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Executive Summary 

Background and Context 

Following the California Energy Commission’s landmark finding – that water-related energy 
uses account for nearly 20% of the state’s total energy 
requirements – on January 19, 2007, the California Public 
Utilities Commission (CPUC) initiated a formal proceeding 
investigating California’s water-energy relationships 
(Application 07-01-024).  Although water-energy 
relationships are interdependent, water systems and 
operations impact energy resources and infrastructure, and 
vice versa.  The focus of this investigation is on the former; 
i.e., water sector impacts on the energy sector.   

There are two distinctly different types of water impacts on 
the energy sector: 

 Energy Use by the Water Sector- the amount, timing, 
and location of energy needed to support water sector 
operations. 

 Energy Use by Water Customers - the amount of 
energy used by water customers during the 
consumption of water, whether for pumping, heating 
or other purposes. 

 
California’s investor-owned energy utilities already have many programs designed to help the 
water sector and their customers (water users) reduce their direct energy use.  The CPUC is 
currently considering the following policy issues: 

1. Whether energy embedded in water can be quantified and relied upon as an energy 
efficiency resource, and 

2. Whether it is worthwhile for the CPUC to pursue energy efficiency through water 
conservation programs. 

 
The CPUC’s energy efficiency policies do not presently recognize energy embedded in water.  
Since this is a new area of study, there is no established methodology for computing water-
related embedded energy.  In addition, as the Study Team can vouch, data is not presently 
captured at the level and type needed to support these computations.  While it is clear that 
measurement of embedded energy will not be a simple task, the potential for significant energy 

In 2005, the California Energy 
Commission estimated that 
water-related energy accounts 
for about 19.2% of the state’s 
electricity requirements and 
30% of non-power plant related 
natural gas consumption.  
These estimates included both 
direct electricity use by water 
and wastewater systems (4.9%) 
and operations, and electricity 
used in the consumption of 
water (14.3% for heating and 
pumping water during end use).  
Natural gas consumption 
occurred principally in the 
water end use segment – very 
little natural gas is used in the 
transport or treatment of water 
by water agencies. 



 

2 

 

savings and associated greenhouse gases (GHGs) and other resource and environmental benefits 
is compelling. 

Scope of this Study 

In its Decision 12-07-050 on December 20, 2007, the CPUC authorized water-energy pilot 
projects and three studies designed to (a) validate claims that saving water can save energy, and 
(b) to explore whether embedded energy savings associated with water use efficiency are 
measurable and verifiable.  The CPUC engaged the California Institute for Energy and 
Environment (CIEE) to manage the conduct of the three studies.  The team of GEI Consultants, 
Inc. and Navigant Consulting, Inc. (the Study Team) was engaged to conduct two studies: 

 Study 1 - Statewide and Regional Water Energy Relationship Study 

 Study 2 - Water Agency and Function Component Study and Embedded Energy -Water 
Load Profiles 

 
Another firm, Aquacraft, Inc., was selected to conduct Study 3 - End-Use Water Demand Profile 
Study.  A Technical Working Group comprised of staff and consultants from CIEE and the 
CPUC was formed to provide guidance in the conduct of these studies. 

This report presents the detailed findings of Study 2 that involved collection, analysis and 
compilation of detailed water and energy data from 22 water and wastewater agencies 
throughout the state that were deemed to collectively represent more than 90% of the primary 
types of energy impacts of California’s water sector.  In Chapter 5, we also present a structured 
framework for computing energy embedded in water that integrates the findings of Studies 1 
and 2. 

Study Goals and Objectives 

CPUC Decision 07-12-050 stipulated the following goals for Study 2: 

 “Develop [a] representative range of energy intensities for water agencies in California, 
and representative ranges of energy intensities for the various functional components of 
the water system in California.”1 

 “Develop [a] representative range of water energy load profiles for water agencies in 
California, and representative ranges of energy load profiles for the various functional 
components of the water system in California.”2 

To achieve these goals, the CPUC requested that the following data be collected and compiled 
for each participating water and wastewater agency: 
                                                 

1 CPUC Decision 07-12-050, Appendix B, p.5. 
2 CPUC Decision 07-12-050, Appendix B, p.9. 
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1. Water deliveries for seven “representative” days (winter high, low and average water 
demand; summer high, low and average water demand; and energy use by the water 
system on the peak energy day of the serving energy provider) 

2. Quantity of energy used by each representative water agency for the representative days 
by functional component 

3. Embedded energy in water “for both the system and functional components” for the 
seven “representative” days 

4. Marginal water source and the embedded energy of that water source 

5. Twenty-four (24) hour energy load profiles by water “functional component” and for the 
agency’s system overall (at a minimum, for the 7 representative days)  

 
In addition, the CPUC requested the “expected range of embedded energy by energy utility.” 
 
To conduct this work, detailed data about water operations and associated energy consumption 
needed to be collected from thousands of meters and operations records in many different 
formats and media.  Since the CPUC requested 24 hour energy use profiles by functional 
component, the Study Team targeted hourly data wherever available.  Many energy uses, 
however, are not recorded on an hourly basis.  Similarly, while some water operations data 
(volume of water pumped or treated) were available on an hourly basis, most available data were 
provided on a monthly basis with a smaller 
population able to provide some daily water data. 
 
In order to streamline and expedite the process of 
analyzing and compiling these disparate forms of 
voluminous data, the Study Team developed a 
Water Energy Load Profiling Tool (WELP) in 
Microsoft Access 2007.  In addition to assuring that 
data was compiled consistently for all participating 
agencies, the WELP Tool enabled the Study Team 
to increase the population of water and wastewater 
agencies studied within the Study 2 schedule and 
budget from the initial fifteen (15)  requested in 
CIEE’s Request for Proposals to twenty two (22). 
 

Summary of Findings 

The Study Team attempted to identify clear patterns 
in the amount and timing of energy used by water 
and wastewater agencies that could support 
development of a methodology for evaluating the 
amount of energy embedded in water upstream of 

“Energy Intensity” (EI) refers to the 
average amount of energy needed to 
transport or treat water or wastewater 
on a per unit basis.  For Study 1, 
energy intensity is the amount of 
energy used to collect or produce 
water, and then to transport wholesale 
water.  “Supply and Conveyance” 
energy intensity is reported net of any 
in-conduit hydropower generated 
during the process of delivering the 
water through that conduit.  For Study 
2, energy intensity is defined as the 
amount of energy needed to treat or 
distribute agricultural or urban water, 
to treat wastewater effluent, and/or to 
treat and deliver recycled water, 
expressed in kilowatt hours per acre-
foot of water [kWh/AF] or in kilowatt 
hours per million gallons [kWh/MG], 
depending on the unit appropriate to 
the type of system or operation.  
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water end use, and energy embedded in wastewater systems downstream of water end use.  To 
facilitate comparison across water and wastewater systems of different sizes, water and energy 
data was converted to a common metric, “energy intensity,” the amount of energy needed to 
transport or treat a unit of water. 
 
Prior studies hypothesized that certain types of water and wastewater systems and functions had 
similar energy drivers.  Thus, while it was recognized that every agency had a unique mix of 
resources, plant configurations, systems and processes, it seemed reasonable to expect that some 
patterns could be found for certain functions.  For example, prior studies documented distinctly 
different energy characteristics of large wholesale water conveyance systems with respect to the 
amount of energy needed to traverse the distances and elevations needed to deliver water 
supplies to their customers.  The energy use profiles of the state’s wholesale water systems were 
documented in Study 1.  Similarly, the energy use by any system that transports water, including 
water and wastewater distribution systems that were documented in Study 2, is determined 
principally by the distances and elevations over which that water or wastewater must be 
transported.  These energy drivers are unique for each agency’s service area and customer base.  
The Study Team expected to see, and did observe, large ranges of energy intensity in the 
distribution systems studied. 
 
For the treatment segment of the water use cycle, however, whether for water or wastewater, the 
Study Team did expect to be able to find a reasonable range of energy use experience for certain 
key energy drivers.  Engineering studies are able to predict within a reasonable range the amount 
of energy needed to disinfect and purify water through technologies such as reverse osmosis, 
ozonation and ultraviolet light treatment.  However since each treatment plant configuration is 
customized for that agency’s resources, service area and customer base, the results were highly 
variable, even within key energy driver(s) and/or functional components of the water use cycle. 

Figure ES-1 depicts the wide range of energy intensities observed through Study 2 by functional 
water and wastewater component and by IOU service area.  Note that the objective in Study 2 
was to depict the range of energy intensities (EIs) experienced by functional water and 
wastewater component within each of the IOUs’ service areas.  Thus, while these EIs are 
representative of the range of experience observed, they are not based on a statistical sample and 
thus cannot be used to extrapolate total water-related electricity consumption within each IOU’s 
service area. 
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Figure ES-1. Energy Intensity Range by Functional Component for Each IOU (kWh/MG) 
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Based on the data collected through Studies 1 and 2, the Study Team found that electricity use by 
the water sector is higher than the CEC’s conservative 2005 estimate of 5 percent of statewide 
electricity requirements.  By combining data from both Studies 1 and 2 and comparing them with 
the CEC’s prior estimates, the Study Team believes that water sector electricity use is at least 7.7 
percent of statewide electricity requirements, and could be higher.  The significance of this 
finding is that the amount of energy deemed embedded in water is likely understated.  The bases 
for the Study Team’s recommended adjustments are described in detail in Appendix E, 
Comparison of Study 1 and Study 2 Findings with Prior Studies. 
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In the absence of better data, the Study Team recommends conservative adjustments which we 
believe understate the amount of energy embedded in the state’s water.  These conservative 
estimates increase water sector electricity use in 2001 from 4.9 percent to 7.7 percent.  The Study 
Team does not, however, have a basis for increasing the CEC’s estimate that 19.2 percent of all 
electricity used in California is in some way related to water, since the increase in water sector 
use may be a reallocation of electricity counted towards water end use. 

The primary significance of these findings is that the value of energy embedded in water is 
higher than that initially estimated in the CEC’s 2005 and 2006 studies.  Notably, the estimates 
developed by the CEC were purposely conservative because the CEC did not want to overstate 
the potential water-energy relationship.3  Since water sector energy use establishes the value of 
energy deemed “embedded” in a unit of water, the energy value of water efficiency measures 
increases as more electricity consumption is allocated to the water sector itself. 

Recommendations 

The key recommendations indicated by these studies entail improving the body of water-energy 
data, methods and tools to enable more accurate measurement of the state’s water-energy 
relationships.  In particular, the Study Team recommends the following actions: 

 Collect more water-energy data, and with more granularity 

 Develop and adopt a methodology for computing the energy embedded in a unit of water 

 Quantify water losses throughout the water use cycle 

These recommendations are discussed in more detail in Chapter 5 Recommendations that also 
provides a proposed framework for integrating the findings of Studies 1 and 2 to compute the 
amount of energy embedded in water. 

 

 

                                                 

3 Interview with Lorraine White, Senior Energy Specialist and Advisor to Commissioner 
Anthony Eggert, California Energy Commission, May 19, 2010. 
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3 Water & Wastewater Agency Profiles 

3.1 Introduction 

3.1.1 Water & Wastewater Agencies That Participated in Study 2 

Not all of the targeted agencies were able to provide the requested water and energy data prior to 
completion of this study.  Twenty-two agencies did provide sufficient data.  Profiles for each of 
these agencies are provided in this chapter, organized by geographic region. 

 

Table 3-1.  Water & Wastewater Agency Profiles Completed Through Study 2 
REGION/AGENCY  PROFILE?  REGION/AGENCY  PROFILE? 
CENTRAL & NORTHERN COASTS  SOUTHLAND 

California American Water ‐
Monterey 

Yes City of San Diego In process

Contra Costa Water District Yes City of Oceanside Yes

East Bay Municipal Utility District  Yes City of Santa Barbara In process

Marin Municipal Water District  Yes Inland Empire Utilities Agency Yes

Monterey Regional Water Pollution 
Control Agency 

Yes Los Angeles County Sanitation 
Districts 

Yes

San Jose Water Company  Yes Orange County Sanitation & Water 
Districts 

Yes

Sonoma County Water Agency        Yes Rancho California Water District Yes

  San Gabriel Water Company Yes

CENTRAL VALLEY  Suburban Water Systems Yes

California Water Co., Bakersfield  In process Valley Center Water District Yes

Glen Colusa Irrigation District  Yes West Basin Municipal Water District  In process

Natomas Mutual Water Company  Yes

Semitropic Water Storage District  Yes

Westlands Water District  Yes

  DESERT 

  Beaumont Cherry Valley Water District  In process 

  City of Calexico  Yes 

  Coachella Valley Water District  Yes 

 

 

Many of the agencies contacted by the Study Team have indicated that they are short staffed, 
dealing with lay-offs, furloughs, and budget cuts as results of the current economic conditions.   
Some agencies chose to participate despite reductions in resources, but indicated that they would 
participate to a less involved extent than requested.   
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For some agencies, electrical data could be collected directly from the utility service provider 
with their permission through a third party authorization agreement between the agency, the 
utility, and the Study Team.  The ability of the Study Team to use investor-owned utility (IOU) 
data reduces demands on participants’ time and resulted in a positive decision to participate in 
some cases.  Each agency maintains data in different ways and therefore an initial discussion on 
data needs versus data available between the Study Team and each agency was required.  
Additionally, not all agencies had all of the data required for the study so additional cooperation 
was required of the participants to discuss data adjustments. 

3.1.2 Structure and Content of Detailed Agency Profiles 

Detailed water-energy profiles were compiled for participating water and wastewater agencies.  
The profiles are provided in Appendix B.  In addition to the summary level water-energy 
characteristics highlighted in the summary profiles, the detailed profiles contain the following 
types of information: 

 Description of primary functional components and key energy drivers by system and sub-
segment of the water use cycle. 

 The results of the Study 2 analyses.  The detailed profiles contain: 

o Total energy consumption during calendar year 2008 (the test year) 

o Average energy intensity by meter, facility and facility type (e.g., type of process, 
resource and/or functional water or wastewater system component) 

o Twenty-four (24) hour energy load profiles for the requested seven types of days27 

o Marginal water supplies:  short-term (less than 1 year) and long-term (greater than 
1 year)28 

o The estimated energy intensity of each marginal water supply  

                                                 

27 The 24 hour load profiles prepared through Study 2 relied upon metered energy data wherever 
possible.  As a consequence, the profiles include both energy and demand, where “demand” is 
the peak demand measured in kilowatts recorded and billed in accordance with the respective 
electric service providers’ tariffs.  The CPUC uses another definition for “peak demand” that 
needed to be separately computed by WELP.  A description of the difference between “billed 
demand” and the CPUC’s computation of “system demand” is provided at the end of this Section 
3.1.      
28 Marginal water supplies were identified through review of 2005 Urban Water Management 
Plans and interviews with agency management and staff. 
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The WELP Tool contains all of the data collected and compiled for the 22 agencies at the meter, 
facility, functional component, and/or system level.  WELP’s reporting capabilities far exceed 
the needs of Study 2, with the ability to produce hundreds of daily reports and graphs of 24-hour 
energy consumption by meter and by facility.  This flexibility was programmed into WELP to 
enable the CPUC and its water-energy stakeholders to maximize the utility of this extensive data 
collection effort beyond that which was needed for Study 2.  

Each detailed agency profile has a “water-energy snapshot” that summarizes its most important 
water-energy characteristics on one page.  The snapshots are included in this chapter, organized 
by geographic region.   

Icons are used to quickly identify the types of agencies and their primary water and wastewater 
functions.   

Table 3-2.  Agency Profile Icons 

Symbol 
Type of 

Agency/Functions 
Description 

 
Water 

The agency provides potable water to its customers.  The water is 
either imported as treated water or treated by the agency. 

 
Recycled Water 

The agency produces and provides recycled water to customers.  
Agencies that only purchase recycled water but do not produce it 
themselves are not included. 

 
Waste Water  The agency collects, treats, and disposes of wastewater.   

 
Urban 

The agency serves an urban customer base by providing them with 
water or wastewater services. If the agency is a wholesaler, this 
symbol indicates the type of retail customers served by the agencies 
contractors 

 
Agricultural 

The agency serves an agricultural customer base by providing them 
with water for irrigation purposes  

 
Local Wholesaler 

The agency acts as a local wholesaler of water.  They may sell 
treated or raw water to other agencies for use.  Agencies may also 
make retail sales to some customers. 

 

Each detailed profile contains eight sections:  background information, water sources, marginal 
water supply, water demand, system infrastructure and operations, sub-regions, energy profiles, 
and current infrastructure-related efficiency projects.   
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Table 3-3.  Content in Agency Profiles  
Profile Section  Description of Content

Background Information  Agency service area characteristics and demographics, including temperature, 
precipitation, current and projected population, number of customers and 
notable trends 

Water Sources  Water resource portfolio

Marginal Water Supply  Short and long‐term marginal water supplies

Water Demand  Current and projected water demand

System Infrastructure & 
Operations 

Physical system configuration: types of facilities by segment of the water use 
cycle, system‐wide operations strategies, and planned changes that may impact 
energy requirements 

Sub‐Regions  Description of sub‐regions within the agency’s service area, if any 

Energy Profiles  Results of Study 2 analyses:
• Energy intensity by facility type and primary system  
• 24 hour load profiles for the 7 representative days 

Current Infrastructure Related 
Energy Efficiency Projects 

Current or planned energy efficiency projects (e.g., pump efficiency upgrades, 
pipeline replacements, canal lining, etc.) 

 

3.1.3 Development of Twenty Four Hour Water-Energy Profiles 

The Study 2 scope of work required development of “Energy Use Profile(s) (kWh and MMBTU 
by hour).”29  The scope of work did not specify the methodology for developing those 24 hour 
load profiles.  (Note that very few agencies used natural gas.  Consequently, this section focuses 
solely on issues related to profiling electricity demand.)  

As noted earlier, the Study Team relied on energy bill meters as its primary source of data for 
developing the participating agencies’ water-energy load profiles.  Such meters are installed in a 
manner that allows recording energy use at the level of detail needed to properly assess rates in 
accordance with approved energy provider tariffs. 

Four primary types of energy meters were relied upon to develop the 24 hour energy use profiles: 

Table 3.4.  Types of Electricity Meter Data Used in Study 2  

Type of 
Electric Meter 

Description 

Type of Data Collected 

Total kWh 
TOU 

Intervals 
(<= Hourly) 

SCADA (<Hourly) 

kWh  kW  kWh  kW  kWh  kW 

Energy 
Energy consumed during meter read 
interval 

X             

Time‐of‐Use 
(TOU) 

Energy by TOU Bucket  X  X           

Energy & Demand by TOU Bucket  X  X  X         

Interval 
Meters 

Average Demand during a specified 
interval within an hour (1 minute, 5 
minutes, 15 minutes, etc.) 

X      X  X     

SCADA Data 
Detailed Data (could be any interval 
defined by the Agency) 

X          X  X 

                                                 

29 CPUC Decision 07-12-050, p.6. 
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 Energy Meters – These are meters that record the total amount of electricity used by the 
connected load during the meter read interval (i.e., between the current read date and the 
last read date).  The meter read interval typically depends on the route of the meter reader 
assigned to capture that data, and seldom corresponds to a calendar month. 

 Time-of-Use (TOU) Meters – These meters collect the amount of electricity used during 
certain times of the day into time-of-use “buckets.”  For example, the person installing 
the meter sets the meter to record all electricity used during on-peak hours of each day to 
the “on-peak” bucket.  Electricity used during partial-peak and off-peak periods is 
similarly captured into separate buckets.  In this manner, the energy provider is able to 
charge different rates ($/kWhr) for electricity used during different times of the day, as 
determined by the applicable tariff.  Some TOU meters just capture buckets of electricity 
used during the meter read interval by TOU bucket; others also separately capture the 
maximum amount of electricity used during any hour within the TOU bucket.  Total 
energy is computed by adding up all of the energy recorded in the respective buckets. 

  Interval Meters – Interval meters record the average amount of electricity demand 
consumed over a specified interval within one hour.  The interval depends on the level of 
detail that the energy provider wants to capture.  Average demand during the specified 
interval is then multiplied by the number of intervals within an hour, to obtain total kWh 
consumed during that hour.  The peak demand during that hour is typically the maximum 
kW recorded among all of the intervals within that hour. 

  SCADA30 Data – Some of the agencies were able to provide real-time data from their 
SCADA systems.  The granularity and type of SCADA data depends on the needs of the 
water or wastewater agency collecting the data.  Precise data at intervals of seconds was 
not needed for Study 2, so the Study Team requested hourly data wherever the SCADA 
systems were able to provide it in this form. 

As described in Chapter 1, the WELP Tool was developed to streamline the process of compiling 
water-energy load profiles from these many disparate types of data and formats.  One of the 
major functions of WELP is to distribute energy consumption and demand in accordance with 
water operations data.  For example: 

                                                 

30 Supervisory Control and Data Acquisition (SCADA) is a term used to describe computerized 
systems that collect and analyze real time data for a variety of purposes.  Water and wastewater 
agencies often have SCADA systems to automate the monitoring and control of water and 
wastewater treatment processes and functions. 
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 Energy Meters provide total energy (kWh) consumed by a load over the meter read 
interval, typically 30 or more days.  Energy meters thus do not provide enough 
granularity to determine a 24 hour energy use profile.  Wherever available, water 
operations data with more granularity was matched to the energy meter data to distribute 
the energy over the period of time.  Some water data was available on a daily basis, 
others by calendar month or another reporting interval.  Seldom was hourly water 
operations data available.  Consequently, energy consumption from energy meters tends 
to have little discernible difference over any 24 hour period.  This is typically not a 
problem because energy meters are usually used to meter small loads.  Consequently, the 
sum of energy consumption from energy meters accounts for a small portion of a water 
agency’s water-energy profile. 

Figure 3-1.  Illustration of the 24 Hour Load Profile Produced by Energy Meters 
 

 

 

 TOU Meters also do not provide 24 hour energy data.  They do, however, capture energy 
by TOU buckets.  TOU data was matched to water operations data for that meter 
wherever possible in an attempt to achieve more granularity of the 24 hour load profile.  
Typically, however, as can be seen in Figure 3-2, the 24 hour load profile developed with 
TOU data tends to follow the TOU buckets, the best level of granularity available for 
those loads. 
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Figure 3-2.  Illustration of the 24 Hour Load Profile Produced by TOU Meters 
 

 

 Interval provide the best information for purposes of developing 24 hour load profiles.  
Since these types of meters are typically used only for very large loads, or to meter the 
variability in significant loads that cannot be easily scheduled or predicted, these 
typically account for a significant portion of an agency’s total energy requirements.   

Figure 3-3.  Illustration of the 24 Hour Load Profile Produced by Interval Meters 
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3.1.4 Peak Demand for Billing vs. Electric System Planning Purposes 

Electric tariffs often assess charges for both energy (i.e., the total amount of electricity used 
during any particular period, measures in kilowatt hours) and demand (i.e., the maximum amount 
of electricity used during any hour within a billing period).  In preparing the energy use profiles, 
the Study Team applied this structure to show the hourly energy profile for individual systems 
and functional components within a water or wastewater agency.  The Study Team also showed 
the amount of billed demand above the hourly energy consumption data. 

In viewing these profiles, it is important to realize that the peak demand shown on these 24 hour 
load profiles is likely overstated wherever data were compiled from two or more meters.  Billed 
demand is intended to represent the maximum amount of electric capacity an electric service 
provider would need to provide in order to meet the electricity requirements of that metered load.  
In real life applications, however, the time at which the maximum amount of electricity required 
by one metered load does not necessarily coincide with the time the maximum amount is used by 
another.  As a consequence, the actual amount of electric capacity needed to serve two or more 
meters is seldom equivalent to the sum of their individual maximum, or peak demands. 

Figure 3-4.  Illustration of Concurrent vs. Non-Concurrent Demand 

 

Note: This graph illustrates coincident and non-coincident demand using two facilities with hourly data.  
However, the overstatement of non-coincident demand is most likely to occur with two (or more) 
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facilities for which we only have monthly data.  The actual peak demand of two different facilities could 
occur on two different days of the month. 

Utilities use a planning concept known as “concurrent peak demand” to represent the likely 
maximum demand of multiple loads.  Without hourly meter data from every load, the Study 
Team had no basis for adjusting the sum of the maximum demands for multiple meters to a 
presumed “concurrent peak.”  Therefore, the peak demand shown for the agency profiles are 
created by stacking the sum of the maximum peak demands of every meter included in the study. 

While the approach of stacking the maximum demand of the individual meters is consistent with 
the basis for assessing electricity charges, billed demand is not equivalent to “system peak 
demand” as applied by the CPUC in its energy efficiency programs.   

In 2006, the CPUC adopted a definition for evaluating the impact of efficiency programs and 
measures on peak system demand.  The definition relied upon the Database for Energy Efficient 
Resources (DEER) method of assessing the average grid-level impact of any measure between 
the hours of 2:00pm and 5:00pm on three consecutive weekdays, one of which is the weekday 
with the hottest temperature of the year.  DEER identifies those three contiguous peak electric 
demand days for each of the 16 California climate zones, based on the weather data sets 
developed for the California Title 24 Building Energy Efficiency Standards. 

During the course of this study, the Technical Working Group requested that the Study Team 
identify the average of these nine hours for each agency studied.  The Study Team agreed to 
include a function in WELP that computes rolling averages for these three hours on every group 
of three consecutive weekdays.  In this manner, the CPUC and its stakeholders can query the 
database and obtain these data at the meter, facility type, functional component, and/or agency 
levels. 

3.2 Agency Water-Energy Load Profiles 

The agency-level water-energy snapshots are provided in the following sections by geographic 
region. 

3.2.1 Northern and Central Coast Agencies 

Of the agencies targeted for this region, sufficient water-energy data was received from 7 water 
and wastewater agencies: 

 California American Water – Monterey District 
 Contra Costa Water District 
 East Bay Municipal Utility District – Water 
 Marin Municipal Water District 
 Monterey Regional Water Pollution Control Agency 
 San Jose Water Company 
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 Sonoma County Water Agency 

The coastal region had no significant change to the overall coverage in the representative sample 
criteria.   

Summaries of the water-energy characteristics of each agency studied are provided on the 
following pages.  Detailed water-energy profiles of each agency studied are provided in 
Appendix B. 

 

Table 3-5.  California American Water – Monterey District 
Primary function  Urban Water 

Segments of Water Use 
Cycle 

Supply, Treatment, Distribution 

Hydrologic Region  Coastal  DEER Climate Zone  3 

Quantity of water   Produced: 9.7 MGD 

Groundwater Produced: 3.3 MGD 

Distributed:  13.0 MGD 

Number of Customers 

(2009) 
Total: 125,000 population served 

 

Service Area Size  N/A 

Distinguishing 
Characteristics 

CALAM supplies retail potable water to 19 areas in Monterey, utilizing local 
rainfall and groundwater for supply. Topography generally moderate to hilly 
terrain.  Existing water supplies consist of local surface water and 
groundwater which are fully allocated and increases in supply are not 
expected in the short‐term.  

Key Energy Drivers   Water Supply ‐ significant energy is used for groundwater pumping. 

 Water Treatment – conventional treatment technologies are used to 

treat local surface water. 

