controlled by channel geometry in this portion of Sausal Creek, with high velocities 
and shear stresses in narrow reaches.  
 
 
Table A: Permissible velocities and shear stresses for channel sediment and vegetation types similar to 
Sausal Creek (after Fischenich 2001) 

Material  Permissible Velocity (ft/sec)  Permissible Shear Stress (lbs/ft2)

Gravel (2 inch)  3.0 – 6.0  0.67 

Cobble (6 inch)  4.0 – 7.5  2.0 

Riprap (18 inch)  12.0 – 16.0  7.6 

Emergents  n/a  0.1 – 0.6 

Grasses  3.0 – 6.0  0.7 – 1.7 

Woody Vegetation  3.0 – 10.0  2.1 – 3.1 
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Figure E: Existing conditions longitudinal shear stress plot. Dotted red line signifies approximate 
stability threshold for typical Sausal Creek sediment and vegetation characteristics. Velocities and 
shear stresses are largely controlled by channel geometry in this portion of Sausal Creek, with high 
velocities and shear stresses in narrow reaches. 
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Vegetation 
 
The vegetation growing in Sausal Creek watershed is a combination of native plant species primarily 
found in parks and ornamental species (including planted natives) surrounding residential and 
commercial areas. In the upper watershed, evergreen forest dominates the parkland and vegetated 
areas next to houses, including creek areas.  
 
The upslope area of Joaquin Miller Park in the Palo Seco sub‐basin is part of a five square‐mile area in 
the Oakland hills once dominated by redwood forest called the San Antonio Redwoods. Logging of the 
redwoods started in the late 1840s and all of the trees were cut by 1860. The redwoods in this area are 
now second‐growth. Besides the redwood forest, most early accounts and photographs of the upper 
Sausal Creek watershed describe large areas of grassland with trees along the ephemeral and seasonal 
water courses. Following the logging of the redwoods, numerous trees were planted in Joaquin Miller 
Park and surrounding hill areas, like Piedmont Pines and Oakmore. Planted species included trees native 
to other areas of California—Monterey pine and Monterey cypress—as well as non‐native invasive tree 
species: Eucalyptus and Acacia. Palo Seco Creek sub‐basin holds over 250 acres of this mix of native and 
non‐native trees termed “evergreen forest,” mostly focused in Joaquin Miller Park. Cobbledick Creek 
sub‐basin has 110 acres of evergreen forest dispersed between houses. Similarly, Shephard Creek sub‐
basin has 110 acres of evergreen forest spread out in residential and park areas (Figure F). 
 
The native vegetation areas that remain in the Sausal Creek watershed are under constant threat of 
invasion and replacement by invasive, non‐native plant species. These plants were typically brought to 
California as garden plants or by the government to provide erosion control along streams or on 
agricultural lands. Some, such as Eucalyptus, were widely planted in the East Bay hills under the 
mistaken assumption that Eucalyptus would produce good lumber in California. The spread of invasive 
non‐native plants is a primary cause of the degradation and loss of native habitat in California. Most 
invasive plants are adapted to rapid germination and growth following ground disturbance. Some 
produce chemicals which suppress the growth of other native plants, resulting in complete dominance 
by the invasive species. Most invasive plants do not provide habitat values for wildlife, nor do they have 
natural predators outside their native land to reduce their rapid spread. 
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These stations include: 
• Sausal Creek at E. 22nd Street (SAU030) 
• Sausal Creek near Lions Pool in Dimond Park (SAU 060) 
• Sausal Creek at El Centro Ave. (SAU070) 
• Sausal Creek in Dimond Park (SAU080) 
• Palo Seco Creek (SAU130) 
 

The SWAMP program monitored for a range of persistent pollutants typical of urban contaminants. The 
results of the SWAMP monitoring found excessive levels of nutrients (nitrate and total phosphorus), 
slightly high water temperatures, and a few low dissolved oxygen measurements. Water and sediment 
samples were tested for a number of persistent pollutants including metals, pesticides, PCBs, and PAHs. 
Sediment samples from the downstream area of Sausal Creek had concentrations of chromium, 
mercury, and nickel that exceed threshold effect concentrations (TEC). Water samples did not show any 
high contaminant levels. Bioassays on water and sediment found no acute toxicities, but sediment 
sample tests found hindered growth in the test organism (Tables B and C). 
 
Bacterial data was collected by FOSC in 1999 and analyzed by the EPA, and shows high E. coli levels in all 
locations sampled. SWAMP bacterial monitoring in 2004 found lower E. coli levels, but levels still 
exceeded water contact recreation standards (Table D and E). 
 
AQUATIC AND RIPARIAN HABITATS 
 
The Sausal Creek watershed, unlike most urban areas, has many open, unculverted creek channels. In 
the Sausal Creek watershed, aquatic habitat consists of the stream channel bottom and banks in the 
creeks with perennial and intermittent, or seasonal, flow. Riparian habitat consists of the vegetation 
bordering the low flow channel and covering the adjacent floodplain. Riparian vegetation is dependent 
on a source of summer water. Willows and alders are the most abundant riparian plants along Sausal 
Creek and are considered “pioneer” species. Both species are able to rapidly colonize deposited 
sediment, stream banks, and channel edges. Other common plants found along streams in the 
watershed include trees: coast redwoods, California bay laurel, and big‐leaf maple, and understory 
plants: Pacific dogwood, nine bark, and native blackberry. Uncommon riparian species in the Sausal 
Creek watershed include elk clover, red alder, box elder, rushes and sedges, California wild rose, and red 
elderberry.  
 
An important concept in the ecology of riparian systems is ecological succession. The diversity of 
riparian vegetation species varies over a continuum of the conditions created by flood events and 
associated changes in stream channel morphology. Willows and alders, as pioneer species, occur near 
the active channel in alluvial streams or along the edges and among rocks in confined channels. Their 
reproductive and adaptive strategy is tuned to a highly variable physical environment. Farther away 
from the channel, other species occur on the floodplain that are still riparian in nature but are adapted 
to less physical variation. These include big‐leaf maple, California bay laurel, and coastal redwood.  
 
Effects of Urbanization of the Watershed on Riparian and Aquatic Habitats 
 
The urbanization of Sausal Creek began along the lower creek where the land is flat, and eventually 
extended up into the headwaters and onto steep slopes. Only one tributary—Palo Seco Creek—retains a 
largely undeveloped drainage basin. Shephard and Cobbledick Creeks have less intensive urban 
development than Sausal Creek, but are still highly impacted by runoff from impervious surfaces. 
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Replacement of native species by invasives can exacerbate the effects of fires and floods. Most of the 
invasive plants that cover the understory areas along streams provide little to no erosion control, 
allowing streambanks to fail in floods. Some invasives are extremely fire‐prone; the 1991 Oakland 
firestorm was spread as Eucalyptus stands exploded, sending burning embers across major freeways to 
start additional fires. 
 
Typically the approach to invasive species control is to: 1) document the species present and their areal 
extent; 2) determine the primary dissemination pattern (from upstream to downstream along 
watercourses, along trails, from parking lots into parkland, etc.); and 3) complete a multi‐year strategy 
for eradication. When the processes of invasive plant dissemination are contained entirely within public 
lands, this type of approach can be successful if funding is available.  
 
In the Sausal Creek watershed, however, public and private landscapes are intertwined, making 
eradication of invasives on public lands and along creeks very difficult. Unfortunately, private land in 
Sausal Creek watershed contains numerous non‐native invasive species and serves as a permanent 
source for dissemination of these plants ( Figure G). For the most part, homeowners are largely unaware 
of invasive plants and can still purchase many of the worst species for their gardens. Although state and 
local governments fund invasive plant removal, and park and fire districts carry out management to 
remove these species, the plants have not been banned for sale in the state. This situation creates a 
never‐ending supply of invasive plants to open space areas, while there are limited resources to remove 
them. Unless the ongoing cultivation of invasive plants by homeowners in the watershed is reduced, 
invasive non‐native plants can never be eradicated on public land and along creeks in the Sausal Creek 
watershed.  
 
Water Quality 
 
In urban watersheds, rainfall flushes numerous contaminants off of roofs, driveways, gardens, parks, 
and streets into storm drains and creeks. Rainfall also moves pollutants from the air into storm runoff. 
Due to the large volumes of runoff in winter, most of these contaminants are transported to San 
Francisco Bay. During the dry season, however, there are also many sources of pollutants in urban 
watersheds which may reach storm drains and creeks. Due to the low flows in the creeks in summer 
there is little dilution and pollutants can have a large effect on aquatic life. 
 
In the Sausal Creek watershed the primary land use is residential with limited commercial areas and 
some parkland. These land uses produce pollutants including oil and gas residues, trash, pesticides, 
fertilizers, sediment, dog feces, heavy metals, and other materials. These pollutants are generated by 
numerous sources in the watershed. One of the only effective methods for reducing pollutants is 
changing the habits and materials used by urban residents.  
 
Several different programs have measured water quality parameters in Sausal Creek. Friends of Sausal 
Creek (FOSC) has carried out a volunteer monitoring program for a number of years for basic water 
quality parameters in several locations.  
 
The San Francisco Bay Regional Water Quality Control Board’s Surface Water Ambient Monitoring 
Program (SWAMP) completed comprehensive water quality, sediment quality, and aquatic insect 
monitoring in Sausal Creek in 2004‐2005 at five stations (Figure H).  
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Table B: SWAMP Program Comparison of Nutrient Concentrations in Years 4 and 5 Samples to Water Quality Benchmarks (WQB) for Sausal Creek 
Station  Season  Ammonia 

as N (mg/L) 
qual  pH Temperature 

(°C) 
Unionized 
Ammonia as 
N (mg/L) 

(WQB=0.025) 

Unionized 
Ammonia 
Exceedance 

Factor 

Nitrate as N 
(mg/L) 

(WQB=0.16) 

Nitrate 
Exceedance 

Factor 

Phosphorus 
as P, Total 
(mg/L) 

(WQB=0.03) 

Total P 
Exceedance 

Factor 

SAU030  1/10/05  0.097  J  7.84 11.5 0.001 0.04 2.27 14.2 0.07 2.3
SAU030  4/12/05    ND  7.56 12.8 1.41 8.8 0.06 2.1
SAU030  6/14/05  0.05  J  7.68 15.5 1.25 7.8 0.08 2.7
* ND=not detected. “J” is defined as ‘estimated’; the analyte was detected but the value is below the Reporting Limit 
 
Table C: SWAMP Metal Concentrations in Comparison to Quality Benchmarks for Sausal Creek 
Station  Aluminum 

(mg/Kg) 
Arsenic 
(mg/Kg) 

Cadmium 
(mg/Kg) 

Chromium 
(mg/Kg) 

Copper 
(mg/Kg) 

Lead 
(mg/Kg) 

Manganese 
(mg/Kg) 

Mercury 
(mg/Kg) 

Nickel 
(mg/Kg) 

Silver 
(mg/Kg) 

Zinc 
(mg/Kg) 

SAU030  15552  4.2  0.16 66.5 12.4 12.7 250  0.243 44.3 0.11 50
Threshold Effect 
Concentration 
Values: 

  9.79  0.99 43.4 31.6 35.8   0.18 22.7 121

 
Table D: FOSC/EPA E. coli Monitoring in Sausal Creek (in MPN/100ml) 

Date 

Palo Seco 
Creek  Sausal Creek 
Joaquin 
Miller Ct.  Dimond Park  Sloan Ct.  Hickory Ct. 

3/10/1999‐4/7/1999  400  7800  7800  1900 

9/8/1999‐10/6/1999  150  1500  12000  1900 
* MPN=Most Probable Number 
 
Table E: SWAMP Total Coliform Counts and E. coli Counts (MPN/100ml) in Sausal Creek in Years 4 and 5  
Station: 
SAU060 

7/20/04  7/27/04  8/3/04 8/10/04 8/17/04 Median

Total 
Coliform 

7300  5500  1800 17000 1200 5500

E. coli  260  120  160 150 160 164
* Counts are Most Probable Number per 100 milliliters (MPN/100ml). Values in red exceed the limit for freshwater recreation (126 MPN for the geomean). 
Tables from Water Quality Monitoring and Bioassessment in Selected San Francisco Bay Region Watersheds in 2004‐2006, San Francisco Bay Regional Water 
Quality Control Board, 2008. 
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Creeks in a natural state are formed and changed by flood events. Each watershed has a unique set of 
features, including size and shape of the basin and stream network, topography, geology, vegetative 
cover, land use, and rainfall patterns. Over time, the creek’s size, shape, and condition reflect watershed 
conditions. For example, large‐scale grading, road building, and land disturbance for residential 
development in upper Sausal Creek watershed likely increased soil erosion, including landslides in wet 
years, resulting in large volumes of sediment being delivered to Sausal Creek. The creek channel might 
have had increased over‐bank flooding and reduced aquatic habitat due to the sedimentation. Once 
large areas of the watershed were paved and many creek channels replaced with storm drains, Sausal 
Creek experienced larger volumes of runoff over a shorter time and a decreased sediment supply. 
Erosion of the sediment stored in the creek bed and banks occurred, resulting in incision or 
entrenchment. Once the channel is incised, storm flows are confined to the channel and increase 
erosion. In addition, urbanization typically involves channelization of creeks to reduce the area the creek 
occupies in order to maximize buildable land. 
 
During the urbanization process, the riparian habitat is eroded out as the creek channel incises. As the 
channel bottom erodes, the former floodplain is isolated from frequent inundation. The entrenched 
channel has high flow velocities precluding much sediment deposition and the germination of riparian 
trees. The habitat in the new incised channel is limited in area and diversity. As the channel deepens, 
the banks fail, eroding habitat remaining on the original floodplain. 
 
Aquatic habitats are affected by the high flow velocities. Channel scour and frequent gravel movement 
decrease the abundance and diversity of aquatic insects. Sand transport can shred the insects. High 
water temperatures caused by the loss of riparian shading, persistent urban pollutants, and fine 
sediments also limit aquatic insects.  
 
To revegetate the riparian corridor and achieve conditions which support natural ecosystem processes 
of succession and diversity, the effects of urbanization on flow volumes, velocities, and channel form 
have to be mitigated. Willow, the species most adapted to high velocity flows, can withstand a flow 
velocity of up to 7 ft./sec. and shear stresses of 2 lbs./ft2. Sausal Creek typically exceeds these conditions 
during the 1‐year frequency event (Figures D and E).  
 
Benefits and Limitations of Creek Restoration 
 
Urban creek restoration typically means changing the stream channel by grading and possibly adding 
rock or removing a culvert and recreating a channel. A narrow band of vegetation, usually willows, is 
installed on the newly graded channel banks. The creek usually remains in the same area. Due to space 
limitations of urban areas it is uncommon for a floodplain to be created where storm flows can spread 
out and slow down. The footprint of the riparian corridor is rarely wide enough to support ecological 
processes, or a diversity of plant species. The restored urban stream may continue to have physical 
conditions such as frequent high velocity flows, which scour the channel and reduce the abundance and 
diversity of aquatic insects and riffles and pools for spawning and rearing fish. By restoring only one 
reach of an urban creek, the habitat benefits that can be achieved are limited to what can be changed in 
this very limited area. A broader approach, integrating improvements in the watershed with creek 
projects to mitigate the effects of urbanization, offers the possibility for changing both the creek and the 
processes which have caused the degradation of the creek. A focus on watershed restoration instead of 
just creek restoration requires a greater level of analysis but has the potential to produce higher quality, 
more sustainable environmental conditions in habitat areas. 
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A number of studies have looked at the long‐term changes in aquatic habitat conditions in restored 
urban creeks. One of these studies focused on changes in aquatic insect assemblages in a creek in the 
East Bay. A restored section of Baxter Creek in Poinsett Park was evaluated in 1999 and in 2004 (Purcell 
et. al. 2002; Purcell 2004). The creek was removed from a culvert, a new channel was graded and 
stabilized with rock, and willows were planted. The size of the new creek channel was restricted by 
adjacent urban development and no floodplain was created as part of the project. 
 
Aquatic insects were monitored in 1999 and again in 2004. Samples were taken after the project was 
completed and were evaluated for taxa richness, number of taxa of EPT (pollutant intolerant taxa), and 
family richness. Habitat areas were also evaluated.  
 
The restored reach was compared with an unrestored reach of Baxter Creek and a high quality habitat 
area of Strawberry Creek deemed “best attainable conditions.” The same sampling design was applied 
to all three creek reaches. The study found that the “restored” reach of Baxter Creek had slightly 
improved aquatic habitat conditions over the unrestored reach of Baxter Creek but showed no 
significant improvements in aquatic habitat between 1999 and 2004, and had lower quality habitat than 
the Strawberry Creek site. The study attributed the lack of improvement in aquatic habitat in the 
restored reach to the continued urban runoff and high velocity flows in the channel. 
 
Studies of stream restoration in Australia (Walsh et. al. 2005) concluded: 

“Restoration of streams degraded by urbanization has usually been attempted by 
enhancement of instream habitat or riparian zones. Such restoration approaches are 
unlikely to substantially improve instream ecological conditions because they do not 
match the scale of the degrading process. Recent studies of urban impacts on streams in 
Melbourne, Australia, on water chemistry, algal biomass and assemblage composition of 
diatoms and invertebrates, suggested that the primary degrading process to streams in 
many urban areas is effective imperviousness (EI), the proportion of a catchment 
covered by impervious surfaces directly connected to the stream by stormwater 
drainage pipes. The direct connection of impervious surfaces to streams means that 
even small rainfall events can produce sufficient surface runoff to cause frequent 
disturbance through regular delivery of water and pollutants; where impervious 
surfaces are not directly connected to streams, small rainfall events are intercepted and 
infiltrated…Alternative drainage methods, which maintain a near‐natural frequency of 
surface runoff from the catchment were identified as the best approach to stream 
restoration in urban catchments…” 

 
Studies of urban stream restoration in the Seattle area (Booth 2005) found: 

“Undoing harm by catchment urbanization on stream channels and their resident biota 
is challenging because of the range of stressors in this environment. One primary way in 
which urbanization degrades biological conditions is by changing flow patterns; thus, re‐
establishing natural flow regimes in urban streams demands particular attention if 
restoration is to have a chance for success. Enhancement efforts in urban streams 
typically are limited to rehabilitating channel morphology and riparian habitat, but such 
physical improvements alone do not address all factors affecting biotic health. Some 
habitat‐forming processes such as the delivery of woody debris or sediment may be 
amenable to partial restoration, even in highly disturbed streams, and they constitute 
obvious high‐priority actions. There is no evidence to suggest, however, that improving 
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non‐hydrologic factors can fully mitigate hydrologic consequences of urban 
development.” 

 
This plan focuses on changing the watershed processes which have the largest effects on streams and 
are the result of the high level of urbanization in the Sausal Creek watershed. 
 
Description of Stream Conditions 
 
Cobbledick Creek 
 
Most of Cobbledick Creek and its tributaries have open channels with seasonal flow. With the exception 
of two areas, however, this sub‐basin is private residential land. In addition, in many areas of this sub‐
basin homes border the creek or have foundations or deck piers next to or in the creek. In these private 
creeks, control and eradication of invasive plants such as broom, Himalayan blackberry, cape ivy, 
Algerian ivy, and blue periwinkle will reduce the spread of these problem plants into downstream 
habitat areas. Erosion control and bank stabilization may also be needed. Native shrubs and trees such 
as toyon, manzanita, oaks, and madrone occur as natural vegetation. 
 
Cobbledick Creek 1 (CC1) 
This reach along Larry Lane is bordered with houses. The channel is semi‐confined between hillslopes 
and much of the former floodplain is filled with houses. Mixed conifers line the creek and Eucalyptus, 
Algerian ivy, and broom are common. A sediment/detention basin blocks the channel near the Ascot 
Road crossing. The dam creating this basin was overtopped and eroded portions of the dam and Larry 
Lane road fill. Downstream from this basin the creek channel consists of fill with a culvert and has a 
house on the fill. There is erosion at the outlet. Downstream of the Ascot Rd. crossing the creek channel 
is filled and the creek goes through a culvert under Joaquin Miller Elementary/Montara Middle schools.  
 
Cobbledick Creek 2 (CC2) 
This reach is Cottonwood Creek, which flows through Beaconsfield Canyon. The channel is semi‐
confined between hillslopes and the channel bed is mostly fine sediment with some gravel. Black 
cottonwoods line the creek and broom and Himalayan blackberry make up the understory. The 
downstream end of this reach has a rapidly eroding inlet where the creek drops into a storm drain. 
 
Cobbledick Creek 3 (CC3) 
This reach is made up of ephemeral creeks in an undeveloped but private 15‐acre area. There are 
willows, elk clover, and dogwoods growing along one of the creeks. 
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Figure J: Houses line the tributary channels in the Cobbledick Creek sub‐basin. House and deck 
foundations are located within the area of the channel that is subject to bank erosion and failure.  
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Cobbledick Creek 4 (CC4) 
This reach extends from the outlet of the culvert underneath the Joaquin Miller Elementary/Montara 
Middle schools to the confluence with Shephard Creek. The channel is lined by live oaks and Eucalyptus 
and has erosion in many locations with undercut trees.  
 

Palo Seco Creek 
 
The Palo Seco Creek sub‐basin is the least developed area of the Sausal Creek watershed.  
 
Palo Seco Creek 1 (PSC1) 
This reach is the upper meadow area of Joaquin Miller Park. Dominant trees are coast redwoods and 
willows with an understory of Himalayan blackberry. The channel appears to have been relocated to one 
edge of the meadow area. Currently the meadow serves as a floodplain (Figure K). A drop inlet into the 
culverted section of creek (PSC2) occurs at the downstream end of this reach. 
 
Palo Seco Creek 2 (PSC2) 
This reach of creek was culverted to create a meadow. This reach was likely lined by redwoods prior to 
clearcutting in the 1860s and park development projects in the 1930s and 1940s. This reach includes the 
confluence with Fern Ravine Creek, which is culverted from a picnic area to its confluence with culverted 
Palo Seco Creek. The drop inlet for Fern Ravine Creek frequently fills with bedload, and water creates an 
overland course to meet the open channel of Palo Seco Creek. 
 
Palo Seco Creek 3 (PSC3) 
This reach of Palo Seco Creek stretches from the culvert outlets at the downstream end of the meadow 
to the confluence with Cinderella Creek. The slope of the creek bed increases over this reach and 
contains several knickpoints. The creek channel is incised below these knickpoints and several trees 
have been undercut on the banks. Aquatic insect monitoring showed good aquatic conditions (Figure L). 
 
Palo Seco Creek 4 (PSC4) 
This steep rockbound channel is lined by redwood and California bay laurel trees. Many trees, however, 
are covered with parasitic Algerian ivy and numerous invasive non‐native holly trees are growing in the 
redwood forest. 
 
Palo Seco Creek 5 (PSC5) 
This reach stretches from the Highway 13 culvert outlet to the confluence with Sausal Creek. The 
channel is confined with hillslopes, and the channel bed is mostly fine sediment with gravel. The density 
of vegetation is high, dominated by coast redwoods with Algerian ivy, Himalayan blackberry, and 
American elm. Since 2003, FOSC has been working to re‐create the understory vegetation under the 
redwoods along the switchback trail. An erosion control project consisting of a swale was installed to 
divert flow from a storm drain outlet.  
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Figure K: Palo Seco Creek (PSC1) overflows onto a grassed floodplain and trail  

during larger flow events This reach could be easily restored.
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Figure L: Top: Palo Seco Creek (PSC3) in the Jan. 1, 2006 flood event. Bottom: Small trail bridge with 
culverts serves as a grade control structure for Palo Seco Creek. Small trash rack visible upstream is 

also a grade control structure. Note sediment runoff from adjacent trails. 
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Shephard Creek 
 
Shephard Creek has very little riparian or aquatic habitat and few feasible opportunities for native 
revegetation exist on the main creek. Controlling invasive non‐native plants (Eucalyptus, broom, Acacia, 
pampas grass) in tributaries and on hillslopes will benefit downstream creek areas. This sub‐basin has a 
large number of storm drains and most of the main creek channel has been culverted. Shepherd Canyon 
Park was once an open creek channel. A large amount of fill and a pipe was placed in the creek to create 
a flat area for the park. Escher Creek is an ephemeral tributary to Shephard Creek which was relocated 
to flow along the edge of Shepherd Canyon Park, and has been cleared of invasive plants and planted 
with native plants by the Shepherd Canyon Homeowners Association. Downstream of this park, the 
creek has an open channel up to Highway 13 and the confluence with Cobbledick Creek.  
 
Sausal Creek 
 
Sausal Creek extends from the confluence of Palo Seco Creek and Shephard Creek to San Francisco Bay.  
 
Sausal Creek 1 (SC1) 
SC1 extends from the confluence of Shephard and Palo Seco Creeks to the restoration project. The creek 
is confined in a relatively deep canyon lined by California bay laurels and white alders covered by 
parasitic Algerian ivy. Grade control structures, culverts, and cement lining cover most of the creek 
channel. Cobble dominated substrate has built up behind the stair steps of grade control structures. A 
major sewer line borders the creek and runs down the channel. There are numerous erosion sites from 
storm drains which outlet on the slopes of the canyon (Figure M) 
 
Sausal Creek 2 (SC2) 
This is the 600‐foot reach where a restoration project was completed in 2001. It begins one‐quarter mile 
upstream from the El Centro culvert. Several grade control structures were removed and the sanitary 
sewer pipe in the middle of the creek was replaced. A series of rock weirs were installed along with 
some riprap at the base of the banks. Overstory California bay laurel trees were cut and willows and 
other native species were planted along the channel banks. Thousands of native plants were installed in 
the narrow riparian corridor and adjacent slopes (Figure N). 
 
Sausal Creek 3 (SC3) 
This reach stretches from just upstream of the El Centro culvert through Dimond Park. The Sausal Creek 
channel would be unconfined with a floodplain if it were not channelized and culverted. The area 
downstream of the El Centro culvert is lined by white alders. There are few alder seedlings and no 
regeneration of the riparian corridor. Along the downstream section, the right bank is residential with 
various types of revetments to protect against erosion. The left bank is parkland with native and 
ornamental trees. The channel is entrenched and eroding in this downstream area. The City of Oakland 
is planning to change this reach by daylighting part of the creek out of the culvert west of Wellington 
Street, protecting the private property downstream on the right bank and installing native vegetation on 
the left bank.  
 
Sausal Creek 4 (SC4) 
This reach extends from the Highway 580 culvert to 27th St. The creek channel would be naturally 
unconfined but due to urban development is highly entrenched and culverted. The creek borders an 
intensively urbanized area and has been affected by the McKillop slide. This slide filled in Sausal Creek in 
2006 and undercut several houses. A similar incident occurred in the 1970s and a culvert was installed to 



SAUSAL CREEK WATERSHED ENHANCEMENT PLAN: SUMMARY    28 

 
direct the creek away from the slide through William D. Wood Park. At the downstream end of the 
culvert a pump operated by Alameda County Flood Control lifts water up to the creek channel 
downstream.  
 
Sausal Creek 5 (SC5) 
This reach extends from 27th St. to the culvert at the most downstream end of Sausal Creek. The creek 
channel would be naturally unconfined but due to urban development is highly entrenched and 
culverted. Houses line the creek. The streambed holds little gravel and has eroded down to clay 
hardpan. Banks are vertical and tall in many locations. Riparian vegetation is limited and primarily 
consists of non‐native species, and shade canopy is sparse. One SWAMP station is located in this reach 
(Figure O). 
 