Water/Wastewater 
Treatment Technology 

Carmel Valley Water Treatment Plant: Conventional Treatment 

 

Water Resources  Surface Water: 75%, Groundwater: 22%, Other: 3% 

Marginal Water Supply 
and Energy Intensity 
(kWh/MG) 

Short‐term: Local Surface Water (3,546‐6,666) 

Long‐term: Recycled water, recovered water, desalinated water (31‐12,272) 

Energy Service Provider  PG&E 

Observed Energy 
Intensities (kWh/MG) 

Segment  Lower Range  Upper Range 

Groundwater  2,099  2,514 

Water Treatment  3,546  6,666 
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Table 3-7.  East Bay Municipal Utility District – Water 
Primary functions  Urban Water, Wastewater 

Segments of Water Use 
Cycle 

Supply, Treatment, Distribution, Recycled Water Production 

Hydrologic Region  Coastal  DEER Climate Zone  3 and 12  

Quantity of Water   Treated and Distributed: 200 MGD (average for 2008) 

Number of Customers 
(2005) 

Total: 391,216
Residential: 363,980 
Commercial: 17,231 
Industrial: 2,578 
Institutional: 3,892 
Irrigation: 3,535 

Service Area Size  325 Sq miles 

Distinguishing 
Characteristics 

EBMUD supplies water and provides wastewater treatment for parts of 
Alameda and Contra Costa counties. Water is conveyed via gravity from the 
Mokelumne River (Pardee Dam) via gravity fed pipelines to EBMUD’s service 
territory.  Water is treated at one of 5 water treatment plants before being 
distributed.  Geographically, the western portion of the service area is 
characterized by a plain that extends from Richmond to Hayward and from 
the shore of the Bay inland up into the Oakland/Berkeley Hills that rise to 
about 1,900 feet above sea level.  

Key Energy Drivers   Water Conveyance – Most water flow by gravity to EBMUD with some 
use of pumps to supplement flows, energy use depends on reservoir 
levels , water demands, rainfall and operations 

 Water Treatment‐ Two water treatment plants use conventional 
technologies and utilize ozone disinfection. Three treatment plants use 
inline direct filtration. 

 Water Distribution – Booster pumps are needed to distribute water to 
customer at elevations above about 250 feet 

Water Treatment 
Technologies 

Upper San Leandro and Sobrante (Water): Aeration, Coagulation, 
Flocculation, Sedimentation, Filtration, Disinfection, Ozonation, Flouridation, 
Corrosion Control 
 Orinda, Laffayette, and Walnut Creek (Water): Coagulation, Filtration, 
Disinfection, Flouridation, Corrosion Control 

Water Resources  Imported Surface Water: 90%, Local Runoff: 10% 

Marginal Water Supply 
and Energy Intensity 
(kWh/MG) 

Short‐term – Surface Water (145 – 906) 
Long‐term – Groundwater storage, Desalination  (1,051 – 12,276) 

Energy Service Provider  PG&E 

Observed Energy 
Intensities (kWh/MG) 

Segment  Lower Range  Upper Range 

Raw Water Conveyance  10  597 

Water Treatment  135  310 

Water Distribution  319  699  
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4 Summary of Findings 

The over-arching goal of Study 2 was to develop a range of energy intensities for the primary 
types of water and wastewater functional components.  The purpose of developing this range of 
energy intensities was to determine the types of water and wastewater agency functions in which 
there is some commonality of energy intensity vs. those that are highly variable. 

In addition, Study 2 developed 24 hour load profiles for the seven day types specified in the 
CPUC’s decision (winter high, low and medium water demand; summer high, low and medium 
water demand; and the peak demand day for the electricity service provider).  Through the 
WELP Tool, Study 2 also provided the capability of querying the database to identify the 
average energy requirements for the three specified hours (2:00pm to 5:00pm) over three 
consecutive weekdays at multiple data levels (meter, facility, type of facility, and for the agency 
overall).  Further, Study 2 identified the short- and long-term marginal supplies for the retail 
water agencies that participated in this study. 

The Study 2 results are summarized here and compared to values computed or estimated through 
prior studies. 

4.1 Energy Intensity by Agency 

The scope of work required that the Study Team compute ranges of observed energy intensities 
for the primary functional components of each participating agency.  The results of these 
computations for each agency are summarized here, grouped by IOU service area. 
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Table 4-1.  Summer and Winter Ranges of Energy Intensity Agencies in PG&E Service 
Territory 

Agency  Segment 
Summer 
Average 

(kWh/MG) 

Winter 
Average 

(kWh/MG) 

Summer 
Range 

(kWh/MG) 

Winter Range 
(kWh/MG) 

Cal‐Am Monterey 
Groundwater  2,437  2,924  2415 ‐ 2481  2099 ‐ 4373 

Water Treatment  3,855  5,623  3546 ‐ 4612  4016 ‐ 6666 

Contra Costa Water 
District 

Booster Pumps  1,116  1,000  991 ‐ 1352  688 – 1524 

Raw Water Pumps  1,104  1,213  934 ‐ 1346  625 – 1704 

Water Treatment  1,080  1,039  949 ‐ 1175  895 – 1210 

East Bay Municipal 
Utility District 

(Water) 

Booster Pumps  510  518  499 ‐ 519  319 – 699 

Raw Water Pumps  355  265  10 ‐ 1193  37 – 597 

Water Treatment  272  168  226 ‐ 310  80 – 254 

Marin Municipal 
Water District 

Booster Pumps  379  854  352 ‐ 412  415 ‐ 1851 

Raw Water Pumps  399  152  341 ‐ 480  9 ‐ 305 

Recycled Water Pumps  1,050  1,505  969 ‐ 1304  1076 ‐ 1965 

Wastewater Treatment  1,072  2,165  984 ‐ 1262  1225 ‐ 2948 

Water Treatment  134  457  105 ‐ 177  209 ‐ 1045 

Monterey Regional 
Water Pollution 
Control Agency 

Wastewater pumps  256  275  253 ‐ 262  243 ‐ 333 

Wastewater Treatment  1,452  1,622  1422 ‐ 1508  1469 ‐ 1994 

Natomas Mutual 
Water Company 

Raw Water Pumps  5  1  2 ‐ 12  0 ‐ 4 

San Jose Water 
Company 

Booster Pumps  932  956  779 ‐ 987  605 – 1219 

Groundwater  1,844  1,712  1823 ‐ 1871  1452 – 2098 

Pressure System Pumps  1,780  2,569  1558 ‐ 2273  2039 – 4045 

Raw Water Pumps  15  233  10 ‐ 20  74 – 464 

Water Treatment  220  718  167 ‐ 322  246 ‐ 2220 

Semitropic Water 
Storage District 

Groundwater  906  1,019  790 ‐ 1020  817 ‐ 1261 
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Table 4-2.  Summer and Winter Ranges of Energy Intensity Agencies in SCE Service 
Territory 

Agency  Segment 
Summer 
Average 

(kWh/MG) 

Winter 
Average 

(kWh/MG) 

Summer 
Range 

(kWh/MG) 

Winter Range 
(kWh/MG) 

Coachella Valley 
Water District 

Groundwater  2,169  2,652  2109 ‐ 2238  1970 ‐ 3753 

Wastewater Treatment  1,178  1,127  1116 ‐ 1239  923 ‐ 1437 

Los Angeles County 
Sanitation District 

Wastewater pumps  231  259  224 ‐ 235  205 ‐ 400 

Wastewater Treatment  1,237  1,323  1186 ‐ 1298  1104 ‐ 1446 

Orange County 
Sanitation District 

Wastewater pumps  3  4  3 ‐ 3  3 ‐ 6 

Wastewater Treatment  1,146  488  667 ‐ 1314  24 ‐ 734 

Orange County 
Water District 

Wastewater Treatment  3,410  3,398  3279 ‐ 3503  3258 ‐ 3525 

Microfiltration  795  837  756 ‐ 839  772 ‐ 949 

Reverse Osmosis  1,579  1,596  1483 ‐ 1784  1285 ‐ 1788 

UV light Treatment  306  330  288 ‐ 336  293 ‐ 399 

Recycled Water Pumps  1,024  796  956 ‐ 1122  458 ‐ 1080 

Rancho California 

Booster Pumps  1,262  1,321  1166 ‐ 1340  1247 ‐ 1423 

Groundwater  2,144  2,150  2031 ‐ 2258  1971 ‐ 2324 

Wastewater Treatment  1,241  1,153  1192 ‐ 1292  992 ‐ 1241 

San Gabriel Water 
Company 

Booster Pumps  82  45  56 ‐ 141  37 ‐ 61 

Groundwater  2,542  2,515  2403 ‐ 2701  1989 ‐ 3014 

Raw Water Pumps  28  40  5 ‐ 53  5 ‐ 104 

Suburban Water 
Booster Pumps  817  897  801 ‐ 829  835 ‐ 1081 

Groundwater  1,574  1,416  1471 ‐ 1619  1254 ‐ 1490 

 

Table 4-3.  Summer and Winter Ranges of Energy Intensity Agencies in SDG&E Service 
Territory 

Agency  Segment 
Summer 
Average 

(kWh/MG) 

Winter 
Average 

(kWh/MG) 

Summer 
Range 

(kWh/MG) 

Winter Range 
(kWh/MG) 

Oceanside 

Booster Pumps  168  196  134 ‐ 183  164 ‐ 247 

Groundwater  1,824  1,415  1669 ‐ 2009  1117 ‐ 1876 

Wastewater pumps  455  430  432 ‐ 475  383 ‐ 497 

Wastewater Treatment  1,087  1,086  1062 ‐ 1099  1074 ‐ 1105 

Water Treatment  46  66  43 ‐ 47  49 ‐ 86 

Valley Center 
Booster Pumps  1,357  1,574  1157 ‐ 1772  846 ‐ 3063 

Pressure System Pumps  360  374  347 ‐ 371  350 ‐ 432 
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Table 4-4.  Summer and Winter Ranges of Energy Intensity Agencies in Non-IOU Service 
Territory 

Energy 
Service 
Provider 

Agency  Segment 
Summer 
Average 

(kWh/MG) 

Winter 
Average 

(kWh/MG) 

Summer 
Range 

(kWh/MG) 

Winter Range 
(kWh/MG) 

IID  City of Calexico 
Wastewater 
Treatment 

4,159  4,178  3842 ‐ 4363  3900 ‐ 4472 

Water Treatment  1,132  1,179  1114 ‐ 1148  1131 ‐ 1214 

PWRPA 

Glenn Colusa 
Irrigation District 

Booster Pumps  48  60  40 ‐ 60  39 ‐ 116 

Raw Water Pumps  36  32  30 ‐ 39  26 ‐ 36 

Sonoma County 
Water Agency 

Booster Pumps  512  337  415 ‐ 610  273 ‐ 496 

Groundwater  1,941  1,825  1887 ‐ 1975  1728 ‐ 1902 

Recycled Water 
Pumps 

351  0  210 ‐ 509  0 ‐ 0 

Wastewater pumps  2  1  2 ‐ 2  0 ‐ 2 

Wastewater 
Treatment 

4,531  3,119  4034 ‐ 4941  1812 ‐ 4117 

Westlands Water 
District 

Groundwater  1,962  1,990  1571 ‐ 2321  1681 ‐ 2530 

Raw Water Pumps  1,108  1,166  1074 ‐ 1146  1044 ‐ 1341 

 

The purpose of computing the energy intensities by water and wastewater functional component 
is to identify any patterns or comparability in energy intensity ranges that could support 
development of a proxy for use in estimating the amount of energy embedded in water in each 
segment of the water use cycle.  The next step therefore involved organizing the energy intensity 
data by functional components, and comparing these with the range of energy intensities 
estimated by prior studies.  

4.2 Energy Intensity by Function and Energy Driver 

As noted earlier, data for the Supply and Conveyance segment of the water use cycle was 
developed through Study 1.  Study 2 focused on collecting and compiling water-energy data for 
water treatment and distribution, and wastewater treatment.  In addition, to the extent that data 
was available through the participating agencies, Study 2 also collected water-energy on 
groundwater pumping, recycled water production and distribution, and desalination (brackish).  
Other than a few small pilot projects, there are no seawater desalination plants in operation in 
California. 

Ultimately, the energy intensities of all segments of the water use cycle need to be included to 
compute the amount of energy embedded in water. 

4.2.1 Energy Intensity Data from Wholesale Water Agencies  

While Study 2 focuses on the embedded energy in water for retail water and wastewater agencies 
in the state, many retail water agencies import or purchase water supplies for the major water 
wholesalers, such as the State Water Project, Central Valley Project, and Metropolitan Water 
District of Southern California.  These wholesalers consume energy to transport, and in some 
cases treat, the water prior to delivering it to retail agencies.  The true energy intensity of water 
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delivered to end users by retail agencies should include any energy intensity associated with 
wholesale deliveries made to the retail agency.  

Table 4-5 below contains the energy intensity of imported water supplies of select Study 2 
agencies that import water.  The table shows that the total energy intensity values for wholesale 
water can be significant and span a broad range.  If a large percentage of a retail agency’s water 
is obtained from wholesale suppliers, as is the case for some retail agencies, it significantly 
increases the total energy intensity of water delivered to retail customers.   

Table 4-5. Energy Intensity of Wholesale Supply to Retail Agencies 
Wholesale Source 1 Wholesale Source 2

Retail Agency  Supplier 

Approximate 
Share of 

Retailer's Total 
Supply  

Source EI 
(kWh/MG) 

Supplier 

Approximate 
Share of 

Retailer's Total 
Supply  

Source EI 
(kWh/MG) 

Contra Costa 
Water District 

CVP  83%  0 
     

San Jose Water 
Company 

SCVWD  40%  3380 ‐ 3735 
     

Westlands Water 
District 

CVP  40%  1313 
     

Inland Empire 
Utilities Agency 

SWP  25%  8798 
     

Suburban Water 
Systems 

MWD ‐ 
Treated 

10%  7499 
     

City of Oceanside 
SDCWA ‐ 
Treated 

33%  6912 
SDCWA ‐
Raw 

55%  6785 

Rancho California 
MWD ‐ 
Treated 

48%  7499 
MWD ‐
Raw 

15%  7377 

Valley Center 
MWD 

SDCWA ‐ 
Treated 

99%  6912 
SDCWA ‐
Raw 

1%  6785 

Source:  Data collected through Studies 1 and 2. 

 

4.2.2 Energy Intensity Data from Retail Water and Wastewater Agencies 

Table 4-6 summarizes the range of average energy intensities observed in Study 2 by functional 
component and geographic region.  These ranges were obtained by analyzing the detailed 
monthly energy intensity results for all the agencies studied.  Any disproportionate impacts of 
data for a few months that seemed atypical of the observed population are moderated by 
averaging the energy intensities by functional component and by agency.  Averages were 
calculated for both the summer (May-October) and the winter (November- April).  The range 
indicated in Table 4-6 depicts the minimum and maximum of these average energy intensity 
values (including both summer and winter) across all agencies for each functional component.  
Table 4-6 then compares this range against the range of observed or estimated energy intensities 
from previous studies. 
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Table 4-6.  Observed Energy Intensities by System and Functional Component 

 
Functional 
Component 

Primary 
Energy 
Drivers 

Energy 
Intensity 
From Prior 
Studiesa 

Range of Energy Intensities Observed  in Study 2 (kWh/MG) 

Northern 
& Central 
Coast 

Central 
Valley 

Southland  Desert  Statewide 

Su
p
p
ly
 

Local Surface 
Water 

Pumping    152‐1,213        152‐1,213 

Groundwater  Pumping  537 ‐ 2,272 
1,712‐
2,924 

906 ‐ 1,990 
1,415‐
2,552 

2,169‐
2,652 

906‐2,924 

Brackish 
Desalination 

Treatment 
1,240‐ 
5,220 

   
1,415‐
1,824 

 
1,415‐
1,824 

Recycled Water 
Incremental 
Treatment 

300‐1,200
b 

1,072‐
2,165 

 
1,153‐
3,410 

 
1,072‐
3,410 

Seawater 
Desalination 

Reverse 
Osmosis 

13,800           

W
at
e
r 
Tr
e
at
m
e
n
t 
 

Coagulation + 
flocculation + 
filtration 

  100‐111  134‐457    44‐66    44‐457 

Microfiltration 
Removal of 
Suspended 
Solids 

  220‐718        220‐718 

Removal of 
Salts, etc. 

Reverse 
Osmosis 

           

Disinfection 
Ozone    168‐272        168‐272 

Ultraviolet             

W
at
e
r 
D
is
tr
ib
u
ti
o
n
 

Booster Pumps 

Flat Terrain 

1,200‐
3,000 

  48‐60      48‐60 

Moderate 
Terrain 

510‐956    45‐897   
45‐956 

 

Hilly Terrain  379‐1,116   
1,262‐
1,574 

  379‐1,574 

Pressure System  
Pumps 

   
1,780 ‐ 
2,569 

  360 ‐ 374    360 ‐ 2,569 

W
as
te
w
at
e
r 
Tr
e
at
m
e
n
t 

Wastewater 
Collection 
Pumps 

  140  2‐275    3‐455    2‐455 

Primary + 
Secondary 

  955‐1,372 
1,452‐
1,622 

  488‐1,146    488‐1,622 

Primary + 
Secondary + 
Tertiary 

  1,541 
3,119‐
4,531 

 
1,086‐
1,323 

1,127‐
1,178 

1,086‐
4,531 

Microfiltration 
(incremental) 

High 
Pressure 
Pumping 

      794 ‐ 836    794 ‐ 836 

Reverse 
Osmosis 

(incremental) 

High 
Pressure 
Pumping 

     
1578 ‐ 
1595 

 
1578 ‐ 
1595 

UV 
(incremental) 

        306 ‐ 330    306 ‐ 330 

a) Unless noted source is: Refining Estimates of Water-Related Energy Use in California, Table 9. Urban water intensity matrix 
(kWh/MG), Navigant Consulting, Inc. for the California Energy Commission, CEC-500-2006-118, December 2006, p.25. 

b) The Role of Recycled Water in Energy Efficiency and Greenhouse Gas Reduction. Navigant Consulting. May 2008. 
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Several observations can be drawn from the data in Table 4-6:  

 Previous estimates of groundwater energy intensity are consistent with Study 2 
observations.  

 Study 2 observed a larger range of energy intensity in recycled water production than was 
previously documented. 

 Study 2 examined and quantified the differences in energy intensity for distribution 
systems that varied in terrain, an observation not previously quantified through prior 
studies. 

 For the first time, the energy intensity of microfiltration, reverse osmosis, and ultraviolet 
light wastewater treatment were separately documented. 

While Table 4-6 includes most of the observations made from the data collected in Study 2, 
some data were excluded as they were deemed not representative of the energy intensity of the 
indicated functional component.  These types of data problems occurred when multiple functions 
were performed at one facility, and energy data could not be readily disaggregated into the 
separate functions.   

For example, some agencies’ water treatment plants contained distribution pumps that 
were used to pressurize and pump the water into the distribution system. These pumps 
use a significant amount of energy; their energy use was included in the treatment plant’s 
energy usage.  Including these data would distort the amount of energy used for 
treatment.  Consequently, these types of data problems were excluded from the 
computation of the minimum and maximum energy intensities by functional component. 

Table 4-7 indicates the number of agencies that were relied on to provide ranges of energy 
intensity data by functional component within each energy service provider’s territory.  The 
number of agencies shown reflects the adjustments described above.   
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Table 4-7.  Number of Agencies Observed with Each Function 
Number of Agencies with Function 

Functional Component IID PG&E PWRPA SCE SDG&E Total 

Raw Water Pumps 5 2 1 8 

Groundwater Pumps 3 2 4 1 10 

Water Treatment Plants 3 1 4 

Booster Pumps 4 2 3 2 11 

Pressure System Pumps 1 1 2 

Waste Water Pumps 1 1 3 1 6 

Wastewater Treatment Plant 1 2 1 9 1 14 

Recycled Water Pumps 1 1 2 4 

 

The following sections and figures illustrate the variability in energy intensity by functional 
component observed through the participating agencies.  These figures illustrate energy 
intensities obtained from previous studies and the statewide range from Study 2 (data from Table 
4-2).  The sources of the previous studies are those cited in Table 4-2. 

4.2.3 Supply  

The range of energy intensities for water supplies observed in Study 2 are illustrated in Figure 4-
1 below. 

Figure 4-1.  Statewide Energy Intensity Ranges for Supply 
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Water from local raw surface supplies was observed to vary from 150 up to 1,200 kWh/MG due 
to the distinguishing characteristics of each agency.  Some, like CCWD, pump large amounts of 
water to significant elevations resulting in high energy intensities. Other agencies (such as 
irrigation districts) use pumps to simply divert water from local streams or canals at a low 
elevation difference, these activities are less energy intensive 

The energy intensity for groundwater pumping is primarily dependent on the depth of the water 
table in the aquifer or the height that water must be pumped.  Urban pumping often includes 
additional water pressure for distribution, while agricultural wells need only to pump water to the 
ground’s surface for irrigation.  This would lead one to think that urban groundwater would have 
a higher energy intensity than agricultural water.  This is somewhat reflected in the Study 2 
results (Table 4-1).  Groundwater energy intensity for agencies in the Central Valley (mostly 
agricultural wells captured in Study 2) are lower than those observed in other regions (more 
where mostly urban systems were captured in Study 2.)  In general Study 2 results for statewide 
estimates of groundwater energy intensity are consistent with past studies.    

Data on recycled water production collected by Study 2 indicates a large range of possible 
energy intensities.  This is because Study 2 captured a large range of treatment technologies 
relating to the production of recycled water.  The production of tertiary treated water for reuse 
accounts for the lower range of the energy intensity (approximately 1,150 kWh/MG).  The upper 
range represents advanced recycled water treatment processes (data collected from OCWD) that 
includes microfiltration, reverse osmosis, and ultraviolet light that produces water that exceeds 
California drinking water standards. 

Data on brackish water desalination was only available from one agency in Study 2.  While it 
may seem Study 2’s observation results in a narrower range of energy intensity than previously 
estimated, the small sample size does not allow us to draw any conclusions.  Interviews with 
agencies operating brackish desalination plants (which primarily use reverse osmosis) indicated 
that energy requirements vary based on water quality.  High concentrations of dissolved salts 
require higher pressures in reverse osmosis equipment increasing energy intensity.  

4.2.4 Treatment 

The range of energy intensities for water treatment observed in Study 2 are illustrated in Figure 
4-2 below. 
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Figure 4-2.  Statewide Energy Intensity Ranges for Water Treatment 
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Study 2 observed a larger range of energy intensity than previously estimated for traditional 
water treatment technologies (the combination of coagulation, flocculation, and filtration as 
primary processes.)  Several plants were removed from this analysis as the Study Team was 
aware that multiple functions were performed at the plant and were contributing to artificially 
high treatment energy intensity.  It is possible that we were not informed of other functions in the 
remaining plants, which could be an explanation for the high upper range. 

Study 2 additionally included water treatment facilities that use microfiltration and ozone 
treatment in addition to traditional technologies.  Of these two advanced treatment processes, 
Study 2 observed higher energy intensities for plants utilizing microfiltration.  Microfiltration 
requires additional and higher pressure pumping than that which normally occurs at a treatment 
plant leading to higher energy intensity.  The additional use of ozone disinfection along with 
traditional treatment technologies does not seem to significantly affect treatment energy 
intensity.  The observed energy intensity of plants utilizing ozone falls within the range of those 
plants not utilizing ozone as observed by Study 2.  

4.2.5 Distribution 

The range of energy intensities for distribution systems observed in Study 2 are illustrated in 
Figure 4-3 below. 
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Figure 4-3.  Statewide Energy Intensity Ranges for Distribution Systems 
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Study 2 observed and quantified the differences in energy intensity for distribution systems that 
served varying terrain.  Previous studies estimated that distribution energy intensities varied from 
1,200 – 3,000 kWh/MG. Study 2 did not observe any systems with energy intensities as high as 
3,000 (though such systems may certainly exist).  Distribution systems in hilly areas such as 
were observed to range from about 400 to 1500 kWh/MG.  On the other hand, distribution 
systems in flat terrain such as those found in the Central Valley can be less than 100 kWh/MG. 

For a few agencies, pressure-regulating pumps are needed.  Those are pumps which maintain a 
pressure in the distribution pipes.  Like booster pumps, which supply water to higher elevation 
zones within the service area, their energy use and energy intensities are dependent on the terrain 
and layout of the agency’s service area.  In some cases, they add a substantial energy 
requirement to the agency’s profile, anywhere from 300 to 2,500 kWh/MG. 

4.2.6 Wastewater Collection and Treatment 

The range of energy intensities for water treatment observed in Study 2 is illustrated in Figure 4-
4 below. 
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Figure 4-4.  Statewide Energy Intensity Ranges for Wastewater Treatment 
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Energy intensity for wastewater collection pumps ranged from near 0 to 450 kWh/MG.  The 
actual value depended on an agency’s service area terrain and treatment plant location.  
Wastewater treatment plants are often located at a lower elevation than the treated water service 
area so that wastewater can flow via gravity to the plant, requiring few pumps and little energy 
use (energy intensity near 0 kWh/MG).  However, not all systems can be designed this way.  For 
some coastal communities in Southern California, significant wastewater pumping is required, 
resulting in higher energy intensities. 

Study 2 observed facilities that treat wastewater to both secondary and tertiary effluent.  Study 2 
observed previous estimates of energy intensity requirements for secondary treatment are 
relatively consistent with data collected.  Tertiary treatment plants were observed to have a wide 
range of energy intensities. 

For the first time, Study 2 documented the incremental energy intensity of three advanced 
wastewater treatment technologies using data collected from OCWD.  Of these technologies 
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(microfiltration, reverse osmosis, and UV light treatment), Study 2 observed reverse osmosis 
required the highest energy intensity as it requires significant pressure generated by pumps. 

4.3 Energy Intensity by IOU 

Figure 4-5 illustrates the energy intensity ranges of each component by IOU.  These ranges were 
obtained by including only those Study 2 water agencies served by each IOU.  While the Study 
Team attempted to capture a broad range of agency times from each IOU service territory, some 
functional components were not represented in all three IOU service territories (Table 4-2).   

Figure 4-5.  Energy Intensity Range by Functional Component for Each IOU (kWh/MG) 
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Figure 4-5 illustrates the range over the entire year.  The Study Team also tabulated seasonal 
average energy intensities (Table 4-8). 
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Table 4-8.  Summer and Winter Ranges of Energy Intensity for Each IOU (kWh/MG) 

 
PG&E  SCE SDG&E

Range of 
Summer 
Averages 

Range of 
Winter 
Averages 

Range of 
Summer 
Averages 

Range of 
Winter 
Averages 

Range of 
Summer 
Averages 

Range of 
Winter 
Averages 

Raw Water Pumps  5 ‐ 1104  1 ‐ 1213 28 40 ‐  ‐

Groundwater 
Pumps 

906 ‐ 2437  1019 ‐ 2924  1574 ‐ 2542  1416 ‐ 2652  1824  1415 

Filter Plants  134 ‐ 272  168 ‐ 718 ‐ ‐ 46  66

Booster Pumps  379 ‐ 1116  518 ‐ 1000 82 ‐ 1262 45 ‐ 1321 168 ‐ 1357  196 ‐ 1574

Pressure 
Regulators 

1780  2569  ‐  ‐  360  374 

Waste Water 
Pumps 

256 ‐ 256  275 ‐ 275  3 ‐ 231  4 ‐ 259  455  430 

Wastewater 
Treatment Plant 

1072 ‐ 1452  1622 ‐ 2165  1146 ‐ 3410  488 ‐ 3398  1087  1086 

Recycled Water 
Pumps 

1050  1505  1024  796  ‐  ‐ 

 
Raw water pump energy intensity at the retail water agency level varies significantly in PG&E’s 
service territory.  Retail agencies in northern California that convey their own raw water do so 
over a variety of terrain (flat, over hills, or all downhill) that result in this large variation.  In SCE 
and SDG&E’s service territory, however, fewer retail agencies participating in Study 2 convey 
raw water; and when they do, the energy intensity is low. This is because there are vast networks 
of raw water transport systems operated by wholesalers that deliver water to retail water 
agencies, eliminating most of the need for raw water transport at the retail level. 