Aquatic Insects 
 
An indicator of both the health of the aquatic ecosystem and water quality is the diversity and 
abundance of aquatic insects in a creek. Typically aquatic insects are monitored in creeks with perennial 
flows. Some families of aquatic insects are more tolerant of pollution than others. The term EPT refers 
to Ephemeroptera, Plecoptera, and Trichoptera, three orders of aquatic insects. Within the EPT are 
particular taxa that are highly sensitive to pollutants. If the number of taxa of EPT sensitive to pollution 
is high in a creek, then the pollutant levels may be low. If pollution‐sensitive taxa are missing, then it is 
likely that water pollution, poor habitat conditions, or excessive channel scour is occurring.  
 
In 1999 a benthic macroinvertebrate (BMI) study in Sausal Creek was completed (Lacan et.al. 1999) 
Three stations were sampled: Palo Seco Creek upstream of the creek canyon, Sausal Creek in Dimond 
Park, and Sausal Creek at Hickory Court. Pebble counts, streamflow measurements, channel cross‐
sections, and evaluation of riparian canopy were done at each sampling site. Basic water quality 
parameters—pH, water temperature, dissolved oxygen, and specific conductivity—were also measured 
during the sampling as instantaneous measurements. This study found a significant difference between 
the Palo Seco Creek station and the two stations on Sausal Creek in terms of taxa richness, percent of 
dominant taxon, and indices of functional feeding groups. These results show that the Palo Seco Creek 
station has a healthy aquatic habitat, while the two Sausal Creek stations have low quality habitat. The 
authors state that the Sausal stations are highly affected by urbanization. Riparian forest canopy is 
inadequate to shade the creek at the Sausal Creek stations and the gravel substrate is frequently 
scoured, turning rocks and moving smaller gravel. The study cites channel incision, which increases flow 
velocities, steepens stream banks and often erodes riparian trees, along with the higher velocities of 
urban runoff, as major causes of the lack of healthy aquatic habitat at the Sausal Creek stations.  
 
The San Francisco Bay Regional Water Quality Control Board’s Surface Water Ambient Monitoring 
Program (SWAMP) completed BMI sampling at three stations in April 2005. These included SAU030 
(Sausal Creek at E. 22nd Street), SAU080 (Sausal Creek in Dimond Park), and SAU130 (Palo Seco Creek) 
(Figure H). For stations SAU030 and SAU080, the BMI assemblages were in poor condition. Taxonomic 
richness was low and sensitive EPT taxa were largely absent. These conditions were found for the 
majority of urban creeks in Oakland and Berkeley and are considered indicators of poor water quality 
and the high scour conditions in urban creeks. The sampling site on Palo Seco Creek (SAU130) 
demonstrated far better conditions. Taxonomic richness and percent sensitive EPT were much higher, 
with many pollution‐intolerant taxa present.  
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BMI results from the 2005 SWAMP study and the 1999 Lacan study found similar results: low taxonomic 
richness and a near absence of sensitive EPT taxa at all the Sausal Creek stations. Stations on Palo Seco 
Creek showed significantly better conditions with higher taxonomic richness and a moderate percentage 
of sensitive EPT taxa. These results demonstrate the poor water quality conditions in the urban areas of 
Sausal Creek and the relatively good conditions on Palo Seco Creek, the only non‐urban tributary. 
 
A small number of rainbow trout have been observed in Sausal and Palo Seco Creeks. These fish are at 
risk from scouring flows and pollutants. The current levels of information don’t identify whether the fish 
successfully reproduce and where they find refuge during floods. The broken areas of the grade control 
structures in Sausal Creek may serve as areas of lower velocity during floods. 
 
 EVALUATION OF WATERSHED EROSION SITES 
 
A focused evaluation of several types of erosion sites was carried out in the Sausal Creek watershed. 
Outlets of the stormdrain system were assessed for erosion. The City of Oakland GIS layer of storm drain 
pipes was used to assign letter/number identities to all of the storm drain outlets in the watershed. 
These outlets were then evaluated to create a list of priority outlets for field inspection. Priorities 
included outlets along major open channels, large pipe outlets, outlets in extremely steep areas, and 
outlets of storm drains which drain a large land area. The primary purpose of the field inspection was to 
identify major erosion problems associated with concentrated flow at outlets of storm drains. A number 
of features of each outlet was recorded—size and shape of pipe, pipe material, conditions of outlet, 
whether the culvert was plugged and, if so, by what percentage; whether the outlet was undercut and 
the number of feet of undercut, the material in the impact zone of outlet, the drop height from the 
outlet to the impact zone, the condition of the impact zone, the condition of the channel, whether a 
gully was present at the outlet and, if so, the length and depth of the gully; comments on the site, and a 
photograph.  
 
The results were mapped with categories for the amount of erosion at the outlet: extreme, significant, 
or little to no erosion. Not surprisingly, most of the erosion at the storm drain outlets occurs in the 
upper watershed and along Dimond Canyon. Many of the storm drains in the watershed have been in 
place since the development of the area; however, one of the newest developments in the watershed, 
the Chabot Space and Science Center, has caused significant erosion to surrounding lands from its storm 
water outlets. This facility has large parking lots, roofs, and other paved areas which drain to a few 
outlets. There is significant erosion at these storm drain outlets and further downstream in the creek 
channels. The affected creeks are all on public property. The Castle Drive erosion site in Joaquin Miller 
Park appears to have been caused by a storm drain outlet at the ridge top which releases storm water 
into the park. 
 
Parks in the Sausal Creek watershed have several primary areas of erosion: recreational facilities such as 
trails and roads, outlets of concentrated flows from adjoining urban lands, and changes to creeks from 
watershed changes and management actions. Major erosions sites are summarized in Table F. Many of 
the trails in Joaquin Miller Park date from prior logging activities and were not built for long‐term use. 
There is a general lack of stream crossing culverts, waterbars, and proper drainage on trails.  
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Table F: High Priority Erosion Sites 
Priority for 
Repair 

Comments and Recommendations

Joaquin Miller Park 
High – direct 
delivery to creek; 
damage to 
vegetation and 
trail 

The Sunset Loop Trail crosses an ephemeral creek with no culvert and captures the creek flow. Consequently, creek flow courses 
down the trail, eroding 3‐4 inch deep rills and delivering fine sediment to the base of the oak tree on Sunset Trail and into Palo Seco 
Creek. A culvert needs to be installed to route the stream flow under the trail and back into the creek. 

High – direct 
delivery to the 
creek 

This is the most upstream grade control on Palo Seco Creek and consists of a trail bridge with three 20‐inch culverts and an upstream 
trash rack. Trails at this junction are rilling, particularly Sinawik Loop Trail. In addition, the ephemeral creek on the north side of 
Sunset Trail is actively eroding from storm drain runoff along Skyline Blvd. directed into this small creek. A major repair will be 
needed here as major runoff events deepen Palo Seco Creek at the downstream side of the bridge. Trail and ephemeral creek runoff 
flows down the creek banks, eroding and widening the channel. The channel bed is up to seven feet deeper below the bridge than in 
the areas upstream of the trash rack. The bridge and trash rack cannot simply be removed, as removal will cause the channel to 
adjust and undercut numerous redwoods along the creek banks. Any replacement structure should be designed as a grade control 
structure. Stream banks should be revegetated and the culvert under Sunset Trail between the northern ephemeral creek and Palo 
Seco Creek replaced with a much larger culvert which will not clog with rocks but will allow for the transport of rock into Palo Seco 
Creek. 

High – direct 
delivery to creek 

This is another major knickpoint in Palo Seco Creek at a casual creek crossing. The knickpoint is over five vertical feet and has eroded 
approximately five feet upstream in the past ten years. Several tree roots are temporarily preventing the site from further erosion 
moving upstream. This site should have a rock grade control structure to avoid further upstream migration of this knickpoint. 
Downstream banks need to be set back to reduce erosive velocities and allow willow sprigging. Large wood debris in the channel 
should also be retained at this location. 

Moderate  Sunset Trail crosses Cinderella Trail and a very large erosion site occurs in the channel of Cinderella Creek downstream of this 
crossing. The addition of urban runoff from Chabot Space & Science Center greatly increased the level of erosion at this site. The 
channel downstream of this crossing is over 20 ft. lower in elevation from the upstream side. Unfortunately, a culvert replacement 
completed in 2007 was installed incorrectly. Stream crossing culverts need to be installed at the same slope as the stream channel. 
The repair set the culvert at no slope, resulting in a large drop for the water at the outlet. The culvert also appears undersized, with 
flow overwhelming the culvert during the 2006 flood and flowing over the trail. This site should have a critical dip installed to avoid 
flow coursing down the trail and causing additional erosion. 
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Table F: High Priority Erosion Sites 
Priority for 
Repair 

Comments and Recommendations

High – direct 
delivery to creek; 
trail damage 

Cinderella Trail borders Cinderella Creek and probably was originally constructed as a skid trail for logs. This trail is very steep and 
highly eroded. It currently functions as a bucket road: the convex road surface concentrates flow in the low point at the center of the 
trail and erodes fine sediment in storms. These fines are deposited on Sunset Trail and in Cinderella Creek. This trail needs to be re‐
graded to an outsloped condition with rolling dips to intercept sheet flow from the road. Several ephemeral tributaries and one 
spring to Cinderella Creek also course over the trail, adding to the runoff on the trail. These tributaries need culverts to move the 
water to Cinderella Creek. This trail should be considered for closure due to the high cost to repair and stop the environmental 
damage it causes.  

Moderate  Chaparral Trail has numerous rills and gullies and needs to be rebuilt in sections using new grade control steps to stabilize the trail 
and reduce erosion. 

Moderate – 
monitor repairs 
for downstream 
effects 

A storm drain at the top of the ridge on Castle Drive combined with clearcutting of Eucalyptus caused a major erosion site in an 
ephemeral creek channel. An expensive repair was installed following over 10 years of erosion, ineffective repairs, direct delivery to 
Palo Seco Creek, and environmental damage. Several temporary repairs, installed prior to current project, failed. Current repair 
includes a pipe to move runoff through the gully and beneath the trail. The pipe outlets in the ephemeral creek channel just 
downslope from the trail crossing. This creek has significantly eroded and needs to be carefully monitored to avoid continued 
erosion. Pipe should be extended to culvert at Palos Colorados Trail to avoid eroding the creek. 

Moderate  Palos Colorado Trail is eroding in numerous locations with direct delivery to Palo Seco Creek. Repairs should avoid filling or 
narrowing the creek to support the trail. 

High – direct 
delivery to creek; 
trail damage 

Stormwater runoff from Chabot Space & Science Center parking lots is eroding the Castle Park Trail. Directly delivers sediment to 
Cinderella Creek. 

Moderate  Gully on Sinawik Trail
Moderate  Rill erosion on short steep trail near Horse Arena
Moderate  Rill erosion on steep section of Fern Ravine Trail
Dimond Canyon 
High   There is extreme erosion at two culvert outlets in Dimond Canyon; the first is the gigantic hole created by the shotgun culvert at 

Estates Drive on Park Blvd. and the second is near Park Blvd., just south of the Leimert Bridge: water runs down the trail for a 
considerable distance and has created numerous gullies. 

High  The storm drain outlet near San Luis Avenue creates a huge gully in the restoration area.
High  The storm drain outlet at the end of Benevides Ave. has created a small landslide into the creek.
Moderate  There is a significant amount of erosion due to off‐trail dogs; they’ve done a tremendous amount of damage to the native plantings 

in the El Centro restoration area and there are denuded swaths between Sam’s Trail and the creek, and also along the Bridgeview 
switchbacks. 
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Table F: High Priority Erosion Sites 
Priority for 
Repair 

Comments and Recommendations

Moderate  Montclair Golf Course uses a golf ball vacuum on the lower area of the driving range, creating a sediment source just above the 
culvert outlet. 

Shepherd Canyon and Montclair Railroad Trail Park
High  The Zinn Drive/trail area is the source of a lot of sediment along the Montclair Railroad Trail. There are two or three shotgun culverts 

with large gullies below the trail; the deteriorating edge of the fire road has many small landslides; and the very large landslide below 
Cortez Court has blocked the creek channel, creating rills and gullies for about 150 feet along the fire road. The 500 feet of 
ephemeral creek channel above is basically an eroding gully, up to 3 feet deep and 5 feet wide. 

Moderate  Escher Creek is eroding very quickly: former eroding ephemeral creek channels upstream were culverted a few years ago. Karen 
Paulsell estimates that the creek has downcut at least 1 foot in about 5 years at one creek crossing. 

Moderate  A lot of the steep hillsides above and below Escher Drive are regularly denuded, with a lot of bare soil exposure, partially due to the 
WPD vegetation management. Erosion continues all the way down the Escher Creek channel, and is high between the restroom and 
the standpipe at Shepherd Canyon Road. 

High  Storm drain outlets SC‐4‐04 and SC‐4‐05 join to form a large gully, 6 feet wide by 8 feet deep and at least 100 feet in length.
Moderate  Many homeowners clear like the WPD does: down to bare soil, adding to the silt load.
Cobbledick Creek 
High  A landslide at Haverhill Dr. is affecting Beaconsfield Canyon, with the landslide deposition blocking the creek channel and flow 

diverted onto the fire road. 
Moderate  Upstream from Haverhill Dr., the creek is eroding soil from under the edge of the road. 
Moderate  A new and significant gully has appeared in Castle Canyon; a possible cause is a new storm drain installed on private property at the 

top of the canyon. It is very likely that this gully is responsible for the large amounts of deposition in the channel along Larry Lane. 
High  One of the extreme creek channels is located on Holyrood Dr. in the upper part of the watershed; the homes next to this creek 

channel have soil eroded from underneath their foundations. 
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LAND USE AND MANAGEMENT 
 
Relevant Plans, Policies, and Permitting 
 
Sausal Creek watershed is home to about 80,000 residents and includes 2127.6 acres of urban land 
covering 76.5% of the drainage. The density of housing varies between the steep hills of the upper 
watershed and flatter lands of the lower watershed. Above and just below Highway 13, residential 
density has less than 49% cover of impervious surfaces. From Dimond Park downstream, high intensity 
urban areas have  50‐100% impervious coverage. Parkland and open space covers approximately 650 
acres in the watershed or 23.5% of the drainage. 
 
The City of Oakland has a Creek Protection, Storm Water Management and Discharge Control 
Ordinance. The purpose of the ordinance is to: 

• Eliminate non‐storm water discharges to the municipal storm drain system; 
• Control the discharge to municipal storm drains from spills, dumping or disposal of materials 

other than storm water; 
• Reduce pollutants in storm water discharges to the maximum extent practicable; 
• Safeguard and preserve creeks and riparian corridors in a natural state; 
• Preserve and enhance creekside vegetation and wildlife; 
• Prevent activities that would contribute significantly to flooding, erosion or sedimentation, or 

that would destroy riparian areas or would inhibit their restoration; 
• Enhance recreational and beneficial uses of creeks; 
• Control erosion and sedimentation; 
• Protect the public health and safety, and public and private property. 

 
Portions of the Sausal Creek watershed are in the City of Oakland Wildfire Prevention District.  The 
priorities of the Wildfire Prevention District for 2004‐2014 are to: 

• Establish and implement a strategic, cost‐effective, sustainable, environmentally sensitive fuel 
management plan 

• Encourage the involvement of and increase the knowledge of property owners, developers and 
the public‐at‐large in fire safe practices 

 
Infrastructure 
 
The sanitary sewer system carries raw sewage from residential and commercial areas to the East Bay 
Municipal Utilities District (EBMUD) wastewater treatment facility in west Oakland. The maze of sewer 
lines in the hilly residential areas of Shephard Creek and Cobbledick Creek sub‐basins appear to feed 
into main lines along the major creek courses. This system of sewer pipes from the upper watershed 
feeds into the main sewer, which follows Sausal Creek through Dimond Canyon. Several major lateral 
pipes feed into the main sewer in Dimond Canyon. Sewer pipes also cross Sausal Creek at several points 
in the lower watershed. The route of the main sewer line leaves the Sausal Creek bed at the end of 
Dimond Park and follows Dimond Avenue and then Fruitvale Avenue.  There are several locations where 
the sanitary sewer system is known to overflow during large rainstorms. Where the main sewer extends 
down Sausal Creek from Highway 13 to Dimond Avenue, the manhole covers pop off the sewer in large 
storms and raw sewage flows into Sausal Creek. Sewage also flows out of the sewer manhole into Palo 
Seco Creek just upstream of the Highway 13 crossing on Joaquin Miller Court. There are likely additional 
locations where similar problems occur (Figure S).  
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Figure S: Sanitary sewer overflow following the January 1, 2006 flood 
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Table G: Summary of Watershed Conditions 
Feature  Opportunities  Constraints 

Physical Features 

Many of the creek channels in the upper 
watershed are open and unculverted. 
 
Most of the Palo Seco Creek sub‐basin is 
undeveloped. 
 
Sausal Creek is largely unculverted from the 
Montclair Golf Course to just below Foothill 
Boulevard. 
 
Palo Seco Creek and a large portion of 
Sausal Creek are in public parks.  
 
Many of the ephemeral creeks in the upper 
watershed are natural channels. 

The Sausal Creek watershed is “built out” as a residential area 
with some commercial areas. In a built out area it is more 
difficult to implement creek setbacks, low impact development 
(LID), stormwater detention, and other facilities to mitigate the 
pollutant and peak flow effects caused by urbanization than if an 
area is in the process of being developed. 
 
The upper watershed is prone to landslides and erosion due to 
the steep slopes and highly fractured rock along the Hayward 
fault.  
 
Most of the creeks downstream of I‐580 are culverted. 
 
Rainstorms of 1 inch precipitation or less cause a 1‐year 
frequency flow event. This frequency flow disturbs aquatic 
habitats. 
 
Trails in Joaquin Miller Park have numerous erosion sites. 
 
Storm drains direct additional runoff into hillside ephemeral 
creeks, increasing erosion at the outlet of the culvert and in the 
creek channel. 

Biological Features 

Palo Seco Creek retains high quality aquatic 
habitat as demonstrated by the diversity, 
abundance, and pollution‐sensitive taxa of 
aquatic insects sampled in the creek. 
 
Although infested with invasive non‐native 
plants in some locations, the parkland of the 
Sausal Creek watershed supports a diversity 
of native and rare plant species. 
 

Sausal Creek watershed is 78% urban land uses with intensive 
development from the El Centro crossing downstream and less 
intensive development upstream.  
 
Residential areas harbor numerous ornamental plants, some of 
which are invasive and can spread into natural creeks and out‐
compete native plants. These invasive non‐native plants are 
widespread in the natural lands of Sausal Creek watershed. 
Urban areas are a never‐ending source of infestation. Many 
invasive plants are fire hazards. 
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Table G: Summary of Watershed Conditions 
Feature  Opportunities  Constraints 

A small population of rainbow trout lives in 
Sausal Creek and lower Palo Seco Creek.  
 
There are a number of city parks in the 
watershed where projects to improve creeks 
and habitats can be implemented. 

 
Water quality sampling at the five stations in the Sausal Creek 
watershed found excessive levels of nutrients, no persistent 
pollutants, and some negative effects from bioassay tests on 
sediment samples. 
 
Aquatic insect sampling at all the Sausal stations found poor 
aquatic habitat conditions and limited aquatic insect abundance 
and diversity, with almost no pollution‐sensitive taxa. 
 
Bacteria sampling in Sausal Creek and Palo Seco Creek found 
levels of E. coli in excess of standards for water contact 
recreation in all but one sample. 

Planning and Infrastructure 

The City of Oakland has a creek protection 
ordinance. 
 
Oakland has a Wildfire Prevention District 
works with residents to control invasive 
non‐native plants that are also fire hazards. 
 
FOSC has implemented a program of 
invasive non‐native plant control and native 
plant installation involving and educating 
many residents. 

The main sanitary sewer is located adjacent to and in Sausal 
Creek from below Highway 13 to Dimond Avenue. Raw sewage 
overflows occur during flood events and E. coli sampling 
indicates leaks may also be occurring. 
 
Storm drain outlets in the Sausal Creek watershed create erosion 
in a number of locations. 
 
The control methods used by the Wildfire Prevention District 
often cut the same vegetation numerous times and is believed to 
spread invasive plants through inappropriate management 
actions (FOSC 2010). 
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EVALUATING WATERSHED STORMWATER IMPROVEMENTS 
 
The assessment of existing conditions in the Sausal Creek watershed demonstrated that changing the 
volume and timing of stormwater entering the creek system could reduce the negative effects of 
urbanization on the aquatic and riparian system.  
 
These conditions include: 

• High levels of impervious surfaces (asphalt, cement, buildings) resulting in reduced infiltration of 
rainfall and increased runoff volumes over a shorter period of time. 

• Small increments of rainfall produce larger runoff volumes. For example, a storm event with 0.5 
inches of rainfall in a 24‐hour period can generate a significant level of runoff. 

• Poor habitat conditions for aquatic insects in Sausal Creek but good conditions in Palo Seco 
Creek, a largely undeveloped tributary basin. 

• Frequent runoff events (1‐year frequency) are capable of scouring the creek, moving gravel and 
reducing the ability of the creek to support aquatic insects and aquatic habitats. 

• Channel entrenchment and the lack of functional floodplain limits riparian corridors to a narrow 
width and removes natural regeneration and ecological successional processes. 

• Numerous erosion sites from storm drain outlets and erosion in many small creeks in the upper 
watershed. 

 
The watershed was reviewed for locations where stormwater could be detained or temporarily held and 
released slowly to reduce the volume of peak flows in Sausal Creek. Figures T and U and Table F depict 
the locations of a series of watershed improvements.  
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Table H: Sausal Creek Watershed Stormwater Improvement Sites 

Improvement  Scenario 1  Scenario 2  Scenario 3 

Rain barrel at each house in the Shephard and 
Cobbledick Creek sub‐basins 

   

Chabot Space & Science Center Parking Lot 
Detention and Biofiltration Site 1 

   

Chabot Space & Science Center Parking Lot 
Detention and Biofiltration Site 2 

   

Joaquin Miller Elementary School/Montara Middle 
School Parking Lot Detention and Biofiltration Site 

   

Montclair Parking Lot Detention and Biofiltration 
Site 

   

Joaquin Miller Park Parking Lot Detention and 
Biofiltration Site 1 

   

Joaquin Miller Park Parking Lot Detention and 
Biofiltration Site 2 

   

Zion Lutheran Church Parking Lot Detention and 
Biofiltration Site 

   

Montclair Railroad Trail – Stormwater Detention 
Basin 1 

   

Montclair Railroad Trail – Stormwater Detention 
Basin 2 

   

Montclair Railroad Trail – Stormwater Detention 
Basin 3 

   

Joaquin Miller Park – Upper Meadow Detention Site     

Joaquin Miller Park – Middle Meadow Detention Site     

Joaquin Miller Park – Lower Meadow Detention Site     
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Table H: Sausal Creek Watershed Stormwater Improvement Sites 

Improvement  Scenario 1  Scenario 2  Scenario 3 

Metropolitan Horseman’s Association Parking Lot 
Detention and Biofiltration Site 

   

Fruitvale Commercial Area Parking Lot Detention 
and Biofiltration Site 1 

   

Fruitvale Commercial Area Parking Lot Detention 
and Biofiltration Site 2 

   

Fruitvale Commercial Area Parking Lot Detention 
and Biofiltration Site 3 

   

Fruitvale Commercial Area Parking Lot Detention 
and Biofiltration Site 4 

   

Shepherd Canyon Park – Underground Cistern     

Larry Lane On‐stream Detention Pond     

Montclair Golf Course – Underground Cistern     

Dimond Park Meadow – Underground Cistern     

 
 
The watershed improvements under Scenarios 1, 2, and 3 for Sausal Creek watershed would result in 
localized reductions to flow rates and flow volumes in Sausal Creek and tributaries. The hydrology 
results indicate that while all three scenarios would reduce runoff rates and volumes in the Sausal Creek 
watershed, the specific types of stormwater facilities and their locations in the watershed have a great 
bearing on localized hydrologic patterns. Comparing the three scenarios to existing conditions reveals 
the following trends: 
 

• Stormwater source control practices such as the rain barrels, parking lot detention, and small 
detention basins simulated in Scenario 1 have a significant effect on reducing flow rates and 
volumes for the 1‐year event. Larger storm events produce larger quantities of runoff, which 
quickly overflow these facilities; thus reductions in flow rates and volumes are minor for the 2 to 
100 year events. 

 
• Cisterns and detention basins significantly reduce flow rates in the reaches below the facilities 

for the 1‐year event, and less so for the larger events. However, as other, uncontrolled 
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tributaries join the channel downstream of the detention facility, the flow dampening effect 
becomes less pronounced. Flow volumes are less affected by the detention facilities.  
 

• The three scenarios evaluated in this analysis would change the configuration and use of 
different areas in the watershed and have a range of potential benefits for downstream 
hydrologic and hydraulic conditions in Sausal Creek. Based on the improved hydraulic 
conditions, Scenario 3 yields the most substantial improvements over the largest extent of the 
creek system. Scenario 2 also yields significant improvements. Scenario 1 yields small hydraulic 
improvements, which may not be sufficient to produce noticeable changes in aquatic and 
riparian habitat in Sausal Creek but could produce improvements in the Palo Seco Creek sub‐
basin. Therefore, based on our evaluation of potential hydraulic change, Scenario 3 appears to 
be the most beneficial with respect to the long‐term geomorphic and sediment transport 
conditions in Sausal Creek. 
 

• In relation to the other sub‐basins, Palo Seco Creek is relatively undeveloped. The proposed 
improvements in that sub‐basins included in Scenario 1 reduce flow rates by 14% to 17%, and 
flow volumes by 15% to 24% compared to existing conditions for the range of storm events. 
Because the majority of the improvements occur on publicly‐owned lands, implementation of 
these measures may be simpler and less expensive. For these reasons, it is recommended that 
the Palo Seco Creek sub‐basins be considered for a demonstration project.  

 
In an urbanized watershed like Sausal Creek, reductions in peak water depths, velocities, and shear 
stresses can lead to habitat improvements in the creeks. However, it can be extremely difficult to 
identify and acquire adequate space to implement measures that can have meaningful impacts on 
watershed hydrology in an urbanized watershed. The three scenarios evaluated in this analysis would 
change the configuration and use of different areas in the watershed and have a range of potential 
benefits for downstream hydrologic and hydraulic conditions in Sausal Creek. Based on the improved 
hydraulic conditions, Scenario 3 yields the most substantial improvements over the largest extent of the 
creek system. Scenario 2 also yields significant improvements. Scenario 1 yields small hydraulic 
improvements, which may not be sufficient to produce noticeable changes in aquatic and riparian 
habitat in Sausal Creek but could produce improvements in the Palo Seco Creek sub‐basin. Therefore, 
based on our evaluation of potential hydraulic change, Scenario 3 appears to be the most beneficial with 
respect to the long‐term geomorphic and sediment transport conditions in Sausal Creek. 
 
As a first step in implementing the watershed stormwater improvements of Scenario 3 the proposed 
improvements in Palo Seco Creek sub‐basin should be completed as a demonstration projects 
 
Biofiltration 
 
An additional water quality benefit can be gained through the installation of biofiltration facilities in the 
parking lots. Parking lots concentrate oil and grease residues, a persistent pollutant in urban 
stormwater. With the use of biofiltration facilities, stormwater runs off the parking lot and into 
biofiltration units before entering the storm drain. Each biofiltration facility has a surface mulch layer 
which catches particles. Shredded hardwood, pine bark, tree chips, or coarse peat moss are typical 
mulch materials. Leaf or grass compost is not recommended. Stormwater is directed into the 
biofiltration facility through a curb cut in the parking lot. Floatable trash is caught on the surface of the 
device. As the stormwater filters through the mulch layer, trash and particulates are caught. Beneath 
the mulch are rapid infiltration layers of coarse sand and gravel. It is important to limit clay and silt in 



SAUSAL CREEK WATERSHED ENHANCEMENT PLAN: SUMMARY    46 

this layer to less than five percent of the total volume. At the base is an underdrain which takes the 
filtered water to the storm drain system. It is also possible to infiltrate the filtered water if soil types and 
groundwater levels are appropriate. Each facility has plants, trees, shrubs, and low‐growing herbs or 
rushes which are part of the filtration system. As nutrients such as nitrate fertilizers are filtered out, the 
plant roots uptake these materials. There needs to be a large number of these small facilities distributed 
over the drainage in order to have an impact on pollutant levels.  
 
 
RECOMMENDED ACTIONS 
 
MAJOR EROSION SITES 
 

• The watershed assessment identified a number of storm drain outlets with erosion problems. 
Many of these erosion sites are in public parks. Each one of the erosion sites requires a site‐
specific repair and the involvement of the City of Oakland Public Works Department. The storm 
drain system is owned and maintained by the City and repair is their responsibility.  

• Homeowners could benefit from workshops on storm water management to reduce erosion and 
increase slope stability. This workshop could be combined with workshops on rain barrel 
installation and maintenance. 

• The erosion sites documented for Joaquin Miller Park point to a need for re‐design and 
maintenance of many of the park trails. In addition, several of these erosion sites were caused 
by urban stormwater runoff released into public lands from residential areas (Castle Drive) and 
new developments (Chabot Space & Science Center). The City’s approval of a large development 
like the Chabot Space & Science Center with no provision to reduce the effects of storm water 
runoff from large parking lots built on top of a slope indicates the need for the City of Oakland 
to specifically evaluate this impact when permitting new development in the Oakland hills.  

 
WATERSHED STORMWATER IMPROVEMENTS 
 

• Urban development causes a permanent change in the watershed processes of infiltration of 
rainfall and runoff of stormwater. These system‐wide changes in the drainage basin produce 
larger volumes of stormwater delivered into creek channels over a short time frame. In 
response, ephemeral creeks in the steep hills of the watershed erode and can initiate a slide on 
the hillslope.  

• All of the aquatic insect studies in Sausal Creek show poor aquatic habitat conditions. While 
urban creeks can be daylighted and enhanced with vegetation, studies of urban creek 
restoration projects in numerous locations show only small improvements in aquatic habitat 
conditions. This lack of habitat improvement occurs because the urban watershed still produces 
high velocity flows which scour creeks and greatly reduce aquatic habitat values. Mitigating the 
effects of urbanization through watershed stormwater improvements can improve aquatic 
conditions, reduce bank erosion and sustain riparian habitat to a much greater extent than 
creek restoration projects alone will ever accomplish. 

 
• Stormwater source control practices such as the rain barrels, parking lot detention, and small 

detention basins simulated in Scenario 1 have a significant effect on reducing flow rates and 
volumes for the 1‐year runoff event. Larger storm events produce larger quantities of runoff, 
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which quickly overflow these facilities producing only minor reductions in flow rates and 
volumes for the 2‐ to 100‐year events. 

 
• Cisterns and detention basins significantly reduce flow rates in the reaches below the facilities 

for the 1‐year event, and less so for the larger events. However, as additional tributaries join the 
channel downstream of the detention facility, the flow dampening effect becomes less 
pronounced. Flow volumes are less affected by the detention facilities.  
 

• The three scenarios evaluated in this analysis would change the configuration and use of 
different areas in the watershed and have a range of potential benefits for downstream 
hydrologic and hydraulic conditions in Sausal Creek. Based on the improved hydraulic 
conditions, Scenario 3 yields the most substantial improvements over the largest extent of the 
creek system. Scenario 2 also yields significant improvements. Scenario 1 yields small hydraulic 
improvements, which may not be sufficient to produce noticeable changes in aquatic and 
riparian habitat in Sausal Creek but could produce improvements in the Palo Seco Creek sub‐
basin. Therefore, Scenario 3 appears to be the most beneficial with respect to the long‐term 
geomorphic and sediment transport conditions in Sausal Creek. 

 
• In relation to the other sub‐basins, Palo Seco Creek is relatively undeveloped. The proposed 

improvements included in Scenario 1 within the sub‐basin reduce flow rates by 14% to 17%, and 
flow volumes by 15% to 24% compared to existing conditions for the range of storm events. 
Because the majority of the improvements occur on publicly‐owned lands, implementation of 
these measures may be simpler and less expensive. For these reasons, it is recommended that 
implementation of watershed stormwater improvements in the Palo Seco Creek sub‐basin be 
considered as a demonstration project.  
 

• The larger program of watershed stormwater improvements in the other sub‐basins can be 
phased over a 10‐year period as grant funds become available.  
 

• Installation of biofiltration facilities along roads and in parking lots should be implemented in as 
many locations as possible as part of the pilot green street projects required by the Regional 
Board NPDES permit. 

 
 
INVASIVE NON‐NATIVE PLANTS 
 
The abundance and broad distribution of invasive non‐native plants in the Sausal Creek watershed is a 
major threat to native habitat in public parkland and creeks. This problem is further exacerbated by the 
purchase and planting of many of these invasive species by uninformed homeowners, creating an 
infinite source of infestation in the watershed.  
 
The main actions recommended to address the invasive plant problem are: 
 

• Eradication of invasives in the Palo Seco Creek sub‐basin would implement the best opportunity 
for improvements of both upland and creek habitats.  
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This effort, while involving FOSC and the Friends of Joaquin Miller Park, will require grant 
funding and contracts with companies who specialize in invasive plant mapping and eradication 
projects. This is a major ecological restoration project and requires a larger‐scale, more difficult 
work effort than community volunteers can provide. The watershed lands outside the park need 
to be included to evaluate all infested locations on ridge tops and upstream locations. The ridge 
tops and headwaters are sources of infestation to downhill and downstream areas and should 
be treated first. Using GPS/GIS, map invasive plants listed in Table 77 and devise an eradication 
strategy, taking into account the rate of spread, population size, and proximity to at‐risk stands 
of rare plants or intact stands of native vegetation. Using GPS/GIS, also map and identify any 
rare, unusual or significant plants at risk from invasive plant populations and identify native 
plant “hotspots” at risk from invasive plant populations. Determine creek and hillside locations 
most susceptible to bank failure or erosion due to invasive plant infestations. 
 
Areas along trails and roads are priority control areas due to the spread of seed and stem 
materials by hikers, dogs, and bicyclists. 
 
The use of herbicide as a cut‐and‐paint method will be needed to make eradication efforts 
effective. The use of controlled burns may also be evaluated, especially for Algerian ivy 
infestations. Work should be done by paid contractors. 
 
The eradication effort needs to be well‐publicized to neighboring homeowners and park users. 
Both fire hazards and ecological issues need to be explained thoroughly. Neighboring 
homeowners with these species on their property should be encouraged to participate in the 
eradication effort. For the other invasive species—Cape ivy, Algerian ivy, yellow star thistle, 
Himalayan blackberry, holly, and various grasses—a broad‐based community outreach effort is 
needed.  
 
By focusing on invasive plant eradication in Joaquin Miller Park, public funding may be available, 
particularly if the program can describe this effort in terms of acres of each habitat type 
improved and number of private landowners involved. The eradication of non‐natives in the 
Palo Seco Creek watershed will need to extend over at least a 5‐ to 10‐year period. 
 

• Homeowner education throughout the watershed on invasive garden plants could reduce the 
re‐infestation problem. Homeowners provide the primary infestation mechanism of invasive 
non‐native plants in the Sausal Creek watershed through their planting, cultivation, and disposal 
of garden waste in creeks and empty lots. It is likely that most homeowners do not realize the 
long‐term negative effects of their actions. 
 

• The sale of known invasive non‐native plants in the state needs to be restricted. 
 

• Maintenance of revegetation sites free of invasive non‐native plants is needed. 
 

• Focused eradication of fire hazard invasive plants is needed in the entire watershed. 
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WATER QUALITY 
 

• The most serious water quality problem identified from the monitoring data is high E. coli levels 
in Sausal Creek and raw sewage spills and overflows from the sanitary sewer system. In the 
short‐term when sewage spills occur in open creek areas where children have access to the 
water, the City of Oakland must post closure signs. E. coli measured at high levels by the water 
quality monitoring indicates a potential health hazard for water contact recreation. A 
watershed‐wide program of bacterial monitoring and monitoring of the location of sewage spills 
and overflows need to be implemented by the City in conjunction with the San Francisco Bay 
Regional Water Quality Control Board and the Environmental Protection Agency. Identifying the 
locations of sewage spills will assist in implementing a control program. In the long‐term, the 
sewer system needs to be upgraded so that stormwater infiltration into the sewer pipes, a 
major cause of overflows, is eliminated. Dry season leaks indicated by the monitoring results 
also need to be identified and repaired. 

 
• In addition to bacteria monitoring, monitoring of aquatic insects in creeks in the watershed can 

provide a long‐term basis for comparison of conditions and improvements. As discussed on page 
105, aquatic insects are an excellent indicator of the condition of aquatic habitats. Sausal and 
Palo Seco Creeks have had aquatic insect monitoring from 1999‐2004/2005 to set a baseline for 
current watershed conditions. As watershed stormwater improvements are implemented, 
continued aquatic insect monitoring can document the change in aquatic habitat conditions 
resulting from reduced scour and lower flow velocities. Aquatic insect monitoring should be 
done using the SWAMP protocols and a professional lab. A spring and fall sampling at all the 
SWAMP stations with an additional station in the upstream area of Palo Seco Creek would 
provide adequate review of changes and improvements. 

 
• The implementation of biofiltration improvements, if completed in enough locations, can 

effectively remove nutrients and persistent pollutants typical of urban runoff. These facilities 
also collect floatable trash. Biofiltration facilities, however, require maintenance annually or 
they are not effective.  

 
• Trash as a pollutant also can be reduced through the work of volunteers, neighborhood groups, 

and businesses. It can also be controlled through enforcement of littering and dumping laws. 
The City of Oakland has tried using citations to reduce littering. 

 
 
AQUATIC AND RIPARIAN HABITATS 
 

• Except for Palo Seco Creek, the aquatic and riparian habitats of the Sausal Creek watershed have 
been significantly degraded by urbanization of the watershed and the increase in storm flow 
volumes and velocities, and the resulting scour of the channel. The first and most important step 
in restoring aquatic habitats in the Sausal Creek watershed is implementation of watershed 
stormwater improvements to reduce the scouring high velocity flows caused by urbanization of 
the watershed.  

 
• By focusing on creek restoration, invasive plant removal, and watershed stormwater 

improvements in Palo Seco Creek, the greatest degree of habitat enhancement can be achieved. 



SAUSAL CREEK WATERSHED ENHANCEMENT PLAN: SUMMARY    50 

This approach could create high quality aquatic habitat in Palo Seco Creek and provide a genuine 
refuge for a resident population of rainbow trout. This same goal cannot be met on Sausal 
Creek. With implementation of all of the watershed stormwater improvements in Scenario 3, 
flow velocities and channel scour in Sausal Creek still exceed thresholds needed to support high 
quality aquatic habitat conditions under most flood levels. Implementation of Scenario 3, 
however, does represent a major improvement in creek conditions under the most frequent 1‐
year flow event.   

 
• Table I outlines recommended actions in the creek reaches available for revegetation and 

improvement. Most of the restoration recommendations will require designs by qualified 
professionals: civil engineers, geomorphologists, hydrologists, and riparian ecologists. They will 
also require implementation by contractors with experience in stream restoration. Community 
groups like FOSC and Friends of Joaquin Miller Park can supply assistance to grant efforts, grow 
native plants in the Joaquin Miller nursery, coordinate volunteer assistance with planting native 
plants, and maintain creek areas after restoration.  
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Table I: Restoration Recommendations for Stream Reaches* 
Reach  Priority  Recommendations 
PSC1  High  • Repair Erosion Site 1 by installing culvert where the trail crosses an ephemeral creek. Culvert must be set in the channel at 

the slope of the stream to minimize erosion at the culvert outlet and have a minimum of 18 inches of trail fill on top to 
avoid damage to culvert. Fine sediment from this erosion site is filling the creek.  

• Relocate trail out of meadow and direct traffic onto Sunset Trail. Restrict bikers and hikers to allow stream restoration. 
• Install berm at downstream end of Upper Meadow with standpipe connected to culvert under trail. Eradicate Himalayan 

blackberry and revegetate the floodplain with native trees. 
• This reach offers one of the only locations for a floodplain riparian restoration with a detention and sediment basin. This 

site is part of the overall watershed improvements to reduce velocity and volume of stormwater and improve Palo Seco 
Creek aquatic habitat. 

PSC2  High  • The creek is culverted through a meadow likely created during the WPA era when recreational areas were created at the 
expense of environmental protection. 

• This reach is a major candidate for daylighting and restoration, especially as the culverts are old and will require 
replacement in the near future. 

• Install berm at downstream end to detain stormwater during peak runoff events.  
• The downstream portion of Fern Ravine Creek now runs overland during nearly every rainfall event as the culvert outlet 

clogs. The creek should be daylighted and directed into the proposed stormwater detention area and eventually integrated 
with a daylighted and restored Palo Seco Creek. 

PSC3  High  • Improved grade control structures need to be installed at the two knickpoints (Erosion Sites 3 and 4) to avoid the migration 
of the knickpoints upstream and the undercutting of large trees. Downstream of the bridge a number of trees along the 
banks have been eroded. The banks should be set back and revegetated once the Himalayan blackberry is removed. 

PSC4  High  • Invasive non‐native plants are degrading the redwood/California bay laurel forest riparian habitat and weakening the trees. 
Holly trees are the only species regenerating in the corridor. The holly and ivy need to be eradicated to restore the health of 
the forest. Ivy should be cut around the base of each tree, and the stumps immediately painted with herbicide to kill the ivy 
quickly and effectively. If the trees along the steep‐sided gorge become weakened by the parasitic ivy and fall, the slopes 
may fail due to the ground disturbance. The holly needs to be cut and the stumps painted with herbicide to quickly remove 
this invader before it becomes established and dominates the corridor. 

PSC5  Moderate  • FOSC has completed an erosion control project and an invasive plant removal/native plant revegetation project here. 
Continued maintenance will be needed. 

• Replace bridge at stream level or re‐route trail. 
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Table I: Restoration Recommendations for Stream Reaches* 
Reach  Priority  Recommendations 
CC1  Low  • Houses line the upstream portion of this reach, leaving few opportunities for restoration. The sediment/stormwater 

detention basin on this reach needs to be cleaned out and retrofitted in order to function better. A large gully in this sub‐
basin requires repair. 

CC2  Moderate  • The Beaconsfield Canyon reach needs to have the rusted culvert removed and a geomorphic /revegetation restoration plan 
that includes a riparian floodplain area completed. 

• Downstream drop inlet to storm drain needs to be repaired/replaced. 
SC1  Low  • This reach presents a real challenge for restoration. There are two major culverts and numerous concrete structures 

including a cement wall protecting the sanitary sewer pipe.  
• California bay laurel trees have eroded off the canyon wall and into the creek. Replanting these trees will maintain shade 

cover for the creek. 
• Eradicate ivy and other invasives to retain health of native trees. 
• Work with the City of Oakland to repair erosion from storm drains, especially the major erosion sites along Park Blvd. 
• Sanitary sewer overflows into Sausal Creek occur during major storms and need to be alleviated to avoid both 

contamination of the creek and a public health problem. 
SC2  Low  • This reach is a restoration project completed in 2001. Control of invasive plants and revegetation are necessary both along 

the channel and alongside channels. The channel does not provide adequate room for regeneration of riparian species, and 
replanting will be required. Installing white alder along the channel could diversify the vegetation and provide some 
stability to the undercut bank areas, which provide refuge to wildlife in floods. 

SC3  Moderate  • Replanting of white alder and removal of waste cement and asphalt is needed along this reach. Riparian shade cover over 
the El Centro pool is also needed to maintain cool water temperatures.  

• Recreation uses preclude the option of daylighting the creek through Dimond Canyon Park. 
• Future City of Oakland project to stabilize private property and revegetate stream banks. 

SC4  Low  • Creek is entrenched with steep banks and fill from the McKillop slide. With this slide affecting the creek it is difficult to 
implement revegetation. Houses are very close to the channel, further restricting restoration options. Community‐based 
invasive plant removal and native plant installations would provide local educational opportunities. 

SC5  Low  • Creek is entrenched with steep banks and numerous houses. Channel is hardpan clay and revegetation will be difficult in 
most locations. Community‐based invasive plant removal and native plant installations would provide local educational 
opportunities. 

* Stream restoration should be implemented once watershed stormwater improvements are also implemented. 
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IMPLEMENTATION OF THE WATERSHED PLAN 
 
There are recommended actions in this plan that are suitable for community groups such as Friends of 
Sausal Creek (FOSC), Friends of Joaquin Miller Park, Shepherd Canyon Homeowners’ Association, and 
others. Many of the actions needed to restore productive aquatic habitat to Sausal Creek and its 
tributaries, however, require a significant change to storm drain and sanitary sewer infrastructure, 
including construction of both stormwater detention facilities and creek restoration. This change 
requires the involvement of the owner of the infrastructure: the City of Oakland. Many areas of Oakland 
have old and deteriorating infrastructure such as storm drain and sewer systems. The construction of 
stormwater detention and biofiltration facilities may be able to attract grant funds and allow for the 
upgrade of storm pipes as part of water quality and creek improvements. The recent municipal 
stormwater permit from the San Francisco Bay Regional Water Quality Control Board to Alameda County 
requires implementation of LID (low impact development) practices. This permit also requires the 
construction of two pilot green street projects. The recommended focus on Palo Seco Creek sub‐basin as 
a demonstration project includes a number of stormwater detention facilities on City property. Table J 
outlines lead and supporting agencies and organizations for each of the recommended actions in the 
watershed plan. 
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Table J: Implementation of Recommended Actions in the Sausal Creek Watershed 
Recommendations  Lead Entity  Supporting Entities  Comments 

Major Erosion Sites 
Repair extreme and eroded sites at 
outlets of City storm drain system 

City of Oakland  San Francisco Bay Regional 
Water Quality Control Board 
 
FOSC and neighborhood groups 

Adopt‐a‐Stormdrain program could 
be used to maintain repaired outlets 
and repaired erosion sites. 

Homeowner workshops on stormwater 
management 

Alameda Countywide Clean 
Water Program 

FOSC and neighborhood groups   

Repair erosion sites in City parks, 
including relocation and re‐grading of 
trail 

City of Oakland  FOSC, Friends of Joaquin Miller 
Park, Friends of Beaconsfield 
Canyon, Piedmont Pines 
Neighborhood Association, and 
other neighborhood groups 

Volunteer groups can play a major 
role in implementing improvements 
in parks but designs need to be done 
by professionals. 

Watershed Stormwater Improvements 
High Priority 
Implement Scenario 1 improvements in 
Palo Seco Creek sub‐basin including: 
• Retrofit Chabot Space & Science 

Center parking lots 1 and 2 to detain 
stormwater and install biofiltration 
units 

• Retrofit Joaquin Miller Park parking 
lots to detain stormwater and install 
biofiltration units 

Chabot Space and Science 
Center Joint Powers 
Agency 
 
City of Oakland 

FOSC 
 
San Francisco Bay Regional 
Water Quality Control Board 
 
Alameda Countywide Clean 
Water Program 
 
Friends of Joaquin Miller Park 

Due to the low level of development 
in this sub‐basin, the greatest level of 
creek habitat improvement can be 
achieved by installing stormwater 
facilities. Detention facilities can also 
reduce the need for replacement of 
undersized storm drains. 
The ridgetop parking lots near the 
Joaquin Miller Community Center 
drain toward Joaquin Miller Park. 
The stormwater runoff from the 
Chabot Space and Science Center is 
actively eroding areas of the park. 

Joaquin Miller Park – Upper, Middle, and 
Lower Meadow detention sites 

City of Oakland 
 
FOSC 

Friends of Joaquin Miller Park 
 
Alameda Countywide Clean 
Water Program 

These facilities include daylighting 
lower Fern Ravine Creek. Daylighting 
Palo Seco Creek through the 
meadow can also be included in the 
detention design. 
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Table J: Implementation of Recommended Actions in the Sausal Creek Watershed 
Recommendations  Lead Entity  Supporting Entities  Comments 

Metropolitan Horsemen’s Association 
parking lot detention and biofiltration 
site 

City of Oakland  Friends of Joaquin Miller Park 
 
Alameda Countywide Clean 
Water Program 
 
FOSC 

 

Implementation of biofiltration facilities 
along streets and in parking lots 

City of Oakland 
 
San Francisco Bay Regional 
Water Quality Control 
Board 

Alameda Countywide Clean 
Water Program 
 
FOSC and other community 
organizations 

 

Long‐Term Priority 
Implementation of watershed 
stormwater improvements for Sausal 
Creek 

City of Oakland 
 
San Francisco Bay Regional 
Water Quality Control 
Board 

Alameda Countywide Clean 
Water Program 
 
FOSC and other community 
organizations 

The only long‐term option for 
sustainable improvement in Sausal 
Creek requires the implementation 
of Scenario 3 of watershed 
stormwater improvements. 

Invasive Non‐Native Plants 
Implement a comprehensive mapping, 
invasive plant eradication/native planting 
program in the Palo Seco Creek sub‐basin 

FOSC 
 
City of Oakland 

Wildfire Prevention District  This program should be 
implemented with grants and 
contractors skilled in invasive plant 
eradication (i.e., Shelterbelt Builders, 
California Conservation Corps). 
Relying on community volunteers 
limits the extent and location of 
invasives removed and cannot 
accomplish a comprehensive 
program. Palo Seco Creek sub‐basin 
offers the best opportunity for large‐
scale restoration of upland and 
wetland/riparian habitats. 



SAUSAL CREEK WATERSHED ENHANCEMENT PLAN     56 

Table J: Implementation of Recommended Actions in the Sausal Creek Watershed 
Recommendations  Lead Entity  Supporting Entities  Comments 

Homeowner education  Wildfire Prevention District 
 
FOSC 
 
City of Oakland 

Homeowner and community 
groups 

Urban gardens are the primary 
infestation mechanism for invasive 
non‐native plants. Most 
homeowners are not aware of the 
problem and could be convinced to 
avoid planting them. 

Ban the sale of invasive plants for 
gardens 

City of Oakland 
 
FOSC and Friends of 
Joaquin Miller Park 
 
Wildfire Prevention District 

Homeowner and community 
groups 
 
California Native Plant Society 
 
California Invasive Plant Council 

The continued sale of invasive plants 
in California is a state‐wide issue. 

Maintain FOSC revegetation projects  FOSC  Community volunteers  Invasives have affected FOSC 
revegetation projects in several 
locations. 

Control fire hazard plants  Wildfire Prevention District  FOSC, Friends of Joaquin Miller 
Park, Friends of Beaconsfield 
Canyon, Piedmont Pines 
Neighborhood Association, and 
other neighborhood groups 

Eradicating fire hazards and not 
planting these species are important 
actions in fire reduction. 

Water Quality  
Monitor creeks for E. coli   City of Oakland 

 
San Francisco Bay Regional 
Water Quality Control 
Board 

EPA, FOSC, and community 
groups 

 

Monitor location and frequency of 
sewage spills 

City of Oakland 
 
San Francisco Bay Regional 
Water Quality Control 
Board 

EPA, FOSC, and community 
groups 
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Table J: Implementation of Recommended Actions in the Sausal Creek Watershed 
Recommendations  Lead Entity  Supporting Entities  Comments 

Post creek areas in parks when sewage 
overflows occur 

City of Oakland 
 
San Francisco Bay Regional 
Water Quality Control 
Board 

EPA, FOSC, and community 
groups 

 

Twice annual monitoring of aquatic 
insects at a number of stations in the 
watershed 

San Francisco Bay Regional 
Water Quality Control 
Board 
 
FOSC 

City of Oakland  A long‐term study of changes in 
aquatic insect communities as 
watershed improvements are 
implemented may attract academic 
interest. 

Implement biofiltration projects to 
reduce nutrients, trash, and other 
pollutants 

City of Oakland 
 
San Francisco Bay Regional 
Water Quality Control 
Board 

Alameda Countywide Clean 
Water Program 
 
FOSC and other community 
groups 

 

Aquatic and Riparian Habitats 
High Priority 
Implement Watershed Stormwater Improvements, Scenario 1 
Creek Reach PSC1 
• Repair Erosion Site 1 by installing 

culvert where the trail crosses an 
ephemeral creek. Culvert must be set 
in the channel at the slope of the 
stream to minimize erosion at the 
culvert outlet and have a minimum of 
18 inches of trail fill on top to avoid 
damage to culvert. Fine sediment 
from this erosion site is filling the 
creek. 

• Relocate trail out of meadow and 
direct traffic onto Sunset Trail. 
Restrict bikers and hikers to allow 

City of Oakland 
 
FOSC, Friends of Joaquin 
Miller Park 

San Francisco Bay Regional 
Water Quality Control Board 
 
 Community groups 

Palo Seco Creek has the greatest 
potential for major improvement in 
aquatic habitat conditions through a 
combined program of watershed 
stormwater improvements, creek 
restoration, and invasive plant 
eradication. This focus would create 
a sustainable habitat area to provide 
refuge for resident rainbow trout. 
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Table J: Implementation of Recommended Actions in the Sausal Creek Watershed 
Recommendations  Lead Entity  Supporting Entities  Comments 

stream restoration. 
• Install berm at downstream end of 

Upper Meadow with standpipe 
connected to culvert under trail. 
Eradicate Himalayan blackberry and 
revegetate the floodplain with native 
trees. 

• This reach offers one of the only 
locations for a floodplain riparian 
restoration with a detention and 
sediment basin. This site is part of the 
overall watershed improvements to 
reduce velocity and volume of 
stormwater and improve Palo Seco 
Creek aquatic habitat. 

Creek Reach PSC2 
• The creek is culverted through a 

meadow likely created during the 
WPA era when recreational areas 
were created at the expense of 
environmental protection. 

• This reach is a major candidate for 
daylighting and restoration, 
especially as the culverts are old and 
will require replacement in the near 
future. 

• Install berm at downstream end to 
detain stormwater during peak runoff 
events.  

• The downstream portion of Fern 
Ravine Creek now runs overland 
during nearly every rainfall event as 

City of Oakland 
 
FOSC, Friends of Joaquin 
Miller Park 

San Francisco Bay Regional 
Water Quality Control Board 
 
Urban Creeks Council and other 
community groups 

Daylighting Palo Seco and Fern 
Ravine Creeks would be one of the 
largest habitat improvements in the 
watershed; however, it would 
require a major re‐design of 
recreational uses of a part of Joaquin 
Miller Park 
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the culvert outlet clogs. The creek 
should be daylighted and directed 
into the proposed stormwater 
detention area and eventually 
integrated with a daylighted and 
restored Palo Seco Creek. 