Groundwater energy intensity falls within the same range across all three IOUs and was observed 
to take on a variety of values.  This is due to the varying depth to which each retail agency must 
pump.  While difference geographic areas will have different groundwater depths, differences in 
each IOU service territory cannot be discerned with certainty given Study 2’s observations. 

Data from water treatment plants were mostly collected from retail agencies in PG&E’s service 
territory.  Treatment in SCE and SDG&E’s service territories was not as well covered.  Retail 
water agencies in Southern California purchase a significant amount of treated water from 
wholesalers (such as Metropolitan Water District of Southern California) and use significant 
amounts of groundwater that requires less treatment.   

Observed energy intensities of distribution systems (booster pumps) were fairly consistent across 
all three IOUs.  Booster pump energy intensity varies by terrain (as previously illustrated in 
Figure 4-3) and each IOU service territory contains a variety of terrain from flat to hilly.  
Pressure system pumps (part of the distribution system) were only observed in two agencies each 
in different IOU service territories.  No conclusions can be drawn regarding pressure system 
pumps. 
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Wastewater collection pumps were observed in each IOU service territory and some variation 
can be observed.  Pumps observed in PG&E territory had a wide range of energy intensities, 
from near zero to 450 kWh/MG.  As mentioned previously, the actual value depends largely on 
the juxtaposition of the wastewater treatment plant to the area it serves.  When wastewater plants 
are downhill from is collection area, energy intensity tends to be low.   

Wastewater pump energy intensities observed in SCE and SDG&E territories were higher than in 
PG&E territory. Many of the participating agencies in SCE or SDG&E’s service areas serve 
coastal areas or hilly regions.  These regions are more likely to have large populations located at 
the same elevation or lower than the wastewater treatment plants, requiring more pumps to be 
used and higher wastewater collection energy intensities.  However, other wastewater agencies in 
these areas may well have lower energy intensities for wastewater collection. 

Wastewater treatment plants were observed in each IOU service territory with most located in 
PG&E and SCE.  Little difference was observed between the energy intensity ranges of the two 
territories.  SCE’s territory does have a higher value for the upper range; however, this is due to 
one advanced recycled water facility operated by OCWD that treats wastewater well beyond 
typical requirements.  Treatment plants in each service territory treat water to either secondary or 
tertiary using similar technologies.  Thus the ranges of energy intensities for wastewater 
treatment appear independent of service territory.   

Recycled water distribution pump energy intensity (similar to booster pumps) varies by agency 
and terrain.  Observed ranges for PG&E and SCE do not overlap; however, this may simply be 
due to the limited sample size. 

4.4 Total Energy Use 

Study 2 collected annual energy and flow data from 21 retail water and wastewater agencies 
across the state for the calendar year 2008.31  These 21 agencies collectively consumed 1,376 
GWh of electricity during CY2008.  Additional details of which utility supplied this energy and 
what it was used for can be found in Figures 4-6 through 4-9. 

These 21 agencies delivered about 3.5 million acre feet of water (raw water, potable water, and 
wastewater) in CY2008.  Of this, 340,000 AF was treated at water treatment plants, 940,000 AF 
treated at wastewater treatment plants, and the rest needed no treatment (supplied by 
groundwater, supplied as raw water, or imported from other agencies as treated water). 

                                                 

31 Another agency, the 22nd agency, provided a snapshot of its operations but did not provide full 
data for calendar year 2008. 
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4.5 Energy Intensity of Marginal Supplies 

The water-energy load profiles include identification of the short- and long-term marginal water 
supplies and their associated energy intensities for each water agency that participated in this 
study.  For purposes of comparison, these data are summarized in Table 4-9.  A description of 
the marginal supplies is included in each agency’s profile in Appendix B. 
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Table 4-9. Energy Intensity of Marginal Supplies 
 

 

Surf GW CO CVP SWP Impt Recy Recov D‐Br D‐Sea Xfrs Low High Low High Low High Trt Incl?

X Short 0 0 1,114 1,214 1,114 1,214 Y

X Long 0 0 1,114 1,214 1,114 1,214 Y

X Short 0 0 3,546 6,666 3,546 6,666 Y

X X X X Long 1,422 12,276 0 0 1,422 12,276 Y

X Short 1,970 3,753 0 0 1,970 3,753 Y

X X X X X X Long 923 9,560 0 0 923 9,560 Y

X Short 848 1,704 895 1,210 1,743 2,914 Y

X X X Long 1,743 12,276 0 0 1,743 12,276 Y

X Short 10 597 135 310 145 907 Y

X X Long 1,051 12,276 0 0 1,051 12,276 Y

X Short 65 155 0 0 65 155 n/a

X X X Long 27 188 0 0 27 188 n/a

X Short 0 0 0 0 0 0 n/a

X X Long 0 3,945 0 0 0 3,945 Y

Los Angeles Sanitation X

X Short 9 480 105 322 114 802 Y

X X X Long 984 12,276 0 0 984 12,276 Y

Monterey Regional X X

X X Short 0 576 0 0 0 576 n/a

X Long 0 0 0 0 0 0 n/a

X Short 6,785 6,826 43 86 6,828 6,912 Y

Long 1,117 12,276 0 0 1,117 12,276 Y

N/A (Wastewater Treatment Only)

N/A (Wastewater Treatment Only)

Notes

CO River via IID + treatment

Low is recycled; high is desal

Ag uses raw water; urban 

water includes treatment

Low is treated surface water 

pumping; high is desal

Low is treated surface water; 

high is desal

Ag uses raw water

Wastewater treated to 

tertiary; recycled water = 0

Low is treated surface water; 

high is desal

Ag uses raw water

Low is treated imports; high is 

desal

Natomas Central X

Oceanside, City of  X

Inland Empire X

Marin Municipal X

East Bay MUD X

Glenn‐Colusa X

Coachella X X

Contra Costa X

XCalexico, City of 

Water Agency/District

Cal‐Am, Monterey X

Ag Urban

Planning 

Horizon

Supply & Convey Treatment Total EI, Marginal SupplyMarginal Supplies
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Table 4-9. Energy Intensity of Marginal Supplies (continued) 
 

 

Surf GW CO CVP SWP Impt Recy Recov D‐Br D‐Sea Xfrs Low High Low High Low High Trt Incl?

Orange County San. X X

X Short 30 0 0 0 30 0 n/a

X X Long 0 7,418 3,161 n/a 3,161 7,418 Y

X Short 7,377 7,499 0 0 7,377 7,499 Y

X Long 1,971 3,436 0 0 1,971 3,436 Y

X X Short 1,989 6,064 134 713 2,123 6,777 Y

X Long 6,064 6,094 134 713 6,198 6,807 Y

X X Short 1,452 3,735 0 0 1,452 3,735 n/a

X Long 1,452 1,871 0 0 1,452 1,871 n/a

X X X Short 790 2,574 0 0 790 2,574 n/a

X X X Long 790 2,574 0 0 790 2,574 n/a

X Short 1,728 1,975 0 0 1,728 1,975 Y

X X Long 3,466 3,466 0 0 3,466 3,466 Y

X X Short 30 7,377 122 122 152 7,499 Y

X X Long 1,104 1,619 0 0 1,104 1,619 n/a

X Short 6,912 6,912 0 0 6,912 6,912 n/a

X X Long 6,912 12,276 0 0 6,912 12,276 n/a

X X Short 1,313 2,530 0 0 1,313 2,530 n/a

X X Long 1,313 2,530 0 0 1,313 2,530 n/a

Ag uses raw water

Ag uses raw water

N/A (Wastewater Treatment Only)

Low is groundwater; high is 

imported treated water

Groundwater does not need 

treatment; high is treated 

imported water

Groundwater banking

Minimal treatment needed; 

high is recycled water

High is treated imports; 

groundwater & recycled do 

not need additional treatment

Westlands X

Notes

Local surface water does not 

require treatment. Long‐term, 

low EI is recycled water; high 

is imported.

Low is groundwater; high is 

imported treated water

Suburban X

Valley Center X

Semitropic X

Sonoma County X X

San Gabriel Valley X

San Jose X

Orange County WD X

Rancho California WD X X

Water Agency/District
Ag Urban

Planning 

Horizon

Supply & Convey Treatment Total EI, Marginal SupplyMarginal Supplies
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Figure 4-6.  2008 Total Energy Use by All Study 2 Agencies by Electric Supplier (GWh) 
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Total: 1,367 GWh 

Figure 4-7.  2008 Total Energy Use by Study 2 Agencies in PG&E Service Territory by 
Function (GWh) 
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Figure 4-8.  2008 Total Energy Use by Study 2 Agencies in SCE Service Territory by 
Function (GWh) 
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Figure 4-9.  2008 Total Energy Use by Study 2 Agencies in SDG&E Service Territory by 

Function (GWh) 
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5 Recommendations 

5.1 Summary 

Prior studies relied primarily on the CEC’s 2005 and 2006 studies.  Studies 1 and 2 are the most 
extensive data collection and analysis efforts conducted thus far about energy use by California’s 
water sector.   

 Study 1 focused on estimating the amount of energy consumed by the Supply and 
Conveyance segments of the water use cycle.  Through that study, detailed water-energy 
data were collected that also enable estimating the energy intensity of primary wholesale 
water supplies throughout California.   

 Study 2 focused on collecting and compiling detailed water-energy data at the retail water 
and wastewater agency functional level. 

Both studies observed wide variability in the energy intensities of water transportation 
(conveyance) and delivery (distribution) systems.  The amount of energy needed to serve water 
to any particular customer depends on the distance and elevation over which that water must be 
transported. 

However, Study 2 also observed wide variability among functional components in retail water 
and wastewater systems.  It would be difficult from these data to select a single value as 
indicative of the “typical” energy intensity of water and wastewater treatment.  This may be in 
part due to the fact that the contribution of key energy drivers to the energy intensity of any 
particular functional component could not be readily determined from the data that were 
available.  It may also be because each treatment plant is configured uniquely, and there are 
distinct differences in the key energy drivers in each. 

In Chapter 4 Findings, the Study Team documented the range of variance found in the energy 
intensities observed in the functional components of the participating water and wastewater 
agencies.  There was no clear pattern that could point to a single value to be used as a proxy for 
any segment of the water use cycle or is sub-segments, nor was there sufficient basis to select 
proxies by geographic or hydrological region.  In fact, while Studies 1 and 2 addressed the 
questions raised in the respective scopes of work, both pointed to a need for additional data, 
methods and tools.  The types of data, methods and tools identified through these studies are 
described generally below, along with an illustration of how the data from the two studies can be 
integrated to compute embedded energy in water. 
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5.2 Recommendations 

Based on the data collected through Studies 1 and 2, the Study Team believes that the amount of 
electricity used by the water sector is higher than the CEC’s conservative estimates in 2005. 

In Appendix F, Comparison of Study 1 and Study 2 Findings with Prior Studies, electricity use 
by the Supply and Conveyance segment alone was shown to exceed the amount of electricity use 
reported by the CEC for all water sector use (i.e., including water treatment and distribution, 
wastewater collection and treatment, and recycled water production and distribution).  In the 
absence of better data, the Study Team recommends conservative adjustments which we believe 
understate the amount of energy embedded in the state’s water.  These conservative estimates 
increase water sector electricity use in 2001 from 4.9% to 7.7%.  The Study Team does not, 
however, have a basis for increasing the CEC’s estimate that 19.2% of all electricity used in 
California is in some way related to water, since the increase in water sector use may be a 
reallocation of electricity counted towards water end use. 

The primary significance of these findings is that the value of energy embedded in water is 
higher than that initially estimated in the CEC’s 2005 and 2006 studies.  Notably, the estimates 
developed by the CEC were purposely conservative because the CEC did not want to overstate 
the potential water-energy relationship.32  Since water sector energy use establishes the value of 
energy deemed “embedded” in a unit of water, the energy value of water efficiency measures 
increases as more electricity consumption is allocated to the water sector itself. 

The key recommendations indicated by these studies entail improving the body of water-energy 
data, methods and tools to enable more accurate measurement of the state’s water-energy 
relationships.  In particular, the Study Team recommends the following actions: 

 Collect more water-energy data, and with more granularity 

 Develop and adopt a methodology for computing the energy embedded in a unit of water  

 Quantify water losses throughout the water use cycle 

These recommendations are discussed below. 

Collect more water-energy data, and with more granularity.  Better data is needed about 
electricity requirements for groundwater and for water and wastewater treatment. 

1. Groundwater Energy.  Study 1 indicates that groundwater energy is much larger than 
previously realized.  During summer months, electricity used for groundwater exceeds 

                                                 

32 Interview with Lorraine White, Senior Energy Specialist and Advisor to Commissioner 
Anthony Eggert, California Energy Commission, May 19, 2010. 
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the amount of electricity used by the three largest wholesale water systems (SWP, CVP 
and CRA) combined.  Data on the amount of energy used for groundwater pumping is 
very spotty.  Very good data is available in adjudicated basins, very little data is available 
in other places, where groundwater pumping is not adjudicated.  In addition to being a 
very significant component of embedded energy in water, groundwater energy is 
important because much of it is provided by the state’s IOUs.  Unfortunately, how much 
of it is provided by the IOUs is presently undeterminable from existing data.33    

2. Treatment Energy.  The amount of energy used to treat water and wastewater is typically 
computed at the plant level.  Although engineering studies enable estimating the relative 
amount of energy needed for different types of treatment technologies, energy meters do 
not capture data at a level that would facilitate validating those engineering assumptions.  

As noted earlier, given the tremendous variability in water conveyance and distribution 
systems, the energy intensity of water transport and delivery systems need to be computed 
separately for each water agency. 

There are a number of near-term opportunities for significantly improving the state’s 
knowledge about electricity use by the state’s water sector: 

 Advanced Metering Infrastructure (AMI).  The state’s IOUs have commenced 
replacement of existing meters with advanced meters that have the ability to capture real-
time energy consumption data.  The AMI conversion is expected to be completed within 
about five years.  This existing activity provides a near-term opportunity to significantly 
improve the state’s understanding of its water-energy relationships for no incremental 
cost – the CPUC need only direct the IOUs to prioritize water sector electricity uses for 
near-term conversion to AMI. 

 The Water-Energy Load Profiling (WELP) Tool developed through Study 2 can be used 
to develop detailed water-energy load profiles for all water and wastewater agencies in 
California.  Water and wastewater agencies could be required to provide the data needed 
to develop these detailed water-energy load profiles as a condition for accessing IOU 
energy incentives.  During the conduct of Studies 1 and 2, the Study Team found that 
water and wastewater agencies cited limited staff time as the greatest obstacle to 
participation.  Water and wastewater agencies dealing with cutbacks in staffing had great 
difficulty providing the detailed water and energy data that was required by Study 2, in 

                                                 

33 During the course of this study, members of the Internal Working Group and Study team 
contacted both water and energy utilities to identify more data about groundwater pumping.  
Both water and energy sector stakeholders stated that little information is presently available 
about the amount of energy used to pump groundwater. 
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particular.  Since energy utilities have at least half of the data, a partnership seems 
logical. 

In addition, all of the medium to large-size water and wastewater treatment facilities have 
SCADA systems that can be set up to monitor and report energy use by functional 
components, if desired.  The state’s IOUs could work with water and wastewater agencies to 
identify opportunities to increase monitoring and reporting of energy use by high priority 
segments and sub-segments of the water use cycle. 

Develop and adopt a methodology for computingenergy embedded in water.  Study 2 required 
collection of the short- and long-run marginal water supplies for participating water agencies.  
The purpose of this task was to provide a basis for computing the value of energy embedded in 
water.  Study 1 provided much of the data that would be needed to compute the energy 
embedded in the Supply and Conveyance segment of the water use cycle, while Study 2 focused 
on collecting data about energy used in water treatment and distribution, wastewater treatment, 
and incremental treatment (if any) needed to produce usable recycled water.   

Quantify water losses throughout the water use cycle.  Prior studies indicate that losses in the 
water system are substantial.  There is significant variability, depending on the type of facility(s), 
the climate, and the condition of the system.  Reservoirs and aqueducts are open to the 
atmosphere and thus experience losses due to evaporation.  Pipelines have fewer losses due to 
evaporation but depending on the age, condition and type of materials used, can have significant 
losses due to leaks.  Water system losses have been documented along all segments of the water 
use cycle.  Even newly constructed distribution systems can experience losses of 5%, while 
mature systems in dense urban areas may experience losses as high as 10-15% or more.  All of 
the energy used along all segments of the water use cycle need to be accounted for in computing 
embedded energy, including energy that may have been used to transport, treat or deliver water 
that is lost and not delivered to water end users. 

5.3 A Framework for Computing Embedded Energy 

Ultimately, the goal of Studies 1 and 2 was to enable selecting values to insert along the 
segments of the water use cycle to determine the amount of energy embedded in a unit of water.  
Whether that computation is made at the level of a single agency, a region or statewide is a 
matter of policy. 

The diagram below illustrates the way in which data from Studies 1 and 2 could be integrated in 
order to compute the amount of energy embedded in a unit of water.   
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Figure 5-1.  Framework for Computing Embedded Energy 
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The key steps and associated issues that should be considered when computing energy embedded 
in water, whether at the individual agency level, regionally or statewide, are described below.  
Losses should be included in the computations.  For example, if a particular water supply source 
starts at 1,000 AF at the beginning of the water use cycle but, after losses, results in delivering 
800 AF of water supply to end users, all of the energy used to produce and deliver that water 
along all segments of the water use cycle, including the missing 200 AF, should be counted.  
Whether or not this value needs to be separately computed depends on how the energy data are 
collected and computed at each segment. 

1. Compute EI of Water Supply.  As discussed in both Studies 1 and 2, nearly 98% of the 
state’s water use by the urban and agricultural sector is met by the two primary sources of 
water:  surface water (67%) and groundwater (31%).  The remainder is met by desalted and 
recycled water supplies.  The energy intensity (EI) of each water resource depends on a 
number of factors, including the quality and location of the water supply.   

 Surface water tends to be a relatively low EI resource because it is ready to be applied to 
beneficial uses. 

 Groundwater tends to have a higher EI than surface water because energy is needed to 
pump water to the surface before it can be used.   

 Desalted water may either be pumped from aquifers or drawn from brackish surface 
water sources, such as the ocean.  By definition, water resources are not deemed “water 
supply” until they are usable.  Consequently, brackish water resources must be desalted 
before they can be considered “water supplies.”  Typically, the process of desalting water 
is higher on an average EI basis than groundwater pumping.  The amount of energy 
needed for desalting depends on the quality of the water – the higher the salt content of 
the water, the more energy is needed to remove the salts.  Consequently, seawater 
desalination is one of the highest EI water resources. 

 Recycled water is produced from wastewater effluent.  The amount of energy needed to 
treat wastewater to a quality needed for safe discharge in accordance with public health 
regulations is accounted for as wastewater treatment energy.  The EI of recycled water is 
thus the amount of incremental energy, if any, needed to treat the effluent to a higher 
quality as may be needed to serve the targeted beneficial uses. 

 
Supply Losses (Losses 1):  Although losses occur during the process of water production, 
those losses need not be separately accounted for in the embedded energy computation, since 
the EI of the water supply is typically already computed net of water supply production 
losses.  
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2. Add EI of Conveyance.  The EI of conveyance of wholesale water supplies depends on the 
distance and elevation that the water must traverse.  The State Water Project (SWP) provides 
an excellent illustration of how conveyance EI varies at each delivery point along the 
system,34 with the highest EI occurring at the points after which SWP water must be pushed a 
total of 3,000 feet over the Tehachapi Mountains.   

Conveyance Losses (Losses 2).  The state’s water conveyance systems transport large 
volumes of water supply from one region to another.  These systems tend to be large 
diameter pipelines or lined or unlined channels.  Conveyance systems tend to have 
substantial losses through pipeline leaks, aqueduct or canal seepage, and evaporation.  The 
largest systems that transfer water across the state traverse hundreds of miles.  Most leaks in 
underground pipelines go undetected for many years; and even when they are known to leak, 
the cost of digging up and repairing the pipelines is a significant economic deterrent.  The 
actual magnitude of losses in the state’s wholesale water conveyance systems is unknown. 
More research is needed to quantify these losses.   

3. Add EI of Water Treatment.  Not all water supplies need treatment.  Depending on the 
quality of the source water supplies and the quality needs of their intended uses, no treatment 
may be required – for example, to apply some surface or groundwater supplies to agricultural 
irrigation, or even for potable uses.   

 In the past, high quality water resources may only have been treated with lime (e.g., to 
remove carbonates that make water “hard” and/or to adjust the pH to reduce corrosion) 
and then dosed with chlorine to kill bacteria and other micro-organisms.  Now that it is 
known that that chlorine and other chemical disinfectants can cause carcinogenic by-
products, other treatment methods are used.  The particular treatment technologies and 
processes needed depend on the end use of the water.  Drinking water has the highest 
requirements, and typically has the highest treatment EI. 

 Reverse osmosis (RO) is used to remove salts and minerals from brackish water.  The 
water produced through RO is already of drinking water quality.  The energy used to 
desalt water is accounted for in the Supply segment of the water use cycle.  
Consequently, no additional energy is likely needed for desalted water in the Treatment 
segment. 

Treatment Losses (Losses 3).  The volume of treated water produced is always less than the 
amount of influent.  Typically, the EI would be measured as the average energy used to 
produce the total amount of water treated.  More research is needed to quantify these losses 

 

                                                 

34 See Chapter 3 in Study 1 for full results on all studied wholesale supplies. 
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4. Add EI of Distribution.  As for Conveyance EI, the primary drivers of Water Distribution EI 
are distance and elevation.  This can vary significantly across agencies and even within an 
agency’s service territory. 

 

Distribution Losses (Losses 4).  Distribution system losses are highly variable.  More 
research is needed to quantify these losses.   

 

5. Add EI of Wastewater.  Not all water end uses are discharged to sewers.  Only indoor end 
uses (and only a percentage of total indoor water use) should include a component for 
wastewater treatment.  Some portion of outdoor water uses may end up in sewers.   

 

Wastewater Treatment Losses (5).  Water is lost during the solids removal processes of 
wastewater treatment.  This is an important factor to consider especially when the wastewater 
will then be treated further to produce recycled water.  The volume of recycled water 
produced will be less than the treatment plant influent. More research is needed to quantify 
these losses. 

 

6. Add EI of Recycled Water.  Incremental energy needed to increase the quality of wastewater 
effluent to standards needed for the intended water reuse is accounted for in the Recycled 
Water segment of the water use cycle. 
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East Bay Municipal Utility District – Water (EBMUD)  

Summary 
Primary functions  Urban Water, Wastewater 

Segments of Water Use 
Cycle 

Supply, Treatment, Distribution, Recycled Water Production 

Hydrologic Region  Coastal  DEER Climate Zone  3 and 12  

Quantity of Water   Treated and Distributed: 200 MGD (average for 2008) 

Number of Customers 
(2005) 

Total: 391,216
Residential: 363,980 
Commercial: 17,231 
Industrial: 2,578 
Institutional: 3,892 
Irrigation: 3,535 

Service Area Size  325 Sq miles 

Distinguishing 
Characteristics 

EBMUD supplies water and provides wastewater treatment for parts of 
Alameda and Contra Costa counties. Water is conveyed via gravity from the 
Mokelumne River (Pardee Dam) via gravity fed pipelines to EBMUD’s service 
territory.  Water is treated at one of 5 water treatment plants before being 
distributed.  Geographically, the western portion of the service area is 
characterized by a plain that extends from Richmond to Hayward and from 
the shore of the Bay inland up into the Oakland/Berkeley Hills that rise to 
about 1,900 feet above sea level.  

Key Energy Drivers   Water Conveyance – Most water flow by gravity to EBMUD with some 
use of pumps to supplement flows, energy use depends on reservoir 
levels , water demands, rainfall and operations 

 Water Treatment‐ Two water treatment plants use conventional 
technologies and utilize ozone disinfection. Three treatment plants use 
inline direct filtration. 

 Water Distribution – Booster pumps are needed to distribute water to 
customer at elevations above about 250 feet 

Water Treatment 
Technologies 

Upper San Leandro and Sobrante (Water): Aeration, Coagulation, 
Flocculation, Sedimentation, Filtration, Disinfection, Ozonation, Flouridation, 
Corrosion Control 
 Orinda, Laffayette, and Walnut Creek (Water): Coagulation, Filtration, 
Disinfection, Flouridation, Corrosion Control 

Water Resources  Imported Surface Water: 90%, Local Runoff: 10% 

Marginal Water 
Supplies 

Short Term – Surface Water 
Long Term – Groundwater storage, Desalination 

Energy Service Provider  PG&E 

Observed Energy 
Intensities (kWh/MG) 

Segment  Lower Range  Upper Range 

Raw Water Conveyance  10  597 

Water Treatment  135  310 

Water Distribution  319  699  
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Background Information 

The East Bay Municipal Utility District (EBMUD) supplies water and provides wastewater treatment for 
parts of Alameda and Contra Costa counties on the eastern side of San Francisco Bay in northern 
California.  EBMUD serves approximately 1.3 million people in a 325‐square‐mile area including Oakland, 
Berkeley, and Alameda.  EBMUD is a publicly owned utility formed under the Municipal Utility District 
Act passed by the California Legislature in 1921. Table 1 summarizes information about the agency. 
 
Table 1: Agency Profile 

Agency Type  Urban Water, Agricultural Water 

Hydrologic Region  SF Bay Area

Region Type  Coastal

Energy Service Provider  PG&E

DEER Climate Zone  3 (67%) and 12 (33%) 

Service Area Size (if available) 325 Sq miles

Service Area Population (if available) 1,300,000

Number of Customers in 2005 391,216

   Residential  363,980

   Commercial  17,231

   Industrial  2,578

   Institutional  3,892

   Irrigation  3,535

Distribution Topology  Flat to Hilly

Primary sources of information on East Bay Municipal Utility District – Water include: EBMUD’s 2005 
Urban Water Management Plan, EBMUD’s 2008 Annual Report, water and energy data for 2008 
provided by EBMUD and PG&E, and EBMUD’s public website. A detailed list of references is located at 
the end of this section. 

Climate 

Most precipitation normally falls between November and May and very little falls between late spring 
and late fall.  EBMUD’s service area receives precipitation in the form of rain while EBMUD’s water 
source, the Mokelumne Basin, receives snow during the winter months.  Table 2 summarizes climate 
data for both the service area and the basin. 
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Table 2: EBMUD Climate Data 

  EBMUD Service Area Mokelumne Basin 

Month 

Average Rainfall 
(Inches) 

Average 
Temperature 

(°F) 

Average 
Precipitation 

(Inches) 

Average Snow 
Depth (Inches) 

Average 
Temperature 

(°F) 

JAN  5.53  49.9 8.93 58  27.5

FEB  4.73  53.7 7.92 76  27.7

MAR  3.78  55.3 7.08 73  28.8

APR  1.92  57.9 4.10 51  33.6

MAY  0.71  60.2 2.16 11  41.2

JUN  0.16  62.8 0.80 0 49.7

JUL  0.04  63.2 0.25 0 56.5

AUG  0.08  64.0 0.29 0 56.5

SEP  0.31  65.5 0.82 0 50.7

OCT  1.40  62.8 2.50 1 43.0

NOV  3.44  56.2 5.61 22  33.0

DEC  4.73  50.2 7.87 44  28.2

Totals  26.83  ‐ 48.33 ‐ ‐

 

Demographics  

EBMUD serves a large urban area east of the San Francisco Bay including parts of Alameda County and 
Contra Costa County; including downtown Oakland.  Significant growth is expected in the area over the 
next several decades.  Table 3 shows population projections for the Bay Area and the EBMUD service 
area over the next twenty‐five years. 

Table 3: Population Estimates and Projections 

  Number of People 

Region  2005 2010 2015 2020  2025  2030

EBMUD Service Area  1,338,000 1,380,000 1,427,000 1,475,000  1,536,000 1,598,000

Service Area Within Alameda                         
County – Total 

489,000 503,000 523,000 543,000  564,000 581,000

Service Area Within Alameda County –
Unincorporated Areas 

38,000 38,000 39,000 40,000  40,000 41,000

Service Area Within Contra Costa County 
– Total 

849,000 877,000 904,000 932,000  972,000 1,017,000

Service Area Within Contra Costa County 
– Unincorporated 

132,000 136,000 138,000 140,000  143,000 146,000

Source: EBMUD 2005 UWMP 

Water Sources 
EBMUD gets the majority of its water from the Mokelumne River, a surface water source fed by 
snowmelt, as illustrated in Figure 1.  Additional water is obtained from local runoff in the EBMUD service 
area. 
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Figure 1: Typical Distribution of Sources 

Surface Water 

In a typical year, 90 percent of EBMUD’s water comes from the Mokelumne River.  The river is fed by 
melting snow that accumulates in the Sierra Nevada Mountains during the winter months.  
Downstream, water is stored in two reservoirs, Pardee and Camanche, owned and operated by EBMUD.  

The river’s waters are shared with multiple water agencies.  EBMUD has water rights that allows for a 
maximum delivery of 325 MGD from the river, subject to the availability of river runoff and senior water 
rights of other users. EBMUD’s position in the hierarchy of Mokelumne water users is determined by a 
variety of agreements between Mokelumne water rights holders. Conditions that restrict EBMUD’s 
ability to use its full entitlement include: 

 Upstream water use by prior right holders. 

 Downstream water use by riparian and senior appropriators and other downstream obligations, 
including protection of public trust resources. 

 Variability in rainfall and runoff. 
EBMUD diverts water from Pardee Dam and Reservoir located near Valley Springs in the Sierra foothills. 
Water diverted from Pardee Dam enters the Mokelumne Aqueducts; a 91‐mile pipeline owned and 
operated by EBMUD to transport water from the reservoir to EBMUD’s service area.  Once in the service 
area, the aqueduct supplies the three inline treatment plants and three terminal reservoirs.  Two of the 
terminal reservoirs supply the two conventional treatment plants while the third terminal reservoir 
(Briones) is able to supply water to the three inline treatment plants. 

Local Runoff 
Local surface water feeds EBMUD’s terminal reservoirs within its service territory.  The availability of 
water from local runoff is dependent on hydrologic conditions in the local watershed and the amount of 
storage available for capturing local runoff. Because the East Bay reservoirs provide emergency standby 
storage and have limited runoff limited space is available to develop a reliable supply from local runoff.   
Average local supply is 15‐25 MGD during normal hydrologic years and is much less during drought 
conditions.  

Marginal Water Supply 

The Study Team had identified both short and long term marginal supplies for EBMUD.  The short term 
marginal supply is surface water supplied from the Mokelumne River.  Several long term marginal supply 
options have been identified by EBMUD. 

Mokelumne 
River ‐ Surface 

Water 
90%

Local Runoff
10%
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EBMUD’s short term supply is surface water received from the Mokelumne River.  This source is the 
largest supply and EBMUD’s only controlled supply.  Should demand decrease or increase, its supply can 
be adjusted accordingly (within capacity and entitlement limitations).  The energy intensity of marginal 
supply is summarized in Table, energy intensity includes the energy required for all facilities prior to 
water entering EBMUD’s distribution system. 

EBMUD has investigated several long term marginal supply options.  Different supplies serve different 
purposes, these include: 1) increase base supply, 2) insure against shortages of current supply during dry 
years, 3) develop emergency interties in preparation for natural disasters.  The Study Team considers 
actions to increase base supply as true “marginal supply.”  However, for purposes of completeness, the 
Study Team does describe the two other supply type options.  

Options for marginal supply are listed below: 

 EBMUD is investigating long‐range options for combined use of groundwater and surface water 
sources beyond the EBMUD service area. Proposed groundwater storage would involve injecting 
surface water into a groundwater basin for subsequent recovery in drier years to supplement 
depleted surface water supplies. One option focuses on the East Contra Costa‐Bixler Exploration 
to develop potential groundwater storage in partnership with local interests in the Bixler area 
and with San Joaquin County interests. The second option is continuing work on the San Joaquin 
Conjunctive Use Alternative in partnership with San Joaquin County water interests toward the 
development of a groundwater recharge/extraction project.  

 EBMUD, SFPUC, Contra Costa Water District, and Santa Clara Valley Water District are jointly 
exploring the development of regional desalination facilities. Bay Area Regional Desalination 
would consist of one or more treatment plants to remove salt from seawater or other brackish 
water sources with a likely capacity of 20‐80 MGD of potable water.  

 The energy intensity range of EBMUD marginal supply is summarized below in Table 4.  The 
energy intensity represents the embedded energy for all activities prior to the water entering 
EBMUD’s distribution system. 

 
Table 4: Energy Intensity Range for Marginal Supplies  

Marginal Supply  Description Energy Intensity Range 

Short Term  Mokelumne Rivera  145 ‐ 906 kWh/MG 

Long Term 
Groundwaterb  1,051 kWh/MG 

Desalinationc  12,276 kWh/MG 
a) Includes raw water pumping and treatment energy use 
b) Study 1: Estimate for the San Francisco Region 
c) Estimate obtained from California Sustainability Alliance, 2008. 

EBMUD’s actions to ensure water supply reliability in dry years include: 

 The Freeport Regional Water Project (FRWP) – EBMUD is partnering with Sacramento County 
Water Agency (SCWA) and with the City of Sacramento. The project enables delivery of up to 
100 MGD of water diverted from the Sacramento River near the town of Freeport to EBMUD 
customers during dry years and provides needed water for the Sacramento region as well.  

 The Bayside Groundwater Project ‐ Treated water from EBMUD’s distribution system would be 
injected through the single well into the South East Bay Plain Basin (SEBPB) in wet years for later 
recovery through extraction and use during a drought. This provides for an annual 1 MGD 
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injection into an existing well with the potential future expansion of with up to four additional 
wells and up to 10 MGD. 

In preparation for natural disasters, EBMUD recently completed an intertie with the San Francisco Public 
Utilities Commission (SFPUC). The intertie connects EBMUD with SFPUC and allows the agencies to 
provide the each other with mutual aid. If the EBMUD system were to experience an emergency, up to 
30 MGD from the SFPUC through the City of Hayward could be provided to EBMUD. The Intertie 
provides an alternative water source during a natural disaster or a planned outage of critical facilities in 
either system on a short‐term basis.  

Water Demand 
EBMUD serves more than 390,000 customers, mostly residential, see Table 5.  The number of customers 
is expected to grow significantly over the next few decades.  Alameda and Contra Costa counties are 
projected to be among the top three counties in the area for growth in number of households through 
2030.  Additionally, downtown Oakland continues its revitalization and growth.  Almost 45,000 
households are projected to be added to Oakland between 2000 and 2030.  

Single‐family residential customer category is the largest water user in EBMUD by multi‐family dwelling 
units, commercial, industrial, institutional and irrigation users; see Table 6. Approximately 63 percent of 
total water consumption, based on historical average, is delivered to EBMUD’s residential customers. 

According to East Bay Municipal Utility District estimates, the number of customers is expected to grow 
12.6 percent from 2010 to 2030 increasing water demand by 3.6 percent. The majority of the increase in 
demand occurs from the Residential sector.   

Table 5: Historic and Projected Number of Customers by Type 

Customer Type  2005  2010 2015 2020 2025  2030 

Residential  363,980  372,938  395,908  418,878  420,278  421,679 

Commercial  17,231  17,804  18,146  18,487  18,767  19,047 

Industrial  2,578  2,606  2,641  2,676  2,713  2,749 

Institutional  3,892  4,055  4,139  4,224  4,286  4,348 

Irrigation  3,535  3,580  3,687  3,794  3,830  3,866 

Total  391,216  400,983  424,521  448,059  449,874  451,689 

 

Table 6: Historic and Projected Water Demand (AF/Yr)  

Customer Type  2005  2010 2015 2020 2025  2030 

Residential  254  150  162  164  164  165 

Commercial  19  16  17  17  17  17 

Industrial  26  25  26  26  26  27 

Institutional  10  11  11  11  12  12 

Irrigation  12  11  11  10  10  11 

Total  222  224  226  228  230  232 

System Infrastructure and Operations 

EBMUD’s water supply system consists of a network of reservoirs, aqueducts, water treatment plants, 
pumping plants, and distribution facilities. Raw water from Pardee Reservoir is transported 
approximately 91 miles through the Mokelumne Aqueducts to the terminal reservoirs and inline 
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treatment plants.  Water from the terminal reservoirs can be treated at one or more of the five water 
treatment plants and enters the distribution system.  Table 7 is a summary of EBMUD’s water supply 
infrastructure.  Figure 2 and Figure 3 illustrate EBMUD infrastructure connections. 

Table 7: Infrastructure Summary 

Number of Reservoirs Operated 7

Miles of Distribution Piping 4,100

Number of Plants

    Treatment 5*

Treated Water Tanks 170

System Wide Storage Capacity 
(Treated Water) 

830 MG 

Number of Pump Stations

   Raw Water 5

   Treated Water 140
* A 6th treatment plant (San Pablo WTP) exists though is a stand 
by plant that requires between 1‐2 years lead time to be 
operational 

 

Figure 2: Mokelumne River Watershed and Aqueduct 
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Figure 3: EBMUD Water Treatment and Distribution Infrastructure 

Conveyance 

EBMUD operates Pardee Dam and Reservoir and Camanche Dam and Reservoir located on the 
Mokelumne River.  In addition to storing water, the reservoirs are used for power generation.  Pardee 
Dam’s generators have a capacity of 23.6 MW and generate 140 GWH during an average year.  
Camanche Dam generators have a capacity of 10.8 MW and generate 40 GHH during an average year. 

Raw water for EBMUD service area use is first diverted from Pardee Reservoir. It is transported through 
Pardee Tunnel, a 2.2‐mile 8‐foot‐high structure, to the Mokelumne Aqueduct System near Valley Springs 
in Calaveras County. The Mokelumne Aqueducts are comprised of three steel pipelines and transport 
water about 81 miles from Pardee Tunnel to Walnut Creek at the east end of two Lafayette Aqueducts, 
which continue further about 7 miles to Orinda. Within the Mokelumne Aqueduct the three pipelines 
are 5 feet 5 inches, 5 feet 7 inches, and 7 feet 3 inches in diameter. Mokelumne Aqueduct No. 1, No. 2, 
and No. 3 were completed in 1929, 1949, and 1963, respectively. These steel pipelines have a capacity 
to carry a total of 200 MGD by gravity flow and up to 325 MGD with pumping at the Walnut Creek 
pumping plants.  
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Five raw water pump stations are used for conveyance.  Three of these pumps are on the Moklumne 
aqueduct in Walnut Creek and can be used increase flows above 200 MGD, the limit for gravity flow.  
These pumps transport water to the EBMUD service territory.  The other two pumps are used to pump 
raw water to two of the terminal reservoirs (Briones and USL Reservoir)   

The San Pablo Reservoir helps regulate flows in the Mokelumne Aqueduct as diversions from Pardee 
Resevoir on a day‐to‐day basis may not match treated water demand.  Table 8 summarizes the storage 
capacity and water sources for each terminal reservoir. 

Table 8: Terminal Reservoir Capacity and Water Sources 

Reservoir  Capacity 
(TAF) 

Water Sources

Briones  60.5  Mokelumne Aqueducts via the Briones PP, Bear Creek 

Chabot  10.4   San Leandro Creek, Upper San Leandro Reservoir, Miller Creek 

Lafayette  4.3  Lafayette Creeka

San Pablo  38.6b  Mokelumne Aqueducts San Pablo Creek, Bear Creek, Briones Reservoir

Upper San 
Leandro 

38.0  Mokelumne Aqueducts via the Moraga PP, San Leandro Creek and tributaries

a) The raw water line for the Mokelumne Aqeducts was disconnected from the reservoir in 1971. 

Treatment Plants 
EBMUD’s five operating water treatment plants can filter and process more than 375 MGD. The water 
treatment plants are Upper San Leandro in Oakland, Sobrante in El Sobrante, and plants located in and 
named for Orinda, Lafayette and Walnut Creek. Each water treatment plant uses chlorination, 
fluoridation, and lime or sodium hydroxide. In addition, ozone is used for disinfection at Sobrante and 
Upper San Leandro.  The capacities of the water treatment plants are shown in Table 9. 

Table 9: EBMUD Water Treatment Plant Capacity 

Treatment Plant Capacity (MGD)

Lafayette WTP 25

Orinda WTP 190

San Pablo WTP* 30

Sobrante WTP 50

Upper San Leandro WTP 45

Walnut Creek WTP 90
* Stand by plant that requires between 1‐2 years 
lead time to be operational 

Distribution 
EBMUD distribution system serves a range of terrain from flat to hilly.  The western portion of the 
service area is characterized by a plain that extends from Richmond to Hayward and from the shore of 
the Bay inland up the Oakland/Berkeley Hills.  The Oakland Berkeley hills rise to about 1,900 feet.  East, 
the terrain is characterized by rolling hills as the land descends to about 100 feet above sea level near 
Walnut Creek.  Although much of the central area is hilly, it is undeveloped and comprises of the 
watershed lands of EBMUD’s local reservoirs; the distribution system does not deliver significant 
amounts of water there.  
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Approximately 50 percent of treated water is distributed to customers by gravity. For those customers 
at higher elevations a system of distribution pumps is used to deliver water.  In total, the distribution 
network includes 4,100 miles of pipe, 140 pumping plants, and 170 treated water storage tanks. 

System Storage 

EBMUD has the capacity to store both raw and treated water.  Raw water is stored along the 
Mokelumne River in Pardee (197,950 AF).   Additionally, raw water is stored within EBMUD’s service 
territory in three surface water reservoirs with a combined capacity of 151,000 AF (Chabot and 
Lafayette Reservoirs are not part of the raw water system).  Treated water can be stored in tanks in the 
distribution system with a total capacity of 830 million gallons.  The Study Team estimates treated water 
storage capacity can provide up to 4 days of average supply to EBMUD customers.  The system is 
designed to supply up to 1.5 times the maximum daily demand.   

System‐wide Operation Strategy 
EBMUD supply is subject to precipitation in the Sierra Nevada Mountains.  This requires unique 
operations compared to other retail water agencies.  EBMUD determines its water supply availability in 
April the rest of the water year after final snow measurements are made in the Sierra Nevada’s.  
Additional supply assessments are made as necessary during dry year periods.  Using the April 
measurements, EBMUD forecasts the amount of remaining storage on September 30th (the end of the 
water year).  If the forecast reveals there will be less than 500,000 AF of storage in September, water 
rationing/reduction goals are set to conserve supply.  EBMUD operates with these guidelines to 
minimize the severity of rationing in subsequent years while meeting obligations for fishery flow 
releases and downstream agencies. 
 
EBMUD’s water treatment plants are sized to account for seasonal changes in water demand.  Different 
water treatment plants operate for varying period of the year; two plants serve as “main” produces 
while the others supplement demand need in the summer when demands are greater.  In 2008 Orinda 
WTP, EBMUD’s largest facility was operated between 100 MGD to160 MGD.  Walnut Creek WTP, the 
next largest facility, supplemented Orinda with low production in the winter time increasing production 
levels in the summer when demand increased.  Lafayette, Sobrante, and Upper San Leandro WTP only 
produced water from March through November when high demand in the summer required additional 
supply.   

The joint operation of treatment and raw water conveyance are done so such that terminal reservoirs 
maintain a 180‐day supply of standby storage under normal conditions.   

Infrastructure Changes  
No infrastructure changes were made aware to the Study Team that could affect 2008 water and energy 
data for EBMUD 

Energy Profiles 
EBMUD provided energy and water flow data to the Study Team for its calculations of energy profiles; 
additional energy data was provided by PG&E.  Energy data provided included monthly energy bills all 
facilities and interval data (15‐minute time increment) for select large facilities.   Water flow data was 
provided on a daily basis for all raw water pumps and all treatment plants.  Water flows rates through 
individual booster pumps were not available.  Thus the study team applied the total treated water 
delivery flow pattern to each booster pump station for energy profile calculation purposes.   
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The energy intensity of each facility type within East Bay Municipal Utility District ‐ Water is presented in 
Figure 4.  Intermittent raw water pumping operations subject to operation needs cause the large 
variance in energy intensity of raw water pumps. The majority of water is gravity fed from the 
Mokelumne River to EBMUD’s service area; however additional flow is added by raw water pumps at 
times of need.  Energy Intensity values for raw water pumping operations in June and July were 
removed as outliers.  Discussion with EBMUD staff indicated raw water pumping tests were conducted 
during this time that caused the system to operate outside its normal range increasing energy use 
considerably. 

 

Figure 4: EBMUD –Water Monthly Energy Intensity by Facility Type  

Hourly Energy profiles and peak energy demand is documented in Figures 5 through 11.  The majority of 
energy used by EBMUD is for raw water pumps and booster pumps.  Staff indicated that operations on 
two of the days that are graphed in these figures (7/8/08 and 6/21/08) do not necessarily reflect typical 
raw water pump operation.  Raw water pumping energy was significantly higher than normal on these 
days because Walnut Creek pumps # 1, 2 & 3 were in operation simultaneous for a water rights pump 
test.  Most of the time none of the Walnut Creek PP are in service, when the plant is operating only one 
or two units are in operation drawing between 3700 kW to 5200 kW.  
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Date  7/8/2008

Day  Tuesday

Peak Demand (kW)

Booster Pumps 387

Raw Water Pump 17,899

Water Treatment 1,415
 

Note: EBMUD Staff indicated this day is not typical of a summer peak energy demand day.  Raw water pumping energy was 
significantly higher than normal on this day because Walnut Creek pumps # 1, 2 & 3 were in operation simultaneous for a water 
rights pump test.  Most of the time none of the Walnut Creek PP are in service, when the plant is operating only one or two 
units are in operation drawing between 3700 kW to 5200 kW, not 17,000+ KW as indicated in the graph. 

Figure 5: 24‐Hour Energy Profile: Summer Peak Energy Demand Day 
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Date  6/21/2008

Day  Saturday

Peak Demand (kW)

Booster Pumps 7,590

Raw Water Pump 17,374

Water Treatment 3,038
 

Note: EBMUD Staff indicated this day is not typical of a summer peak energy demand day.  Raw water pumping energy was 
significantly higher than normal on this day because Walnut Creek pumps # 1, 2 & 3 were in operation simultaneous for a water 
rights pump test.  Most of the time none of the Walnut Creek PP are in service, when the plant is operating only one or two 
units are in operation drawing between 3700 kW to 5200 kW, not 17,000+ KW as indicated in the graph. 

Figure 6: 24‐Hour Energy Profile: Summer High Water Demand Day 
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Date  8/4/2008

Day  Monday

Peak Demand (kW)

Booster Pumps 332

Raw Water Pump 56

Water Treatment 1,184

 

 

Figure 7: 24‐Hour Energy Profile: Summer Average Water Demand Day 
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Date  10/31/2008

Day  Friday

Peak Demand (kW)

Booster Pumps 478

Raw Water Pump 1,223

Water Treatment 994

 

Figure 8: 24‐Hour Energy Profile: Summer Low Water Demand Day 
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Date  4/27/2008

Day  Sunday

Peak Demand (kW)

Booster Pumps 7,262

Raw Water Pump 35

Water Treatment 2,446

 

Figure 9: 24‐Hour Energy Profile: Winter High Water Demand Day 

0

2000

4000

6000

8000

10000

12000

14000

1:
00

 A
M

2:
00

 A
M

3:
00

 A
M

4:
00

 A
M

5:
00

 A
M

6:
00

 A
M

7:
00

 A
M

8:
00

 A
M

9:
00

 A
M

10
:0
0 
A
M

11
:0
0 
A
M

12
:0
0 
P
M

1:
00

 P
M

2:
00

 P
M

3:
00

 P
M

4:
00

 P
M

5:
00

 P
M

6:
00

 P
M

7:
00

 P
M

8:
00

 P
M

9:
00

 P
M

10
:0
0 
P
M

11
:0
0 
P
M

12
:0
0 
A
M

En
er
gy

 (k
W
h
)  

D
em

a
n
d
 (
kW

)

Booster Pump (kWh) Booster Pump (kW) Raw W. Pump (kWh) Raw W. Pump (kW)

W. Treatment (kWh) W. Treatment (kW) Total (kWh)



95 

 

 

Date  3/7/2008

Day  Friday

Peak Demand (kW)

Booster Pumps 2,586

Raw Water Pump 920

Water Treatment 1,237

 

Figure 10: 24‐Hour Energy Profile: Winter Average Water Demand Day 
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Date  12/27/2008

Day  Saturday

Peak Demand (kW)

Booster Pumps 236

Raw Water Pump 38

Water Treatment 234

 

Figure 11: 24‐Hour Energy Profile: Winter Low Water Demand Day 

Current Infrastructure Related Energy Efficiency Projects 
EBMUD operates an Energy Management System (EMS) for a portion of its distribution pumping system. 
The EMS operates in a section of the distribution system that covers approximately 20 percent of 
EBMUD’s service territory and contains approximately 20 pumping plants.  The system acts to optimize 
the coordinated operation of pumping and storage facilities to reduce on‐peak energy use. 

EBMUD generates power from solar panels at two of its facilities.  These produce 640 MWh of energy 
annually to offset facility electricity. Additional solar installations and other sites are planned in the 
future. 
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Sources 
 
EBMUD. All About EBMUD. 2007 

EBMUD. Annual Report 2008. 2008 

EBMUD. EBMUD public website: http://ebmud.com/about_ebmud/. Accessed 12/22/2009. 

EBMUD. Urban Water Management Plan. 2005
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Current Infrastructure Related Energy Efficiency Projects 

WWD has a limited surface supply and therefore water conservation is an ongoing effort.  WWD 
promotes conservation through conservation programs, efficiency, water meters, groundwater 
management, and irrigation techniques.  Examples of each are described below: 
 

 As a USBR customer, WWD is required to develop and maintain a water conservation plan.  

WWD promotes conservation to its customers by providing an Irrigation Guide, a weekly 

publication on crop water use.  WWD also maintains an Irrigation Management Handbook, 

which provides specific information about the district.  WWD’s Irrigation System Management 

Program provides financial assistance to farmers for water conservation. 

 WWD has maintained an average of 83 percent efficiency for seasonal application for 20 years. 

 WWD requires water meters at each delivery point including private wells (participating in 

conjunctive use programs).  Meters are placed on a preventive maintenance cycle so that they 

are regularly calibrated and tested.  Metering allows farmers to manage and account for all 

water delivered. 

 WWD prepares an annual Deep Groundwater Conditions Report to monitor quantity and quality 

of groundwater resources.  Farmers use this information to manage supplies, facilitate more 

accurate irrigation scheduling, monitor pump efficiency, and participate in conjunctive use 

programs. 

 Efficient irrigation techniques and systems are implemented to maximize limited supplies. 

 

Sources 
Westlands Water District. “Annual Water Supply and Use,” Accessed 11/17/2009. 

Westlands Water District. WWD Public Website. 
http://www.westlandswater.org/wwd/aboutwwd/aboutwwd.asp?title=Who%20We%20Are&cwide=16
80, Accessed 11/17/2009. 

Westlands Water District. Water Management Plan, September 30, 1999, Revised with Supplemental 
Urban Plan May 2002. 

Westlands Water District. Groundwater Management Plan, 1996. 
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FOR EMERGENCIES CALL 1-866-403-2683

contact us

Search EBMUD  

Water Supply Management Program 2040
The Water Supply Management Program (WSMP) 2040 is a programlevel effort that estimates EBMUD's water
supply needs over a thirtyyear planning horizon and proposes a diverse portfolio of policy initiatives and potential
projects to ensure that those needs can be met in dry years. On October 13, 2009, the EBMUD Board of Directors
approved the WSMP 2040. The CEQA analysis was challenged in court, and in a ruling issued on April 11, 2011
EBMUD was directed to analyze certain plan components in more detail. On May 24, 2011 EBMUD's Board of
Directors set aside the certification of the WSMP 2040 Program Environmental Impact Report (PEIR), and directed
staff to revise the program. That revision effort has since been completed, and on April 24, 2012 EBMUD's Board
of Directors certified the Revised PEIR and adopted the Revised WSMP 2040 Final Plan.

Revised Environmental Documentation
The documents below are available as PDF files that can be viewed and printed with Adobe Acrobat Reader, a free
software. The documents are optimized for web viewing. For a print quality electronic versions of these files please
contact Tom Francis, per the contact information provided below.

WSMP 2040 Final Revised PEIR – Response to Comments 1.42 MB

WSMP 2040 Revised Draft PEIR 23.19 MB

EBMUD incorporated by reference portions of the analysis in the March 2010 Environmental Impact
Statement/Environmental Impact Report (EIS/EIR) prepared for the Los Vaqueros Reservoir Expansion Project.
For additional information contact Tom Francis, per the information provided below.

Revised WSMP Plan

Revised WSMP 2040 Final Plan 8.36 MB

Revised WSMP 2040 Final Appendix Table of Contents 100.41 KB

Revised WSMP 2040 Final Appendix A 381.57 KB

Revised WSMP 2040 Final Appendix B 3.79 MB

Revised WSMP 2040 Final Appendix C 10.85 MB

Revised WSMP 2040 Final Appendix D 9.45 MB

Revised WSMP 2040 Final Appendix E 23.49 MB

Other Documentation
Water Supply Management Program 2040 Economic Analyses
2009 Environmental Documentation

Contact Information
Please submit requests for information to Tom Francis by email to WSMP.comments@ebmud.com, by fax to (510)
2871295, or by mail to:

WSMP Comments
c/o Tom Francis
Water Supply Improvements Division
East Bay Municipal Utility District
375 11th Street, MS 407
Oakland, CA 94607
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https://ebmud.com/water-and-wastewater/water-supply/drought-update
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https://ebmud.com/water-and-wastewater/water-supply/water-system-map
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https://ebmud.com/sites/default/files/pdfs/EBMUD%20Revised%20WSMP%202040%20Appendix%20A%20120411_0.pdf
https://ebmud.com/sites/default/files/pdfs/EBMUD%20Revised%20WSMP%202040%20Appendix%20B%20120411.pdf
https://ebmud.com/recreation
http://get.adobe.com/reader/
https://ebmud.com/
https://ebmud.com/water-and-wastewater/water-supply/daily-water-supply-report
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contact us

Search EBMUD  

WaterSmart Center

 

In dry years like this, water conservation stretches the East Bay’s supply of reliable, highquality drinking water.

EBMUD is asking customers to cut back 10 percent.

Many customers have already made changes in how they use water at home and in the garden, as well as at
work. We thank you for using water wisely. Others may be able to conserve even more. Let us help you find ways
to save water like a pro!

WaterSmart Gardens

Get cash for grass
If you replace your lawn with a WaterSmart garden, you can receive a rebate of .50 a square foot and .25
more if you install drip irrigation.

Mulch it  NEW COUPONS FOR 2014!
Save water, control weeds, and nourish the soil with mulch, a gardener's best friend. EBMUD has teamed
up with Contra Costa Water District to offer discount coupons at mulch retailers.

Pick Your plants
EBMUD’s Plants and Landscapes for SummerDry Climates book is a great resource. With more than 500
photos, you'll find beautiful, resilient plants and styles of landscaping to inspire you. Discounts for EBMUD
customers. See more WaterSmart garden ideas in the Lawn Goodbye Garden Gallery.