Creek Reach PSC3 
• Improved grade control structures 

need to be installed at the two 
knickpoints (Erosion Sites 3 and 4) to 
avoid the migration of the 
knickpoints upstream and the 
undercutting of large trees. 
Downstream of the bridge a number 
of trees along the banks have been 
eroded. The banks should be set back 
and revegetated once the Himalayan 
blackberry is removed. 

City of Oakland 
 
FOSC, Friends of Joaquin 
Miller Park 

San Francisco Bay Regional 
Water Quality Control Board 
 
Community groups 

 

Creek Reach PSC4 
• Invasive non‐native plants are 

degrading the redwood/California 
bay laurel forest riparian habitat and 
weakening the trees. Holly trees are 
the only species regenerating in the 
corridor. The holly and ivy need to be 
eradicated to restore the health of 
the forest. Ivy should be cut around 
the base of each tree, and the stumps 
immediately painted with herbicide 
to kill the ivy quickly and effectively. 
If the trees along the steep‐sided 
gorge become weakened by the 

City of Oakland 
 
FOSC, Friends of Joaquin 
Miller Park 

San Francisco Bay Regional 
Water Quality Control Board 
 
Community groups 
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parasitic ivy and fall, the slopes may 
fail due to the ground disturbance. 
The holly needs to be cut and the 
stumps painted with herbicide to 
quickly remove this invader before it 
becomes established and dominates 
the corridor. 

Moderate Priority 
Creek ReachPSC5 
• FOSC has completed an erosion 

control project and an invasive plant 
removal/native plant revegetation 
project here. Continued maintenance 
will be needed. 

• Replace bridge at stream level or re‐
route trail. 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented.  

Creek Reach CC2 
• The Beaconsfield Canyon reach needs 

to have the rusted culvert removed 
and a geomorphic /revegetation 
restoration plan that includes a 
riparian floodplain area completed. 

• Downstream drop inlet to storm 
drain needs to be repaired/ replaced. 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented.  

Creek Reach SC3 
• Replanting of white alder and 

removal of waste cement and asphalt 
is needed along this reach. Riparian 
shade cover over the El Centro pool is 
also needed to maintain cool water 
temperatures.  

• Recreation uses preclude the option 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented. 
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of daylighting the creek through 
Dimond Canyon Park. 

• Future City of Oakland project to 
stabilize private property and 
revegetate stream banks. 

Low Priority 
Creek Reach CC1 
• Houses line the upstream portion of 

this reach, leaving few opportunities 
for restoration. The sediment/ 
stormwater detention basin on this 
reach needs to be cleaned out and 
retrofitted in order to function 
better. A large gully in this sub‐basin 
requires repair. 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented.  

Creek Reach SC1 
• This reach presents a real challenge 

for restoration. There are two major 
culverts and numerous concrete 
structures including a cement wall 
protecting the sanitary sewer pipe.  

• California bay laurel trees have 
eroded off the canyon wall and into 
the creek. Replanting these trees will 
maintain shade cover for the creek. 

• Eradicate ivy and other invasives to 
retain health of native trees. 

• Work with the City of Oakland to 
repair erosion from storm drains, 
especially the major erosion sites 
along Park Blvd. 

• Sanitary sewer overflows into Sausal 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented. 
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Creek occur during major storms and 
need to be alleviated to avoid both 
contamination of the creek and a 
public health problem. 

Creek Reach SC2 
• This reach is a restoration project 

completed in 2001. Control of 
invasive plants and revegetation are 
necessary both along the channel and 
alongside channels. The channel does 
not provide adequate room for 
regeneration of riparian species, and 
replanting will be required. Installing 
white alder along the channel could 
diversify the vegetation and provide 
some stability to the undercut bank 
areas, which provide refuge to 
wildlife in floods. 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented. 

Creek Reach SC4 
• Creek is entrenched with steep banks 

and fill from the McKillop slide. With 
this slide affecting the creek it is 
difficult to implement revegetation. 
Houses are very close to the channel, 
further restricting restoration 
options. Community‐based invasive 
plant removal and native plant 
installations would provide local 
educational opportunities. 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 
Other community groups 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
unless Scenario 3 watershed 
stormwater improvements are 
implemented. 

Creek Reach SC5 
Creek is entrenched with steep banks and 
numerous houses. Channel is hardpan 

City of Oakland 
 
FOSC 

San Francisco Bay Regional 
Water Quality Control Board 
 

These projects have a much lower 
ability to provide sustainable, high 
quality aquatic and riparian habitats 
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clay and revegetation will be difficult in 
most locations. Community‐based 
invasive plant removal and native plant 
installations would provide local 
educational opportunities. 

Other community groups  unless Scenario 3 watershed 
stormwater improvements are 
implemented. 
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1.0 INTRODUCTION 

This report presents the results of the geotechnical study conducted by Fugro 
Consultants, Inc., (Fugro) for the Sausal Creek Restoration Project at Dimond Park in Oakland, 
California.  The project creek section is located along the northwest boundary of the existing 
Dimond Park, as shown on the Site Vicinity Map, Plate 1. 

1.1 PROJECT DESCRIPTION 

The purpose of this project is to restore the existing Sausal Creek at Dimond Park to a 
more natural setting.  Currently, a portion of the creek flows through a concrete box culvert, and 
some concrete retaining walls are located along the west side of the creek.  Based on the 
project plans, we understand about 180 feet of existing culvert at the northern portion of the 
project area (i.e., south of the access road connecting to Wellington Street) will be removed, but 
the existing retaining walls along the west creek bank (right bank, when looking downstream) 
are planned to be kept in place.  The northern project section of the creek will be restored and 
daylight after the removal of the existing culvert.  A new headwall will be constructed at the 
north end of this area.  In addition, plans call for the east bank (left bank, when looking 
downstream) of the creek to be flattened to an approximately 2:1 (horizontal to vertical) slope, 
while the steeper right bank would be stabilized using biotechnical and bioengineering methods, 
including rock slope protection (RSP).     

1.2 SCOPE OF SERVICES 

The purpose of our geotechnical field exploration and laboratory testing program was to 
obtain information on subsurface conditions in order to evaluate the geotechnical aspects of the 
project.  The scope of our services performed included:  

• Compiling and reviewing available geotechnical and geologic data that is contained 
in our files and is pertinent to the project vicinity, 

• Conducting a field exploration and laboratory-testing program to supplement the 
available information on subsurface conditions,  

• Evaluation of slope stability and erosion susceptibility of the right and left banks 
based on the reconfigured stream alignment; 

• Development of embankment fill recommendations and general construction 
considerations;  

• Prepare geotechnical recommendations for the proposed headwall of the daylighting 
culvert; and 

• Preparing this geotechnical report presenting the results of our geotechnical field 
exploration, laboratory testing program, discussion of geotechnical issues, and 
geotechnical recommendations. 
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2.0 DATA REVIEW, EXPLORATION AND LABORATORY TESTING 

The exploration and laboratory-testing program described herein was developed to 
provide a general geotechnical characterization of the subsurface materials. 

2.1 REVIEW OF EXISTING DATA 

Prior to conducting our field exploration program and laboratory testing, Fugro reviewed 
relevant, available information relating to geotechnical, geologic, and seismic data within the 
vicinity of the site, including geologic and seismic hazard maps.  Pertinent documents are 
summarized in Section 8.0, References. 

2.2 FIELD EXPLORATION 

Five exploratory borings were advanced to characterize the subsurface conditions in the 
areas of the proposed creek restoration section.  The exploration was conducted on May 2, 
2011, using a track-mounted drill rig equipped with a hollow stem auger and automatic hammer.  
The borings, designated as Borings B-1 through B-5, were advanced to depths ranging from 
about 15 to 20 feet below the existing ground surface.  However, note that due to the limited 
space and access, no exploratory drilling was performed on the southern portion of the right 
bank behind the existing residences. 

Logs of the borings and details regarding the field exploration are included in Appendix 
A.  The boring locations are shown on the Site Plan - Plate 2.  The subsurface conditions 
encountered in the borings are summarized in Section 4.0. 

2.3 LABORATORY TESTING 

Geotechnical laboratory testing was conducted on the soil samples collected from the 
borings at Fugro’s soil mechanics laboratory in Oakland, California.  The geotechnical 
laboratory test program included dry unit weight, water content, Atterberg limits, fines content, 
and triaxial compression test.  The results of the laboratory tests are presented on the Fugro 
boring logs (Appendix A) at the appropriate sample depths, and in Appendix B - Laboratory 
Testing Program. 

3.0 GEOLOGIC SETTING  

3.1 REGIONAL GEOLOGY 

The site is located in the Coast Ranges geomorphic province, which is characterized by 
northwest-southeast trending valleys and ridges.  These are controlled by folds and faults that 
resulted from the collision of the Pacific and North American plates and subsequent strike-slip 
faulting along the San Andreas fault zone.  Bedrock underlying the region is primarily of the 
Franciscan Complex, which is characterized by a diverse assemblage of sandstone, shale, 
chert, greenstone, and melange. 
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Geologic formations in the San Francisco Bay Region range in age from Jurassic to 
Recent Holocene.  The Franciscan Complex is the oldest, and underlies younger surficial 
deposits throughout the San Francisco Bay Region.  The Franciscan Complex consists mainly 
of marine-deposited sedimentary and volcanic rocks in close association with bodies of 
serpentine.  Following deposition, the Franciscan rocks were regionally uplifted and, in the 
process, extensively faulted and folded. 

The Bay Area also experienced uplift and faulting in several episodes during late Tertiary 
time (about 25 to 2 million years ago).  This produced a series of northwest-trending valleys and 
mountain ranges, including the Berkeley Hills, the San Francisco Peninsula, and the intervening 
San Francisco Bay.  Uplifted areas were eroded and as a result, Pleistocene and recent marine 
sediments were deposited in the San Francisco Bay, and stream and marshland sediments 
were deposited in low-lying areas adjacent to the Bay. 

3.2 REGIONAL SEISMICITY 

The San Francisco Bay Area is recognized by geologists and seismologists as one of 
the most active seismic regions in the United States.  Three major fault zones extend through 
the Bay Area in a northwesterly direction and have produced approximately 12 earthquakes in 
the last two centuries that were strong enough to cause structural damage.  The faults causing 
such earthquakes are part of the San Andreas fault system, a major rift in the earth's crust that 
extends for at least 450 miles along the coast of California, and locally includes the Calaveras 
and Hayward faults.  The project site is not located in a State Designated Fault-Rupture Hazard 
Zone as determined by the Alquist-Priolo Earthquake Fault Zone Act.  The active Hayward and 
Calaveras faults are located approximately 5,200 feet and 11.3 miles northeast of the site, 
respectively, and the San Andreas fault is located about 17 miles southwest of the site.  In 
addition, an un-named inactive thrust fault is mapped trending northwest to southeast across 
the northern end of the project site. 

In 2007, the Working Group on California Earthquake Probabilities (WGCEP 2007), in 
conjunction with the United States Geological Survey (USGS), published an updated report 
evaluating the probabilities of significant earthquakes occurring in the Bay Area over the next 
three decades.  WGCEP 2007 finds that there is a 93 percent probability that at least one 
magnitude 6.7 or greater earthquake will occur in the San Francisco Bay region in the next 30 
years.  This probability is an aggregate value that considers seven principal Bay Area fault 
systems and unknown faults (background values).  The San Francisco Bay region continues to 
be seismically active.  The principal active faults in the Bay Area include the San Andreas, 
Hayward, Calaveras, and the San Gregorio faults.  Earthquakes occurring along these faults are 
capable of generating strong ground shaking at the project site.  

3.3 SITE GEOLOGY 

The Geologic Map of the Oakland East Quadrangle (Dibblee, 2005) indicates that the 
northern portion of the project site is underlain by Sandstone bedrock of the Franciscan 
Formation (fs), and the southern portion of the project site is underlain by Holocene and 
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Pleistocene surficial sediments (Qa and Qoa).  The geology of the site based on Dibblee is 
shown on the Regional Geologic Map, Plate 3. 

4.0 SITE CONDITIONS 

4.1 SURFACE CONDITIONS 

The approximately 780-foot long project creek section is located along the western 
boundary of the existing Dimond Park, starting from the park access road to the south end of 
the park.  A residential area is located along the west side of the creek bank.  The existing creek 
flows from north to south, and the northern portion of the creek is currently covered and flows 
through a concrete box culvert.  An approximately 80-foot long concrete spillway was located 
south of the culvert.  The site generally slopes gently downward toward the south.  The existing 
exposed portion of the creek banks ranges from approximately 8 to 15 feet in height, with 
inclinations ranging from nearly vertical to about 2:1 (horizontal to vertical) or flatter.  The left 
bank generally consists of an earth slope that was vegetated with non-native grasses, shrubs, 
and trees.  An existing storm drain outlet of an approximately 66-inch diameter concrete pipe is 
located near the middle of the project creek section.  The right bank south of the existing culvert 
is located immediately behind the existing residences on Canon Avenue.  Portions of the right 
bank were protected by concrete retaining walls, stacked concrete rubble walls, and concrete 
covered slopes.  However, undercutting below the retaining wall foundations and concrete 
covered slope was observed in many areas.   No obvious signs of wall failure or significant wall 
rotation were observed.  However, the future performance of the existing retaining structures 
cannot be evaluated. 

4.2 SUBSURFACE CONDITIONS 

At the locations of the exploratory borings, we generally encountered interbedded layers 
of medium stiff to stiff sandy lean clays and medium dense clayey sands below the existing 
ground surface.  The subsurface soils, including the clayey sands, generally have a low to 
medium plasticity.  In addition, decomposed sandstone and siltstone bedrock was encountered 
in borings B-3, located along Canon Ave to the west of Sausal Creek, and B-5, located on the 
left bank of the creek at depths of about 17 to 18 feet.  Detailed descriptions of the soils 
encountered in each of the exploratory borings are presented on the boring logs in Appendix A.   

The boring logs and related information depict the depth at which specific subsurface 
conditions were encountered during our field investigation.  The approximate locations of the 
borings were determined by using a measuring tape or pacing and should be considered 
accurate only to the degree implied by the method used.   

4.3 GROUNDWATER 

Free ground water was observed in our exploration borings at depths ranging from about 
13.5 feet to 14.5 feet.  The borings were backfilled with a neat cement grout shortly after drilling.  
We note that the borings may not have been left open for a sufficient period of time to establish 
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equilibrium ground water conditions.  Fluctuation of groundwater level can occur due to change 
in seasons, variations in rainfall, and other factors.  

5.0 DISCUSSIONS AND CONCLUSIONS 

We believe that the project is feasible from a geotechnical standpoint, provided that the 
conclusions and recommendations presented in this report are incorporated into the project 
design and specifications.  The principal geotechnical considerations are discussed in the 
following sections: 

5.1 SEISMICITY AND GEOLOGIC HAZARDS 

The site is located in a seismically active region of California. Significant earthquakes in 
the Bay Area have been associated with movements along well-defined fault zones.  
Earthquakes occurring along any of a number of other Bay Area faults have the potential to 
produce strong groundshaking at the site.   

Settlement can occur as a result of seismic groundshaking due to liquefaction or 
densification of the subsurface soils. In both liquefaction and densification, groundshaking 
causes predominantly granular soils to become more compact, therefore occupying less volume 
and resulting in settlement.  Soils most susceptible to liquefaction and densification are loose, 
clean, poorly graded, fine-grained sands.  Liquefaction can occur where soils are saturated 
(submerged), and is accompanied by a temporary loss of strength (i.e., the soil “liquefies”).  
Densification can occur where the soils are unsaturated.  Liquefaction evaluation for the project 
was beyond our scope of work and as a result, an assessment was not performed.  The project 
area is located within a Seismic Hazard Zone, which indicates the possibility for liquefaction 
during a strong seismic event.  Some site settlement may be experienced if liquefaction occurs 
at the site during a strong seismic event. 

5.2 SLOPE STABILITY AT NEW 2:1 (HORIZONTAL TO VERTICAL) SLOPE 

Slope stability evaluations were performed on two cross sections at project Stations 
6+59 and 8+00 where new 2:1H:V creek banks are proposed.  These sections were selected 
because these locations appear to consist of the highest proposed 2:1 slope.  Note that the 
steeper right bank behind the existing residences was not included in our analyses due to the 
lack of information of the subsurface soils, existing retaining structures, and surcharge 
conditions.   

The analyses were based on the configurations as outlined in the preliminary project 
plans.  Analyses were conducted using the Morgenstern-Price Method.  The computer program 
Slope/W, part of the Geoslope 2007 software package developed by Geo-Slope International 
Ltd., was used to perform the slope stability analyses. The critical slip surface search was 
conducted using the “Grid and Radius” option of Slope/W.  In this option, the slip surface is 
considered an arc of a circle.  The centers of the arcs to be analyzed are defined using a grid.  
Similarly, a set of radius lines is defined such that the slip surface would be tangent to these 
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lines.  The software then finds the critical slip surface by analyzing the factors of safety for each 
combination of the center and radius. 

Input parameters for the analyses were primarily derived from data from our subsurface 
explorations and laboratory testing.  In general, the subsurface conditions consist of interbedded 
layers of sandy clay and clayey sands of medium plasticity.  Since the clayey sands contained 
about 35 to 48 percent of medium plasticity fines, our generalized soil profile consisted of 10 to 
15 feet of medium stiff clay overlying stiff clay.  The following Table 1 presents the input 
parameters for static and pseudo-static conditions for the sections analyzed.  The strength 
parameters of the subsurface soils were based on our triaxial shear tests on two soil samples 
from Borings B-3 and B-5 recovered at depths of about 3.5 and 9 feet, respectively.   

Table 1. Slope Stability Analyses Input Parameters 

Material Type Total Unit Weight 
(pcf) Φ (degrees) Cohesion (psf) 

Upper Clayey Soils 110 0 500 
Lower Clayey Soils 120 0 1,000 

In our pseudo-static analysis, a site-representative seismic coefficient was selected in 
accordance with the procedure outlined in “Recommended Procedures for Implementation of 
DMG Special Publication 117” (2008) for analyzing and mitigating landslide hazards in 
California.  Based on the publication, an equivalent horizontal seismic coefficient (keq) was 
calculated as shown in Equation 1 below. 

)/(x gMHAfk reqeq =        Equation (1) 

Where MHAr is the maximum horizontal acceleration at the site, g is the acceleration of 
gravity, and feq is a factor related to seismicity of the site.  MHAr was calculated to be 0.51g 
based on the California Building Code (i.e., SDS/2.5), and feq was estimated to be about 0.38, 
based on the maximum moment magnitude (M) of 6.7; distance (r) is less than 10 km at the 
project site, and 15 cm displacement threshold.  The keq value was calculated to be about 0.19g. 

Based on our analyses, the proposed 2:1 or flatter slopes on both sides of the creek 
appeared to be stable under static and pseudo-static conditions.  Factors of safety of at least 
2.8 and 1.7 were calculated in our static and pseudo-static slope stability analyses, respectively, 
at Stations 6+59 and 8+00 (see Figures 4 and 5).     

5.3 SLOPE STABILITY AT RIGHT BANK BEHIND EXISTING RESIDENCES 

As mentioned in Section 5.2, the steeper right bank behind the existing residences was 
not included in our analyses due to the lack of information of the conditions of the subsurface 
soils, existing retaining structures, and surcharge loadings from the above structures.  However, 
we understand that due to the limited space and funding for this project, the steeper right bank 
behind the residences (i.e., section south of the existing culvert) will only be stabilized by 
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biotechnical and bioengineering methods, including rock slope protection (RSP) from the bottom 
of the creek to the design water level, and the creek bank will not be flattened to a 2:1 or flatter 
slope.  Except for the concrete covered slope between stations of about 2+00 and 2+50, the 
existing retaining walls are planned to be kept in place, and toe rocks will be placed in front of 
the existing retaining walls.  For the undercut retaining walls, we recommend that in order to 
reduce the potential for future slope degradation in these areas, the undercut areas below the 
wall footings be backfilled with concrete.   

In our opinion, the proposed stabilization methods will provide additional protection to 
the existing right bank to a certain degree.  However, in order to properly engineer the right 
bank, this bank should be flattened to a 2:1 or flatter slope, or the slope should be retained with 
properly designed retaining walls.  We understand that this is not the intent of the current 
project.   

Please note that if the right bank is not flattened to a 2:1 or flatter slope, long term 
stability issues will still likely exist even with the toe protected by rip-rap rock.  However, the 
risks cannot be quantified.  The stability concerns for the two proposed scenarios are included 
below: 

• Existing steep earth slope with 1.5:1 (H:V) RSP at the lower portion – Erosion at the 
unprotected portion will likely continue, which may result in small local slope failures.  
The slope may also be unstable under seismic conditions.  Note that a greater 
potential for erosion and slope failure exist at steeper slopes. 

• RSP in front of existing retaining structures – Additional protection to the existing 
retaining structures will be provided by the proposed RSP.  However, the benefit 
cannot be quantified.  In addition, erosion and stability concerns still exist at the un-
retained steep slope behind the wall. 

5.4 BIOTECHNICAL AND SOIL BIOENGINEERING METHODS 

Slopes located adjacent to rivers, streams and creeks are subject to surficial erosion 
and/or mass wasting.  Surficial erosion is the removal of surface soils through wind, water, 
and/or ice action that causes soil particles to become detached and physically removed from the 
soil mass.  Mass movement, as opposed to surficial erosion, is the movement of an entire soil 
mass at once (i.e., a landslide).  We understand that the left bank and the daylight (northern) 
section of the right bank will be re-constructed with a maximum inclination of 2:1 (horizontal to 
vertical).  In our opinion, the proposed 2:1 sloped sections are not likely prone to mass 
movement failures, so that surficial erosion is the main design criteria.   

In order to provide stabilization for the creek surficial slope materials, we understand that 
a combination of biotechnical and soil bioengineering techniques have been selected for this 
project.  Biotechnical methods use mechanical or structural elements in combination with 
vegetation (e.g., grasses, shrubs, trees, etc.).  Soil bioengineering methods utilize the structural 
features of vegetation (e.g., roots, stems, etc.) to provide reinforcement of soils. 
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Four general types of stabilizing functions provided by biological elements include1: 

• Interception:  Foliage and plant residues absorb rainfall energy and prevent soil 
detachment by raindrop splash; 

• Restraint:  Root systems physically bind or restrain soil particles while aboveground 
portions filter sediments out of runoff; 

• Retardation:  Stems and foliage increase surface roughness and slow velocities of 
runoff; and 

• Infiltration:  Plants and their residues help to maintain soil porosity and permeability, 
thereby delaying the onset of runoff. 

When used adjacent to streams, creeks and rivers, biotechnical and soil bioengineering 
stabilization must be able to resist the shear forces generated during flood events.   

A summary of approximate maximum mean velocities for irrigation canals that do not 
contain any vegetative or structural protection has been tabulated by the USACE and is 
presented in Table 2, below.  Items in bold were soil types encountered within the project limits.  
The permissible velocities presented in Table 2 may be used as a guide to determine the 
degree of protection required for the lining of the newly aligned Sausal Creek. 

Table 2.  Maximum Mean Velocities Safe against Erosion 

Material Mean Velocity (fps) 

Very light pure sand of quicksand character 0.75-1.0 

Very light loose sand 1.0-1.5 

Coarse sand or light sandy soil 1.5-2.0 

Average sandy soil 2.0-2.5 

Sandy loam 2.5-2.75 

Average loam, alluvial soil, volcanic ash soil 2.75-3.0 

Firm loam, clay loam 3.0-3.75 

Stiff clay soil, ordinary gravel soil 4.0-4.5 

Coarse gravel, cobbles, shingles 5.0-6.0 
Conglomerates, cemented gravel, soft slate, tough hard-pan, soft 
sedimentary rock 6.0-8.0 

Hard rock 10.0-15.0 

Concrete 15.0-20.0 

Note:  Table adapted from "Channel Rehabilitation:  Processes, Design, and Implementation," USACE, 1999 

                                                 
1 Gray, Donald H. and Robbin B. Sotir, “Biotechnical and Soil Bioengineering Slope Stabilization, A Practical Guide for Erosion 

Control,” John Wiley and Sons, Inc., New York, 1996. 
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We understand that well-graded rip-rap rocks are planned to be used to protect the 
creek bank with a surface inclination steeper than 2:1 (horizontal to vertical) and in areas where 
impinging flow is expected (i.e., at the outer edges of turns).  The following Table 3 may be used 
as a guide to determine the rock sizes for the various design flow velocities.  Please note that 
the rock size presented in the following table is the theoretical minimum rock mass which resists 
forces of flowing water and remain stable on slope.  Smaller size rocks within the well-graded 
rip-rap, if placed at the outer layers, can be moved by the stream current or recreational users.  
For better results, the heavier rocks should be placed at the outer layer (i.e., rocks smaller than 
the rock size presented in the following table, if used, be placed as inner layer and/or backing 
materials).   

Table 3.  Rock Size Selection for Various Flow Velocities 

Rock Size for Outer Layer 
Design Level or Average Flow Velocity (fps) 

2:1 (H:V) Rock Slope 1.5:1 (H:V) Rock Slope 
W50 

(At least 50 percent 
are heavier than 

standard rock size) 

W95 
(At least 95 percent 

are heavier than 
standard rock size) 

Parallel Flow Impinging Flow Parallel Flow Impinging Flow 

-- 50 Pounds 15.5    

-- 100 Pounds 17  15  

-- 1/8 Ton  10.3 17 9.6 

1/4 Ton 75 Pounds  11.5  10.8 

1/2 Ton 200 Pounds  13  12.1 

1.0 Ton 1/4 Ton  14.5  13.6 

1.5 Tons 3/4 Ton  15.5  14.5 

2.0 Tons 1.0 Tons  16.5  15.2 

2.5 Tons 1.25 Tons  17  15.8 

3.0 Tons 1.5 Tons    16.3 

4.0 Tons 2.0 Tons    17 

Note:  Table adapted from Topic 870 of the State of California Department of Transportation Highway Design Manual 

We understand that joint planting (vegetated rip-rap) is also planned to be used to 
provide additional protection at the lower portion of the creek banks.  We note that the benefits 
for joint planting include: provides reinforcement of soil layers which rip-rap is to be placed on; 
reduce local flow velocity and dissipate wave energy; provide a buffer against abrasive effect of 
transported materials; allow sediment deposition at the planted area; and enhance internal 
seepage.  However, while the benefits of vegetation cannot be quantified, the project designer 
may consider the benefits based on their experience and other studies for the selected plants 
for the design of the vegetated rip-rap slope. 
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5.5 CONSTRUCTION CONSIDERATIONS 

New fill slopes are anticipated near some of the existing residences.  Appropriate care 
should be exercised when working adjacent to the existing structures.  Proper foundation 
support must be maintained during all earthwork operations.   

Excavations will be required to construct the proposed creek banks and to remove 
locally weak or unsuitable soils.  All excavations that will be deeper than 5 feet and will be 
entered by workers should be shored or sloped for safety in accordance with Occupational 
Safety and Health Administration (OSHA) standards. 

If earthwork is performed during the dry season, moisture conditioning will be required to 
raise the in situ moisture contents to near optimum moisture content (per ASTM D1557).  If 
earthwork is performed during or shortly after wet weather conditions, the moisture content of 
the onsite soils could be appreciably above optimum.  Consequently, subgrade preparation and 
fill placement may be difficult.  Additional recommendations for wet weather construction can be 
provided at the time of construction, if required. 