Garden Grants
EBMUD grants for community organizations help fund publicly accessible gardens and urban farm projects
that demonstrate water conserving principles.

Find and Fix Leaks
Toilet tanks and broken sprinklers are common culprits of household leaks. A few minutes is all you need to check
for leaks in the most common places. One in four homes has a toilet leak! View the video below to see how to fix a
toilet leak.

02:52

Mike's tip: How to easily find and fix a toilet leak
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Are you as water efficient as you can be? Slow the flow in your house with EBMUD’s free kit. It includes
worksheets, toilet tank dye tabs, a flowmeter bag and stepbystep instructions for you to better manage your
home’s water use.

WaterSmart Tips
Whether you want a quick fix or are committed to longterm conservation projects, find tips here.

Drought 2014
Get the latest updates on the drought and water supply.
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EXECUTIVE SUMMARY 

PROJECT GOAL 

The goal of this study is to develop and apply a method for providing a high-resolution characterization of 
the spatial and temporal variability of energy intensity in the East Bay Municipal Utility District (EBMUD) 
water system. 

PROJECT DESCRIPTION 

The water sector is an emerging target for energy efficiency (EE) efforts in the State of California 
(California Public Utility Commission Rulemaking 09-11-014). Effectively allocating EE dollars to water 
system energy savings requires a clear, defensible calculation of energy intensity (EI) within the hydraulic 
life cycle. Advancing the quality of design and ease of deployment of projects that save energy through 
targeted water conservation demands an improved confidence in these calculations. Specifically, 
understanding the spatial and temporal distribution of energy use in the water sector will allow for better 
prediction, targeting, and monitoring of energy savings through water conservation. Toward this end, the 
Center for Water-Energy Efficiency (CWEE) at UC Davis assessed the statistical variance of EI in space 
and time for the EBMUD water system. 

PROJECT FINDINGS/RESULTS 

The scale and diversity of the EBMUD service area make it an excellent case study for a high-resolution 
exploration of EI variability. The study revealed significant temporal and spatial variation in the EI 
calculations for EBMUD. The monthly EI values for “outdoor” water provision (including energy use for 
raw water pumping, water treatment, and distribution pumping) varied ~10–12% above and below the 
annual mean and for “indoor” water use (including energy use for wastewater collection and treatment) 
varied ~10–13% around the annual mean. The outdoor water provision EI peaked in October–November 
with a low in May–June. Indoor water use EI demonstrated a slight shift in seasonality, with a September–
October peak and February–March lows. 

To calculate spatial variation across the EBMUD system, CWEE focused on outdoor water provision 
alone. CWEE evaluated ten different pressure zones of varying size and elevation within the EBMUD 
service area. The average annual outdoor EI for the selected pressure zones ranged from a low value of 
363 kWh/MG to a maximum value of 4,924 kWh/MG, with an average value for all pressure zones 
equaling 1,197 kWh/MG. As a rough estimate, the results showed that EI increased by approximately 
1,000 kWh per 200 feet of pressure zone elevation. 

PROJECT RECOMMENDATIONS 

Based on the results of the study, CWEE recommends that EI estimates and measurements be 
calculated at sufficient resolution to represent appropriately the real temporal and spatial patterns of EI 
variation across a water system. At a minimum, temporal variability should be captured at the seasonal 
level, but we suggest monthly metrics be used whenever possible. Achieving monthly resolution should 
not be a major barrier for most water agencies, as energy consumption data are usually available every 
month in the form of their energy bill.  

Concerning temporal resolution, we found that EI generally increases approximately 1,000 kWh/MG for 
every 200 feet of elevation. Hence, we suggest a rough heuristic of creating elevation-based pressure 
zone clusters for every 200 feet of average pressure zone elevation. 

As anticipated, we learned that data of sufficient granularity for high-resolution energy intensity analysis 
already exist within the EBMUD SCADA (Supervisory Control And Distributed Acquisition) system. This 
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data are currently used for real-time operational control, but there is great potential to leverage the 
information contained with the SCADA system for other uses (including energy intensity measurement) – 
not only for EBMUD, but any other water utility currently operating a SCADA platform. Most important to 
this analysis, SCADA data provided both water flow and energy use data at hourly intervals across the 
majority of the operational components of the water system where energy is added to the water, e.g. at 
water pumping and treatment systems. Where energy data in the SCADA system are lacking (water 
treatment plants), we used data directly from the electricity provider, PG&E. 

 

FIGURE 1. TEMPORAL EI VARIATION FOR EBMUD WATER LIFECYCLE (WATER & WASTEWATER SYSTEMS) 

INTRODUCTION 
The water sector is an emerging target for energy efficiency (EE) efforts in the State of 

California (California Public Utility Commission [CPUC] Rulemaking 09-11-014). While a 

number of existing EE programs have focused on the water sector for many years, most of 

these programs have focused on increasing the energy efficiency of component 

technologies, e.g. more efficient pumps, treatment technologies, and water heaters. Though 

these programs remain relevant today, the next generation of EE intervention is to derive 

energy savings through the direct conservation of water itself.  

Programs designed to generate “embedded energy” savings are established with recognition 

that energy inputs are required at all stages of the water life-cycle: source extraction, 

potable treatment, distribution, end use, collection, and wastewater treatment. Hence, 

when water is conserved anywhere in the water cycle, associated upstream and 

downstream energy is conserved as well. This approach adds a layer of complexity to EE 

programs because it requires a systems-based understanding of the water infrastructure, as 

opposed to focusing on independent component technologies deployed within the system. 

Therefore, effectively allocating EE dollars to water system conservation efforts requires a 

clear, defensible calculation of the energy embedded in the target water system. Improved 
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confidence in these calculations is necessary to advance the quality of design and ease of 

deployment of projects intended to save energy through targeted water conservation.  

It is worth noting that fully implementing CPUC programs targeting energy efficiency 

through water conservation will require additional discussion and resolution on calculating 

these programs’ cost-effectiveness. The cost-effectiveness framework goes beyond directly 

calculating the embedded energy in water to include such additional factors as the cost of 

marginal water supplies, social and economic program impacts, and many other items that 

sum up to an estimation of “total resource cost” or TRC. While this study can help inform 

that discussion, these broader calculations and policy discussions are beyond this project’s 

scope. 

In partnership with Pacific Gas & Electric (PG&E), the Center for Water-Energy Efficiency 

(CWEE) at UC Davis has developed and applied a methodology for a high-resolution 

assessment of the energy required to deliver and treat water supply to the East Bay 

Municipal Utility District (EBMUD) service area. Over the course of six specific tasks, CWEE 

will aim to achieve three fundamental objectives: 

1. Characterize the variance of embedded energy for East Bay Municipal Utility District 

(EBMUD) across the full water use cycle in space and time. 

2. Develop a framework to optimize the number of disaggregated embedded energy 

estimates required to sufficiently estimate embedded energy. 

3. Apply the analysis to identify embedded energy “hot spots” that maximize energy 

savings through water conservation initiatives.  

BACKGROUND 

WATER UTILITY ENERGY INTENSITY 
This study builds on a number of previous efforts to define the energy intensity (EI) of 

water supplies in California. In 2005, the California Energy Commission (CEC) released a 

report that estimated that roughly 19% of all electricity and 30% of all natural gas (not 

including gas consumed at power plants) consumption statewide was used to extract, move, 

treat, and heat water.  

The CPUC commissioned additional studies, published in 2010, that refined these estimates. 

The first study focused on calculating the energy intensity of major water transfer 

operations in the state, including the State Water Project, the Central Valley Project, and 

the Colorado Aqueduct. Given the scale of these projects, the CPUC report (2010a) 

estimated that roughly 7.7% of statewide electricity was used exclusively by water 

infrastructure (does not include end-use energy consumption for heating, additional 

treatment, etc.) This is significantly higher than the nationwide average energy 

consumption for water services provision, estimated to be 1.6% of total energy 

consumption (Sanders and Webber, 2012). 

The second CPUC study involved estimating the energy intensity of 26 individual water and 

wastewater providers in the state. While this study provided some very informative results 

about the range of energy intensity values for various water system technologies within and 

between water agencies, the report did not provide detailed information about what was 

driving the variation in the values within the broad ranges provided (CPUC 2010b). Hence, 
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CWEE designed this study to provide a more detailed characterization of energy intensity 

variance within a water utility, specifically focusing on temporal and spatial variability within 

the EBMUD service area. EBMUD was a particularly interesting case study given their scale 

of operations, the topography of their service area, and that EBMUD was one of the water 

agencies included in the CPUC’s Study 2 (enabling a comparison of EI calculations between 

studies, addressed later in this report.)  

EBMUD OVERVIEW 
The EBMUD water service area includes 1.3 million customers and extends across Alameda 

and Contra Costa counties, from the City of Crockett in the north to San Leandro in the 

south and from Alameda in the west to Walnut Creek in the east (see Appendix A). EBMUD’s 

smaller wastewater service area includes 650,000 customers and covers 88 square miles 

along the San Francisco Bay’s eastern shore, from Richmond to San Leandro, including 

Berkeley and Oakland.  

Almost all of the source water for the EBMUD water service territory is derived from the 

Mokelumne River watershed. Water is stored in the Pardee Reservoir before making the 90-

mile journey through the Mokelumne aqueducts to the EBMUD service area (Figure 2). 

EBMUD has a number of local water reservoirs within their service area for temporary 

storage, as well as 6 water treatment plants and one wastewater treatment plant. EBMUD 

provides an average of 190 million gallons per day (MGD) of water to its customers 

(including ~8.3 MGD of reclaimed water to non-residential customers). The EBMUD 

wastewater treatment plant treats roughly 66 MGD of wastewater generated within its 

smaller service area. 

 

FIGURE 2. EBMUD SIMPLIFIED RAW WATER TRANSMISSION SYSTEM SCHEMATIC 
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EMERGING METHODS 
The technology being tested in this study is not a “hardware” technology, as is often tested 

for energy efficiency programs, but rather a “software” approach or methodology for 

characterizing energy use by water infrastructure. Further, this is not the only methodology 

that exists for calculating the EI of water systems. A number of studies have succeeded in 

estimating annual EI averages (or ranges) for water agencies as well as for many specific 

water infrastructure technologies (Wilkinson 2000; Wolff, Cohen, and Nelson 2004; CEC 

2005; CPUC 2010a; CPUC 2010b; Cooley and Wilkinson 2012). This study builds on these 

previous studies by increasing the data and analytical resolution of the energy intensity 

assessment of a water utility in both space and time. 

Most previous studies relied on aggregated water provision and energy use data (e.g. using 

energy bills directly) or aggregated energy intensity estimates for the inventory of all 

technologies deployed across the water system. Our study uses data that are as granular as 

possible to identify temporal and spatial EI patterns. Further, we go beyond a simple 

inventory approach to cataloging water technologies by leveraging operational data from 

the water system directly (via SCADA). Using operational data provides a more accurate 

picture of the actual use of technologies in the system and creates the data stream 

necessary to monitor and verify water and energy savings over time. 

While our approach clearly offers the advantage of a more robust characterization of water 

utility EI in both space and time, it does present a computational burden to the utility. For 

this reason, CWEE aims to replicate and refine the approach with additional water agencies 

in partnership with information technology (IT) companies to streamline adoption of our 

“software” approach. 

ASSESSMENT OBJECTIVES 
The fundamental goal of this research initiative is to develop a high-resolution 

characterization of the temporal and spatial variability of EI within the EBMUD service 

territory. Major research tasks include:  

1. CWEE will conduct a statistical analysis of historical embedded energy data in order to: 

 Assess monthly and seasonal variation in EI values; 

 Graph histograms and calculate confidence interval of system-wide EI. 

2. CWEE will assess energy flows through the water distribution system to: 

 Calculate hourly EI values for selected pressure zones in EBMUD service territory; 

 Provide statistical assessment of EI values for selected pressure zones and compare 

EI values based on distance in elevation from pumps; 

 Graph histograms and calculate confidence intervals of embedded energy values 

disaggregated by linear distance and elevation zones.  

3. CWEE will provide input and analysis on an approach for replicating EI assessment for 

additional water agencies. Most notably, CWEE will propose optimal levels of temporal and 

spatial disaggregation to achieve “acceptable” confidence in embedded energy estimation. 
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TECHNICAL APPROACH AND TEST METHODOLOGY 

WATER AND ENERGY SOURCE DATA 
For a detailed characterization of EI for EBMUD, CWEE was able to collect a robust dataset 

of five years of system-wide monthly data of total water provision and total energy use by 

energy category. CWEE was also able to collect five years of hourly data for eight 

representative pressure zones in the EBMUD territory. All these data were consolidated, 

formatted, and stored in a custom database designed to meet the project’s current and 

ongoing computational needs. Table 1 provides a high-level overview of the core EBMUD 

dataset.  

TABLE 1. EBMUD DATA SUMMARY 

DATA CATEGORY NUMBER VARIABLE UNITS TIME STEP BEGIN END 

WATER SYSTEM FLOW DATA            

SYSTEM-WIDE WATER DELIVERY  FLOW MGD DAILY 6/1/06 6/1/12 

WASTEWATER TREATMENT  FLOW MGD MONTHLY 01/31/06 12/31/12 

RAW WATER PUMPING PLANTS 5 FLOW MGD HOURLY 12/1/06 1:00 12/1/12 23:00 

WATER TREATMENT PLANTS 5 FLOW MGD HOURLY 12/1/06 1:00 12/1/12 23:00 

DISTRIBUTION PUMPING PLANTS 14 FLOW MGD HOURLY 12/1/06 1:00 12/1/12 23:00 

ENERGY CONSUMPTION            

RAW WATER PUMPING PLANTS 5 ENERGY KWH HOURLY 12/1/06 1:00 12/1/12 23:00 

WATER TREATMENT PLANTS 5 ENERGY KWH HOURLY 12/1/06 1:00 12/1/12 23:00 

DISTRIBUTION PUMPING PLANTS 211 ENERGY KWH HOURLY 12/1/06 1:00 12/1/12 23:00 

WATER TREATMENT PLANT SOLAR GENERATION 2 ENERGY KWH HOURLY VARIES BY PLANT 

RAW WATER PUMPING PLANT  ENERGY KWH MONTHLY 6/30/06 6/30/12 

WATER TREATMENT PLANT  ENERGY KWH MONTHLY 6/30/06 6/30/12 

DISTRIBUTION SYSTEM  ENERGY KWH MONTHLY 6/30/06 6/30/12 

WASTEWATER COLLECTION  ENERGY KWH MONTHLY 6/30/06 6/30/12 

WASTEWATER TREATMENT (SELF-GENERATION)  ENERGY KWH MONTHLY 01/31/06 12/31/12 

WASTEWATER TREATMENT (WAPA)  ENERGY KWH MONTHLY 01/31/06 12/31/12 

 

Our initial assessment of the data was to create straightforward time-series visualizations of 

the monthly water and energy data, separately. Looking at the monthly system-wide water 

delivery (Figure 3), we see a consistent seasonal fluctuation in EBMUD water provision (with 

distinct summer peaks in water use), as well as a consistent decrease in overall water 

consumption in their service area between 2006 and 2011. The range toward the end of the 

time series varies between 4,000 to 7,000 million gallons (MG) per month. 

                                                           

 
1
 Includes data from an additional seven pumping plants (beyond those shown in Figure 9 for the pressure zone 

study) to remove their energy use from the water treatment plants in which they are contained. None of the 
pressure zones we studied required the use of these pumps but their energy use is rolled into the total water 
treatment plant energy data. See Appendix B. 
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FIGURE 3. EBMUD MONTHLY SYSTEM-WIDE WATER PROVISION, JUNE 2006–JUNE 2011 

Figure 4 shows that, compared to water provision, energy use fluctuates more unevenly 

from month to month; however, these fluctuations normalize to a more even pattern in 

recent years (~8,000 to 12,000 megawatt-hours [MWh] per month).  

 

FIGURE 4. EBMUD MONTHLY SYSTEM-WIDE ENERGY CONSUMPTION, JUNE 2006–JUNE 2011 
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Examining the overall EBMUD energy use by category (including: raw water pumping, water 

treatment, distribution pumping, wastewater collection, and wastewater treatment), we see 

the greatest fluctuations in energy from the Raw Water Pumping category (Figure 5). Based 

on a phone call with an EBMUD engineer, we learned that the Walnut Creek aqueduct 

occasionally requires the use of booster pumps to propel water from the reservoirs when 

gravity pressure is insufficient. This usually occurs in the summer months when system-

wide demand exceeds the gravitational potential energy of the system’s reservoirs. While 

this situation has been avoided in recent years, it may be worth exploring EBMUD’s current 

strategy on this issue to see if additional steps can be taken to avoid future use of these 

energy-intensive auxiliary aqueduct pumps. Our EBMUD contact also mentioned that the 

pumps are occasionally turned on for testing purposes only, so some raw water energy use 

seen in the chart is not directly related to water consumption. 

 

FIGURE 5. EBMUD MONTHLY ENERGY CONSUMPTION BY CATEGORY (JUNE 2006–JUNE 2012)  

As noted in Table 1, the monthly energy data for the EBMUD wastewater treatment plant 

(WWTP) include a breakdown of the energy used in terms of the electricity that is self-

produced at the WWTP (via biogas produced through anaerobic digesters) and electricity 

purchased from the Western Area Power Administration (WAPA). This division is important, 

because EBMUD has a highly advanced wastewater treatment plant that actually self-

generates roughly 80% of the electricity it consumes (average from January 2006 to 

December 2012), and purchases the remaining 20% from WAPA. Figure 6 provides a 

detailed overview of WWTP electricity use over time.  

For the purposes of this report, we are focusing on energy consumption per unit of water 

processed, and are agnostic about the source of the energy that is consumed. In other 

words, we aggregated total energy consumed at the EBMUD WWTP (both self-generated 

and WAPA-sourced) for our EI calculations. The same assumption holds for solar power 

generated at some of the water treatment plants (also mentioned in Table 1)—we are not 
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tracking renewable energy generation in this study; rather, we are using this data to 

determine energy consumption. 

 

FIGURE 6. EBMUD WASTEWATER TREATMENT PLANT ENERGY USE BY ELECTRICITY SOURCE (JAN 2006–DEC 2012) 

It is also important to remember that EBMUD’s water service territory is larger (1.3 M 

customers) than its wastewater service area (650,000 customers)—shown geographically in 

Appendix A. Hence, not all customers receiving water from EBMUD have their wastewater 

treated at the EBMUD wastewater treatment plant. However, we do not currently have the 

energy and water data for the non-EBMUD WWTPs, so we have assumed that the EI 

calculations for the EBMUD WWTP are applicable for all wastewater generated in the EBMUD 

territory. A more detailed analysis that incorporates data from other linked WWTPs could be 

easily integrated into this study in a technical sense, but the required collaboration and 

coordinated data transfer from multiple wastewater agencies was beyond the scope of this 

particular project.   

MONTHLY SYSTEM-WIDE ENERGY INTENSITY 
The data presented in the previous section provides monthly flow and energy data for both 

the EBMUD water and wastewater systems. Translating these data into EI calculations is 

relatively straightforward, but a key distinction needs to be made between “outdoor” and 

“indoor” water use energy intensities. Water used outdoors (mostly for irrigation or lost 

through system leakage) generally does not enter the sewer system and therefore does not 

generate an energy burden for wastewater collection and wastewater treatment. Hence, the 

energy intensity associated with outdoor water use is simply the sum of raw water pumping, 

water treatment, and water distribution. Monthly wastewater collection and wastewater 

treatment estimates (not spatially disaggregated) are added to outdoor water use energy 

intensity estimate to provide an estimate of “indoor” energy intensity2. 

Based on this division, we applied separate equations to calculate both outdoor and indoor 

monthly EI values (Equations 1 and 2 below). 

                                                           

 
2
 It is important to note that indoor water use in this context does not include the additional energy inputs for 

heating and treating water within the home. 
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EQUATION 1. MONTHLY SYSTEM-WIDE OUTDOOR EI CALCULATION  

For every month (i) where we had both water and energy data: 

EI_Outdoori [kWh/MG] = [(Raw Water Pumpingi + Water Treatmenti + Distribution Pumpingi [kWh]) / 

(Total Water Deliveryi [MG])]  

EQUATION 2. MONTHLY SYSTEM-WIDE INDOOR EI CALCULATION 

EI_Indoori [kWh/MG] =   EI_Outdoori [kWh/MG] +  

[(Watewater Collectioni + Wastewater Treatmenti [kWh]) / 

(Total Wastewater Inflowi [MG])] 

It is important to keep the division of outdoor and indoor water use in mind throughout this 

report, especially in the context of designing an EE program in the water sector. A program 

aimed at reducing outdoor water use will have a lower EI signature than one directed at 

indoor water use, because indoor water includes additional energy required for the 

downstream WWTP. 

The overall framework for our data collection and analysis is summarized in Figure 7. Our 

more granular approach to calculating temporally and spatially disaggregated EBMUD EI is 

derived from hourly water flow and energy use estimations collected directly from SCADA. 

Figure 7 also summarizes how the high-resolution data sources aggregate in terms of 

outdoor and indoor water energy intensities. It is especially worth noting that the spatial 

analysis focuses entirely on outdoor water use EI.  

 

FIGURE 7. DATA INPUTS AND PROCESSING FRAMEWORK 
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Despite the availability of hourly data, we determined that an output of hourly EI 

calculations for each network component (e.g., pump and treatment plant) was too 

cumbersome to be useful, but also potentially misleading, given the time lags between 

energy inputs to the water and actual water consumption.  

For example, we noticed a strong seasonal pattern in the raw water system, where pumps 

were used to fill local reservoirs in the winter months to take advantage of cheaper 

electricity rates. However, if water was consumed in the summer, that water was not 

actually less energy-intensive (in terms of raw water pumping energy inputs), but rather 

the energy had been “embedded” into the water during the winter season for summer use. 

Hence, we chose to aggregate the hourly data up to the annual level because time lags 

between raw water pumping, water storage, and eventual water use span months and 

seasons. See Appendix C for seasonal patterns exhibited by raw water pumps, especially 

the most-used Briones raw water pumping station.  

Additionally, we noticed a strong daily pattern in the distribution system where pumps were 

turned off in afternoon hours in response to time-of-use electricity pricing, which resulted to 

a lower energy intensity value in the afternoon. Again, that water is pumped in the morning 

does not make it less energy-intensive when consumed in the afternoon. Further, we did 

not notice enough of a daily pattern (weekday vs. weekend) to warrant daily instead of 

monthly estimates (see Appendix D for visualization of hourly EI pumping pattern), so EI 

estimates were aggregated to the monthly level.  

EI ESTIMATES FOR PRESSURE ZONE CASCADES 
The next step in the analysis was to disaggregate the EI estimates for EBMUD based on 

spatial zones within the EBMUD service area. A water service network can be divided into 

sub-areas called pressure zones. Pressure zones are areas in the network that share the 

same inlet water source (generally a water pump or a direct gravity feed from a water 

source or treatment plant). We selected nine pressure zones across the service area 

differentiated by key characteristics, most notably elevation, but also in the number and 

types of customers within each pressure zone. Elevation is especially important because it 

requires greater amounts of energy to pump water farther uphill, so water in pressure zones 

at higher elevations has a significantly higher EI value than at lower elevations.  

Figure 8 shows a theoretical water service area with three pressure zones. Water delivered 

to PZ1 and PZ2 likely have a higher EI value than PZ3 and PZ4 due to elevation. However, 

even though PZ3 and PZ4 may have the same general elevation, the EI of these zones can 

also differ if they receive water from different sources or treatment plants.  
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FIGURE 8. EXAMPLE PRESSURE ZONE GRAPHIC 

Figure 9 provides a schematic of the EBMUD pressure zone study area (a larger version of 

the schematic is provided in Appendix E). As shown in the network schematic, the EBMUD 

pressure zones are not independent of one another, but rest along an interconnected 

network. A series of pressure zones that extend directly from one another is called a 

“cascade.” As water travels from the source through the raw water pumps, the water 

treatment plants, and successive distribution pumps, the EI steadily increases. Hence, to 

calculate the EI of any particular pressure zone, one must sum the flow-weighted3 EI inputs 

that precede the pressure zone. 

 

FIGURE 9. SCHEMATIC OF SELECTED SECTION OF EBMUD WATER DISTRIBUTION SYSTEM
4
 

                                                           

 

3
 If two or more pumps precede a pressure zone, then the energy intensity of each pump is weighted by its own 

flow volume relative to the total flow volume of all the pumps that feed the pressure zone. 

4
 Triangles = reservoirs; circles = pumps; rectangles = water treatment plants; diamonds = pressure zones 
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In cases where the water travels through a single chain, these calculations require a 

straightforward sum of prior energy intensities. However, in a more networked system, the 

energy intensities must be weighted by the volume delivered by each component. For 

example, to calculate the energy intensity (EI) of the San Ramon (SR) pressure zone (PZ), 

the following equation was applied (refer to the network schematic in Figure 9 to guide 

equation review): 

EQUATION 3. EXAMPLE PRESSURE ZONE EI CALCULATION 

SR PZ EI = Danville PZ EI + Castenada [Cast] PP EI * [Cast PP Flow/(Cast PP Flow + SR PP Flow)] 

 + SR PP EI * [SR PP Flow/(Cast PP Flow + SR PP Flow)] 

DATA QUALITY 
The data received from EBMUD showed a consistent, reliable quality5. There were no 

missing data and the calculated results fall within the anticipated range of EI values 

(discussed later).  

For the high-resolution, hourly data on the eight pilot pressure zones, EBMUD already had a 

data quality characterization system in place. Across all the data points (over 1 million), the 

quality of the data are very good. Over 95% of the water treatment plan data are 

characterized by EBMUD’s data management system as “good,” while over 97% of 

distribution pumping data points were listed as good (Figure 10). 

 

FIGURE 10. ASSESSMENT OF EBMUD HIGH-RESOLUTION DATA QUALITY 

Given the straightforward specification of the quality of the hourly data, we built a command 

into our analytics to remove all data points labeled “suspect” or “bad” and used a linear 

                                                           

 
5
 We did find one specific data discrepancy of exceptionally high monthly energy use in July 2008. In looking at the detailed 

source data with a contact from EBMUD, we discovered that June 2008 energy use was erroneously added to July 2008. Since 
energy consumption in both of these months was uncharacteristically high already, the mistakenly combined value jumped out 
as an outlier. We were able to disaggregate the June 2008 data from the July 2008 data to solve this problem.  
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interpolation function to replace these values. Aside from this minor adjustment, we were 

sufficiently satisfied with the quality of the data made available by EBMUD for this report.  

RESULTS 

 SYSTEM-WIDE ENERGY INTENSITY OVER TIME 
To provide an overview of EI for EBMUD, CWEE used the five-year, system-wide monthly 

dataset of total EBMUD water and wastewater provision, and total energy use by 

technology. Figure 11 provides a direct comparison of the monthly EI values for the five 

main energy consumption categories across the EBMUD system: raw water pumping 

(RWPP), water treatment plant (WTP), distribution (DIST), wastewater collection (WWC), 

and wastewater treatment plant (WWTP). To understand the variability of embedded energy 

use by water process category, we graphed the energy use categories as box plots6. Based 

on this analysis, the water distribution system and wastewater treatment demonstrate the 

greatest average energy intensity. While raw water pumping has the lowest median value of 

all the categories, it demonstrates some high individual values (characterized as “outliers” 

in the box-plot graph). We know these high values are from intermittent use of high-

powered pumps that are turned on to manage system hydraulics during periods of 

maximum demand, as discussed previously. 

                                                           

 
6 Box-plot graphics show the show the median value (thick black line), first and third quartiles (box), range 
(whiskers), and estimated outliers (points). 
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FIGURE 11. BOX PLOTS FOR ENERGY INTENSITY ESTIMATES (KWH/MG) BY EBMUD WATER PROCESS CATEGORY (NEED 

TO UPDATE WATER TREATMENT AND WASTEWATER COLLECTION EI)
 
 

 

Using the EI data for each of the energy categories, we were able to calculate the monthly 

EI for the entire EBMUD water system from June 2006 to June 2011. The estimates are of 

two categories: outdoor water use and indoor water use. As described previously, water 

used outdoors (mostly irrigation and leakage) generally does not enter the sewer system 

and therefore does not generate an energy burden for wastewater collection and 

wastewater treatment. Hence, the EI associated with outdoor water use is simply the sum 

of raw water pumping, water treatment, and water distribution. Monthly wastewater 

collection and wastewater treatment estimates are added to the outdoor water use EI 

estimate to provide an estimate of indoor EI.  

A sequential plot of these estimates is provided in Figure 12. There are two lines for both 

outdoor and indoor EI estimates—one line shows the EI estimates using the direct monthly 

raw water pumping (RWPP) energy intensity values and the second line shows the EI 

estimates using the annual average RWPP EI estimates. As discussed in the Technical 

Approach and Test Methodology (Figure 7), there are seasonal time lags in the RWPP EI 

estimates, so annual estimates provide a better understanding of how energy actually 

moves through the system. Figure 12 shows how this approach generates a significantly 

smoother seasonal variation in both outdoor and indoor EI estimates. 

0

500

1000

1500

2000

RWPP WTP DIST WWC WWTP

Water System Technologies

E
n
e

rg
y
 I

n
te

n
s
it
y
 (

k
W

h
/M

G
)



 

 

16 

PG&E’s Emerging Technologies Program ET12PGE5411 

 

FIGURE 12. TIME SERIES PLOT OF EBMUD OUTDOOR AND INDOOR EI ESTIMATES, 2006–2012 

Summary statistics for EBMUD water provision, energy use, and calculated EI values at the 

monthly scale are given in Table 2. Most notably, average indoor EI is estimated (3,433 

kWh/MG) to be nearly three times greater than outdoor EI (1,197 kWh/MG).  

 

TABLE 2. EBMUD MONTHLY WATER PROVISION, ENERGY USE, AND EI STATISTICAL SUMMARY 

DATA CATEGORY UNITS MIN 1ST QUART. MEDIAN MEAN 3RD QUART. MAX 

TOTAL WATER DELIVERY MG/MO. 3,690 4,484 5,492 5,742 6,998 8992 

TOTAL ENERGY USE MWH/MO. 7,910 9,356 10,504 11,000 11,631 21,943 

OUTDOOR EI KWH/MG 814 1,065 1,205 1,197 1,311 1,539 

INDOOR EI KWH/MG 2,502 2,939 3,286 3,226 3,433 3,905 

The distribution of all (n = 61) outdoor and indoor monthly EI values are characterized as 

histograms in Figure 13 and Figure 14. The majority of the outdoor-use EI estimates are 

clustered around 1,100 and 1,400 kWh/MG (Figure 13), while the indoor-use EI estimates 

fall mostly between 3,200 and 3,500 kWh/MG (Figure 14).  
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FIGURE 13. HISTOGRAM OF MONTHLY OUTDOOR EI VALUES EBMUD (N = 61) 

 

FIGURE 14. HISTOGRAM OF MONTHLY INDOOR EI VALUES EBMUD (N = 61) 

 

To further explore the monthly/seasonal trends in fluctuating EI values, we overlaid the 

monthly EI estimates for each of the five years to make direct year-to-year comparisons for 

both outdoor (Figure 15) and indoor (Figure 16) EI estimates. The colored lines show the 

actual monthly EI values for each of the 5-year timespans, while the black line shows the 

average monthly values across all five years (the gray shaded area represents the standard 
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deviation). Figure 15 clearly highlights the October-November peak and May–June EI lows 

in for outdoor water use. Figure 16 shows a slight shift in indoor EI seasonality with a 

September–October peak and February–March lows.  

 

FIGURE 15. YEAR-TO-YEAR COMPARISON OF EBMUD OUTDOOR EI ESTIMATES, 2006–2012 

 

FIGURE 16. YEAR-TO-YEAR COMPARISON OF EBMUD INDOOR EI ESTIMATES, 2006–2012 

We currently assume the seasonal EI variation is a result of the infrastructure operating at a 

lower than peak or optimized capacity in the winter months, especially in relation to the 

operation of the EBMUD water treatment plants. As shown in Figure 17, the trend line slope 

of monthly water treatment energy consumption vs. monthly water provision is more than 
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twice as steep for winter months (blue) as it is for the spring months (red). In other words, 

treating the same amount of water requires more energy in the winter than in the spring, 

on average. While there is still some seasonal variation in the distribution system EI values, 

the similar slopes of the trend lines suggest that the majority of seasonal variation is driven 

by changes in the energy intensity of water treatment. 

 

FIGURE 17. WATER TREATMENT ENERGY CONSUMPTION VS. WATER PROVISION 

 

FIGURE 18. DISTRIBUTION ENERGY CONSUMPTION VS. WATER PROVISION  

Figure 19 and Figure 20 compare the calculated outdoor and indoor EI values across the 

monthly, seasonal, and annual time scales. The detailed data behind these two figures are 

available in Appendices F and G. Notably, the annual average obscures a significant 
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fluctuation in the estimated EI values in both categories. Figure 19 shows a distinct seasonal 

fluctuation from about 1,125 kWh/MG from March to June to about 1,375 kWh/MG from 

September to December. The seasonal estimate roughly captures this same pattern, 

whereas the annual estimate shows a median value of roughly 1,200 kWh/MG with wide 

variation around the median.  

 

FIGURE 19. MONTHLY, SEASONAL, AND ANNUAL EI ESTIMATES FOR OUTDOOR WATER USE 

Figure 20 shows both a significant increase in the overall scale of the indoor water EI 

(~2,000 kWh/MG increase in average estimate), but also a greater seasonal variability. 

Peak EI estimates occur (~3,500 kWh/MG) from August to November, and the lower values 

(~2,850 kWh/MG) occur in January to March. Aggregating the estimates to the seasonal 

scale reduces the resolution significantly. For example, the winter and spring estimates 

show a similar median EI estimate, but the associated monthly values (December through 

May) demonstrate a more significant variation (~2,800–3,400 kWh/MG). 

1000

1250

1500

June July Aug Sep Oct Nov Dec Jan Feb Mar Apr May Sum Fall Win Spr Year

Time Period

E
n

e
rg

y
 I

n
te

n
s
it
y
 (

k
W

h
/M

G
)



 

 

21 

PG&E’s Emerging Technologies Program ET12PGE5411 

 

FIGURE 20. MONTHLY, SEASONAL, AND ANNUAL EI ESTIMATES FOR INDOOR WATER USE 

Figure 19 and Figure 20 both clearly demonstrate that the annual estimate is insufficient at 

effectively capturing the variability in energy intensity. In other words, the aggregated 

annual estimate shows a wide variance because it does not account for the real 

monthly/seasonal fluctuations in the EBMUD energy intensity. This result implies that 

energy efficiency programs designed around annual energy intensity values are likely to 

under- or overestimate potential energy savings generated through water conservation 

programs that demonstrate any seasonal variation in water savings. This topic will be 

explored further in the Recommendations. 

As part of this study, the intra-annual variation in EI values was also explored, specifically 

to determine if there was a correlation between energy intensity and broader hydrologic 

conditions. However, with only five years of EBMUD data, the sample set was too small to 

reveal any useful conclusions. See Appendix H for a brief summary of this exploratory 

analysis.  

THE EI PATHWAY FROM SOURCE TO USE 
The potable water provision system of EBMUD has three fundamental categories of energy 

use: raw water pumps, water treatment plants, and distribution pumps. While we examined 

the aggregate data for these energy categories in the monthly analysis, this section 

addresses the energy intensity for each component in our network study calculated from 3–

5 years of hourly energy and flow data extracted from EBMUD’s SCADA archives.  

EBMUD’s water travels over 90 miles from the Pardee Reservoir through the Mokelumne 

aqueducts for roughly 90 miles before entering the EBMUD service area. The water travels 

entirely by gravity, so there is no energy cost to this long-distance conveyance (in fact, 

EBMUD generates hydroelectricity from the gravity flow). However, EBMUD has three raw 

water pumps (Walnut Creek pumps 1, 2, and 3) at the entry to their service area that are 

turned on very occasionally to provide an additional boost to the water flow. While these 
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pumps are used infrequently, they do have a significant energy impact, as shown in Figure 

5.  

Water then enters the Lafayette aqueduct, where it can be pumped to reservoirs or 

treatment plants within the EBMUD service territory before being pumped again (using 

distribution pumps) through more than 200 pressure zones on its way to the more than 1.3 

million customers. 

Figure 21 shows a box plot of the monthly energy intensity estimates for each of the five 

raw water pumping plants: Briones, Moraga, and Walnut Creek (WC) pumps 1–3. The box-

plot graphic for the raw water pumps is not very dynamic because the pumps are not used 

very often. In fact, the median energy intensity value for four out of the five pumps is zero. 

In the months used for this study (January 2010–November 2012), WC1 and WC2 were 

turned on twice, WC3 was turned on once, and Moraga was not turned on at all. Briones is 

used more frequently with an “in-use” median estimate of approximately 840 kWh/MG. 

 

FIGURE 21. BOXPLOTS OF ENERGY INTENSITY ESTIMATES FOR EBMUD RAW WATER PUMPING PLANTS 

Energy intensity fluctuates a bit more dynamically across the EBMUD WTPs: Lafayette, 

Orinda, Sobrante, Upper San Leandro (USL), and Walnut Creek. Figure 22 summarizes the 

energy intensity estimates for these five WTPs. Sobrante demonstrates the highest EI 

values, clustered around 400–750 kWh/MG. Lafayette and Walnut Creek show lower energy 

intensities with median values of 100–150 kWh/MG, and Orinda and USL show the lowest 

median values of 50 kWh/MG or less. USL occasionally operates at much higher EI levels 

(from 500 up to 2,000 kWh/MG), but it is deployed infrequently (hence these values show 

up as outliers). 

0

500

1000

1500

Briones Moraga Walnut.Creek.1 Walnut.Creek.2 Walnut.Creek.3

Raw Water Pumping Plants

E
n
e

rg
y
 I

n
te

n
s
it
y
 (

k
W

h
/M

G
)



 

 

23 

PG&E’s Emerging Technologies Program ET12PGE5411 

 

FIGURE 22. BOX PLOTS OF ENERGY INTENSITY ESTIMATES FOR EBMUD WATER TREATMENT PLANTS  

Finally, we had hourly data for 14 distribution pumping plants (PP) that we aggregated into 

monthly energy intensity estimates. The results of these calculations are provided in Figure 

23. While some distribution pumps show a wide range of energy intensity (e.g., Fontaine 

and Muir PPs), most estimates were fairly well clustered around the mean. The majority of 

energy intensity estimates were in the vicinity of 800–1,100 kWh/MG, but a few pumps 

showed values ranging from 1,400 to greater than 1,700 kWh/MG (Muir and Madison PPs). 

 

FIGURE 23. BOX PLOTS OF ENERGY INTENSITY ESTIMATES FOR EBMUD DISTRIBUTION PUMPING PLANTS  
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THE SPATIAL DISTRIBUTION OF ENERGY INTENSITY 
For this spatial assessment of energy intensity, we look only at variation in the potable 

water provision system, or outdoor water use (as previously addressed in the data 

framework, Figure 7). The three energy use categories provided in the previous section (raw 

water pumping, water treatment, and distribution pumping) present all the variables 

required to understand the potable water system at high spatial resolution. Estimates of 

wastewater energy intensity are overlaid on the detailed pressure zone assessment in a 

later section, but the spatial variation here is entirely in the potable water system.  

The purpose of the spatial analysis was to disaggregate the EI estimates for EBMUD by the 

distribution pressure zones within the EBMUD service area. Pressure zones are areas in the 

network that share the same inlet water source (generally a water pump or a direct gravity 

feed from a water source or treatment plant).  

EBMUD is an interesting case study because nearly all the water comes from the same 

source: the Pardee reservoir via the Mokelumne aqueducts. However, the selected pressure 

zones do differ in terms of raw water pumping pathways (two differing pathways), water 

treatment (four different water treatment plants), and elevation (ranging from 50 to 900 

feet above sea level.)  

The network structure of the pressure zones requires calculating the accumulating energy 

intensity as water passes through cascading pump systems, as described by Equation 3. 

Applying this approach systematically from source to use across the Almond and Apollo 

cascades generates energy intensity estimates for ten different pressure zones examined for 

this study. The total pressure zone EI estimates (not incremental—the EI values are 

cumulative from preceding pressure zones) are provided in Figure 24 below. 

 

FIGURE 24. BOX PLOTS OF ENERGY INTENSITY ESTIMATES FOR EBMUD PRESSURE ZONES  
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Table 3 places these energy intensity estimates (and their statistical characteristics) in 

context by providing more information about each of the selected pressure zones, including 

elevation and the scale of water consumption within the zone. While the ten pressure zones 

reviewed in this study represent a small fraction of the over 200 pressure zones in the 

EBMUD system, they represent a significant volume of overall water consumption (23.61%). 

Further, the embedded energy (total kWh of energy contained within the volume of water 

delivered) within these pressure zones represents over 15 GWh of electricity consumption. 

TABLE 3 . EBMUD SELECTED PRESSURE ZONE ELEVATION, WATER USE, EMBEDDED ENERGY, AND EI 

  
WATER 

CONSUMPTION 

(MG/YR) 
PERCENT 

OF TOTAL  

EMBEDDED 

ENERGY 

(KWH/YR) 

ENERGY INTENSITY (KWH/MG) 

PRESSURE ZONE 
ELEVATION 

(FT) 
MIN. 1ST QU. MEDIAN MEAN 3D QU. MAX. 

SEQUOIA 1 AQUEDUCT 150 4,197 7.22% 2,732,247 473 573 657 651 735 788 

UPPER SAN LEANDRO 188 427 0.73% 397,964 14 311 975 932 1,186 2,147 

ALMOND 275 654 1.13% 1,101,336 734 1,339 1,684 1,684 1,910 2,852 

PROCTOR 425 473 0.81% 1,203,312 1,559 2,125 2,587 2,544 2,838 3,688 

MADISON 700 41 0.07% 175,603 3,274 3,709 4,341 4,283 4,664 5,469 

MILLER 850 18 0.03% 89,136 4,036 4,317 4,950 4952 5,419 6,308 

LELAND 150 2,524 4.34% 916,212 185 332 383 363 405 458 

DANVILLE 350 2,635 4.53% 3,275,305 1,028 1,209 1,266 1,243 1,289 1,341 

SAN RAMON 550 2,743 4.72% 5,727,384 1,841 2,038 2,103 2,088 2,147 2,280 

APOLLO 750 7 0.02% 22,393 2,809 3,164 3,254 3,199 3,291 3,437 

TOTAL - 13,719 23.61% 15,640,892 - - - - - - 

* Based on 2012 total EBMUD water consumption of 58,112 MG/year 

The results show a clear pattern of increasing energy intensity as water moves from 

pressure zone to pressure zone through a chain of pumps, where EI increases by roughly 

1,000 kWh/MG for every 200 feet of elevation. The range of energy intensity values 

between zones in the EBMUD system is quite pronounced, from roughly 400 to 5,000 

kWh/MG just for outdoor water use. If we apply an average estimate of roughly 2,000 

kWh/MG for wastewater collection and treatment, we see a total range of indoor energy 

intensity from 2,500 to 7,000 kWh/MG: a 3x differential between zones. 

Figure 25 shows the mean EI values for the pilot pressure zones in map form (the gray area 

represents EBMUD territories not analyzed as part of our spatial assessment). The map 

clearly shows how the EI of the water increases as it moves through the system from the 

northwest entry point to its customers in the southeast (and up in the hills). Of course, it is 

important to remember that some zones may have very high EI values but relatively low 

water consumption, and therefore may not be the best targets for capturing energy savings. 

This notion is revisited later in this report. 
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FIGURE 25. MAP EI ACROSS EBMUD PILOT PRESSURE ZONES 

  

Almond 
Cascade 

Apollo 
Cascade 



 

 

27 

PG&E’s Emerging Technologies Program ET12PGE5411 

EVALUATION 
As a “ground truth” test, we compared our embedded energy estimates to the EBMUD 

estimates calculated by GEI and Navigant Consulting for the CPUC’s “Embedded Energy in 

Water Study 2” (CPUC 2010b). The CPUC report only calculated energy use for raw water 

conveyance, water treatment, and water distribution, so we disaggregated our energy data 

to match these energy categories specifically for direct comparison. The results are provided 

in Figure 26.  

 

FIGURE 26. CWEE AND CPUC EI ESTIMATES COMPARISON FOR EBMUD 

The CWEE estimates match up fairly well to the CPUC study, and it is likely that the 

discrepancies could be based on different time intervals of source data. GEI/Navigant do not 

make the data year[s] clear for their estimates in the report, so it is not readily apparent 

the duration or timing of their study period, and more specifically if there is overlap with the 

CWEE study period, 2006–2012. Regardless, the estimated values of the CWEE study are 

quite similar to the CPUC estimates across the various energy categories. 
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RECOMMENDATIONS 
The results of this study have important implications for energy and water utilities designing 

programs to secure energy savings through water conservation.  

MONTHLY DATA RESOLUTION IMPROVES EI ESTIMATION 
The EBMUD EI analysis presents compelling statistical evidence to suggest that water utility 

energy intensity should be calculated at the monthly level if possible, but at a minimum, 

seasonal level estimates should be required. As discussed above, monthly EI estimates 

fluctuate significantly (~10–12% for both outdoor and water EI) around the annual mean. 

Outdoor water use EI peaked in October–November, with a low in the May–June. Indoor 

water use EI demonstrated a slight shift in seasonality with a September–October peak and 

February–March lows.  

Aside from more accurate estimates, increasing the temporal resolution of the energy 

intensity estimates allows for more accurate estimates of the total energy saved by water 

conservation programs with seasonal characteristics. To illustrate this point, we conducted a 

hypothetical exercise to calculate the anticipated energy savings from three different water 

conservation programs: 

 Program 1: Consistent 5% outdoor water use savings across all months 

 Program 2: 5% outdoor water savings only in the dry season (May–October) 

 Program 3: 5% outdoor water savings only in summer (June–August) 

Table 4 shows the results of calculating the expected energy savings from these three 

hypothetical water conservation programs based on the application of energy intensity 

estimates at the three temporal scales of resolution (monthly, seasonal, and annual). The 

results show that the annual embedded energy approach can lead to biases in the projected 

energy savings of water conservation programs, especially when the water conservation 

program is seasonal as well. For example, while the annual EI value provided effective 

estimates of energy savings for a yearlong water conservation effort (Program 1), it 

overestimated energy savings by 1% for Program 2 and by 4% for Program 3. The seasonal 

estimate provides much better results, with no measurable overestimation of energy 

savings across all three hypothetical programs.  

 

TABLE 4. ENERGY SAVINGS ACROSS OUTDOOR WATER CONSERVATION PROGRAMS BY TEMPORAL EI ESTIMATE  

  
ANNUAL 5% REDUCTION DRY SEASON 5% REDUCTION SUMMER 5% REDUCTION 

TOTAL KWH 

SAVINGS 

MONTHLY EI  4,247,162   2,540,121   1,335,201  

SEASONAL EI  4,249,470   2,548,252   1,333,480  

ANNUAL EI  4,268,158   2,573,277   1,388,617  

PERCENTAGE 

COMPARISON 

MONTHLY EI 100% 100% 100% 

SEASONAL EI 100% 100% 100% 

ANNUAL EI 100% 101% 104% 
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FIGURE 27. COMPARISON OF EXPECTED ENERGY SAVINGS BASED ON WATER CONSERVATION PROGRAM AND TEMPORAL 

RESOLUTION OF EI ESTIMATE 

The results from this exercise reinforce the importance of calculating energy intensity at 

least at a seasonal resolution, but at a monthly resolution when possible. This is especially 

important when water conservation programs contain a seasonal element to their targeted 

savings (e.g. outdoor water use, which increases substantially in the summer months.) 

Finally, the monthly analysis of energy use in the EBMUD system uncovered the discrete 

(i.e. non-continuous) nature of the increase in energy associated with turning on the high-

powered raw water pumps during the seasons of greatest demand. This is not a continuous 

relationship where a marginal gallon of water saved leads to an associated decrease in 

energy, but rather a critical tipping point of water demand, where passing a specific 

threshold in water demand nearly doubles the monthly energy use. While it appears that 

EBMUD has actively addressed this issue in recent years (raw water pumps were not used 

from 2009 to 2012), it is worth discussing strategies for avoiding the use of these pumps in 

the future. 
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TARGETING EI “HOT SPOTS” HAS GREAT POTENTIAL 
Our analysis highlights the clear relationship between pressure zone elevation and energy 

intensity in the EBMUD service area. In the Almond cascade, we see the average energy 

intensity increase nearly five-fold from the Upper San Leandro pressure zone at ~190 feet 

above sea level to the Miller pressure zone at 850 feet. While this simple comparison would 

suggest that water conservation efforts in the Miller pressure zone would save five times the 

energy of similar efforts in Upper San Leandro, it is important to remember that the energy 

intensity estimate must be placed in the context of total volume of water consumed. Figure 

28 introduces this concept by showing the relationship between energy intensity, elevation, 

and total water consumed within each pressure zone (relative size of the bubble). 

 

FIGURE 28. EBMUD PRESSURE ZONE ENERGY INTENSITY, ELEVATION, AND RELATIVE WATER CONSUMPTION 

So while the Miller pressure zone has the highest estimated energy intensity (4,864 

kWh/MG), the amount of water consumed in the Miller pressure zone (3 MG/mo) is 500x 

less than the amount of water consumed (1,526 MG/mo) in the relatively less energy-

intensive Leland pressure zone. Figure 29 puts these pieces together, with data plotted 

along the same axes, but the size of the bubbles reflecting the actual embedded energy (in 

relative kWh) in each pressure zone. 
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FIGURE 29. COMPARISON OF EXPECTED ENERGY SAVINGS BASED ON WATER CONSERVATION PROGRAM AND EI 
ESTIMATE 

This visualization highlights the Danville and San Ramon pressure zones as those with the 

greatest total embedded energy (energy intensity × volume of water consumed), with 5.7 

and 3.3 GWh of embedded energy being consumed on a monthly basis, respectively. Based 

on this approach, these pressure zones may represent the best targets for initial water 

conservation projects seeking to maximize energy savings. 

Further exploring the potential for targeting high-EI pressure zones, Figure 30 presents a 

thought exercise of how the energy intensity value would influence the level of cost-share 

that an energy utility might be willing to contribute towards a water conservation program 

to secure energy savings (assuming that the energy utility is willing to pay $0.10/kWh and 

up to 50% of the total water conservation program cost.) In this case, for a water 

conservation program that costs $150 per acre-foot of water saved, the energy utility would 

be willing to contribute just over 20% of the cost of the program in areas where EI is 

approximately 1,000 kWh/MG. However, if the water and energy utility worked to target the 

program for pressure zones with EI values of 3,000 kWh or greater, then the energy utility 

would be willing to pay for fully 50% of program costs.  
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FIGURE 30. ENERGY UTILITY COST SHARE OF WATER CONSERVATION BASED ON TOTAL PROGRAM COST AND ENERGY 

INTENSITY
7
 

 

To broaden the conclusions from our spatial assessment more generally, the effects of 

elevation are substantial for determining geographic zones with high EI values, and 

potentially for identifying opportunities to maximize energy savings through water 

conservation. However, the energy intensity must be coupled with sufficient water demand 

to maximize total available embedded energy for targeted savings. While this is clearly 

important within water utility service areas, it may also be an effective tool to roughly 

screen potential water utility partners for joint programs. The greater the variability in 

surface elevation within a utility service area, the greater the likelihood of finding EI “hot 

spots” for intervention. 

  

                                                           

 
7
 The author recognizes that two different water volume units were used in the figure, but consistency with EI 

units used throughout the report (kWh/MG) as well as using common units for evaluating the cost of water 
conservation programs ($/acre-foot), militated presenting the graphic as shown.  
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CONCLUSION 
Earlier studies established a significant amount of energy involved in the extraction, 

treatment, and transport of water within both potable and wastewater systems, especially in 

California. Within this context, the purpose of this study was to provide a more detailed 

characterization of this energy, which is embedded within water systems. Improving the 

estimation and measurement of the energy intensity of water as it moves through a water 

system can provide energy utilities with the information they need to partner directly with 

water utilities to establish joint programs that save both water and energy. 

While California has led the way towards enabling such programs, both water and energy 

utilities have struggled with the uncertainty of anticipated energy savings through water 

conservation. Part of the challenge is that the water-energy programs require a systems 

approach to resource use, as opposed to the deployment of individual energy-saving 

technologies. Owing to differences in size and complexity, water system energy intensities 

vary significantly between water agencies, but also significantly within water agencies in 

time and space as this study has shown. However, these complexities should not preclude 

progress on this important initiative.  

DATA AND ANALYTICAL NEEDS 
Key to implementing systems-based energy efficiency in water utilities is developing a data 

management and analytics system that is robust enough to match the dynamics of the 

energy flows through the water system. Outdoor and indoor water-use EI estimates provide 

a more accurate understanding of energy flows through the water system when calculated 

at the seasonal level at a minimum, and even more so at the monthly level. Further, 

developing spatial estimates for tiers of pressure zones at a minimum of every 200 feet of 

elevation in their service area provides a useful understanding of the geographic distribution 

of energy intensity across the water system.  

Applying this framework to the EBMUD pilot pressure zones suggests the calculation of 120 

individual estimates of EI (2 types of EI [outdoor and indoor] × 12 months × 5 elevation 

tiers of pressure zones [1,000 feet / 200 foot tiers]). This level of granularity not only 

improves the accuracy of the EI estimates, it also creates opportunities for targeting water 

savings at particular times of year or in particular pressure zones to maximize energy 

savings.  

While this granularity of EI assessment could be considered a greater data management and 

analytic burden compared to more general EI estimations, there is significant opportunity to 

streamline these calculations by leveraging historical data from existing SCADA systems, as 

performed for EBMUD. Further, the EI estimates can be continually (and even automatically 

with additional IT effort) updated through these established data streams.  

NEXT STEPS 
A systems-based approach to designing cost-effective programs that jointly conserve water 

and energy is currently gaining momentum with the CPUC and energy IOUs. The success of 

this initiative will largely be determined by the effectiveness of programs deployed in the 

next few years. To take advantage of this great opportunity, it is essential for these 

emerging programs to be designed and executed strategically.  
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While the majority of this report has focused on using higher resolution data to improve 

estimations of energy savings and enhance the targeting of programs, the ultimate benefit 

of this approach is that it can provide metrics to assess and verify energy savings through 

water conservation. In other words, beyond the accuracy of predicting EI effectively, water 

agency SCADA data can be used to track actual reductions in water and energy flows 

through the system that were anticipated during design calculations. While other top-down 

water-energy calculators can be effective in quickly estimating overall water system energy 

intensity, they provide no assistance towards this additional and crucial challenge of EE 

monitoring and verification.  

Finally, as both water and energy utilities are already moving towards more IT-enabled 

management and optimization (i.e. “smart” meters and networks), data analytics for EI 

estimation and monitoring will become part of a broader effort to improve utility analytics. 