6.0 RECOMMENDATIONS 

6.1 SEISMIC DESIGN 

The proposed headwall and other structures should be designed to resist the lateral 
forces generated by earthquake shaking in accordance with local design practice.  This section 
presents seismic design criteria for use with the 2010 California Building Code (CBC). 

The site seismic design criteria were determined based on the site latitude and longitude 
using the public domain computer software (NSHMP_HazardApp.jar).  Based on the subsurface 
conditions encountered at the site and the “Site Class Definitions” per the 2010 CBC, we judge 
that Site Class “D” (stiff soil profile) be assumed for design.  If the project is to be designed in 
accordance with the 2010 CBC, the following design parameters should be used. 
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Note: Slope stability analysis was run on both sides of the creek.  Lower F.S. was found at the higher creek bank.  

SLOPE STABILITY ANALYSIS AT STATION 6+59
Sausal Creek Restoration Project

Oakland, California PLATE 4

  Material Type       Color      Total Unit Wt. (pcf)     Phi Angle (°)      Cohesion (psf)

  Upper Clay                                     110                                0                        500

  Lower Clay                                     120                                0                       1,000

                    Mass above Critical Surface Plane

                    Factor of Safety

                    Water level
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Slope Stability Analysis for Pseudo-static Condition
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Note: Slope stability analysis was run on both sides of the creek.  Lower F.S. was found at the higher creek bank.  

SLOPE STABILITY ANALYSIS AT STATION 8+00
Sausal Creek Restoration Project

Oakland, California PLATE 5

  Material Type       Color      Total Unit Wt. (pcf)     Phi Angle (°)      Cohesion (psf)

  Upper Clay                                     110                                0                        500

  Lower Clay                                     120                                0                       1,000

                    Mass above Critical Surface Plane

                    Factor of Safety

                    Water level
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Design Basis Memorandum 

1. Introduction 

The Restoration Design Group (RDG) completed an initial Restoration Concept and Hydrologic 

Assessment in 2007 to support the City of Oakland’s effort to secure grant funding to restore 

Sausal Creek through Dimond Park.  Today, with grant and matching funding in hand, the 

project is entering final design and engineering.  To support this work, additional analysis has 

been completed.  Taken together, this work forms the basis for the final design and engineering 

for the restoration of this reach of Sausal Creek.   

Preparation of this memorandum was a joint effort among staff of the Restoration Design 

Group, LLC (RDG), Michael Thilgen of Four Dimensions Landscaping and Jeff Hagar of Hagar 

Environmental.  RDG led the geomorphic evaluation and overall memorandum preparation.  

Michael Thilgen and Jeff Hagar led the vegetation and fisheries components respectively.   

Early in the design process the City of Oakland developed the following project goals with 

input from stakeholders including the general public, Friends of Sausal Creek and the private 

property owners along the project reach of Sausal Creek.  

 Create a Dynamically Stable Channel 

 Reduce Bank Armoring 

 Minimize Loss of Trees 

 Restore Native Riparian Corridor 

 Provide for Fish Passage 

 Protect Private Properties from Bank Failure 

 Provide Appropriate Creek Access 

 Encourage Community Involvement 

 Incorporate Interpretive Elements 

 Create a Successful Grant Design 

2. Project Location 

The project site is located within Dimond Park in Oakland California.  The creek flows along the 

northwestern edge of the park.  The restoration project site begins at the Wellington Street path 

and continues downstream to near Dimond Avenue where the creek leaves the park boundary.   

Eight hundred feet of Sausal Creek was restored in Dimond Canyon in 2001.  This restoration 

project is upstream of the Dimond Park project site and provides a valuable reference for the 

restoration of Sausal Creek through Dimond Park. 
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Figure 1:  Location Map 

3. Project Description 

Once completed the project will daylight 180 feet of Sausal Creek below Wellington Street and 

replace it with 210 feet of re‐created channel.  The upper 170 feet of culvert, upstream of 

Wellington Street, is outside the project limit of work and will remain unchanged.  This upper 

culvert is covered by a lawn critical to Dimond Park Recreation Center programming.  In 

addition to the daylighting, the project will restore an additional 600 feet of degraded creek 

channel downstream of the daylighting.  The creek corridor will be expanded to improve the 

stability of the channel.  The right bank, viewed facing downstream, is primarily private 

property.  The project will work to stabilize the toe of the slope on the right bank to better 

protect these properties from future channel adjustments.  The left bank is entirely within 

Dimond Park and will be regraded to increase the width of the creek through the park.  Existing 

redwoods and oaks on the top of the bank constrain the extent of bank grading.  Providing 

channel stability while preserving as many trees as possible is a distinct challenge for this 

project.    

Dimond Park Project Site 

Dimond Canyon 2001 Restoration Reach  
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4. Existing Conditions 

4.1. General Site Conditions 

The project reach is bound by two control points.  The grade of the downstream end of the 

reach is controlled by a concrete weir that is set at the bed elevation and preventing further 

incision in this area.  This structure is set in a riffle and appears to be stable.  The upstream end 

of the existing open channel portion of the project reach begins at the downstream end of the 

Wellington Street culvert.  The culvert drains onto a concrete spillway that extends beyond the 

culvert 75‐feet downstream.  The swift water velocity exiting the culvert and spillway has 

caused the channel to incise over 3‐feet at the spillway terminus.  The 3‐foot drop between the 

lip of the spillway and the creek is a fish passage barrier. 

The creek bed is 10 to 15‐feet below the top of the bank, with slopes ranging from near vertical 

to 2:1 (horizontal to vertical).  The right bank of the creek is bordered by houses that sit along 

the top of bank.  The houses and decks range 20 to 40 feet from the creek channel edge.  The 

bottom of the right bank is treated with an assortment of low revetments including retaining 

walls, concrete blocks, and gabion structures.  Many of these structures are being undercut due 

to channel incision and the lowering of the bed elevation of Sausal Creek in this reach. 

The left bank within Dimond Park has an assortment of vegetation, including English Ivy, 

Himalayan Blackberry, Acacia, Coast Redwood and Coast Live Oak.  The left bank has little to 

no armoring, with vegetation providing the majority of bank stabilization.  A number of 

locations along the left bank are undercut due to the channel incision.  This undercutting is 

providing fish habitat.  The revetment on the right bank and extensive tree roots on both banks 

are reducing the rate of bank failures and may result in continued incision of the creek.   

The vegetation along the right bank consists primarily of non‐native and invasive plants 

including Himalayan Blackberry, Acacia, and English Ivy.  There are a limited number of native 

trees including California Buckeye and Coast Live Oak on this bank.  
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Figure 2:  Typical channel bed and banks 

 

Figure 3:  Redwoods lining the top of left bank 

 

Figure 4:  Spillway at the upstream end of reach 

 

Figure 5:  Concrete weir at downstream end of reach 

 

Figure 6:  Undercutting of right bank revetment 

 

Figure 7:  Revetment with house at the top of bank 

4.2. Site History 

The 2010 Sausal Creek Watershed Enhancement Plan, prepared by Laurel Marcus and Associates 

provides a useful summary of the history of the watershed.  The assembled historic USGS 

topographic maps included in the Watershed Enhancement Plan indicate that the pace of 

development within the upper Sausal Creek watershed began in earnest in the early 1900’s.  
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Prior to the 1900’s the watershed above Dimond Park had few roads and houses.  By 1915 

development began to surround the perimeter of Dimond Park.  During this same time period 

the creek channel was likely altered to create the park.  The channel may have been moved to 

the northwestern boundary of the park or partially filled to create additional park space.  At a 

later date the Wellington culvert was installed and a 400‐ft section of creek was buried through 

the park.   

 

Figure 8:  Creek cut bank revealing alluvium overlain with fill material 

The effects of urbanization within the watershed, the construction of the park and the 

installation of the culvert are the three main drivers that destabilized the creek.  Urbanization 

can more than triple the discharge into a creek during frequent storm events (Rantz, 1971).  The 

increased flow delivered to Sausal Creek as it travels through an already constricted channel 

has resulted in a substantially undersized corridor.  In addition the culvert and spillway 

initiated significant scour at the downstream end of the spillway contributing additional 

sediment downstream and further eroding channel banks and exposing previously buried 

infrastructure. 

4.3. Channel Response 

Sausal Creek through Dimond Park has actively eroding channel bed and banks.  It is clear that 

the creek has not reached a new stable form in response to the relatively recent changes 

experienced over the past 100 years.  The following are a series of diagrams that illustrate the 

channel response to this disturbance over time.  
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Storm flows disperse 
across a broad 
floodplain 

 

Park development 
and urbanization 
result in an 
undersized channel 

 

The channel 
continues to expand 
as it adapts to the 
modifications from 
the early 1900’s 

 

 

Hypothetical channel 
configuration based 
on the current 
trajectory of channel 
adjustments without 
intervention 

Figure 9:  Channel Evolution Diagrams   

4.4. Geomorphic Evaluation 

A geomorphic assessment of the project reach was conducted in 2007 to support preliminary 

design effort.  This work is summarized in the Sausal Creek:  Basic Service Task #1: Hydrologic 

Memorandum.  RDG resurveyed the reach in 2011 to assess any changes that may have occurred 

in the previous three years. 
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The survey data was compiled and analyzed using The Reference Reach Spreadsheet for Channel 

Survey Data Management (Mecklenburg, 2006).  Data output for each surveyed cross section is 

represented in Figures 11‐16.  Table 1 summarizes data for each cross section for comparison.  

4.4.1.  Sausal Creek Profile 

No discernable adjustment occurred along the project reach between the 2007 and 2011 profile 

surveys.  The overall profile slope and elevation have remained stable.  During this time there 

were no significant storm events.  The riffle crests and slopes have remained stable as well as 

the size and depth of the scour pool below the spillway.  Since the channel was not tested with a 

large storm event during the three years between the two surveys, it is not possible to indicate 

one way or another, the overall long term stability of the creek from the profile survey alone. 

 

Figure 10:  Sausal Creek Profile 

4.4.2. Cross Section 

As with the profile, the cross sections have remained relatively unchanged between 2007 and 

2011.  During bankfull flows, with a recurrence interval between 1 and 2 years, the channel 

experiences velocities and shear stress values that are above what one would expect for a stable 

stream with this hydraulic geometry.  Used as a general guide, the ERDC TN‐EMRRP‐SR‐29 

Stability Thresholds for Stream Restoration Materials can assist in evaluating the stability of a 

stream channel.  The calculated shear stress and water velocity at bankfull flow (2.2 – 2.4 

lbs/sqft and 7.3 – 8.3 fps respectively) are sufficient to mobilize particles larger than the D84 of 

the channel and may exceed the critical shear stress for banks well covered by groundcovers 

(Fischenich, 2001).  This analysis confirms our understanding that the channel, in its current 

configuration, is undersized for the given flow and will continue to erode over the long term 

without intervention. 
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Note both Figure 11 and Figure 12 (below) show the 2007 survey in yellow and the 2011 survey 

in black.    

 

Figure 11:  Cross Section 1 (40‐FT Downstream of Spillway) 

 

Figure 12:  Cross Section 2 (At Alder) 

Cross Section  Dimond Park Project Reach Upstream

Bankfull Dimensions Flood Dimensions Materials
33.3 x-section area (ft.sq.) 24.8 W flood prone area (ft) 30 D50 Channel (mm)
19.7 width (ft) 1.3 entrenchment ratio 110 D84 Channel (mm)
1.7 mean depth (ft) --- low bank height (ft) 106 threshold grain size (mm):
2.4 max depth (ft)  --- low bank height ratio

21.1 wetted parimeter (ft)
1.6 hyd radi (ft)

11.6 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
7.3 velocity (ft/s) 0.041 Manning's roughness 2.2 channel slope (%)

243.0 discharge rate (cfs) 0.17 D'Arcy-Weisbach fric. 2.17 shear stress (lb/sq.ft.)
1.02 Froude number 6.9 resistance factor u/u* 1.06 shear velocity (ft/s)

4.7 relative roughness 16.9 unit strm power (lb/ft/s)
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Cross Section  Dimond Park Project Reach Downstream

Bankfull Dimensions Flood Dimensions Materials
32.9 x-section area (ft.sq.) 28.0 W flood prone area (ft) 30 D50 Channel (mm)
15.1 width (ft) 1.9 entrenchment ratio 110 D84 Channel (mm)
2.2 mean depth (ft) --- low bank height (ft) 119 threshold grain size (mm):
3.6 max depth (ft)  --- low bank height ratio

18.7 wetted parimeter (ft)
1.8 hyd radi (ft)
7.0 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
8.3 velocity (ft/s) 0.039 Manning's roughness 2.2 channel slope (%)

271.8 discharge rate (cfs) 0.15 D'Arcy-Weisbach fric. 2.42 shear stress (lb/sq.ft.)
1.10 Froude number 7.4 resistance factor u/u* 1.12 shear velocity (ft/s)

6.0 relative roughness 25 unit strm power (lb/ft/s)
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4.4.1. March 2011 Storm Event 

The 2011 geomorphic survey conducted on February 9th was followed by a large storm event on 

March 24th.  This storm event overtopped the Wellington Culvert and had an estimated 

discharge of 600 cfs based on high water marks at surveyed cross sections.  Based on a 

comparative review of hydrology of the Sausal Creek Watershed, this most likely coincides with 

a seven year recurrence interval storm event.  There was noticeable bank scour with Algerian 

Ivy being removed from the banks as high as 5‐ft above the channel bed.  Some locations 

showed evidence of recent scour and erosion.   A 20‐ft tall Blue Elderberry, Sambucus nigra ssp. 

Caerulea fell into the creek during the storm at the downstream end of the project and there 

were numerous areas along the bank where erosion occurred, either from small slumps or from 

rilling from concentrated flow from the park cascading over the banks and into the creek. 

4.4.2. Reference Sites 

There are numerous reference sites located upstream of the project site on Sausal Creek that 

offer useful information to assist in the restoration of Sausal Creek in Dimond Park.  In our 

investigation we walked the entire creek from Dimond Park through Dimond Canyon to just 

below the Montclair Golf Course in the upper watershed.  Four reference sites were chosen for 

further investigation.  The first site is in the upper portion of Dimond Canyon approximately 

200‐ft downstream of the Landslide Culvert.  This site provides an excellent reference for steep 

riffle sections of the restoration project.  We also resurveyed the channel at the Dimond Canyon 

2001 restoration project to evaluate any change since the as‐built condition and to confirm the 

appropriate hydraulic geometry of the typical channel condition through the project reach.  The 

third reference site is the El Centro pool.  The scour pool and riffle downstream of the El Centro 

culvert may provide a suitable reference for a similar pool at the downstream end of the 

Wellington Culvert.  The El Centro pool provides excellent summer habitat for the native 

rainbow trout and appears to be effective at dissipating the energy from the creek as it exits the 

El Centro Culvert.  The final reference site is adjacent to the existing playground within Dimond 

Park.  This riffle, just upstream of the Wellington Culvert, is another suitable reference of a 

stable riffle. 
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Dimond Canyon Steep Riffle 

This reference cross section has a riffle slope of 5.4% and a local slope, measured from upstream 

riffle crest to downstream riffle crest, of 3.6%.  It has a similar drainage area as the project reach.  

The cross section shows no sign of instability.  Evidence of channel armoring indicates this is a 

sediment limited reach (Dietrich, 1989).  Characteristics of note include the high width‐depth 

ratio of 17 and the large gravel/cobble substrate.  These values represent a much wider and 

coarser channel than what currently exists through the project reach.   

 

 

Figure 13:  Reference Cross Section ‐ Steep Riffle 

   

Cross Section  Dimond Canyon Steep Riffle

Bankfull Dimensions Flood Dimensions Materials
37.7 x-section area (ft.sq.) 31.1 W flood prone area (ft) 76 D50 Riffle (mm)
23.4 width (ft) 1.3 entrenchment ratio 280 D84 Riffle (mm)
1.6 mean depth (ft) --- low bank height (ft) 158 threshold grain size (mm):
2.5 max depth (ft)  --- low bank height ratio

26.4 wetted parimeter (ft)
1.4 hyd radi (ft)

14.5 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
5.7 velocity (ft/s) 0.063 Manning's roughness 3.6 channel slope (%)

214.7 discharge rate (cfs) 0.41 D'Arcy-Weisbach fric. 3.21 shear stress (lb/sq.ft.)
0.84 Froude number 4.4 resistance factor u/u* 1.29 shear velocity (ft/s)

1.8 relative roughness 21 unit strm power (lb/ft/s)
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Dimond Canyon Restoration 

The cross section surveyed is located between the first two grade controls of the 2001 restoration 

project.  The grade controls are successfully maintaining the channel profile through this project 

reach at 1.9% slope.   The channel appears stable with no noticeable change of the channel 

geometry since construction.  The low flow channel contained the majority of the large cobbles 

and boulders identified in the pebble counts.  The remaining bed of the active channel is 

dominated by willow and alder roots.  The up and downstream grade control structures, and 

not the surveyed riffle, are providing the channel stability at this cross section.  

 

 

Figure 14:  Reference Cross Section ‐ Dimond Canyon 2001 Restoration 

   

Cross Section  Dimond Canyon Restoration

Bankfull Dimensions Flood Dimensions Materials
33.0 x-section area (ft.sq.) 28.6 W flood prone area (ft) 26 D50 Riffle (mm)
20.8 width (ft) 1.4 entrenchment ratio 98 D84 Riffle (mm)
1.6 mean depth (ft) --- low bank height (ft) 84 threshold grain size (mm):
2.4 max depth (ft)  --- low bank height ratio

21.8 wetted parimeter (ft)
1.5 hyd radi (ft)

13.1 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
6.7 velocity (ft/s) 0.040 Manning's roughness 1.8 channel slope (%)

219.3 discharge rate (cfs) 0.16 D'Arcy-Weisbach fric. 1.70 shear stress (lb/sq.ft.)
0.95 Froude number 7.1 resistance factor u/u* 0.94 shear velocity (ft/s)

4.9 relative roughness 11.8 unit strm power (lb/ft/s)
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El Centro Pool 

The El Centro pool appears stable with no evidence of adjustment or instability following the 

March 24th storm.  It is 30‐feet wide at its widest point and 48‐feet long.  The edges are bound by 

roots and concrete rubble.  Portions of the right bank are steeper than 1:1.  The downstream end 

of the pool is bound by a riffle composed of very large cobbles.  The crest of the riffle has 

naturally formed at an equal elevation to the culvert invert.  The maximum depth of the pool 

was not measurable during the time of the survey but is estimated to be deeper than 5‐ft.  The 

riffle slope is 3.8% and the downstream end of the riffle is bound by bedrock outcropping.  This 

bedrock may play a role in protecting the riffle from headcuts that would otherwise migrate 

upstream.  The bedrock confined section of the creek may also provide a backwater during high 

flows.  This would reduce the energy slope through the riffle and increase the riffle resiliency 

during high flows.  Like most of Sausal Creek through Dimond Park, much of the larger riffle 

material is concrete debris, which, due to having a lower density, has a lower critical shear 

stress than native material of similar size. 

 

   

Figure 15:  Reference Cross Section ‐ El Centro Riffle 

   

Cross Section  El Centro Pool

Bankfull Dimensions Flood Dimensions Materials
35.3 x-section area (ft.sq.) --- W flood prone area (ft) 78 D50 Riffle (mm)
23.3 width (ft) --- entrenchment ratio 190 D84 Riffle (mm)
1.5 mean depth (ft) --- low bank height (ft) 84 threshold grain size (mm):
2.2 max depth (ft)  --- low bank height ratio

25.7 wetted parimeter (ft)
1.4 hyd radi (ft)

15.4 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
6.5 velocity (ft/s) 0.040 Manning's roughness 2 channel slope (%)

230.2 discharge rate (cfs) 0.17 D'Arcy-Weisbach fric. 1.72 shear stress (lb/sq.ft.)
0.98 Froude number 5.2 resistance factor u/u* 0.94 shear velocity (ft/s)

2.4 relative roughness 12.3 unit strm power (lb/ft/s)
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Dimond Park at the Playground 

This long riffle runs adjacent to the playground in the upper portion of Dimond Park.  It likely 

experiences backwater effects from the Wellington Culvert during large storm events, but like 

the other reference sites appears stable and can provide valuable information on the range of 

conditions found along stable portions of Sausal Creek. 

 

 

Figure 16:  Reference Cross Section ‐ Dimond Park Playground 

   

Cross Section  Dimond Park Playground

Bankfull Dimensions Flood Dimensions Materials
34.5 x-section area (ft.sq.) --- W flood prone area (ft) 47 D50 Channel (mm)
20.1 width (ft) --- entrenchment ratio 110 D84 Channel (mm)
1.7 mean depth (ft) --- low bank height (ft) 93 threshold grain size (mm):
2.2 max depth (ft)  --- low bank height ratio

21.5 wetted parimeter (ft)
1.6 hyd radi (ft)

11.7 width-depth ratio

Bankfull Flow Flow Resistance Forces & Power
6.8 velocity (ft/s) 0.041 Manning's roughness 1.9 channel slope (%)

234.1 discharge rate (cfs) 0.17 D'Arcy-Weisbach fric. 1.90 shear stress (lb/sq.ft.)
0.94 Froude number 6.9 resistance factor u/u* 0.99 shear velocity (ft/s)

4.8 relative roughness 13.8 unit strm power (lb/ft/s)
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Reference Reach Comparison 

The two project reach cross sections are the least stable cross sections surveyed relative to shear 

stress and grain size.  Although shear stress is greatest at the Dimond Canyon Steep Riffle cross 

section, the observed D84 channel material appears to have not been mobilized during the 

March 24th storm.  The riffle at the downstream end of the El Centro pool was the most stable 

cross section with the D50 calculated to just begin mobilization at the bankfull discharge.  The 

project reach cross section furthest downstream is the least stable cross section, with the D84 

mobilizing during the typical bankfull event.  This was the only cross section with noticeable 

degradation after the March 24th storm. 

Table 1:  Reference Reach Data 

Riffle Cross Section Location 
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Bankfull Discharge 

Width (ft)  23.4  20.8  23.3  20.1  19.7  15.1

Depth (ft)  1.6  1.6  1.5  1.7  1.7  2.2

Discharge (cfs)  215  220  230  235  245  270

Shear Stress (lbs/ft2)  3.2  1.7  1.7  1.9  2.2  2.4

Threshold Grain Size (mm)  158  84  84  93  106  119

             

March 24th 2011 Storm 

Discharge 

Width (ft)  24.5  26.7  35.7  36.9  24.7  24.9

Depth (ft)  2.7  2.8  2.7  2.3  3.4  3.3

Discharge (cfs)  600  615  640  640  635  660

Shear Stress (lbs/ft2)  5.2  2.9  3.1  2.5  4.0  3.8

Threshold Grain Size (mm)  158  142  151  124  199  188

             

Pebble Counts 

D16 (mm)  13  5.8  33  8.6  4.9  2.9

D35 (mm)  37  15  56  26  13  13

D50 (mm)  76  26  78  47  30  30

D65 (mm)  130  47  110  64  59  53

D84 (mm)  280 98  190 110  110  81

D95 (mm)  510 180 300 200  330 160 

           

Larger than Bankfull Threshold Grain Size           

Larger than 3/24/11 Storm Threshold Grain Size           
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4.5. Fish Habitat Evaluation 

The fish habitat evaluation was completed to describe the existing condition of the habitat, and 

identify opportunities for habitat enhancement that are possible within project constraints, 

including features that have been successful in the previous work.  Rainbow trout were the 

target species for the evaluation as they are a visible and emblematic species and the primary 

fish species present in the project area.  The evaluation is meant to inform the fish habitat and 

passage design process as well as channel and revegetation design for the Dimond Park project 

reach. 

4.5.1. Background 

Jeff Hagar, Hagar Environmental Sciences, completed a preliminary fisheries survey for the 

project site, Sausal Creek Restoration in Dimond Park.  This survey included an assessment of 

the previously restored reach of Sausal Creek upstream of El Centro Avenue, referred to as 

Sausal Creek Dimond Canyon (2001).  Mr. Hagar was the fisheries biologist for the previous 

restoration project at Dimond Canyon (2001) which improved fish habitat and passage. 

Rainbow trout have been consistently observed in the upper Sausal Creek watershed in the 

vicinity of Dimond Park (the project reach) and Dimond Canyon (2001) since at least 1997 when 

15 trout were seen in Palo Seco Creek (Paulsell, 2010).  Electrofishing surveys were conducted in 

Sausal Creek between Canon Avenue and the Montclair Golf Club and upstream of Highway 13 

in June 1998 (Hagar, 1998).  During those surveys, no fish were seen in Sausal Creek, however 

five trout were collected in its tributary, Palo Seco Creek, both upstream and downstream of 

Highway 13 (Palo Seco Creek joins Sausal Creek about a mile upstream of El Centro Avenue, 

near the Montclair Golf Course).  Genetic analysis of tissue samples from these fish indicated 

that they are most closely related to wild coastal steelhead/rainbow trout stocks and not to 

known hatchery strains (Nielsen, 1999). 

There are indications that population abundance of trout in the creek has increased over the 

period from 1997 to 2007.  Mark Rauzon reported in March 2007:  ʺI have not seen more trout in 

ten years than I did today.  There were pairs looking like they were spawning in the shallows, 

then a couple more came up the creek to join them or escape us.ʺ (Email to FOSC listserv March 

11, 2007).  A total of 33 trout were captured in Sausal Creek between El Centro Avenue and 

Leimert Bridge during an electrofishing in the summer of 2009 (Paulsell, 2010). 

Observations of trout in Sausal Creek reported in Paulsell (2010) have described fish from 4 

inches through about 13 inches in length.  Although no reports have documented young‐of‐year 

trout (1 inch to 3 inch size range), possible spawning activity observed by Mark Rauzon 

(Paulsell, 2010), together with the observation of multiple size classes present over the 1997‐2009 

period, indicates that the population is self‐sustaining. 
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4.5.2.  Habitat Conditions Affecting Fish Populations 

Habitat conditions in Sausal Creek, both within the Dimond Park project reach and in the 

greater Sausal Creek watershed, are determined by the watershed topography, geology, 

hydrology, and history of development.  Urban development in the watershed has imposed a 

number of risk factors for rainbow trout in Sausal Creek including episodic water quality 

deterioration, a severely altered hydrograph resulting in extreme flow variation, habitat 

fragmentation, and fishing.  These, together with other habitat conditions in the project reach 

are described below.  

Water Quality  

Episodes of toxic contaminants entering the creek are potentially common given the urban 

nature of the surrounding watershed.  Eleven dead trout were found in the pool below the El 

Centro culvert on February 7, 2008.  The kill was attributed to dumping of a painting solvent 

into the gutter on Oakmore Avenue that drains into Sausal Creek at the turnaround area 

(Source: Emails to FOSC listserv from Kathren Murrell Stevenson and Mark Rauzon).  Another 

fish kill occurred in August 2010 and was attributed to release of improperly dechlorinated 

water during work on a pipeline conveying treated municipal water (Kristin Hathaway, 

Watershed Program Specialist, City of Oakland, Watershed and Stormwater Management 

Program, personal communication, February 2011).  

Flow Variation 

Sausal Creek, like most urban streams, is subject to extreme flow variation.  Large areas of 

impervious surfaces in the watershed result in rapid runoff during winter storms that is 

channeled directly to the stream.  This increases the severity of flood flows, often with 

devastating effects on egg hatching success and survival of newly hatched fry.  The higher flows 

can also result in greater scouring of the stream banks and substrate and mobilization of fine 

sediments that are deposited in the substrate as flows recede.  Since more water runs off in 

storms, less percolates into the ground to be available to sustain flow through dryer periods. 

Habitat Fragmentation 

Habitat fragmentation in Sausal Creek has been described previously (Hagar, 1998).  Barriers 

and obstacles to migration include culverts and a number of check dams and/or grade control 

structures from the WPA era, primarily upstream of Leimert Boulevard.  There are also a 

number of trash racks consisting of vertical metal stakes driven into the substrate in a line 

across the streambed.  Some of these were removed in the earlier project.  These may quickly 

clog during high flows and, if not maintained, would form intermittent barriers to upstream 

migration.  In this fragmented habitat, fish may move downstream for a number of reasons 

including forced displacement during high flow events, avoidance of episodic water quality 

deterioration, and dispersal of young.  Once re‐located to downstream reaches they would not 
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be able to return upstream.  If upstream populations are eliminated due to extreme events such 

as extreme high flow, lethal water quality conditions, or loss of habitat during drought 

conditions, this habitat cannot be re‐colonized. 

Effects of Easy Access 

Sausal Creek in both Dimond Park and the previously restored reach within Dimond Canyon is 

highly accessible with open banks and in some places a recreation trail adjacent to the creek.  

Larger trout have been found dead with fish hooks and line attached (Paulsell, 2010).  This is to 

be expected in heavily used areas with easy access and large visible trout. 

Apron and Culvert 

In the upper part of the project reach the creek is routed through a culvert with a downstream 

section of concrete apron with relatively steep gradient.  There has been incision at the 

downstream end of the apron that has resulted in approximately 2.5 feet of drop.  The channel 

is shallow at the base of the drop with the flow falling onto pieces of concrete rubble.  The apron 

and associated drop forms a barrier to most, if not all, size classes of trout due to the lack of 

deep water at the base from which fish could perform a suitable leap.  In addition, the water 

flow over the concrete apron section is shallow and has relatively high velocity so that even if 

fish could perform the leap to the apron, they would likely be repulsed by the high velocity 

shallow flow along the apron’s surface.  During a site visit on February 18, 2011, at least two 

trout of about 6 inches in length were seen trying to jump the drop and failing repeatedly. 

Channel Morphology 

Downstream of the culvert and concrete apron, the existing channel is relatively straight with 

little variability in slope and without much variability in habitat structure.  It is essentially one 

long run/riffle with little pool development.  There is a lack of overhanging riparian vegetation, 

undercut banks, and structural elements such as root masses and tree trunks that provide 

essential habitat features.  In contrast, there is a relatively large amount of anthropogenic 

habitat‐forming material present including large concrete rubble, undercut concrete bank–

lining, and other deteriorating bank protection structures.  While artificial, these structures do 

provide important instream cover. 

Vegetation 

The vegetation, characterized in more detail in Section 3.6, is composed of a mix of young and 

mature trees, including native, non‐native, and invasive species.  Redwood, Coast Live Oak, 

Alder, Acacia, and Buckeye form the mature tree canopy and provide general shade to the 

riparian corridor.  In most cases these trees and their root systems are too far from the active 

channel to provide instream cover from roots. 
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Bed Material 

Channel substrate appears to be primarily in the gravel (¼ to 3 inch intermediate diameter) and 

cobble (3 to 12 inch ID) size classes and this is beneficial as both cover for smaller juvenile trout 

and food production.  Trout typically spawn in gravels that range in size between ¼ to 2‐½ inch 

ID. 

4.5.3. Dimond Canyon Restoration Project (2001) 

Ten years ago the first major restoration project in this area of Sausal Creek was completed 

upstream of El Centro Avenue in Dimond Canyon.  Several failing dams were removed and 

native vegetation was restored to parts of the stream bank and surrounding areas.  Rock grade 

control structures were installed at several locations to control grade.  The rock grade control 

structures seemed to be functioning properly during a site visit in February 2011.  Pools 

downstream of the weirs appeared relatively small and shallow though observations were 

limited by the high, turbid flow.  A section of toe rock bank protection was added along an 

outside channel bend to prevent bank erosion.  This feature appears to provide good cover and 

deeper water with some seasonal overhanging vegetation.  However, in general within this 

Dimond Canyon reach, there is a lack of large woody material and undercut banks.  This is 

likely the result of low recruitment from the surrounding riparian zone, and lack of mature 

trees with well‐developed root systems in close proximity to the stream.  The location of a 

recreation trail next to the stream appears to encourage some access into the creek with 

resulting loss of vegetation and increased bank erosion. 

4.6. Vegetation Evaluation 

This Vegetation Evaluation is intended to assess and comment on existing vegetation conditions 

on both the Sausal Creek Restoration in Dimond Park project site and the previously restored, 

upstream reach, called here Dimond Canyon (2001).  While these two sites have different 

topographic, aspect and land‐use characteristics, they share common plant communities and the 

general concerns inherent in vegetation restoration in public open space.  This evaluation will 

address lessons learned in the Dimond Canyon (2001) restoration project that are applicable to 

the proposed, downstream Dimond Park project.  Recommendations for revegetation work at 

Dimond Park are then explored in the Design Basis section of this memorandum. 

4.6.1. Background 

From pre‐historic times until early in the twentieth century, a diverse mix of indigenous, native 

plant species occupied the reaches of Sausal Creek we now call Dimond Canyon and Dimond 

Park.  These native plants provided abundant food, shelter, and habitat for wildlife and native 

peoples.   
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With urbanization came the development of Dimond Park.  The creek side areas were cleared of 

native vegetation and the site was graded for park construction.  Those areas were then 

replanted with turf grass and mostly non‐native trees, shrubs, and (probably) herbaceous 

perennials.  At about the same time, non‐native nursery stock was introduced into private 

gardens around the project site, and some of the species found conditions so favorable that they 

“escaped” into adjacent wild land.  The most aggressive of those expanded to create large 

colonies, displacing native species as they spread.  Other plants native to other Mediterranean 

climate zones have been imported to the area, both intentionally and unintentionally. Well 

adapted to the site, they have invaded with varying degrees of intensity.  The vegetation 

understory of Dimond Canyon and Dimond Park is now dominated by these aggressive non‐

native species.  

4.6.2. Project Area Existing Conditions 

Vegetation in the project site includes a mix of native, non‐native, and non‐native invasive trees, 

shrubs, ground covers, grasses, and herbaceous perennials.  Redwood trees are one of the key 

species—planted during the construction of the park.  Though some native understory species 

are present on the creek banks, the vegetation composition is predominantly non‐native 

invasive species such as Algerian Ivy Hedera canariensis and Periwinkle Vinca major.  

Plant Communities 

Variations in geology, soil type, topography, microclimate, etc., combine to make conditions 

that favor some species and discourage others.  As one moves from south facing to north facing 

slopes, from exposed ridges to wooded canyons, certain groups of plants tend to grow together 

in response to natural factors.  Ecologists have developed systems to describe these groups of 

plants. “Biotic Province,” “Vegetation Type,” “Plant Community,” “Plant Association,” and 

“Series” are some of the categories of classification.  The natural distribution of plants is very 

complex, with much overlapping of species, and experts disagree about the fine points of 

grouping and nomenclature.  

Here we use the term “Plant Community” to describe a group of plants that recurs with relative 

consistency, often dominated by a single species.  The East Bay consists of many different 

landscapes, from the cool, moist saltwater marshes to hot, dry eastern ridges and slopes.  These 
landscape types support distinctive plant communities, including but not limited to:  Saltwater 

Marsh, Freshwater Marsh, Riparian Woodland, Coastal Strand, Coastal Prairie, Northern 

Coastal Scrub, Chaparral, Valley and Foothill Woodland, Valley Grassland, and Redwood 

Forest.  The area encompassing Dimond Canyon and Dimond Park is home to several of these 

plant communities, including:  Riparian Woodland, Valley and Foothill Woodland, with small 

representations of Valley Grassland and Northern Coastal Scrub.  In Dimond Park, the 

Redwood Forest plant community is represented by mature trees on the top of the creek banks, 
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but their placement was part of earlier park planting design.  Redwoods do not naturally occur 

in this section of Sausal Creek;  naturally occurring Redwood groves are to be found higher in 

the watershed, less than two miles upstream from Dimond Park.   

Native Species 

A few native species persist among the predominantly non‐native plant mix.  These include 

Coast Live Oak Quercus agrifolia, California Buckeye Aesculus california, Red Willow Salix 

laevagata, and Blue Elderberry Sambucus nigra ssp. Caerulea.  A Walnut tree is present on the site, 

which may or may not be the native California Black Walnut Juglans hindsii.  See Table 2 for 

species list. 

Table 2:  Dimond Park, Existing Native Species 

BOTANICAL NAME COMMON NAME 
  
TREES  
Aesculus californica        California Buckeye 
Juglans hindsii * California Black Walnut 
Quercus agrifolia                Coast Live Oak 
Sequoia semprevirens Coast Redwood 
  
SHRUBS  
Salix laevagata Red Willow 
Sambucus nigra ssp. Caerulea Blue Elderberry 
  
* May be Juglans nigra (non-native)  

 

Non-Native and Non-Native Invasive Species  

The site is mostly populated with non‐native and non‐native invasive species, see Tables 3 & 4.  

Several non‐native, invasive trees have established on the site.  They include:  Green Wattle 

Acacia Acacia decurrens var. dealbata, Black Acacia Acacia melanoxylon, Blue Gum Eucalyptus 
globulus, and Purple‐leaf Plum Prunus ceracifera.  Non‐native invasive species include:  Algerian 

Ivy Hedera canarenis, Himalayan Blackberry Rubus discolor, Bermuda Grass Cynodon dactylon, 
and Kikuyu Grass Pennisetum clandestinum.  These species have proven their adaptability to the 
site conditions.  Most of them have presented management challenges in the upstream project 

areas.  They are potentially explosive and represent a long‐term threat to revegetation efforts.  

   



 
Sausal Creek Restoration Project in Dimond Park 

 Design Basis Memorandum 
  4/29/2011 

Page | 24 

Table 3:  Dimond Park, Existing Non‐Native 

Species 

BOTANICAL NAME COMMON NAME 
  
TREES  
Acer palmatum Japanese Maple 
Betula alba White Birch    
Eucalyptus sp. Eucalyptus     
Juglans nigra * Eastern Black Walnut 
  
SHRUBS                                         
Pittosporum undulatum  Pittosporum 
Prunus lusitanica     Portugal Laurel 
Syzygium paniculatum Eugenia 
  
HERBACEOUS                   
Acanthus mollis    Bear's Breach 
Erodium sp. Cranesbill 
Oxalis pes-caprae               Bermuda Buttercup 
Rumex crispus Curly Dock 
  
* May be Juglans hindsii (native)  

Table 4:  Dimond Park, Existing Non‐Native Invasive 

Species 

BOTANICAL NAME COMMON NAME 
  
TREES  
Acacia decurrens var. dealbata Green Wattle 
Acacia melanoxylon Black Acacia 
Eucalyptus globulus Blue Gum 
Prunus ceracifera Purple-leafed Plum 
  
HERBACEOUS PERENNIALS                      
Avena fatua Wild Oat 
Conium maculatum Poison Hemlock 
Cynodon dactylon Bermuda Grass 
Cytisus canariensis Scotch Broom 
Ehrharta erecta Panic Veldtgrass 
Hedera canarensis Algerian Ivy 
Pennisetum clandestinum Kikuyu Grass 
Rubus discolor              Himalayan Blackberry 
Rubus ulmifolius var. inermis Thornless Blackberry 
Tradescantia fluminensis             Happy Wanderer 
Vinca major Vinca 
 

Aspect 

Aspect is the relationship between orientation, topography, and vegetation canopy.  The result 

of aspect for plants is that some will be in full sun, others in part or full shade.  Aspect affects 

many plant factors, including soil moisture, growth rate, competitive advantage, and health.  

Many plant species are adapted to thrive within a range of solar exposure.  When conditions 

change and the ideal range is breached, plant health declines.  Aspect relates directly to solar 

exposure, with south facing slopes receiving more sun than north facing slopes.  And solar 

exposure is in turn further affected and by the amount of vegetative cover and shading canopy.  

Open planting areas with low growing shrubs receive full sun while planting areas with tall 

canopy trees and tall shrubs can be shaded (even on south facing slopes) for much of the day. 

The upstream portion of the project site (200 feet below Wellington Street) is currently in full 

sun and covered with turf.  This area will remain in full sun after the culvert is removed and the 

creek is restored.  Downstream from this point the open creek is in a mostly shaded condition.  

Most of the riparian corridor is moderately to heavily wooded, and the upland lawn area is 

largely shaded by a mix of native and non‐native trees.  Conditions will change when clearing 

and grading for the creek restoration is performed.  When the restoration is complete, much of 

the riparian corridor will be exposed to full sun.  Areas where mature Redwoods and other 

trees are preserved at the top of bank will remain partially shaded.   
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Soil Moisture 

Soil moisture is another environmental condition that is critical plant health.  Topography, soil 

texture, and vegetation are important factors in determining soil moisture.  For example, south 

facing slopes or ridge tops with fast draining soils and low levels of plant nutrients dry quickly 

at the end of the rainy season.  Sites with northern exposures receive less solar radiation, and 

tend to develop more vegetative biomass.  These shaded northern slopes can conserve water, 

accumulate organic matter that enhances soil water holding capacity, and ultimately plant 

supporting capacity.  As a result, plants typically either thrive in southern or northern 

exposures but not both.  

Riparian areas, which by definition lie at the base of slopes, receive ground water for months 

into the dry season.  Groundwater gradually drains through the soil from higher points, to 

eventually flow into the creek.  Riparian plant species, both sun and shade loving, are adapted 

to these moist conditions.  Most of Dimond Canyon (2001) and Dimond Park areas receive and 

hold a high level of soil moisture long into the dry season.  That said, soil moisture in the project 

site varies widely within a few feet from wet creek side locations to much drier conditions at the 

top of the creek banks, especially in full sun aspects. 

Current Maintenance Practices at Dimond Park 

Turf grass, along the top of bank and over the existing creek culvert, is irrigated and mowed on 

a regular basis.  The woodland and riparian areas along the creek receive little maintenance 

beyond occasional tree pruning.  The understory, dominated by non‐native invasive ground 

cover like Algerian Ivy, requires little attention to maintain its current condition.  The vegetative 

mix can be effectively managed with a low to moderate level of landscape maintenance expense 

and expertise. 

4.6.3. Dimond Canyon Restoration Project (2001)  

Beginning in 1997, the City of Oakland partnered with the Friends of Sausal Creek (FOSC) to 

improve the quality of native plant communities in the upper section of Dimond Park.  The 

initial project occurred below El Centro Avenue, between the Dimond Park Recreation Center 

and Sausal Creek.  The City provided invasive tree removal, grading, boulder placement, and 

funds for landscape materials.  FOSC organized a series of volunteer work parties.  One area 

close to the park access road was designated a native plant demonstration garden, and was 

planted with California native species readily available in local nurseries.  The purpose was to 

educate the public about alternative ways to plant and shape their home gardens with natives.  

The area between the creek and El Centro Avenue was planted with local native species that 

had been propagated from existing populations in the Sausal watershed.  This demonstration 

garden became the prototype local native revegetation project. 
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In 2001, the City of Oakland, the California Coastal Conservancy, and the Alameda County 

Flood Control and Water Conservation District sponsored the restoration of an 825 foot reach of 

Sausal Creek above El Centro Avenue in Dimond Canyon.  The project objectives were to 

remove six in‐stream dam structures, improve water quality, stabilize the channel and banks, 

control erosion, improve access, and restore hydrologic function, native vegetation, and habitat 

for aquatic and terrestrial species.  One project goal was to clear the site on invasive non‐native 

plant species and replace them with local natives in an effort to improve habitat value.  When 

the project began, local flora in the project area was severely degraded.  The few dominant 

invasive species provided a much lower habitat quality than the plants they had displaced.  

The project contractor accomplished the more involved work including tree and brush clearing, 

demolition of in‐stream dam structures, channel re-grading, rock installation, path paving, 
geotextile installation, hydroseeding and willow staking.  The Friends of Sausal Creek (FOSC) 

provided plant propagation, nursery production, planting, and subsequent establishment 

maintenance.  Approximately 20,000 plants were propagated, grown, and planted in 2001.  A 

lesser number of additional plants were planted during subsequent years.  

Planting Goals for the Dimond Canyon Restoration Project (2001) 

 Rapidly cover land with plants 

 Stabilize creek banks 

 Protect against excessive erosion  

 Enhance habitat value for wildlife 

 Create positive aesthetic effect  

 Shape space, screen and frame views 

 Influence pedestrian traffic patterns  

 Provide public education about ecological 

restoration 

 Display to the public the many beautiful and 

effective local native plants that are available 

for use in the designed landscape 

Plant Communities and Plant Community Succession 

Plant community succession is an ecological concept describing a cycle of transitions of plant 

populations over a course of time.  The cycle begins with a cataclysm of some sort, either a 

landslide, fire, or clear‐cut.  The land is laid bare.  Nature responds by reestablishing vegetative 

cover with fast growing, short‐term plants.  Plants of this first generation are sometimes 

referred to as “pioneers.”  These plants shelter the soil surface from excessive erosion and their 

roots penetrate and bind the soil.  Roots and tops then die and decompose, adding organic 

matter to the soil and enhancing its structure and moisture holding capacity.  In the process 

they help to modify soil chemistry and micro flora.  

In time, a new set of plants and plant community finds conditions to its liking.  These new 

plants germinate in the shelter of the pioneers, grow up through them, and ultimately overtop 

and displace them.  This new plant group continues the process of soil conditioning and 

modification until another set of plants finds good habitat, and the cycle repeats.  Eventually a 

set of plants will dominate and not relinquish the site.  These plants persist until the next 
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cataclysm occurs and the cycle starts again.  In coastal California the progression typically runs 

from annual grasses and forbs to perennial meadow plants followed by scrub and shrubby 

communities and finally woodlands. 

This simplified representation just touches on the complex patterns that play out in the natural 

world.  It is, however, a useful model for restoration staff to use when working with native 

plants in either managed or unmanaged landscapes.   

The concept of plant community succession was integrated into the Dimond Canyon (2001) 

planting plan with some success.  Some species were selected for their rapid growth and quick 

ground cover capacity.  Others were selected for slow growth, with the ultimate task of 

developing into long‐term woody vegetative structure.  

Plant community succession is visible on‐site today.  Early fast growers, such as American 

Nightshade Solanum americanum, are no longer present.  Others such as Bee Plant Scropularia 
californica, and California Blackberry Rubus ursinus are still present in large and robust 
populations.  Many of the long‐term plants have grown to substantial size and are 

outcompeting the early pioneer species.  

Table 5:  Native Species for Fast, Dense Ground Cover 

BOTANICAL NAME COMMON NAME 
  
HERBACEOUS PERENNIALS                        
Carex species               Dwarf Sedge 
Epilobium canum  California Fuchsia 
Equisetum arvense             Horsetail 
Festuca californica      California Fescue 
Heracleum lanatum Cow Parsnip 
Juncus patens                      Common Rush           
Rubus ursinus  California Blackberry 
Scrophularia californica Bee Plant 
 

Aspect  

Along Sausal Creek, prior to the 2001 restoration project, the general aspect was north facing 

and shady.  Most of the area was heavily wooded, and little sunlight reached the ground.  

When the non‐native and non‐native invasive vegetation was cleared, some areas were opened 

up to a full sun aspect, while most areas remained in a partial shade aspect.  As plants grew in 

bulk, the taller specimens created shade, and their smaller, sun loving neighbors could not 
survive.  Other species better adapted to low light levels now form a thriving understory (See 

Table 6). 



 
Sausal Creek Restoration Project in Dimond Park 

 Design Basis Memorandum 
  4/29/2011 

Page | 28 

Areas that received full sun following site clearing were planted with sun‐loving species.  As 

riparian trees and shrubs grew many of the smaller and more shade intolerant plants were 

shaded out and are no longer present in large numbers (See Table 7). 

Table 6:  Native Species for Shade 

BOTANICAL NAME COMMON NAME 
  
SHRUBS                                            
Holodiscus discolor Ocean Spray    
Osmaronia ceraciformus Oso Berry 
Physocarpus capitatus        Ninebark 
Ribes sanguineum glutinosum Pink Currant 
Symphoricarpos albus Snowberry      
  
HERBACEOUS PERENNIALS                        
Artemisia douglasiana     Mugwort 
Carex species               Dwarf Sedge 
Equisetum arvense             Horsetail 
Festuca californica      California Fescue 
Galium californicum California Bedstraw 
Heracleum lanatum Cow Parsnip 
Iris douglasiana             Douglas Iris   
Juncus patens                      Common Rush           
Juncus xiphioides Iris leafed Rush 
Oenanthe sarmentosa Creek Parsley 
Polypodium californicum California Polypody 
Polystichum munitum       Western Sword Fern  
Rubus ursinus California Blackberry 
Scrophularia californica Bee Plant 
Tellima grandiflora Fringe Cups    
 

 

Table 7:  Native Species for Full Sun 

BOTANICAL NAME COMMON NAME 
  
TREES  
Acer macrophyllum Bigleaf Maple  
Aesculus californica        California Buckeye 
Alnus rhombifolia White Alder          
Quercus agrifolia                Coast Live Oak 
Salix laevagata Red Willow         
  
SHRUBS                                         
Artemisia californica  Coast Sagebrush 
Baccharis pilularis var. consanguinea  Coyote Brush    
Ceanothus thyrsiflorus Ceanothus      
Cornus sericea var. sericea Creek Dogwood  
Mimulus aurantiacus Sticky Monkey Flower 
Physocarpus capitatus        Ninebark 
Rhamnus californica Coffee berry 
Salix laevagata Red Willow 
  
HERBACEOUS PERENNIALS                        
Carex species               Dwarf Sedge 
Epilobium canum  California Fuchsia 
Equisetum arvense             Horsetail 
Juncus patens                      Common Rush           
Juncus xiphioides Iris leafed Rush 
Oenanthe sarmentosa Creek Parsley 
Rubus ursinus California Blackberry 
Scrophularia californica Bee Plant 
Vicia gigantea Vetch 

Irrigation and Soil Moisture 

The Dimond Canyon (2001) project did not include an irrigation system.  Planting was designed 

to tolerate seasonal drought from the beginning.  Initial planting was accomplished by the 

middle of the rainy season.  Selected plants were irrigated occasionally by hand, only during 

the first dry season.  Mortality from drought, during the first dry season, was minor.  

Erosion Control 

Erosion control was accomplished with a range of techniques and materials including:  wood 

chip and straw mulch, geotextile fabrics, coir fabrics, and hydroseeding.  The coir fabric, which 

did not have a plastic mesh layer, used in the channel was effective and biodegraded in a few 

years.  The geotextile used on the upper slopes was also effective, but included a plastic fiber 
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that was resistant to slicing for planting, and which persisted on the site for several years.  The 

hydroseeding and geotextile combination provided good first year erosion control. 

Unfortunately, it smothered many of the perennial seedlings that would have provided long‐

term erosion control.  

Soil Bioengineering  

Soil bioengineering was applied in combination with boulder placement to stabilize creek 

banks.  Hardwood cuttings of Willow Salix spp. and Creek Dogwood Cornus sericea var. sericea 

were locally harvested from previous plantings, and container stock Alder Alnus rhombifolia 

were grown from locally harvested seed.  Soil bioengineering along the creek banks has been 

effective.  Willow and Dogwood now provide cooling shade to the creek, and the creek’s 

scouring action has begun to undercut roots and create new aquatic habitat. 

Weeds and Weed Control 

The project area was cleared by mechanical clearing, using chainsaws, stump grinders, and 

hand grubbing.  Weed re‐growth began immediately upon the arrival of the rains.  Ongoing 

management by the FOSC encourages the maturing native planting.  Hand digging of invasive 

weeds and mulching restoration plantings reduces competition for sun, water, and nutrients, 

allowing young native plants to establish.   

Weed control is a major ongoing challenge to the success of restoration at Dimond Canyon 

(2001).  Non‐native invasive species continue to challenge native plantings.  These problem 

species create a serious drain on volunteer labor time.  Efforts to control the most serious weeds 

are hampered by the City of Oakland’s policy prohibiting the use of herbicide in City parks.  

The only alternative to herbicide use is manual labor.  Each year, volunteers and staff spend 

hundreds of hours hand digging weeds that promptly grow back.  Restoration volunteers are 

returning to work sites several months later to find the same weedy species have re‐grown.  

Most of the non‐native and even non‐native invasive species are not strongly invasive, and do 

not present a serious problem.  There are, however, three aggressive invasive species that 

warrant serious attention:  Cape Ivy Senicio jacobaea, American Elm Ulmus americana, Algerian 

Ivy, and Himalayan Blackberry.  Non‐native and non‐native invasive species now present in 

Dimond Canyon are noted in Tables 8 and 9. 

   



 
Sausal Creek Restoration Project in Dimond Park 

 Design Basis Memorandum 
  4/29/2011 

Page | 30 

Table 8:  Dimond Canyon, Existing Non‐Native 

Species 

BOTANICAL NAME COMMON NAME 
  
HERBACEOUS PERENNIALS       
Arum sp. Jack in the Pulpet 
Erodium sp. Cranesbill 
Oxalis pes-caprae               Bermuda Buttercup 
Lunaria annua Money Plant 
Rumex crispus Curly Dock 
 

 

 

Table 9:  Dimond Canyon, Existing Non‐Native 

Invasive Species 

BOTANICAL NAME COMMON NAME 
  
HERBACEOUS PERENNIALS     
Conium maculatum Poison Hemlock 
Hedera canarensis Algerian Ivy 
Allium sp. Wild Onion 
Cytisus canariensis Scotch Broom 
Ehrharta erecta Panic Veldtgrass 
Hedera canarensis Algerian Ivy 
Prunus ceracifera Wild Plum 
Rubus discolor              Himalayan Blackberry 
Rubus ulmifolius var. inermis Thornless Blackberry 
Senicio jacobaea Cape Ivy 
Tradescantia fluminensis             Happy Wanderer 
Ulmus americana American Elm 
Vinca major Vinca 

 

Native Plant Population 

The project area in now colonized by approximately 40 species of local native plants.  Most of 

the species were propagated and planted in 2001 and subsequently.  Some of those planted are 

now naturalized, reproducing themselves on site.  Some of the native species present were not 

propagated, but have spontaneously established themselves.  See Table 10 on next page. 
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Table 10:  Dimond Canyon, Existing Native Species 

BOTANICAL NAME COMMON NAME 
  
TREES  
Acer macrophyllum Bigleaf Maple  
Aesculus californica        California Buckeye 
Alnus rhombifolia White Alder          
Quercus agrifolia                Coast Live Oak 
Salix laevagata Red Willow         
Umbellularia californica* California Bay 
  
SHRUBS                                           
Artemisia californica  Coast Sagebrush 
Baccharis pilularis var. Coyote Brush    
Ceanothus thyrsiflorus Ceanothus      
Cornus sericea var. sericea Creek Dogwood  
Corylus cornuta var. californica Western Hazelnut 
Holodiscus discolor Ocean Spray    
Mimulus aurantiacus Sticky Monkey Flower  
Osmaronia ceraciformus Oso Berry 
Physocarpus capitatus        Ninebark 
Rhamnus californica  Coffee berry 
Ribes sanguineum glutinosum Pink Currant 
Salix laevagata Red Willow 
Symphoricarpos albus Snowberry      
  

BOTANICAL NAME COMMON NAME 
  
HERBACEOUS                   
Artemisia douglasiana     Mugwort 
Carex species               Dwarf Sedge 
Epilobium canum  California Fuchsia 
Equisetum arvense*             Horsetail 
Festuca californica      California Fescue 
Galium californicum California Bedstraw 
Heracleum lanatum Cow Parsnip 
Iris douglasiana             Douglas Iris   
Juncus patens                      Common Rush           
Juncus xiphioides Iris leafed Rush 
Oenanthe sarmentosa Creek Parsley 
Polypodium californicum California Polypody 
Polystichum munitum       Western Sword Fern  
Rubus vitifolius  California Blackberry 
Scrophularia californica  Bee Plant 
Stachys ajugoides Hedge Nettle 
Tellima grandiflora Fringe Cups    
Urtica gracilis var. holosericea* Nettle 
Vicia gigantean Vetch 
Toxicodenddron diversiloba* Poison Oak  
  
*Naturalized, not planted  

 

Current Conditions Summary 

Ten years after planting, the Dimond Canyon (2001) project area is well covered with 

vegetation.  Most of the vegetation originated from the 2001 plantings and subsequent 

restoration planting efforts.  Tall trees and shrubs have now effectively mask most undesired 

views to adjacent buildings.  Lower plant masses allow views to the creek while resisting 

trampling.  As a result there are only a few informal trails to the creek.  Species diversity has 

created good quality habitat for a variety of wildlife—previously unrecorded bird species are 

now frequenting Dimond Canyon.   