CWEE has formed partnerships with Microsoft and Siemens to explore this future. As this 

initiative moves forward, we will be sure to include PG&E and EBMUD as collaborative 

partners in the endeavor, since their support and participation in this study has blazed the 

trail for moving the concept forward. We anticipate lasting, impactful gains in both water 

and energy use efficiency as a result of this project and its derivative future efforts. 
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APPENDICES 

APPENDIX A – EBMUD WATER AND WASTEWATER SERVICE 

AREAS 
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APPENDIX B – DISAGGREGATING PUMPING ENERGY FROM 

WATER TREATMENT PLANTS 
Energy use data for the water treatment plants (WTPs) contain the energy used for 

distribution pumps housed in each water treatment plant. To isolate the energy use 

specifically for a water treatment plant, we subtracted the associated pump energy data 

from the water treatment plant energy data. This was particularly important for our study 

because none of the study pressure zones required the use of these water treatment plant 

distribution pumps. Table 5 below shows the water pump stations associated with each 

EBMUD water treatment plant.  

TABLE 5. LINKED ENERGY USE - WATER TREATMENT PLANTS AND INTERNAL PUMPING STATIONS  

WATER TREATMENT PLANT ASSOCIATED INTERNAL DISTRIBUTION PUMPING STATIONS 
UPPER SAN LEANDRO FIELD; OAK KNOLL 
ORINDA LOS ALTOS NO. 2 

WALNUT CREEK LARKEY 
LAFAYETTE BRYANT 1; BRYANT 2; COLORADOS; LELAND 
SOBRANTE MALONEY 
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APPENDIX C – SEASONAL PATTERNS IN ENERGY INTENSITY, 

RAW WATER PUMPS 
Raw water pumps show a significant seasonal time lag between pumping and use. The 

pattern is mostly driven by winter pumping to fill reservoirs, which are then drawn from to 

meet summer demand. As a result, we need to use an estimate aggregated to the annual 

level to effectively represent the energy intensity for raw water pumping. 

 

  



 

 

38 

PG&E’s Emerging Technologies Program ET12PGE5411 

APPENDIX D – HOURLY PATTERNS IN ENERGY INTENSITY, 

ALMOND PRESSURE ZONE 
EBMUD distribution pump management is based on summer time-of-use pricing. Daily time 

lag impacts the energy intensity (water consumed in the afternoon was pumped in the 

morning). It’s necessary to use daily time resolution at a minimum, but monthly is less 

cumbersome and likely captures the key temporal variability. 
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APPENDIX E – PRESSURE ZONE SCHEMATIC 
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APPENDIX F – DETAILED MONTHLY OUTDOOR EI DATA 
Table 6 provides the specific values for the statistical characteristics of the outdoor water 

use energy intensity at various temporal resolutions (monthly, seasonal, and annual), 

including the range, median, mean, and first and third quartile for each estimate.  

TABLE 6. EBMUD MONTHLY, SEASONAL, AND ANNUAL OUTDOOR WATER USE EI STATISTICAL SUMMARY 

TIME INTERVAL MIN. 1ST. QUART. MEDIAN MEAN 3RD QUART. MAX. 

MONTHLY       

JUNE 905 1,080 1,131 1,114 1,158 1,296 

JULY 1,013 1,137 1,203 1,198 1,210 1,425 

AUG. 1,165 1,171 1,200 1,225 1,257 1,332 

SEPT. 1,182 1,206 1,322 1,309 1,357 1,478 

OCT. 1,238 1,315 1,370 1,360 1,391 1,484 

NOV. 1,098 1,302 1,319 1,340 1,457 1,522 

DEC. 1,110 1,312 1,379 1,371 1,517 1,535 

JAN. 899 1,029 1,209 1,174 1,253 1,482 

FEB. 1,059 1,235 1,312 1,349 1,463 1,676 

MAR. 1,005 1,049 1,056 1,107 1,108 1,319 

APRIL 862 1,005 1,152 1,112 1,259 1,285 

MAY 813 963 1,174 1,074 1,210 1,211 

SEASONAL             

SUMMER 905 1,134 1,171 1,179 1,234 1,425 

FALL 1,098 1,270 1,322 1,336 1,424 1,522 

WINTER 899 1,160 1,312 1,298 1,472 1,676 

SPRING 813 1,005 1,108 1,098 1,211 1,319 

ANNUAL             

YEAR 813 1,108 1,210 1,224 1,323 1,676 
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APPENDIX G – DETAILED MONTHLY INDOOR EI DATA 
Table 7 provides the specific values for the statistical characteristics of the outdoor water 

use energy intensity at various temporal resolutions (monthly, seasonal, and annual), 

including the range, median, mean, and first and third quartile for each estimate.  

TABLE 7. EBMUD MONTHLY, SEASONAL, AND ANNUAL INDOOR WATER USE EI STATISTICAL SUMMARY 

TIME INTERVAL MIN. 1ST. QUART. MEDIAN MEAN 3RD QUART. MAX. 

MONTHLY       

JUNE 3,137 3,169 3,198 3,286 3,341 3,584 

JULY 3,125 3,186 3,350 3,344 3,429 3,632 

AUG. 3,216 3,373 3,513 3,470 3,548 3,700 

SEPT. 3,335 3,529 3,537 3,566 3,586 3,844 

OCT. 3,261 3,411 3,474 3,483 3,523 3,746 

NOV. 3,270 3,403 3,439 3,458 3,490 3,687 

DEC. 2,821 3,340 3,394 3,313 3,409 3,597 

JAN. 2,604 2,782 2,903 3,026 3,325 3,516 

FEB. 2,742 2,889 2,911 2,972 2,960 3,361 

MAR. 2,514 2,633 2,968 2,817 2,978 2,994 

APRIL 2,634 2,795 3,128 3,042 3,313 3,341 

MAY 2,770 2,940 3,223 3,120 3,291 3,379 

SEASONAL             

SUMMER 3,125 3,192 3,350 3,367 3,530 3,700 

FALL 3,261 3,407 3,490 3,502 3,562 3,844 

WINTER 2,604 2,855 2,960 3,104 3,378 3,597 

SPRING 2,514 2,783 2,978 2,993 3,257 3,379 

ANNUAL             

YEAR 2,514 2,978 3,325 3,240 3,474 3,844 
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APPENDIX H – EI AND HYDROLOGIC YEARS 
A brief analysis was conducted to compare the annual EBMUD EI estimates to the 

hydrologic water year type. DWR specifies five water year types based on measured 

runoff in the Sacramento and San Joaquin river basins: in order of increasing runoff 

these categories include Critical, Dry, Below Normal, Above Normal, and Wet. The 

hydrologic year is based on runoff between the months of October and September. 

Our monthly EBMUD data only overlap completely with four hydrologic years, and 

the comparison of the energy intensity estimates between these years is shown in 

Figure 31 below. 

 

FIGURE 31. EBMUD MONTHLY ENERGY INTENSITY CLASSIFIED BY WATER YEAR TYPE 

Clearly, Figure 31 does not illuminate much of a pattern between hydrologic year and 

EBMUD energy intensity. However, given the meager sample set of four comparisons 

between energy intensity and hydrologic year, we did not expect to develop a strong 

conclusion either way on this relationship. Figure 32 provides the same information 

in another way, showing average annual energy intensity by hydrologic year type. 

The results are equally inconclusive, with energy intensity showing a 

counterintuitive, slight decrease in a critical hydrologic year, compared to the 

estimated values for wet and dry years. 

 

FIGURE 32. EBMUD AVERAGE ANNUAL ENERGY INTENSITY BY WATER YEAR TYPE 
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Smart Grid Benefits

Current Benefits

PG&E’s SmartMeter™ program is already delivering substantial
benefits to customers. SmartMeters™ give customers greater control
over their energy use and costs by allowing them to monitor their
energy use online and determine which activities are contributing to
their bills. Customers can also go online to see projected monthly bills
based on their current usage allowing action to be taken before prior to
getting the bill.

SmartMeter™ Enabled Tools

Future Benefits

Buildling a smarter grid will help California achieve a more efficient
and reliable power grid and revolutionize energy use for generations to
follow. It will help us reduce our carbon footprint and give us more
choices about how we use our energy. See below to explore the future
benefits of Smart Grid.

Expand All Collapse All

More Reliable Power

Building a smarter grid will help California achieve a more efficient and
reliable power grid and revolutionize energy use for generations to
follow. The SmartMeter™ program is the first step in connecting us to
the grid which will allow PG&E to quickly identify outages and resolve
other service problems—in many cases without a visit to your home or
business.

More Efficient Renewable Power

Thousands of Californians already rely on our most abundant natural
resource—the sun—for generating their power. Using solar energy to
power your home or business can lower your energy costs over time,
while also creating clean power, free of harmful greenhouse gas
emissions. Plus, properly maintained solar systems should be able to
product clean energy from the sun for up to 25 years. The Smart Grid
will revolutionize the way we use and store renewable energy.

A cleaner Mix of Energy Sources

Clean energy sources like wind and sun are key players in PG&E’s
energy mix, which also includes hydropower, biomass and geothermal
resources. Over half of the energy PG&E delivers to customers comes
from zero-carbon sources, making it among the cleanest energy in the

Learn how the two are

working together to power a

brighter future.

Learn more

Over 20 years, the smart grid could save $46

billion to $117 billion through the avoided costs

of power plant, transmission line and substation

construction.

By 2025, increases in energy efficiency,

renewable energy and distributed generation

through the smart grid could save an estimated

$36 billion.

Read the full D.O.E. report

Environmental Defense

Fund endorses the Smart

Grid.

Learn more

By making smart investments

in a "smart" green grid, we

can greatly reduce our use of

dirty energy, improve air

quality and the health of

millions of Americans affected

by dangerous air pollution,

and advance our energy

independence and economic

growth.

SmartMeter™ & Smart Grid

Modern Grid Benefits

Environmental Defense Fund

Gas & Electric Safety

Hydro Safety

Digging & Yard Safety

Contractor, Construction
& Agriculture Safety

Natural Disaster Safety

How the System Works

Natural Gas System

Electric Systems

Today's Grid

Smart Grid

Smart Grid Benefits

Electric and Magnetic
Fields

Hydroelectric System

Radio Frequency

Diablo Canyon Power
Plant

Santa Cruz
Reinforcement Project

Embarcadero-Potrero
230kV Project

Track energy use online
See your energy use by month, by day, by the hour

Energy Alerts
Get notified by email, text message or phone when
your electric use is moving toward a higher-cost
tier.

More choices in pricing plans
Learn about rate options that could help you control
your energy use and expenses.
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nation. And that’s significant, considering the U.S. is responsible for
much of the world’s greenhouse gas emissions. Renewable energy
resources help us reduce our carbon footprint and demonstrate
environmental leadership.

Smart Devices & Smart Homes

The SmartMeter™ is the first step toward turning our power grid into
an intelligent, integrated network. The next steps? Smart appliances
and the smart home. Together, they make a Home Area Network (HAN)
that will give us the ability to automate our home energy use so we get
the most value from every dollar spent on electricity. The SmartMeter™
connects to smart devices and provides near real-time data to each.
This way, the devices can respond to grid conditions automatically. In
the future, we’ll be able to use a broadband connection to control
exactly when and how our appliances use energy—from anywhere.

Reducing Our Carbon Footprint

Electricity is the most versatile and easily controlled form of energy.
Unfortunately, its generation is also the biggest single source of carbon
dioxide emissions. With the Smart Grid, we’ll have the power to
substantially reduce carbon emissions. Everything about the Smart Grid
is geared toward reducing our reliance on fossil fuel resources and
increasing our use of renewables to reduce our carbon footprint.

Paving the Road for Electric Vehicles

Electric vehicles (EVs) are on the horizon, bringing with them reduced
greenhouse gas emissions and fossil fuel dependence. In fact, the U.S.
Department of Energy estimates that a shirt to EVs could reduce
foreign oil imports by 52%. California is sure to be among the country’s
most enthusiastic early adopters of EVs. Accommodating these millions
of EVs will require a smarter grid. Anticipating the influx of EVs over the
next ten years, PG&E has been testing “smart charging” technology,
helping to develop codes and standards. By working with national and
international organizations, vehicle manufacturers, dealerships and
customers, we’re helping to ensure that all EVs charge and
communicate in similar ways.

Smart Jobs

Putting the grid into action will generate more than just cleaner energy.
It will generate tens of thousands of Smart Grid-related jobs over the
next decade. The majority of these jobs will center on power company
headquarters, hardware development and manufacturing, and software
development and services. And California is the leading state in each of
these four areas, as they pertain to the SmartGrid. The rest of the good
news? Since most of these jobs are tied to specific locations, they can’t
be outsourced.
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How the System Works

Natural gas is used by customers as a key energy source in California
and across the United States. In most major cities natural gas is the
clean fuel of choice for heating and cooking. In order to provide natural
gas to customers, more than 1.5 million miles of transmission pipelines
and distribution systems exist in the United States.
Read more about how the system works.

Gas Pipeline Safety

PG&E has a comprehensive survey and monitoring program to ensure
the safety of its natural gas transmission pipeline system. PG&E has
also taken significant initial actions to improve the safety and
operations of PG&E’s natural gas system – and the safety of the
communities we serve - following the San Bruno tragedy in September
2010.
Read more about what PG&E does every day to ensure your safety.Learn more about

Hydrostatic Pressure Testing at PG&E

Back to Basics

Hear PG&E's new CEO, Tony Earley, talk about his first 90 days and the
road ahead. 

 

PG&E has a comprehensive

inspection and monitoring

program to ensure the

safety of its natural gas

transmission pipeline

system. 

Learn more and use our

interactive map to find

pipelines near you.

Learn more about the

‘Rebuilding San Bruno Fund’

which will provide

immediate assistance to the

community of San Bruno.

My Pipeline

Rebuilding San Bruno Fund

Gas & Electric Safety

Hydro Safety

Digging & Yard Safety

Contractor, Construction
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Natural Disaster Safety

How the System Works

Natural Gas System

Natural Gas System
Overview

Latest Updates

Gas Pipeline Safety

Gas Transmission
Pipelines

FAQs

Electric Systems

Hydroelectric System

Radio Frequency

Diablo Canyon Power
Plant

Santa Cruz
Reinforcement Project

Embarcadero-Potrero
230kV Project

Learn how PG&E employees improve the 

gas system you depend on.

Learn more >>

Keeping your community safe
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Welcome to Diablo Canyon

Diablo Canyon Power Plant is a safe, clean, reliable and vital energy
resource for California. The plant provides low-cost, carbon-free
electricity for more than three million people and plays a key role in
allowing PG&E to deliver some of the cleanest energy in the nation to
its customers. Click on the links below to learn more about Diablo
Canyon’s operations and license extension process.

The benefits of operating Diablo Canyon for another 20 years

The latest news and announcements

A Vital Economic Engine

PG&E’s Diablo Canyon Power Plant is a vital local economic engine
and brings significant benefits to San Luis Obispo and Northern Santa
Barbara counties. 

Diablo Canyon contributed $919.8 million to the region in 2011
(direct, indirect and induced benefits).

Diablo Canyon helps to make PG&E the largest private employer
in the area with more than 1,400 workers and a payroll of $202
million in 2011.

Diablo Canyon spent $22 million locally in 2011 on goods and
services.

The plant is the largest property taxpayer in San Luis Obispo
County - $25 million for the fiscal year 2011/2012 which helps
fund schools, public work projects, public safety, and health and
other vital services.

New Report documents How PG&E’s Diablo Canyon Plant powers
national, state and local economies through positive economic benefits.

A Good Neighbor

At PG&E, we pride ourselves in doing more than just a job - we strive
to provide the best service to our customers and remain good
neighbors to the communities in which we work and live. Diablo
Canyon is no exception. 

In 2013, PG&E made charitable contributions of nearly $870,000 to
more than 80 nonprofit organizations in San Luis Obispo and
Santa Barbara Counties.

Local PG&E employees also contributed more than $550,000 to

PG&E External Communications

General Information: 805-546-5280

Media Requests: 415-973-5930

E-mail: diablocanyon@pge.com 

View all Contacts

City of San Luis Obispo Receives $10k

Rebate from PG&E

PG&E Gifts $20K to Support Cuesta

College Student Success

PG&E's Diablo Canyon Land Stewardship

Program Recognized by Wildlife Habitat

Council

Diablo Canyon Unit 2 Safely Returns to Full

Power

PG&E Helps SLO County Businesses

Prepare for Disasters

View All News Releases »

San Luis Obispo: City Receives $10K

Energy Efficiency Rebate from PG&E

San Luis Obispo County: PG&E’s Diablo

Canyon Land Stewardship Program

Recognized by Wildlife Habitat Council

San Luis Obispo County: PG&E Provides

Contact Us

Diablo Canyon Newsroom

Articles and Perspectives About
Diablo Canyon
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Hydro Safety

Digging & Yard Safety
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How the System Works

Natural Gas System

Electric Systems

Hydroelectric System

Radio Frequency

Diablo Canyon Power
Plant

About the Facility

Community Outreach

Seismic Safety

Emergency
Preparedness

Santa Cruz
Reinforcement Project

Embarcadero-Potrero
230kV Project

Learn more about

the economic benefits »

Diablo Canyon Provides Positive Economic Benefits
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nonprofit organizations through the company's "Campaign for the
Community" program.

PG&E employees also volunteer thousands of hours of their
personal time each year to after-school athletic programs,
environmental organizations, churches and other community
organizations.

Taking Care of the Environment

Nuclear power plants like Diablo Canyon emit no greenhouse gasses
during the production of electricity. 

Diablo Canyon is located on one of the most scenic and habitat-
rich coastlines in the country. It is surrounded by roughly 12,000
acres of land that is managed by PG&E and largely maintained in
a natural state as a home to many species of plant and animal
wildlife that thrive on land, as well as in the ocean and intertidal
zones. PG&E’s responsible stewardship of this precious natural
resource allows for scientists and others to explore its habitat and
ecology.

Power produced at Diablo Canyon adds to the region’s energy
diversity, reducing dependence on a single source of electricity.

$163,500 to Fire Safe Council to Reduce

Wildfire Risk

Commentary: New Seismic Research

Confirms Diablo Canyon Safety

San Luis Obispo County: PG&E Honored for

Conservation Efforts

View All Articles »

Safety & Security 

Facts & Benefits of Nuclear Power

Download the 2013 Diablo

Canyon Economic Impact

Study 

Learn about the positive economic benefits of

Diablo Canyon.

Related Links

Diablo Canyon Economic Impact
Study
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Water faucets and aerators
Faucet use is a significant factor (16%) in residential water demand, and a good opportunity for

conservation by many customers.

WATER USE IN A RESIDENCE

If you have a faucet or faucet aerator installed before 1994, it may have a water flow capacity of 3 to 7
gallons per minute (gpm), versus 1 to 2.2 gpm for new models.

Under Federal requirements, bathroom and kitchen faucets and replacement aerators made after January

1, 1994, must have a flow capacity of no more than 2.2 gpm at water pressure of 60 pounds per square

inch (psi).  

The water savings from retrofitting a faucet with a new aerator or replacing the faucet are typically in the

range of 15% to 40%.

Potential savings from faucet replacement

Water flow rate in an older faucet Water flow in a new, more

efficient faucet

Potential water savings

5 gpm 1.5 gpm 49.9 gallons per day

5 gpm 2.2 gpm 39.9 gallons per day

3 gpm 1.5 gpm 21.4 gallons per day

By replacing a 5 gpm faucet with a 1.5 gpm model, a typical household may save 49.9 gallons per

day. Replacing a 3 gpm faucet with a 1.5 gpm model saves 21.4 gpd.

These water savings would translate to the following annual water/sewer cost savings:

Water savings per

day (gallons)
Water savings per

year (gallons)

ORANGE WATER AND SEWER AUTHORITY

A public, nonprofit agency providing water, sewer & reclaimed water services to the CarrboroChapel Hill community.
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Potential dollar savings for a residential customer paying

the “Block two” water rate of $6.39 per 1,000 gallons*
plus the sewer rate of $6.48 per 1,000 gallons

49.9 18,213.50 $234.41

39.9 14,564 $187.43

21.4 7,811 $100.53

* The Block Two water rate applies to water use from 3,000 to 5,000 gallons per month at an individually
metered residence. Block rates vary with the level of water use per month. For example, the block rate

for the first 2,000 gallons of water use in a month is $2.36. Sewer volume charges do not vary with the

level of use except that the maximum sewer volume billed at an individuallymetered residence is
15,000 gallons per month. (Water use above 15,000 gallons/month at such an individuallymetered

residence is assumed to be for irrigation or other uses which do not involve returning used water to

OWASA’s sanitary sewer system.)

If hot water is used in hand washing, etc., efficient faucets and aerators would also reduce energy costs

(assuming conventional energy source is used) and greenhouse gas emissions from coinventional energy

use.

Lowflow faucets may cost about $25 to $150, depending on the model.  Installation would take about an

hour. Faucets have a useful life of about 15 to 20 years.

Faucet aerators

Aerators reduce the water flow rate in a faucet, thereby converting a less efficient faucet into a lowflow

faucet. Aerators screw onto the faucet head and add air to the water flow while also reducing the water

flow. They are available at common ratings of 0.5, 0.75, and 1.0 gpm. Flow rates as low as 0.5 gpm are

adequate for hand washing. For kitchen faucets, aerators with higher flow rates deliver water at 2.0 to 2.5

gpm for general washing purposes. 

Faucet aerators are very inexpensive ($0.50 to $3) and easy to install. If a plumber is hired to install an

aerator at the same time that other improvements are done, the additional installation cost could be about

$10. Faucet aerators have a useful life of about 15 to 20 years.

For more information 

The U.S. Environmental Protection Agency’s WaterSense webpage on faucets and aerators:

http://www.epa.gov/WaterSense/products/bathroom_sink_faucets.html

Orange Water and Sewer Authority
400 Jones Ferry Road
Carrboro, NC 27510

Telephone: (919) 9684421
Fax: (919) 9684464
Email: info@owasa.org

Privacy Policy  |  Site Map 
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From: Lin, Jin Lu (Jim)@DWR
To: Saltsman, Cory@DWR; jill@horizonh2o.com
Cc: Yun, Joseph@DWR; Cross, Craig@DWR
Subject: RE: Question for the Water-Energy Grant Application
Date: Tuesday, December 02, 2014 4:02:41 PM
Attachments: image001.png

Jill,

You may use the summer EI value if you want. As you can see, that value is closer to the data that
EBMUD reported to DWR. 

BTW, I am currently in Santa Rosa for a meeting till Thursday.

Jim

From: Saltsman, Cory@DWR
Sent: Tuesday, December 02, 2014 2:27 PM
To: jill@horizonh2o.com
Cc: Yun, Joseph@DWR; Cross, Craig@DWR; Lin, Jin Lu (Jim)@DWR
Subject: RE: Question for the Water-Energy Grant Application

Jill,
 
See email below to help you in your search to find the EI value in your system.
 
FYI, after I got off the phone I did a quick Google of  “EBMUD UC Davis energy
intensity”… Although I cannot confirm or endorse, I think the results may be
what Jim was referring to.
 
I will follow-up with our GHG specialist regarding the “ERROR” message in
Attachment 2 and try to contact you next Monday. Please, contact me if you do not
hear back by then.
 
Regards,
 

 

From: Lin, Jin Lu (Jim)@DWR 
Sent: Monday, December 01, 2014 4:02 PM
To: Saltsman, Cory@DWR
Cc: Yun, Joseph@DWR; Cross, Craig@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Cory,
The EBMUD had a project with WUE Branch under DWR 2008 Drought Assistance Grant (prop 50).
In its Final Report to the DWR, the EBMUD used the following values for the EI:

1.        Supply and conveyance: 53 (all unit in KWh/AF);

mailto:Jim.Lin@water.ca.gov
mailto:Cory.Saltsman@water.ca.gov
mailto:Jill@horizonh2o.com
mailto:Joseph.Yun@water.ca.gov
mailto:Craig.Cross@water.ca.gov



2.        Treatment: 36
3.        Distribution: 301
4.        Wastewater: 472.

If we add 1, 2 and 3, we get 390 KWh/AF = 1197 KWh/MG for the drinking water. This value is very
close to the PG&E Summer EI (1137 by adding three numbers together), but it differs from the PG&E
winter EI (951) a little bit more. By the way, in the last two years, EBMUD and UC Davis conducted a
more comprehensive EI evaluation and they certainly updated these EI values. We want to
encourage the applicant to use the most up-to-date values for their agency.
 
The above analysis used the first attached file (one page numbered as p.81).
 
Jim   
 

From: Saltsman, Cory@DWR 
Sent: Monday, December 01, 2014 2:00 PM
To: Lin, Jin Lu (Jim)@DWR
Cc: Yun, Joseph@DWR; Cross, Craig@DWR
Subject: FW: Question for the Water-Energy Grant Application
 
Jim,
 
Did Laura ever ask you about EBMUD’s EI approach? See email below.
 

 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Monday, November 24, 2014 11:56 AM
To: DWR IRWM Grants@DWR
Subject: FW: Question for the Water-Energy Grant Application
 
Hi~
I’m forwarding my questions below to the general grants account in case someone is available to
help me this week. Laura and Ted are on vacation.
Thanks,
~Jill~
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Monday, November 24, 2014 11:53 AM
To: 'laura.peters@water.ca.gov'
Cc: 'ted.daum@water.ca.gov'
Subject: FW: Question for the Water-Energy Grant Application
 
Hi Laura~
 
I’m writing to check in to see if you received confirmation from your climate change staff about the

mailto:jill@horizonh2o.com
mailto:jill@horizonh2o.com
mailto:laura.peters@water.ca.gov
mailto:ted.daum@water.ca.gov


approach we should use for the EI numbers for EBMUD (average the averages?)
 
Also, we have another question. One of our projects involves installation of industrial ozone laundry
upgrades at a handful of hotels. 
We are having an issue with the Attachment 2 water/energy savings spreadsheet.
When we enter the basic 10 steps, an error pops up in Cell D24.  This is because for the ozone
systems, the volume of hot water saved exceeds the volume of water savings.
Below is an explanation from the ozone system installers:
 
“We get this comment a lot and we understand how it can be confusing to see hot water savings
greater than total water savings.  The reason is this.  When washing with ozone, we are able to
reduce the use of hot water in the wash formulas between 90 to 98%.  The hot water instead is
being replaced by cold water so water is still being used.  In washing with ozone, we are also able to
shorten the wash formulas resulting in the reduction of the wash time and total amount of water
used.  These are two separate issues that explain how the therms and water savings are each
achieved.
 
Attached is an Ozone Fact Sheet prepared by PG&E a few years ago.  The data they used in this
report was provided by us, Total Ozone Solutions, as a result of monitoring water usage both pre
and post installation of the ozone system at these accounts, our customers.  We installed meters,
monitored the activity and provided a documented report to PG&E.  If you look at page 3, you will
see two columns discussing both the hot and total water savings.  They show how the hot water
exceeds the total water savings.”
 
Please advise us on how to fill in the Excel spreadsheet.  Is it ok to have the error in Cell D24?
Thanks and have a wonderful Thanksgiving holiday!
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612
P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
 
 
 
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Wednesday, November 19, 2014 4:49 PM
To: 'laura.peters@water.ca.gov'
Cc: 'ted.daum@water.ca.gov'
Subject: Question for the Water-Energy Grant Application
 
Hi Laura~

mailto:jill@horizonh2o.com
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Thanks for your previous guidance.
We have another question regarding the Water-Energy Grant Application.
 
The water agency we’re working with (EBMUD) does not receive water from the Delta, so we can’t
use the Energy Intensity numbers provided in the Guidelines.
 
The Guidelines suggest using the CPUC Embedded in Energy Water Studies to find EI numbers, and
luckily the East Bay Municipal Utility District (EBMUD) was included in Study 2.
Attached is Table 4-1 from Study 2.
 
The application implies that only one EI number should be entered into the Excel spreadsheets.
 