While many of the project goals have been accomplished, Dimond Canyon remains a work in 

process.  The community is actively engaged in the learning process of managing public 

wildland resources.  One measure of the City’s and community’s success is found in the large 

numbers of locals who now use the Dimond Canyon site as a recreation destination. 
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5. Design Basis 

5.1. Geomorphic Design  

5.1.1. Profile 

The profile through the project reach has three tie‐in points for the channel.  The downstream 

end has an existing concrete weir that is stable and acting as a grade control.  This remains in 

place and effectively represents the downstream end of channel work.  The invert of the 

remaining section of the Wellington Culvert represents the upstream tie‐in point for the project.  

Midway between these two controls is the Whittle Branch Culvert, with an outfall into the 

mainstem of Sausal Creek.  This culvert is set at grade with the existing channel profile and 

provides the third tie‐in point for the design profile. 

 

Figure 17:  Proposed Profile 

Between the downstream tie‐in and the Whittle Branch Culvert the profile is unchanged at 

2.2%.  Upstream of the Whittle Branch Culvert the profile begins to rise above the existing bed 

elevation to capture the loss in elevation that occurs at the downstream end of the spillway.  

This sub‐reach has a slope in the range of approximately 3.2 ‐ 4.5%.  The upper reach at the 

daylighting has a slope between 1.5 ‐ 2%. 

There is an opportunity to raise the channel bed above the existing culvert flow line in the 

daylight section as is shown in Figure 14.  Raising the bed reduces the amount of excavation 

required, brings the creek closer to the park to improve the connection between the park and 

the creek in this area, and requires less bank grading in areas where tree protection is a priority.  

The degree of raising the channel in this area will be determined through an evaluation of the 

hydraulic performance.  This analysis will be performed in HEC‐RAS and will be summarized 

in a future memorandum.  

5.1.2. Pool Design 

As is noted in the fisheries sections of this memorandum, deep pools provide important 

summer habitat for Rainbow Trout Oncorhynchus mykiss.  Also previously noted are the 
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multiple deep pools located within the project reach.  Many restoration projects provide simple 

channel geometry following construction and allow the channel complexity to evolve over time 

(Sheilds, 2002).  Although there are advantages to letting channel processes create these 

structures, they may take years to develop (Schwartz, 2007).  One of the objectives of this project 

is to incorporate self‐sustaining deep pools to maintain and enhance the pool habitat that 

currently exists on‐site. 

Pool formation and maintenance can occur due to a number of different mechanisms (Lisle, 

1979, MacWilliams, 2006, Caamaño, Goodwin, & Buffington, 2010).  This project aims to provide 

pools of the appropriate form based on the mechanism of natural formation and maintenance.  

Sporadically placed large wood along the margins of the channel will maintain built scour 

pools.  Excavated meander bends will promote pool maintenance from secondary currents.  

Variation in channel width will provide flexibility to narrow the channel in certain locations to 

preserve infrastructure and trees of interest and will result in pools being maintained from jet 

flow and velocity reversals. 

Due to the constrained corridor width significant armoring of the toe is required, especially for 

the right bank.  Where armoring is required at pools, the armor depth will extend down well 

below the pool elevation. 

5.1.3. Riffle Design 

Riffles are depositional features and will provide the grade control for this project.  Riffle 

dimensions, (width, depth, slope and material) will vary throughout the restoration design.  

Typically the riffles will be built wider than the pools to promote slower velocities and shear 

stress during storm events.   

Riffle widths will vary from 20‐ft to 25‐ft with their corresponding average depths range from 

2.2 to 1.7‐ft.  These dimensions are narrower than what would develop naturally given the 

existing composition of channel material, slope and sinuosity.  As a result many riffles will be 

built with larger material than what is currently found on‐site in order to remain relatively 

immobile up to the 25 year storm event. 

The long term stability of maintaining the design grade along the project reach varies by 

location.  Protecting incision along the toes of the slopes is important; as is maintaining fish 

passage through the project reach–especially at the Wellington Culvert outfall.  Tailoring the 

riffle design to meet these needs can be done by providing fortified grade control in some areas, 

while in other areas providing less structural solutions to the riffle design. 
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5.1.4. Channel Bed Material 

The existing creek bed is composed of native gravels and cobbles as well as a substantial 

amount of urban debris including concrete remnants the size of large cobbles and boulders.  

This material will be removed from the bed during the restoration.  As a result the entire length 

of the channel bed will be rebuilt.  Native material will be sorted by size class and stockpiled for 

reuse in the channel.  Non‐native material will be removed from the site.  Suitable material 

unearthed during the excavation of the daylighted section of creek will be removed and 

stockpiled for reuse. 

Riffles will be lined with coarser bed materials than pools.  Riffle bed material will vary based 

on riffle geometry as well as the level of persistence required for each particular riffle.  As noted 

earlier a number of riffles will be built with material that is expected to remain stable during the 

25 year recurrence interval storm. 

5.1.5. Large Woody Debris 

Large woody debris (LWD) will be placed along the channel to improve habitat and provide 

structural diversity.  Wood will primarily be placed on the left bank to avoid extensive grading 

on private property.  Priority placement will be given to outside bends as well within long 

riffles.  Care will be given to limit the density of placed wood along the channel.  A density of 

one to two LWD structures per 100 feet will provide habitat benefits while avoiding the 

appearance of an overly built creek corridor. 

Proper anchoring of LWD is essential.  LWD has been shown to be more stable when it is 1.5 

times the length of the bankfull channel (Hilderbrand, Lemly, Dolloff, & Harpster, 1998).  The 

LWD will be selected from redwood trees removed from the site and will be a minimum of 20‐ft 

long.  LWD will be placed with limited protrusion into the active channel and will be buried a 

minimum of 2/3rds into the bank.  Anchoring with cables will be required if there is a risk of the 

LWD being displaced during large flows. 

5.2. Fisheries Restoration Targets 

5.2.1.  Habitat Enhancement  

As described earlier, the culvert will be partially removed as well as the entire concrete apron as 

part of the restoration project.  Removal of the apron and part of the culvert will restore stream 

habitat and be a step toward improving passage conditions.  The remaining culvert may 

continue to present a fish passage barrier.  If the remaining section of culvert does not meet 

criteria for passage (NMFS 2001), it would be beneficial to evaluate the potential to partially 

“backwater” this culvert through grade controls at the downstream end or to retrofit it with 

baffles.  It will likely not be possible to backwater the entire culvert.  The existing survey shows 

a 3 foot elevation change between the culvert inlet and the proposed post‐project outlet.  The 
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culvert hydraulics will need to be analyzed to see if baffles can be added.  Remediation of the 

remaining culvert section to allow passage would greatly enhance stream connectivity and 

address the risks associated with habitat fragmentation.   

5.2.2. Creek Debris 

Existing anthropogenic features that now serve as habitat forming material in the stream 

including large concrete blocks, undercut concrete bank–lining, and other deteriorating bank 

protection structures may be removed from the project reach.  Instream cover provided by these 

artificial features should be replaced and augmented as part of the restoration project.  These 

artificial features can be replaced with similar sized natural features both for channel stability 

and for habitat.  This is particularly important because it will provide the only cover for trout 

until riparian vegetation becomes well established.  These features ameliorate the effects 

associated with the urbanized hydrograph as they provide velocity shelter during high flows.  

They also provide a measure of protection against potential predators and can be sources of 

localized scour that provide deeper water and promote more variation in flow velocity patterns. 

5.2.3. Riparian Corridor Vegetation 

Mature riparian trees provide shade in the lower part of the project reach and maintain lower 

summer temperature.  Preservation of these native trees would be beneficial.  Redwoods that 

need to be removed could be used as instream structure and possibly bank protection.  These 

are a valuable resource and if not useable in the Sausal Creek Restoration may be useable in 

another stream restoration project elsewhere.  

5.2.4. Creek Restoration Strategies 

Re‐construction of the stream channel provides an opportunity to enhance physical habitat for 

the benefit of trout as well as reduce some of the negative effects of the urban hydrograph.  

Channel alteration to provide greater sinuosity will reduce channel slope and reduce the erosive 

force of high flows.  Greater sinuosity can also induce formation of riffle/pool sequences with 

pools forming at the bends and riffles developing between bends.  In contrast to the existing 

channel structure which features an abundance of riffle without much pool, alternating pools 

and riffles provide excellent summer habitat with deeper pools for trout residence and shorter 

riffle sections that provide easier movement between pools and production of invertebrate drift 

that serves as a food source for trout.  Addition of structural components that contribute to pool 

scour would also be beneficial in this reach.  Pool maximum residual depths of 1.5 to 2.5 feet or 

greater would be an ideal condition with associated instream cover in the form of undercut 

banks, large woody material, and boulders. 

Re‐construction of the channel with an integral floodplain will provide for overbank flows and 

reduce velocities for higher stage events reducing the potential for bank erosion and 
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ameliorating the urban hydrograph, an important risk factor for this trout population.  Off‐

channel habitat can be important during high flow periods as refuge for juvenile salmonids.  

Off‐channel habitat that absorbs some of the flood flows while providing low velocity refuge 

habitat should be constructed in such a way that fish do not become stranded when flows 

recede. 

Channel Substrate 

Existing substrate is primarily in the gravel and cobble size classes preferred by rainbow trout.  

Restoration should target these gravel and cobble size classes along with large boulders as cover 

for larger juvenile trout.  A mix of gravel in the ¼ to 2 ½ inch intermediate diameter size class is 

preferred by rainbow trout for spawning.  This material is often present at the tail of pools and 

glides and these locations generally provide suitable flow velocity and tendency for through‐

gravel flow that enhances spawning.  Channel re‐construction that favors pool/riffle sequences 

with bed slope and sediment transport characteristics that favor sorting and deposition of this 

material at pool tails would be beneficial to rainbow trout.   

Access Impacts 

Exposure to predators, including human predators using fishing gear, is a risk factor for 

rainbow trout in Sausal Creek.  Providing dense riparian vegetation and otherwise limiting 

access to most of the creek would greatly ameliorate this risk factor.  In addition to limiting 

access to the creek, dense riparian vegetation provides excellent cover when it overhangs the 

stream, it promotes undercut banks, and provides habitat for insects and other invertebrates 

that may contribute to the rainbow trout forage base.  Opportunities to view the creek from the 

upper bank area are certainly desirable but it would improve conditions for trout if they were 

not also associated with direct access to the creek. 

Hydrograph Modification 

Modification of the hydrograph of Sausal Creek has been identified as an important risk factor 

for trout populations in the creek and the overall health of the aquatic environment.  

Modification of the hydrograph is a result of increased impervious surfaces in the watershed 

and channeling runoff directly to the creek.  The restoration project should take a lead and set 

an example for better stormwater management by incorporating design features that improve 

storm water management within the project limits.  All walkways, parking areas, and other 

surfaces should be developed with infiltration of stormwater as a goal.  Runoff from existing 

structures in the project area should not be channeled directly to the creek but should be filtered 

and encouraged to infiltrate to the maximum extent possible.  Incorporation of raingardens and 

infiltration swales should be incorporated wherever possible. 
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5.3. Revegetation Strategy 

5.3.1. Summary Vegetation Assessment  

Many environmental conditions encountered in the previous restoration project in Dimond 

Canyon (2001) are present in the Dimond Park project area.  As well, many of the same 

challenges exist.  Revegetation along Sausal Creek at Dimond Park offers opportunities to not 

only provide high quality habitat, but to control access to the creek, create privacy screening for 

private property owners, and secure visibility for park users. 

Most importantly, lessons learned from the Dimond Canyon (2001) project and from other 

associated East Bay restoration efforts are directly applicable to the proposed Dimond Park 

project.  Based on these lessons and experience, we offer the following recommendations to 

guide the sustainable revegetation of Sausal Creek through Dimond Park. 

5.3.2. Planting Goals 

Goals for the Dimond Canyon (2001) restoration effort can be reconstituted to serve the 

revegetation of the Dimond Park site: 

 Rapidly cover land with plants 

 Stabilize creek banks 

 Protect against excessive erosion  

 Enhance habitat value for wildlife 

 Create positive aesthetic effect  

 Shape space, screen, and frame views 

 Influence pedestrian traffic patterns  

 Provide public education about ecological 

restoration 

 Display to the public the many beautiful 

and effective local native plants that are 

available for use in the designed landscape 

5.3.3. Plant Propagation and Local Sourcing 

The plants supplied in 2001 by Friends of Sausal Creek (FOSC) for Dimond Canyon (2001) 

featured an abundance of herbaceous perennials and a relative scarcity of shrubs and trees.  

This was partly due to the desire for many fast growing ground cover plants, and partly due to 

limited lead time and the extensive nursery capacity required for tree and shrub propagation.  

Dimond Canyon (2001) provided a focus for FOSC, which in turn responded by building a 

nursery on City property in Joaquin Miller Park.  The FOSC nursery program is now well 

established and effectively operated.  The nursery group has grown in propagation skill and 

production capacity, and can manage many species of trees and shrubs.  In addition, Dimond 

Park will provide a 1.5 year lead time on propagation.  FOSC now offers a much wider range of 

species than were feasible in 2001.  As a result the design team is investigating the possibility of 

a more diverse plant palette for the pending restoration at Dimond Park.  Plant species diversity 

within the restoration will enhance biodiversity, embellish the project’s educational potential by 

displaying a richer plant palette, and improve plant survival.  
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5.3.4. Site Preparation:  Clearing, Weed Control, Grading, Soil Preparation  

Some non‐native and non‐native invasive plants in the Dimond Park project area, including:  

Himalayan Blackberry, Algerian Ivy, and Panic Veldtgrass, Ehrharta erecta are potentially 

serious weeds in the long‐term.  These three species have the capacity to quickly propagate and 

spread, effectively smothering native plantings.  They should be thoroughly removed during 

the site preparation process, and monitored and weeded out of the site after project 

implementation.  Use of a watercourse approved herbicide on selected species that have proven 

resistant to hand weeding (e.g., Himalayan Blackberry) is recommended pending City review of 

existing policies concerning herbicide use in parks.  Application should occur prior to the start‐

up of the project in fall or spring preceding site clearing per manufacturer’s recommendations.   

In addition to developing an effective weed management strategy for the Dimond Park site, it 

would be beneficial to enlist the support of adjacent private property owners to establish 

corresponding weed eradication programs on their land.  This strategy should include the 

signing and control of vegetation dumping which is often the source of weed growth. 

Grading measures should be specified that minimize compaction and leave the site ready to 

accept revegetation work.  Mechanized grading equipment can have destructive impact on clay 

soils, and so prior to revegetation specifications need to call for ripping and tilling soils and 

possibly soil amendments such as compost if compaction is severe.  

5.3.5. Native Plant Palette 

The Sausal Creek watershed is home to hundreds of native plant species.  We recommend that a 

carefully selected subset of these species be used for planting in the project area.  Plant species 

will be chosen to meet the following criteria:  

 Adapted to conditions of sun/shade, slope, aspect, soil, and moisture 

 Available as nursery stock within the project timeframe 

 Appropriate mature size for defining spaces and maintaining or blocking lines of view  

 Anticipated ease of establishment and long term maintenance 

Most of the plants that are successfully established in the Dimond Canyon 2001 project area are 

also well adapted to the Dimond Park project area.  We recommend that they be considered.  In 

addition, many other species have become available as nursery stock since 2001 that should also 

be considered for inclusion.  

We recommend that the plant palette include adequate diversity to enhance habitat value and 

serve as a reference garden for local native plant study, but be simple enough that the mature 

planting would have a visually calm appearance and be relatively easy to maintain.  
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The following table presents a list of native species currently under consideration.  This list is 

preliminary in form and has yet to be reviewed with City, County, and FOSC Nursery for 

appropriateness, feasibility of propagation, post restoration maintenance, and implementation 

costs.  This list is also the most diverse planting palette under consideration and it is likely that 

the final list for propagation and implementation will be a subset of these species. 

Table 11:  Dimond Park, Proposed Native Species for Restoration 

BOTANICAL NAME COMMON NAME 
  
TREES  
Acer macrophyllum Big-leaf maple 
Acer negundo Box Elder 
Aesculus californica California buckeye 
Alnus rhombifolia White Alder 
Quercus agrifolia var. agrifolia Coast Live Oak 

  
SHRUBS  
Artemisia californica California Sagebrush 
Baccharis pilularis Coyote Brush 
Ceanothus oliganthus var. sorediatus Jimbrush 
Ceanothus thyrsiflorus Blueblossom 
Cornus sericea ssp. sericea Dogwood 
Corylus cornuta var. californica California Hazelnut 
Garrya elliptica Coast Silk-tassle 
Holodiscus discolor Ocean Spray 
Lotus scoparius var. scoparius California Broom 
Mimulus aurantiacus Bush Monkeyflower 
Oemleria cerasiformis Oso Berry 
Physocarpus capitatus Ninebark 
Rhamnus californica ssp. californica California Coffeeberry 
Ribes californicum var. californicum Hillside Gooseberry 
Ribes divaricatum var. pubiflorum Straggly Gooseberry 
Ribes menziesii Canyon Gooseberry 
Ribes sanguineum var. glutinosum Red-flowering Currant 
Rosa californica California Wild Rose 
Rosa gymnocarpa Wood Rose 
Salix laevigata Red Willow 
Salix lasiolepis Arroyo Willow 
Sambucus mexicana Blue Elderberry 
Symphoricarpos albus var. laevigatus Snowberry 

  
HERBAECOUS PERENNIALS  
Achillea millefolium Yarrow 
Aralia californica Elk-clover 
Artemisia douglasiana Mugwort 
Asarum caudatum Wild Ginger 
Bromus carinatus var. carinatus California Brome 
Carex barbarae Santa Barbara Sedge 
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Carex globosa Round-fruit Sedge 
Carex obnupta Slough Sedge 
Carex subbracteata Small-bracted Sedge 
Elymus glaucus ssp. glaucus Blue Wildrye 
Epilobium canum ssp. canum California Fuchsia 
Equisetum hyemale  Scouring Rush 
Festuca californica California Fescue 
Fragaria vesca Wood Strawberry 
Grindelia hirsutula var. hirsutula Gumweed 
Helenium puberulum Sneezeweed 
Heracleum lanatum Cow Parsnip 
Heuchera micrantha Alumroot 
Iris douglasiana Douglas Iris 
Juncus effusus var. pacificus Pacific rush 
Juncus patens Common Rush 
Juncus xiphioides Iris-leaf Rush 
Koeleria macrantha Junegrass 
Lathyrus vestitus var. vestitus Pacific Pea 
Melica californica California Melic 
Melica torreyana Torrey’s Melic Grass 
Mimulus cardinalis Scarlet Monkeyflower 
Mimulus guttatus Yellow Monkeyflower 
Oxalis oregana Redwood Sorrel 
Perideridia kelloggii Yampah 
Phacelia californica California Phacelia 
Rubus parviflorus Thimbleberry 
Satureja douglasii Yerba Buena 
Scrophularia californica ssp. californica Bee Plant 
Sisyrinchium bellum Blue-eyed Grass 
Smilacina stellata False Solomon’s Seal 
Solidago californica California Goldenrod 
Stachys ajugoides var. rigida Common Wood Mint 
Tellima grandiflora Fringe Cups 

  
VINES  
Lonicera hispidula var. vacillans California Honeysuckle 
Rubus ursinus California Blackberry 
  
NATIVE SEED MIXES / Broadcast or Hydroseeded Grasses and Forbs 
Upland Seed Mix Creek Banks and Uplands / Mix TBD 
Riparian Seed Mix  Creek Floodplain + Bioswales / Mix TBD 

Note on Redwoods 

While Coast Redwood is not naturally occurring on the site, existing planted specimens will be 

preserved where feasible.  Given the grading of a wider, restored creek corridor, several 

Redwoods will be removed on the existing banks and near top of bank.  Within the remaining 

Redwood grove, consideration should be given to planting shrub and herb species that occur 

naturally in Redwood forests higher up stream in the Sausal Creek watershed. 
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Note on Seeding 

Seeding will be required to meet permit conditions for revegetation and erosion control prior to 

the rainy season (typically October 15th).  Seeding is further discussed in Erosion Control and 

Seeding.  Mixes will be custom specified for the site and will at least be broken down to Upland 

and Riparian mixes based on their location within the project and proximity to flood 

inundation, e.g., floodplain as opposed to creek banks.  Seeding in riparian restoration projects 

can be a challenge due to the aggressive and pervasive character of non‐native invasive weedy 

species.  Seeding native grasses and forbs over a restored, graded, bare earth creek corridor and 

adding irrigation will provide excellent revegetation, however if the weed seed bank is strong it 

will be difficult to cull out the germinating weeds from the germinating native grasses and 

forbs.  There are measures which the implementation can take to reduce weed growth and ease 

post germination weeding in a native seeded area.  These measures include proper site 

preparation, selective irrigation, limiting native species in the mix to ease identification of 

natives vs. non‐natives, and diligent maintenance over the first 3‐5 years.  

5.3.6. Soil Bioengineering  

The live cuttings of Willow, Cornus sericea var. sericea, Dogwood; and Alnus rhombifolia, White 

Alder planted in Dimond Canyon (2001) grew rapidly, and formed a dense riparian woodland.  

We recommend use of these species in the Dimond Park project reach.  It is also recommended 

that the placement of Willow, Dogwood, and Alder along the Dimond Park reach be carefully 

articulated to meet the needs for habitat and the needs of private property owners for screening.  

While critical soil bioengineering functions of creek stability, creek shading (to moderate creek 

temperatures), and creek habitat have to be met first, there is no reason that secondary functions 

of privacy screening, between Park and private homes, can’t be accomplished simultaneously.   

5.3.7.  Erosion Control and Seeding 

Due to problems associated with the use of plastic fiber geotextile fabric and seed mixes that 

include aggressive annual grasses, those materials are not recommended for use in Dimond 

Park.  Exceptions would be where the use of geotextile and seeding is required to meet permit 

requirements.  As an alternative, the use of biodegradable coir fabric (without plastic mesh) 

within the restored creek corridor has been shown to be effective in controlling erosion even 

when used only on the active channel banks.  Seeding can be placed beneath and prior to the 

installation of coir, or on top of the coir and walked or tooled into the fabric.  In addition, the 

use of coir wattles and chipped or shredded mulches in non‐floodplain areas is recommended.  

Straw mulch, spread over seeding and crimped into the soil is encouraged.  In areas where 

flood flows do not threaten restoration plantings, the use of mulch and restoration container 

stock of low growing annuals and herbaceous perennials is recommended. 
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5.3.8. Planting for Changing Sun Exposure 

Boulders placed for creek bank stabilization in the canyon project were planted with sun‐loving 

species.  Those plants were gradually shaded out as riparian shrubs and trees grew, and many 

of the now shaded boulders are lacking vegetative cover.  If boulders play a role in bank 

stabilization in the Dimond Park project, we recommend that both sun‐loving and shade‐loving 

species such as Carex spp. Sedges, Juncus spp. Rushes, and Rubus ursinus California Blackberry, 

be included in the interplanting.   

5.3.9. Planting to Shape Space, Screen and Frame Views, and Influence Pedestrian Access  

While the Willow, Dogwood, and Alder plantings in Dimond Canyon (2001) provide good 

quality bank stabilization, erosion control, and habitat, they also make enclosed spaces with 

limited sight lines.  Security concerns in Dimond Park are calling for a more visually open 

riparian woodland than that found at Dimond Canyon that still meets habitat criteria.  Planting 

of Willow and Dogwood should be carefully articulated along the project reach to provide 

critical habitat while not adversely compromising visual security.  

On the banks and areas where a vigorous ground cover is desired, California Blackberry has 

shown itself to be a highly competitive and versatile species.  It creates an effective barrier to 

human foot traffic, is fast growing in sun or shade, and provides quality habitat for wildlife. 

5.3.10. Soil Moisture and Irrigation  

Plants will be specified and laid out on site to respond to naturally occurring soil moisture 

levels.  Creekside plantings will be adapted to inundation and high levels of ground water.  

Creek banks and upland areas will be planted with more drought adapted material.  The goal 

will be to work with the natural soil moisture regime.  

To better ensure plant survival with limited volunteer maintenance a temporary spray type 

irrigation system will be installed to water plants during establishment in up to five dry 

seasons.  Temporary irrigation enhances survival, encourages rapid growth, and improves the 

aesthetic appearance of revegetation sites.  The irrigation system will be integrated into the 

existing irrigation system for Dimond Park. 

5.3.11. Maintenance  

Adequate and timely maintenance is critical to the success of urban native plant restoration 

projects.  Our experience has been that success increases dramatically with frequent post‐

installation assessments and prompt maintenance action.  Failure to follow up leads to 

expanding problems, usually related to weed control, erosion control, irrigation, and plant 

health.  Small weed populations quickly expand if not controlled.  Unprotected slopes are 

vulnerable to erosion.  Irrigation schedules must be seasonally adjusted or inappropriate 

amounts of water will be applied, broken sprinkler heads need to be promptly repaired to 
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prevent erosion and desiccation.  Trampled plants must be replaced to fulfill project monitoring 

goals.  

First year maintenance will focus on weed control, mulch renewal, and irrigation adjustment.  

Subsequent years will involve those tasks, plus selective pruning and removal to advance the 

design goals for habitat and visual security and privacy screening.  It should be noted that 

ecologically complex native plantings require a maintenance staff with specialized botanical 

knowledge.   

5.3.12. Adaptive Management  

Adaptive management is an ongoing iterative process of decision making and physical 

response in the face of uncertainty, with a goal of developing skill and understanding over time 

via system monitoring.  Adaptive management is a tool that is used not only to change a 

system, but also to learn about the system through its response to input.  Because this approach 

is based on a learning process, it improves long‐term management effectiveness.  

As adaptive management experience in the Dimond Canyon (2001) project has informed the 

volunteer community and City staff of the potential and problems with restoration along Sausal 

Creek, we are hopeful that this experience can guide the design and implementation of the 

Dimond Park project.  The intent is for this project to benefit from lessons learned and to be 

another step in the process of understanding the opportunities and limitations of urban open 

space restoration.  In the future, this Dimond Park project will also present learning 

opportunities that will inform designers of other projects.  Likely activities include the analysis 

of plant response to environmental conditions, development of habitat values, and the 

adjustment of species within the restoration plant palette.  An adaptive management approach 

at Dimond Park is highly recommended. 
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6. Conclusion 

Restoration of Sausal Creek in Dimond Park offers a special opportunity to immerse visitors 

into a restored riparian setting.  It is a venue for Oakland to celebrate its dedication to 

watersheds, creeks and environmental stewardship.  The Dimond Park restoration project will 

benefit from the knowledge gained through the previous restoration efforts in Dimond Canyon 

and will begin to connect the fragmented habitat along this section of Sausal Creek.  Habitat, 

public access and channel stability will need to be addressed to ensure that the project achieves 

multiple objectives.  

Existing Conditions 

Sausal Creek in Dimond Park has degraded over the years.  Urbanization within the watershed, 

the construction of the park and the installation of the culvert and apron are the key 

contributors destabilizing the creek.  The existing fish habitat in the Dimond Park reach suffers 

from this degradation, the impassible apron/culvert, and the general lack of stream edge 

vegetation.  Episodic flood flows, degraded water quality, and habitat fragmentation are key 

concerns.  Still the trout population appears to be increasing over the past decade, in part due to 

the Dimond Canyon (2001) restoration efforts.  Existing vegetation in the Dimond Park reach is 

dominated by non‐native invasive species and mature redwood trees at the top of bank.  

Upstream in Dimond Canyon (2001) the project area is well covered with vegetation after the 

restoration and this site provides a valuable reference for the Dimond Park project.  

Design Basis 

Our approach to the geomorphic design of Sausal Creek rests on rebuilding the channel profile 

and cross section to achieve a form that fosters dynamic stability of the riparian corridor.  This 

work will benefit the persistent trout population by restoring a large section of culverted creek 

and enhancing the remaining reach through the project area.  Even though fish passage through 

the remaining culvert may not be feasible, there will be an overall improvement in habitat in the 

Dimond Park reach.  To limit habitat disturbance from public use, access to the creek will be 

focused to specific areas while allowing for others areas to remain sheltered.  The revegetation 

will address more than habitat.  The careful placement of willow and other riparian vegetation 

will accommodate the habitat needs of the project as well as the desires of the neighbors who 

live in private residences directly adjacent to the creek.  Successful revegetation will also limit 

the presence of invasive plant species on‐site through a combination of careful site preparation, 

planting and maintenance strategies.   
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Hydraulic Memorandum 

1. Introduction 

This technical memorandum presents the results of steady‐state flood modeling of the proposed 

Sausal Creek Restoration through Dimond Park in Oakland, California.  The City of Oakland 

(City) proposes to remove and daylight approximately 180 linear feet of an existing culvert (the 

Wellington culvert) and restore an additional 600 feet of degraded creek channel downstream of 

the daylighted portion.   

The proposed restoration involves removal of an undercut concrete spillway at the exit of the 

existing culvert, grading of a more geomorphically stable creek channel, and planting of native 

riparian creek vegetation throughout the creek corridor.  The plan view conceptual design is 

depicted in Figure 1:  Restoration Schematic Design and details of the basis for the creek 

restoration design are contained in a separate design report (Restoration Design Group, 2011).  

 

Figure 1:  Restoration Schematic Design 

The Restoration Design Group (RDG) modeled the hydraulics of the proposed project to assess 

the impacts of the project on water surface elevations and velocities.  The requirements of the 

modeling, provided by Alameda County Flood Control District (ACFCD), are to demonstrate 

that the proposed project will; 1) contain the ACFCD’s estimated 25 year recurrence interval 

storm event and; 2) provide stability during storms up to the 10‐25 year recurrence interval 

storm event (Saleh, 2011).  
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2. Existing Creek Conditions through the Project Site 

The existing reach of Sausal Creek through the project site is a straightened creek channel 

located between Dimond Park on the left bank and private property on the right bank.  The 

upstream end of the existing open channel portion of the project reach begins at the 

downstream end of the Wellington Street culvert.  The culvert drains onto a concrete spillway 

that extends 75‐feet downstream of the culvert.  The high water velocity exiting the culvert and 

spillway has caused the channel to incise over 3‐feet at the end of the spillway.  The 3‐foot drop 

between the lip of the spillway and the creek forms a fish passage barrier. 

The creek bed is 10 to 15‐feet below the top of the bank, with slopes ranging from near vertical 

to 2:1 (horizontal to vertical).  The right bank of the creek is bordered by houses that sit along 

the top of bank.  The houses and decks range 10 to 40 feet from the creek channel edge.  The 

bottom of the right bank is treated with an assortment of low revetments including retaining 

walls, concrete blocks, and gabion structures.  Many of these structures are being undercut due 

to channel incision and the lowering of the bed elevation of Sausal Creek in this reach. 

The left bank within Dimond Park has an assortment of vegetation, including English ivy, 

Himalayan blackberry, acacia, coast redwood, and coast live oak.  The left bank has little to no 

armoring, with vegetation providing the majority of bank stabilization. The vegetation along 

the right bank consists primarily of non‐native and invasive plants including Himalayan 

blackberry, acacia, and English ivy.  There are a limited number of native trees including 

California buckeye and coast live oak on the right bank.  

3. Proposed Conditions 

Details of the proposed restoration design are described in RDG Design Basis Report 

(Restoration Design Group, 2011). Cross‐sections based on the existing and proposed 

restoration geometry were placed in the RAS model by RDG for this hydraulic analysis.  

Appendix Section 9.2 contains the proposed cross‐sections through the project site used in the 

hydraulic modeling.  

4. HEC-RAS Model Development 

4.1. Project Flow Rates 

As directed by the Alameda County Flood Control District (ACFCD), the project flow rates are 

based on data from two independent sources;  

 For the lower flow rates used for channel geomorphic design (return periods Q2 through 

Q10), RDG used peak flow rates developed from the Laurel Marcus Associates (LMA) 

Watershed Assessment Report (2010) and; 
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 For the higher flow rates used to evaluate flood protection under this study (i.e. the Q15 

to Q100), RDG utilized the flow rate values provided by the ACFCD.    

The following table provides a summary of all flows from both sources but only the flows that 

are shown in bold will be used in the Sausal Creek hydraulic model evaluations.  

Table 1:  Project Flow Rates 

Return period Peak flowrate (cfs) LMA (2010)  Peak flowrate (cfs) ACFCD 
Q1 58.85 NA

Q2 363.2 NA

Q5 538.3 NA

Q10 789.7 1353

Q15 NA 1756

Q25 913.1 NA

Q50 NA 2307

Q100 1106.1 2591

Note: values in bold will be used for the Sausal Creek hydraulics modeling.  

The change in discharge resulting from the addition of the Whittle Branch of Sausal Creek, 

which joins the mainstem channel in the middle of the project reach, is not reflected in the 

model.  Both of the LMA and ACFCD calculated flows include the Whittle Branch tributary.  As 

a consequence the modeling effort provides a more conservative depiction of the channel 

hydraulics upstream of the Whittle Branch culvert (Station 3+40). 

4.2. HEC-RAS Modeling Assumptions 

The following assumptions were included in the development and computation of the flood 

modeling.  

 Peak flow rates for the model were provided by the ACFCD for the Q10, Q15, Q50, and Q100 

flows.  Additional flows were taken from the Laurel Marcus Watershed Report (LMA, 

2010).  RDG did not independently check the hydrology. 

 

 Additional stormwater flows from either existing or proposed storm drains from the 

proposed development adjacent to the creek were not provided to RDG or included in 

the modeling. 

 

  As typical of almost all flood models, HEC‐RAS as run for this project does not model 

the effects of sedimentation or debris build‐up in the creek channel under storm 

conditions.  Excessive debris or sediment may result in backwater flood elevations that 

exceed the modeled results and increase flooding. 
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 Out of channel flood flows were not modeled. The program assumes that all over bank 

weir flows at the upstream end of culvert structure reenter the channel at the 

downstream end of the culvert as weir flow. 

5. HEC-RAS Model Geometry 

The ACFCD provided a survey of the 

project reach.  RDG constructed a 3D 

topographic model representing the 

existing and proposed project conditions 

within Autocad Civil 3D 2010 using the 

ACFCD site survey as a base plan.  RDG 

imported cross sections into HEC‐RAS 

Version 4.1.0 using the HEC‐RAS 

Import/Export Extension for Autocad 

Civil 3D 2010.  

The HEC‐RAS model stationing follows 

the existing conditions centerline 

alignment for both the existing and 

proposed conditions.  However, the 

design of the proposed channel is 

derived from a different channel 

alignment than the existing conditions 

alignment.   Note that the project 

construction documents use the 

proposed channel alignment and 

therefore have different stationing than 

the stationing of the HEC‐RAS model.  

To assist in comparing existing and 

proposed conditions, both geometry files 

use the same alignment and stationing in 

the HEC‐RAS model. 

Figure 2 shows a plan view of the 

proposed condition model.   
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  Figure 2:  HEC‐RAS Proposed Conditions Schematic 

5.1.1. Ineffective Flow Limits 

Ineffective flow areas can be set in HEC‐RAS to define the boundaries of the active cross‐

sectional conveyance area.  Ineffective areas often occur where there are large variations in the 

cross‐sectional width between adjacent upstream and downstream sections that result in areas 

that are not effectively conveying water such as typically occur upstream and downstream of 

culverts and bridges.  RDG set ineffective flow limits both upstream and downstream of the 

Wellington Culvert under existing and proposed conditions. 

5.1.2. Hydraulic Roughness 

RDG used Manning’s n coefficients to define the roughness of the channel and overbank areas.  

RDG assessed characteristics such as surface roughness, vegetation height and spacing, 

irregularities in geometry, and flow depths to estimate existing conditions Manning’s n 

coefficients.   

Given the steepness of the proposed site grades, we have used the Limerinos Equation which is 

an empirical Manning’s n equation appropriate for gravel‐cobble bed streams.  For this project, 

we have performed multiple scenarios to derive the most appropriate Manning’s n values.  

Under Scenario 1, the results of the Limerinos Equation are used in the model unadjusted for 

other roughness factors, these lower values result in higher velocity values.  Under Scenario 2, 

we adjusted the results of the Limerinos Equation (base value) by adding in hydraulic friction 

for additional elements such as bed form roughness, obstruction and vegetation roughness 

following the methods detailed in the USGS guidance document (Arcement & Schneider, 1989).  

This scenario resulted in adding .043 to the base n values of Scenario 1.  Under Scenario 3, we 

reduced the amount of increase due to hydraulic friction from additional elements from .043 to 

.023, taking a more conservative approach to incorporating channel roughness.  For the purpose 

of this study, this scenario offers the most balanced approach to evaluating water surface 

elevations and velocities of the project.  The results presented in this memorandum are run 

using Scenario 3.  The Manning’s n values for each scenario are shown in Table 2. 
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Table 2: Manningʹs n Values 

  SCENARIO 1 
Base n values (unadjusted) 

   SCENARIO 2
Adjusted n values (+0.043) 

SCENARIO 3 
Adjusted n values (+0.023) 

Station  n#1  n#2  n#3    n#1 n#2 n#3 n#1 n#2  n#3 
1075  0.027  0.047  0.047    0.027 0.090 0.090 0.027 0.070  0.070 
1050  0.027  0.047  0.047    0.027 0.090 0.090 0.027 0.070  0.070 
1025  0.027  0.054  0.054    0.027 0.097 0.097 0.027 0.077  0.077 
1000  0.027  0.055  0.055    0.027 0.098 0.098 0.027 0.078  0.078 
975  0.027  0.049  0.049    0.027 0.092 0.092 0.027 0.072  0.072 
950  0.027  0.048  0.048    0.027 0.091 0.091 0.027 0.071  0.071 

Culvert                
775  0.044  0.044  0.045    0.087 0.087 0.088 0.067 0.067  0.068 
760  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
750  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
720  0.048  0.048  0.048    0.091 0.091 0.091 0.071 0.071  0.071 
700  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
690  0.047  0.047  0.047    0.090 0.090 0.090 0.070 0.070  0.070 
675  0.047  0.047  0.047    0.090 0.090 0.090 0.070 0.070  0.070 
650  0.048  0.048  0.048    0.091 0.091 0.091 0.071 0.071  0.071 
625  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
620  0.055  0.055  0.055    0.098 0.098 0.098 0.078 0.078  0.078 
600  0.048  0.048  0.048    0.091 0.091 0.091 0.071 0.071  0.071 
575  0.048  0.048  0.048    0.091 0.091 0.091 0.071 0.071  0.071 
550  0.049  0.049  0.049    0.092 0.092 0.092 0.072 0.072  0.072 
535  0.048  0.048  0.048    0.091 0.091 0.091 0.071 0.071  0.071 
500  0.047  0.047  0.047    0.090 0.090 0.090 0.070 0.070  0.070 
475  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
450  0.047  0.047  0.047    0.090 0.090 0.090 0.070 0.070  0.070 
400  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
375  0.047  0.047  0.047    0.090 0.090 0.090 0.070 0.070  0.070 
350  0.049  0.049  0.049    0.092 0.092 0.092 0.072 0.072  0.072 
300  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
275  0.047  0.047  0.047    0.090 0.090 0.090 0.070 0.070  0.070 
250  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
235  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
225  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
215  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
200  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
175  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
150  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
125  0.046  0.046  0.046    0.089 0.089 0.089 0.069 0.069  0.069 
100  0.044  0.044  0.045    0.087 0.087 0.088 0.067 0.067  0.068 
80  0.045  0.044  0.045    0.088 0.087 0.088 0.068 0.067  0.068 
70  0.045  0.045  0.045    0.088 0.088 0.088 0.068 0.068  0.068 
50  0.012  0.045  0.045    0.055 0.088 0.088 0.035 0.068  0.068 
35  0.012  0.045  0.045    0.055 0.088 0.088 0.035 0.068  0.068 
0  0.012  0.047  0.047    0.055 0.090 0.090 0.035 0.070  0.070 
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5.1.3. Boundary Conditions 

In a standard step model such as HEC‐RAS, the water surface elevation at the downstream 

model boundary must be specified for a subcritical analysis and an upstream boundary 

condition required for a supercritical (steep) flow model run.   There is no known hydraulic 

control point close to the model downstream boundary.  Therefore, for the boundary conditions 

we used the normal depth slope condition using the slope of the creek grade at the lower end of 

the project site, s = 0.019 and s = 0.022 at the upstream end of the project.  

5.1.1. Model Geometry Summary 

Purpose  Plan  Geometry Flow Regime  Roughness 
Existing Conditions for 
WSE Determination 

Existing Conditions 4 WSE  Existing 
Cond_Limerinos_n 
adjusted 6.29.11 

subcritical  Scenario 3

Proposed Conditions for 
WSE Determination 

Proposed Conditions 4 WSE  Proposed Limerinos 
Adjusted 6.28.11 

subcritical  Scenario 3

Existing Conditions for 
Velocity Determination 

Existing Conditions 4 Velocity Existing 
Cond_Limerinos_n 
adjusted 6.29.11 

mixed  Scenario 3

Proposed Conditions for 
Velocity Determination 

Proposed Conditions 4 Velocity Proposed Limerinos 
Adjusted 6.28.11 

mixed  Scenario 3

 

6. Flood Modeling Results 

This section provides the results of the modeling for water surface elevations under flood flow 

conditions.  

6.1. Water Surface Elevations 

Given the mixed flow regime within the channel, we have followed FEMA guidance that 

mandates that the model be run in subcritical mode for natural channels.  This rule is required 

by FEMA since supercritical flow within natural channels is unstable and likely to move the 

channel bed to subcritical flow conditions and thereby raise water surface elevations.  This 

approach is conservative and results in higher water surface elevations for evaluation of 

flooding impacts.   

The criteria used for evaluation of flooding are the ACFCD Q50 peak flow (2,307 cfs) compared 

to the top of levee elevations and to existing conditions.  In addition, we ran the model using 

the ACFCD Q100 peak flood flow (2,591cfs) to assess flows under very high flood flow 

conditions.  Note that ACFCD only required an evaluation against the Q25 flow, however, since 

this flow was not provided, we have used the higher Q50 flow.  
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6.1.1. Peak Flow Conditions (50-Year) 

The baseline evaluation was against the ACFCD Q50 peak flood flow rate and compared to both 

the top of bank elevations and existing conditions.  

Proposed Water Surface Elevation against Top of Bank Elevations 

The results of the analysis show that the flow is contained within the banks for all locations 

within the restored reach.  The purple line represents the high point of the cross section on the 

right bank.  The pink line is the high point of the cross section on the left bank (Figure 3). 

Note that the model assumes that all breakout flows at the upstream end of the Wellington 

Culvert reenter the channel immediately downstream of the culvert as weir flow.  It has been 

observed during storm events that when the Wellington Culvert overtops, water flows across 

the surface of the park and reenters the channel in numerous areas throughout the park and not 

all at once as assumed by the model.  The routing of these breakout flows through the park has 

not been evaluated.   

 

Figure 3:  Q50 Water Surface Elevation vs. Top of Bank Elevations   
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Water Surface Elevations Proposed versus Existing Conditions 

The results indicate that the water surface elevation under the proposed conditions is typically 

lower throughout the model profile than existing conditions.  One exception is the water surface 

elevation in the area of the existing concrete spillway where the existing supercritical flow 

conditions (forced equal to critical depth in the subcritical run mode of this analysis) are lower 

than restored conditions but also result in much faster and destabilizing velocities.  Note that 

the depth of flow over the culvert as weir flow is a little less under proposed conditions also 

representing the shorter overflow path of the water since the culvert length was reduced (Figure 

4). 

 

 

Figure 4:  Q50 Water Surface Elevation Existing vs. Proposed Conditions  
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6.1.2. Peak Flow Conditions (100-Year) 

ACFCD requested an evaluation of water surface elevations under 100‐year peak flow 

conditions.  Since the model is being run in steady‐state mode, no determination can be made as 

to the duration or timing of the flows.  However, we have prepared model runs using the 100‐

year peak flows to assess the depth of overbank flooding.  

Proposed Water Surface Elevation against Top of Bank Elevations 

The results of the analysis show that the flow is contained within the banks for all locations 

within the restored reach with the exception of an area at station 1+25 where the right bank dips 

below the modeled water surface elevation and the survey information ends at an existing 

private property fence.  Additional survey information in this area would likely determine this 

flow would be contained just outside the limit of survey. 

 

 

Figure 5:  Q100 Water Surface Elevation vs. Top of Bank Elevations 
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Water Surface Elevations Proposed versus Existing Conditions 

Using the ACFCD Q100 peak flow in the HEC‐RAS model, the water surface of the proposed 

condition is generally lower than that of the existing condition except between stations 0+55 and 

1+35 and in the area of the existing concrete spillway where the accelerated velocities on the 

existing spillway reduce the water surface elevation (Figure 6).   

 

 

Figure 6:  Q100 Water Surface Elevation Existing vs. Proposed Conditions 

For the proposed condition, the highest modeled rise in water surface elevation compared to 
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water surface elevation in that area is 189.43 at station 1+00.  Assessment of the surveyed bank 

heights coupled with on‐site review of existing conditions indicates that the lowest bank height 

in the vicinity is above 190.5 feet.  Site visits have confirmed that the nearest structure is set 

above retaining walls that put it well above the modeled 100 year water surface elevation.   

Water surface elevations of the proposed condition downstream of the existing spillway are 

shown lower than existing conditions in some locations and higher in others.  The largest rise in 

water surface elevations in this area is at cross section 4+75, where a rise of 0.36‐ft is estimated.  

This is the location of an existing private property deck.  The survey shows that the deck 

elevation is 1.87 feet above the proposed modeled water surface elevation.  Note that deck piers 

are within both the existing and the proposed flow area in this location and that the deck and 

associated structures will be affected by the Q100 under both existing and proposed conditions.     
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6.2. Velocity Results 

Channel velocities for the proposed condition were analyzed for the ACFCD Q50 peak flood 

flow conditions and compared against existing conditions.  Note that for velocity analysis, the 

proposed model was allowed to run in mixed flow conditions using the Scenario 3 adjusted 

Manning’s n values (   
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Table 2 on page 8) to allow for areas of supercritical flow and thus higher velocity values.  This 

is a conservative approach to evaluating velocity results. 

6.2.1.  Comparison of Existing to Proposed under 50-Year Peak Flow Conditions 

In‐channel velocities are similar for the proposed project as compared to existing conditions.  As 

shown in the figure below of total channel velocity for both conditions under the Q50 peak flow 

rate, the proposed channel velocities are lower for many areas within the restored reach with 

the exception of some local steepened riffle areas.  The channel in these riffle areas is comprised 

of a coarser rock size to inhibit the erosive effects of the higher velocity flows (Restoration 

Design Group, 2011).  In the area of the existing concrete spillway (station 5+15 to 5+90) channel 

velocities have been significantly reduced (Figure 7).  

 

Figure 7:  Q50 Total Channel Velocity Existing vs. Proposed  

6.2.2. Wellington Culvert Control 

The Wellington Culvert remains outlet controlled for the ACFCD Q50 and Q100 flowrates for both 

the existing and proposed conditions, therefore there has been no change in the culvert flow 

control regime from the proposed shortening of the culvert.  As noted above, it was beyond the 

scope of this study to address the impacts of outbreak flows across the top of the culvert and 

through Dimond Park. 
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6.2.3. Existing Tree across Channel 

At cross‐section 4+75, there is a large buckeye tree that crosses the channel at an elevation 

approximately 5 feet above the existing channel bed.  Following restoration of the channel and 

raising of the bed in this area, there will only be approximately 2 feet of clearance over the 

channel bed.  It is likely that this tree will catch debris during storms and exacerbate local 

flooding and possibly channel bank erosion.  We recommend that this tree be removed to 

provide for channel clearance.  This tree is removed in the model. 

6.3. Bank Stability Analysis 

This section discusses the bank stability assessments using HEC‐RAS to provide guidance on 

the sizing of the rock rip‐rap. This is particularly important for the right bank given the 

condition of the existing bank conditions. The left bank is adjacent to a park and therefore, has 

more flexibility with regards to bank erosion.   

It is important to note that this analysis focuses strictly on developing appropriate bank 

protection to provide stability from erosive forces along the channel banks during storm events.  

Geotechnical bank stability is addressed in a separate report prepared by Fugro Consultants, 

Inc. and was in draft format during the preparation of this memorandum.   

6.3.1. Bank Stability 

Based on guidance by the ACFCD, the LMA Q10 (790 cfs) is suitable for assessing channel 

stability (Saleh, 2011).  We have used this threshold for evaluating forces on the left bank 

(looking downstream) since the adjacent park allows more freedom for the creek channel to 

naturally adjust during these infrequently occurring storm events.  We decided to take a more 

conservative approach to assessing channel stability along the right bank due to the proximity 

of privately owned structures along the top of bank.  We have used the much higher ACFCD 

Q50 flow rate (2,307 cfs) to assess bank stability along the right bank.  

Riprap was sized using the California Bank and Shore Rock Slope Protection Design Manual 

(CalTrans, 2000).  Following CalTrans, we have divided the flow at each cross‐section into two 

flow cases; 1) where the flow is parallel to the creek banks and 2) where the flow impinges on 

either the right or left bank.  At sections where the flow is impinging, the average channel 

velocity is increased by 1.33 and where the flow is parallel the average channel velocity was 

reduced by multiplying by 0.66.  

The channel velocities for the proposed project were developed using the RAS model described 

above.  



 
Sausal Creek Restoration Project in Dimond Park 

 Final Review Hydraulic Memorandum 
 4/16/2012 

Page | 17 

6.3.2. Left Bank Velocities 

Through the project reach, the left bank is adjacent to Dimond Park.  Currently channel bank 

stability is maintained by vegetation and tree roots.  Based on a review of both average channel 

and left overbank velocities which fall within the range of 3.4 to 9.1 ft/s and 1.5 to 5.3 ft/s 

respectively under the LMA Q10 flows, bioengineering solution should perform successfully 

(Fischenich, 2001).   

6.3.3.  Right Bank Velocities 

The current status of the slope protection in this reach ranges from fair to poor and is described 

in more detail in the Design Basis Memorandum (Restoration Design Group, 2011) and the 

Geotechnical Report for this project (Fugro Consultants, Inc., 2011).   

Model results indicate channel velocities for the proposed conditions under the Q50 flows will 

range from 4.2 to 11.5 ft/s throughout the channel and 2.6 to 8.4 ft/s for the right overbank areas.  

Table 3, “Rock Size Selection for Various Flow Velocities” in the Geotechnical Report assigns the 

minimum rock size for the outer layer of rock toe protection based on modeled maximum 

velocities.  This table indicates that for much of the channel, velocities are under the level that 

would require rock treatment.  The average velocity for the restoration reach is 7.7 ft/s and the 

recommendations for rock sizing begin above 9.6 ft/s.  For these areas, bioengineering methods 

may provide adequate channel stability (soil bioengineering methods have shown to have 

permissible velocities up to 12 ft/s (Fischenich, 2001)); however due to the unstable condition of 

the right bank it is recommended that toe rock be placed along the entire right bank to provide 

additional protection in areas where upper portions of the right bank will remain unchanged.   

The highest calculated velocities are located between stations 3+75 to 6+00.  The areas requiring 

the greatest amount of protection are the areas of impinging flows within this sub‐reach.  In 

these locations the minimum rock size for the outer layer should be 1/2 ton rock.  

It is important to note that the restoration design approach applied to this design does not 

provide a static channel environment that locks the channel into place.  The rock sizing derived 

from this analysis is significantly larger than what currently exists on‐site, but the channel and 

banks may adjust, particularly after a sizable storm event.  It is our understanding that the 

Client Team and right bank private property owners are aware that the restoration approach 

applied to this project provides a reasonable assurance of long term stability but may not 

achieve a level of stability typical of an engineering approach less focused on restoration. 

7. Conclusions  

RDG modeled the existing and proposed geometries for Sausal Creek within Diamond Park.  

The model demonstrates that the proposed project water surface elevations during the ACFCD 
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Q50 and Q100 compares favorably both to existing conditions and to right and left bank heights 

throughout the park.  There are two locations that show the proposed condition will raise water 

surface elevations higher than the existing conditions.  A rise of  less than 0.5‐ft is estimated for 

both locations.  The increase in water surface elevation is contained within the top of bank at 

both locations and does not indicate additional private structures will be affected by this change 

in water surface elevation.  The existing and proposed conditions both indicate break out flows 

at the entrance to the Wellington Culvert for flows above the LMA Q2.  The routing of these 

flows across the park surface was not analyzed; however the model indicates greater capacity 

through the culvert in the proposed condition. 

The model also demonstrates that overall velocities are reduced in the proposed conditions 

compared to the existing conditions at the ACFCD Q50 and Q100 flows.  The modeled velocities 

indicate that the majority of the channel is at the upper limit of stability for bioengineering at 

the ACFCD Q50.  Toe rock up to 1/2 ton is required where flow impinges on the right bank.  

Due to the overall instability of the right bank, toe rock treatment is recommended along the 

entire right bank toe.  For the left bank at LMA Q10 flows, stability can be achieved with 

traditional soil bioengineering methods. 
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