Can you guide me on which EI numbers for EBMUD to use for the application?
As you can see, the study provided EI numbers for an average and a range for Summer and Winter
conditions. Additionally, EI numbers are provided for different segments (booster pumps, raw water
pumps, water treatment).
 
Thank you!
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612
P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
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file:////c/UrlBlockedError.aspx


From: Lin, Jin Lu (Jim)@DWR
To: Jill  Sunahara; Saltsman, Cory@DWR
Cc: Yun, Joseph@DWR; Cross, Craig@DWR
Subject: RE: Question for the Water-Energy Grant Application
Date: Friday, December 05, 2014 2:29:16 PM
Attachments: image001.png

Jill,
I just come back today.
Here are answers to your questions.
 

1.        In Step 10, you should enter a value in KWh (not in Btu). To convert Btu to KWh, multiple the value

in Btu by 2.928 x 10-4, (or by 0.0002928). In another way, you may divide the value in Btu by 3124
to get it expressed in KWh.

2.        If you save energy from natural gas, you can also convert the energy saving in unit of KWh. There
may be two situations. (1) If your natural gas saved is in unit of therm, convert therm to Btu (1
therm = 100,000 Btu). (2) If your natural gas saved is in thousand cubic feet at STP (Standard
Temperature-Pressure), also convert it to Btu (1000 cubic feet = 1.03 therm = 1,030,000 Btu). After
you get the energy saving in Btu, you can use the relation in #1 to further convert the Btu values to
KWh, and incorporate the KWh value in Step 10.

 
If you still have any other questions, please let us know.
 
Jim
Jim Lin, PE

Sr. Engineer

DSIWM/DWR

Sacramento, CA 95814

916-651-7201

JLLIN@water.ca.gov

 
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Thursday, December 04, 2014 10:24 AM
To: Saltsman, Cory@DWR
Cc: Lin, Jin Lu (Jim)@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Perfect, thank you!
~Jill~
 

From: Saltsman, Cory@DWR [mailto:Cory.Saltsman@water.ca.gov] 
Sent: Thursday, December 04, 2014 10:22 AM
To: Jill Sunahara
Cc: Lin, Jin Lu (Jim)@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Jill,
 
For Step 10, where we can enter savings from energy efficiency-only projects, should the units be BTU
instead of kWh?
please convert BTU to kWh/year. The conversion rates should be readily available with a
web search. Also the USEPA has a BTU converter calculator (scroll to the bottom of the

mailto:Jim.Lin@water.ca.gov
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mailto:Craig.Cross@water.ca.gov
mailto:Cory.Saltsman@water.ca.gov
http://www.epa.gov/cmop/resources/converter.html#seven



page) that might help.
 
We have some projects that will save natural gas use and are unclear whether we can include that in Step
10.
Page 21 of the PSP reads, “if the project also includes direct energy savings from energy
efficiency and renewable energy measures, including saving fossil fuel, those direct energy
savings should be entered in Step 10 of the project spreadsheet”.
 

 
From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Thursday, December 04, 2014 10:06 AM
To: Saltsman, Cory@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Hi Cory~
 
Another question has come up regarding the water/energy savings Excel sheet.
For Step 10, where we can enter savings from energy efficiency-only projects, should the units be BTU
instead of kWh?
We have some projects that will save natural gas use and are unclear whether we can include that in Step
10.

Thanks!
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612
P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
 
 
 

From: Saltsman, Cory@DWR [mailto:Cory.Saltsman@water.ca.gov] 
Sent: Tuesday, December 02, 2014 5:11 PM
To: Jill Sunahara
Subject: RE: Question for the Water-Energy Grant Application
 
No problem. I provided a link to the PG&E (click on “PG&E”) study in the email, but
below is the full web address. See pg. 1 of report (pg. 9 of PDF)
 
http://www.etcc-
ca.com/sites/default/files/reports/ET12PGE5411_Embedded%20Energy%20in%20Water_0.pdf
 

mailto:jill@horizonh2o.com
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From: Saltsman, Cory@DWR
To: Jill  Sunahara
Subject: RE: Question for the Water-Energy Grant Application
Date: Tuesday, December 02, 2014 5:10:36 PM
Attachments: image001.png

No problem. I provided a link to the PG&E (click on “PG&E”) study in the email, but
below is the full web address. See pg. 1 of report (pg. 9 of PDF)
 
http://www.etcc-
ca.com/sites/default/files/reports/ET12PGE5411_Embedded%20Energy%20in%20Water_0.pdf
 

 
From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Tuesday, December 02, 2014 5:05 PM
To: Saltsman, Cory@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Thanks, Cory
 
Can you send the study?
Also, can you forward the documents from Jim?
 
I’m leaning towards using his advice and going with the summer EI of 1137 and the Supply/Conveyance EI of
162 (converted to MG from AF).
 
Thanks for following up on the ozone situation. We’ll stand by and hopefully receive guidance before the
application submittal deadline.  If we don’t, we will include a note in the application explaining the situation.

Best,
~Jill~
 

From: Saltsman, Cory@DWR [mailto:Cory.Saltsman@water.ca.gov] 
Sent: Tuesday, December 02, 2014 5:00 PM
To: Jill Sunahara
Subject: RE: Question for the Water-Energy Grant Application
 
Jill,
 
Did you see the PG&E study in your search results? There is an average EI value for all
pressure zones on pg1.
 
Also, I spoke to our GHG specialist regarding your ozone project, however he needs to
access information in has office. He is currently in training and out until next Monday.
He will follow up with then
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From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Tuesday, December 02, 2014 2:46 PM
To: Saltsman, Cory@DWR
Cc: Yun, Joseph@DWR; Cross, Craig@DWR; Lin, Jin Lu (Jim)@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Hi Cory~

Thanks for speaking with me today. Again, we are not working directly with EBMUD. We are preparing an
application for projects located within EBMUD’s service area in Oakland and San Leandro.
 
On the EBMUD/UC Davis study, is this what you found?
http://cwee.ucdavis.edu/research/water-energy-intensity/
 
If so, the study summaries don’t provide exact EI values, just a map with a color bar. 
Most of our projects are located in the grey areas (not evaluated in the study) with a few in the dark
blue/purple areas, which appear to have an annual mean EI of 1,000.
 
Let us know if this is an acceptable EI value to use based on this more recent 2013 study. Or if we should
use the information Jim provided….also, if we use Jim’s numbers, which do we use (summer or winter)?
Thanks,
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612
P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
 
 
 

From: Saltsman, Cory@DWR [mailto:Cory.Saltsman@water.ca.gov] 
Sent: Tuesday, December 02, 2014 2:28 PM
To: jill@horizonh2o.com
Cc: Yun, Joseph@DWR; Cross, Craig@DWR; Lin, Jin Lu (Jim)@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Jill,
 
See email below to help you in your search to find the EI value in your system.
 
FYI, after I got off the phone I did a quick Google of  “EBMUD UC Davis energy
intensity”… Although I cannot confirm or endorse, I think the results may be what Jim
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was referring to.
 
I will follow-up with our GHG specialist regarding the “ERROR” message in Attachment 2
and try to contact you next Monday. Please, contact me if you do not hear back by then.
 
Regards,
 

 
From: Lin, Jin Lu (Jim)@DWR 
Sent: Monday, December 01, 2014 4:02 PM
To: Saltsman, Cory@DWR
Cc: Yun, Joseph@DWR; Cross, Craig@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Cory,
The EBMUD had a project with WUE Branch under DWR 2008 Drought Assistance Grant (prop 50). In its
Final Report to the DWR, the EBMUD used the following values for the EI:

1.        Supply and conveyance: 53 (all unit in KWh/AF);
2.        Treatment: 36
3.        Distribution: 301
4.        Wastewater: 472.

If we add 1, 2 and 3, we get 390 KWh/AF = 1197 KWh/MG for the drinking water. This value is very close to
the PG&E Summer EI (1137 by adding three numbers together), but it differs from the PG&E winter EI (951)
a little bit more. By the way, in the last two years, EBMUD and UC Davis conducted a more comprehensive
EI evaluation and they certainly updated these EI values. We want to encourage the applicant to use the
most up-to-date values for their agency.
 
The above analysis used the first attached file (one page numbered as p.81).
 
Jim   
 

From: Saltsman, Cory@DWR 
Sent: Monday, December 01, 2014 2:00 PM
To: Lin, Jin Lu (Jim)@DWR
Cc: Yun, Joseph@DWR; Cross, Craig@DWR
Subject: FW: Question for the Water-Energy Grant Application
 
Jim,
 
Did Laura ever ask you about EBMUD’s EI approach? See email below.
 

 



From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Monday, November 24, 2014 11:56 AM
To: DWR IRWM Grants@DWR
Subject: FW: Question for the Water-Energy Grant Application
 
Hi~
I’m forwarding my questions below to the general grants account in case someone is available to help me
this week. Laura and Ted are on vacation.
Thanks,
~Jill~
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Monday, November 24, 2014 11:53 AM
To: 'laura.peters@water.ca.gov'
Cc: 'ted.daum@water.ca.gov'
Subject: FW: Question for the Water-Energy Grant Application
 
Hi Laura~
 
I’m writing to check in to see if you received confirmation from your climate change staff about the
approach we should use for the EI numbers for EBMUD (average the averages?)
 
Also, we have another question. One of our projects involves installation of industrial ozone laundry
upgrades at a handful of hotels. 
We are having an issue with the Attachment 2 water/energy savings spreadsheet.
When we enter the basic 10 steps, an error pops up in Cell D24.  This is because for the ozone systems, the
volume of hot water saved exceeds the volume of water savings.
Below is an explanation from the ozone system installers:
 
“We get this comment a lot and we understand how it can be confusing to see hot water savings greater
than total water savings.  The reason is this.  When washing with ozone, we are able to reduce the use of
hot water in the wash formulas between 90 to 98%.  The hot water instead is being replaced by cold water
so water is still being used.  In washing with ozone, we are also able to shorten the wash formulas resulting
in the reduction of the wash time and total amount of water used.  These are two separate issues that
explain how the therms and water savings are each achieved.
 
Attached is an Ozone Fact Sheet prepared by PG&E a few years ago.  The data they used in this report was
provided by us, Total Ozone Solutions, as a result of monitoring water usage both pre and post installation
of the ozone system at these accounts, our customers.  We installed meters, monitored the activity and
provided a documented report to PG&E.  If you look at page 3, you will see two columns discussing both the
hot and total water savings.  They show how the hot water exceeds the total water savings.”
 
Please advise us on how to fill in the Excel spreadsheet.  Is it ok to have the error in Cell D24?
Thanks and have a wonderful Thanksgiving holiday!
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612

mailto:jill@horizonh2o.com
mailto:jill@horizonh2o.com
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P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
 
 
 
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Wednesday, November 19, 2014 4:49 PM
To: 'laura.peters@water.ca.gov'
Cc: 'ted.daum@water.ca.gov'
Subject: Question for the Water-Energy Grant Application
 
Hi Laura~
 
Thanks for your previous guidance.
We have another question regarding the Water-Energy Grant Application.
 
The water agency we’re working with (EBMUD) does not receive water from the Delta, so we can’t use the
Energy Intensity numbers provided in the Guidelines.
 
The Guidelines suggest using the CPUC Embedded in Energy Water Studies to find EI numbers, and luckily
the East Bay Municipal Utility District (EBMUD) was included in Study 2.
Attached is Table 4-1 from Study 2.
 
The application implies that only one EI number should be entered into the Excel spreadsheets.
 
Can you guide me on which EI numbers for EBMUD to use for the application?
As you can see, the study provided EI numbers for an average and a range for Summer and Winter
conditions. Additionally, EI numbers are provided for different segments (booster pumps, raw water pumps,
water treatment).
 
Thank you!
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612
P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
 

mailto:jill@horizonh2o.com
file:////c/www.horizonh2o.com
mailto:jill@horizonh2o.com
mailto:laura.peters@water.ca.gov
mailto:ted.daum@water.ca.gov
mailto:jill@horizonh2o.com
file:////c/www.horizonh2o.com


 
CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) 

 

Multi-Head Showers and Lower-Flow 

Shower Heads 

2013 California Building Energy Efficiency Standards  

California Utilities Statewide Codes and Standards Team   September 2011 

 

 

 

 

 

 

 

 

 

 

 

 

 

This report was prepared by the California Statewide Utility Codes and Standards Program and funded by the California utility customers under 
the auspices of the California Public Utilities Commission. 

Copyright 2011 Pacific Gas and Electric Company, Southern California Edison, SoCalGas, SDG&E.  

All rights reserved, except that this document may be used, copied, and distributed without modification.  

Neither PG&E, SCE, SoCalGas, SDG&E, nor any of its employees makes any warranty, express of implied; or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any data, information, method, product, policy or process disclosed in this 

document; or represents that its use will not infringe any privately-owned rights including, but not limited to, patents, trademarks or copyrights 

  
 

 



CONTENTS 

 

1. Purpose ........................................................................................................................ 2 

2. Overview ...................................................................................................................... 3 

3. Existing Standards and Regulations ......................................................................... 7 

3.1 Federal Standards .......................................................................................................................7 

4. Methodology ................................................................................................................ 8 

4.1 Consumer Satisfaction with Lower Flow Showers ....................................................................8 

4.2 Thermal Shock ............................................................................................................................9 

4.3 Market Assessment .....................................................................................................................9 

4.3.1 Prevalence of Multi-head Showers ......................................................................................9 

4.3.2 Lower Flow Shower Heads ..................................................................................................9 

4.3.3 Availability and Pricing Survey .........................................................................................10 

4.4 Energy Consumption ................................................................................................................10 

4.4.1 Multi-Head Showers ..........................................................................................................10 

4.4.2 Low Flow Showers ............................................................................................................10 

4.4.3 Structural Waste .................................................................................................................11 

4.5 Methodology for Cost-Effectiveness Calculations ...................................................................11 

5. Analysis and Results ................................................................................................ 12 

5.1 Consumer Satisfaction with Lower Flow Showers ..................................................................12 

5.1.1 Field Studies.......................................................................................................................12 

5.1.2 Laboratory Studies .............................................................................................................12 

5.2 Thermal Shock ..........................................................................................................................14 

5.3 Market Assessment ...................................................................................................................16 

5.3.1 Multi-Head Shower Fixtures..............................................................................................16 

5.3.2 Accuracy of Rated Flow Rate Values ................................................................................17 

5.4 Availability and Pricing Survey ...............................................................................................18 

5.5 Energy Savings .........................................................................................................................20 

5.5.1 Multi-Head Shower Fixtures..............................................................................................21 

5.5.2 Lower Flow Shower Fixtures.............................................................................................22 

5.6 Cost-Effectiveness ....................................................................................................................26 

6. Recommended Language for the Standards Document, ACM Manuals, and 
the Reference Appendices ................................................................................................ 29 

6.1 Sections to Change ...................................................................................................................29 



6.2 Summary of Proposed Changes ................................................................................................29 

6.2.1 Definitions..........................................................................................................................29 

6.2.2 Mandatory requirements for all occupancies .....................................................................29 

6.3 Material for Compliance Manuals ............................................................................................30 

7. Bibliography and Other Research ........................................................................... 31 

7.1 Codes and Standards .................................................................................................................31 

7.2 Personal Communications ........................................................................................................31 

7.3 Other .........................................................................................................................................31 

8. Appendix .................................................................................................................... 33 

 

TABLE OF FIGURES 

 

Figure 1.  Consumer Satisfaction vs. Rated Flow Rate, in a Laboratory Test .............................. 13 

Figure 2.  Consumer Satisfaction vs Measured Flow Rate, in a Laboratory Test ........................ 14 

Figure 3.  Performance of Pressure-Balancing Valves on ASSE Temperature Fluctuation Test 

(Martin and Johnson 2008) .................................................................................................... 15 

Figure 4.  Percentage of respondents with multi-head shower fixtures installed in the home (n = 

1139)....................................................................................................................................... 16 

Figure 5. Percentage of houses in which two or more shower heads, body spas or other outlets 

are installed in a single shower .............................................................................................. 17 

Figure 6.  Measured vs. Rated Flow Rates for Shower Heads ..................................................... 18 

Figure 7.  Market summary of shower fixtures............................................................................. 19 

Figure 8.  Fixture Quantities by Flow Rate................................................................................... 19 

Figure 9.  Fixture price by flow rate ............................................................................................. 20 

Figure 10.  Shower Volume Study Outcome Comparison ........................................................... 21 

Figure 11.  Comparison of Three Different Estimates of Multi-Head Shower Energy and Water 

Savings ................................................................................................................................... 22 

Figure 12.  Shower flow rates and volumes from reviewed studies ............................................. 23 

Figure 13.  Per capita energy and water savings documented by various studies  (* denotes 

calculated value) ..................................................................................................................... 24 

Figure 14. Annual water consumption .......................................................................................... 25 

Figure 15.  Annual energy consumption ....................................................................................... 25 

Figure 16.  Projected energy savings (therms and dollars) ........................................................... 27 

Figure 17.  Statewide technical potential energy and water savings from reducing shower head 

flow rate to 2.0 gpm ............................................................................................................... 28 



Figure 18.  CEC new construction forecasts ................................................................................. 33 



Multi-head Showers and Lower Flow Shower Head Requirements Page 2 

2013 California Building Energy Efficiency Standards May 2011 

1. Purpose 

The purpose of this CASE study is to propose changes to the 2013 California Energy Efficiency 

Code (California Code of Regulations, Title 24, Part 6), regarding the energy savings achievable 

by reducing the flow rate of shower heads, and the number of shower heads that can be installed 

in new construction projects, in both residential and nonresidential buildings. 

There have been many utility programs and research studies that have assessed savings by 

retrofitting of lower-flow (<2.5gpm) shower heads in various types of housing (to replace both 

regular shower heads and multi-head showers).  These programs and studies have focused 

mainly on flow rate per shower head, although a few have gathered data on the prevalence of 

multi-head showers.  The resulting evaluation reports and research papers provide a substantial 

body of literature that allows us to estimate savings (water and energy) from lower-flow shower 

heads with a high degree of certainty.  The savings from eliminating multi-head showers have a 

lower degree of certainty. 

Note that we have used the term ―lower flow‖ shower heads, rather than a term such as ―ultra 

low-flow‖, because the modifier ―ultra‖ is likely to be used in future shower head standards, in 

the same way that it is already used in toilet flush standards. 
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2. Overview 

Description The proposed measure would require shower heads installed in new 

construction in California to have a maximum rated flow rate at 80psi of less 

than or equal to 2.0 gallons per minute (gpm), and would make multi-head 

showers non-compliant with code unless the total flow rate from all heads at 

any given time were less than or equal to 2.0gpm.  This flow rate requirement 

is consistent with the Federal WaterSense requirement, and would be 

measured using the methods set out in ASME A112.18.1M. 

To prevent home builders from circumventing the ban on multi-head showers, 

the proposed measure would also require showers to have only one shower 

head, unless that shower is large enough to require two heads (spacing 

between heads must be at least four feet). 

Note that the proposed change to the flow rate requirement is subject to the 

rules on Federal preemption, due to the existence of a Federal standard for 

flow rate.  However, the Federal standard is required to be updated every five 

years to avoid pre-emption, and has not been updated since 1996 DOE 

therefore issued a ruling to waive Federal pre-emption for shower head flow 

rate standards, effective December 2010
1
. 

The proposed change to the minimum distance between shower heads is not 

subject to Federal pre-emption because no equivalent Federal standard exists.   

The Federal DOE issued guidance in March 2011 stating that multi-head 

showers will have to meet the maximum flow rate for single head showers 

(2.5gpm) from March 2013 onward.  Since March 2013 is before the 

anticipated implementation date of Title 24 2013(Jan 1 2014), we have 

assumed that this interpretation will be in force by that time. 

Type of 

Change 

Mandatory Measure The change would add a mandatory requirement for 

maximum shower head flow rate, and would limit the number of shower heads 

per shower.  It would also require a shower head to be installed in each 

shower, to avoid developers installing showers without heads and then install 

high flow showers at time of sale.  

This change would increase the scope of the current Standards, because 

shower heads are not currently regulated (though other water-heating 

equipment and systems are regulated).  This change would not require 

implementation of systems or equipment that are not already readily available 

on the market and for use in the proposed applications.   

The Standards and Manuals language would be modified in order to include 

the new requirements.   

                                                 
1 http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/plumbingproducts_finalrule_preemptionwaiver.pdf 

http://www1.eere.energy.gov/buildings/appliance_standards/residential/pdfs/plumbingproducts_finalrule_preemptionwaiver.pdf
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Energy 

Benefits 

The energy savings benefit of this measure that reduces the shower fixture 

flow rate from 2.5 gpm to 2.0 gpm is reduced gas consumption for water 

heaters.  The value of the gas saved is projected to be roughly $1.3 million 

statewide in the first year (assuming 100% compliance).   

 

Time Period 
Statewide Technical Potential Energy 

Savings (Million Therms) 

 Single Family Multi-Family 

First Year 1.7 0.3 

Measure Life 64 11 

Using CEC projections of residential construction for 2013 (See Section 8 

Appendix Figure 18), the measure delivers statewide energy reductions shown 

in the table above.  These data are derived from estimates of annual energy 

reductions of approximately 18 and 12 therms/year/unit for single family and 

multi-family, respectively. 

Non-Energy 

Benefits 

A reduction in flow rate from 2.5gpm to 2.0gpm would save roughly 500 

million gallons of water statewide annually (assuming 100% compliance), or 

15 billion gallons of water over the 30-year effective life of the measure.  

These estimates are calculated based on reduction estimates of 3,600 gallons 

and 2,400 gallons per household for single family and multi-family, 

respectively. 

 

Time Period 
Statewide Technical Potential Water Savings  

(Million Gallons) 

 Single Family Multi-Family 

First Year 340 63 

Measure Life 13,000 2,200 
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Environmental 

Impact 

In addition to energy savings, there are also significant water savings as shown 

in the second table below. 

Material Increase, (Decrease), or No Change (NC): (All units are lbs/year) 

 Mercury Lead Copper Steel Plastic Others  

Per shower head 

(lower flow) 
NC NC NC NC NC NC 

Per shower head 

(multi-head) 
NC NC NC NC NC NC 

 

Water Consumption: 

 
On-Site (Not at the Powerplant) Water Savings 

 (Gallons/Year) 

For standard fixture 

conversion 

330,000,000 (SF) 

62,000,000 (MF) 

For multi-head 

fixture conversion 

5,400,000 (SF) 

1,000,000 (MF) 

Water Quality Impacts: 

      Comment on the potential increase (I), decrease (D), or no change (NC) in 

contamination compared to the basecase assumption, including but not limited 

to: mineralization (calcium, boron, and salts), algae or bacterial buildup, and 

corrosives as a result of PH change. 

 Mineralization 

(calcium, boron, and 

salts) 

Algae or 

Bacterial 

Buildup 

Corrosives as a 

Result of PH 

Change 

Others 

Impact (I, D, or NC)  NC NC NC NC 

Comment on reasons for 

your impact assessment 

    

 

Air Quality in lbs/Year, Increase, (Decrease), or No Change (NC): 

Note that, for simplicity, this table shows air quality impacts for both the lower 

flow and multi-head measures. The contribution of the multi-head measure is 

only 1-2% of the total. 

Building Type 
Savings 

Description 

Avoided Emissions (lbs/year) 

CO2 CO PM10 NOx SOx 

Residential per dwelling unit 206 0.05 0.02 0.18 0.12 

Single-Family per square foot 0.10 0.00 0.00 0.00 0.00 

Residential per dwelling unit 135 0.04 0.01 0.12 0.08 

Multi-Family per square foot 0.09 0.00 0.00 0.00 0.00 
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Technology 

Measures 
Measure Availability and Cost:   

Technology to satisfy the proposed measure is readily and widely available 

from multiple manufacturers.  See section 5.4. 

Useful Life, Persistence and Maintenance: 

The life of shower heads is unknown, but does not affect the payback of the 

measure because the incremental cost is zero.  There is no reason to expect that 

lower flow shower heads would have a shorter service life than regular shower 

heads, because they use the same technologies to regulate flow rate. 

Performance 

Verification 

No performance verification is required 

Cost 

Effectiveness 

The measure is cost effective with immediate payback because the measure is 

no more expensive than the base case.  See section 5.6 for details. 

Analysis 

Tools 

The benefits from this measure can be quantified using the current reference 

methods. The installation and operation of this measure, along with impacts on 

energy consumption can be modeled in the current reference methods and 

analysis tools.   However since this measure is proposed as mandatory, 

analysis tools are not relevant since the measure is not subject to whole 

building performance trade-offs.    

Relationship 

to Other 

Measures 

Because lower flow showers and multi-head showers affect the amount of 

water used for showering, they will likely influence the economics of solar 

water heating measures.  For instance, reduced water consumption would 

reduce the required area for solar collectors, making it more technically 

feasible to install these systems. 
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3. Existing Standards and Regulations 

3.1 Federal Standards 

The Federal Energy Policy Act of 1992 (EPAct) set a requirement for ―low flow‖ shower heads 

at no more than 2.5gpm at 80psi flowing pressure
1
.   EPAct refers to American Society of 

Mechanical Engineers (ASME) test procedure A112.18.1M-1989, which was updated in 1996 to 

A112.18.1M-1996. 

The Federal U.S. Code
2
 allows states to implement their own, more stringent standards if the 

ASME/ANSI standard is not amended to improve the efficiency of shower heads within five 

years: 

If, after any period of five consecutive years, the maximum flow rate requirements of the 

ASME/ANSI standard for shower heads are not amended to improve the efficiency of water 

use of such products, or after any such period such requirements for faucets are not amended 

to improve the efficiency of water use of such products, the Secretary shall, not later than six 

months after the end of such five-year period, publish a final rule waiving the provisions of 

section 6297 (c) of this title with respect to any State regulation concerning the water use or 

water efficiency of such type or class of shower head or faucet if such State regulation—  

(i) is more stringent than the standards in effect for such type of class of shower head or 

faucet; and  

(ii) is applicable to any sale or installation of all products in such type or class of shower 

head or faucet. 

The U.S. Code contains procedures for prescribing new or amended standards. 

Because the ASME/ANSI standard has not been amended to improve efficiency since the Energy 

Policy Act was passed in 1992, California is now able to introduce an improved standard without 

contravening the rules on Federal pre-emption.   

There is no issue of federal pre-emption with multi-head showers, because neither the Energy 

Policy Act nor any other act mentions multi-head showers. 

                                                 
1  H.R. 776. Energy Policy Act of 1992. Subtitle C, Section 123, Energy Conservation Requirements for Certain Lamps and Plumbing 

Products. 

2  United States Code,  TITLE 42, CHAPTER 77, SUBCHAPTER III, Part A, § 6295 Energy Conservation Standards. Accessed at 

http://www.gpoaccess.gov/uscode/ on May 14, 2009. 

http://www.law.cornell.edu/uscode/uscode42/usc_sec_42_00006297----000-.html
http://www.law.cornell.edu/uscode/uscode42/usc_sec_42_00006297----000-.html#c
http://www.law.cornell.edu/uscode/uscode42/usc_sup_01_42.html
http://www.law.cornell.edu/uscode/uscode42/usc_sup_01_42_10_77.html
http://www.law.cornell.edu/uscode/uscode42/usc_sup_01_42_10_77_20_III.html
http://www.law.cornell.edu/uscode/uscode42/usc_sup_01_42_10_77_20_III_30_A.html
http://www.gpoaccess.gov/uscode/
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4. Methodology  

This section summarizes the methods we used to collect data for this CASE report.  We gathered 

data from a wide variety of sources and conducted several different kinds of analyses. This 

section sets out our broad methodology and describes how those methods contributed to the 

recommendations. 

This CASE requires code to make an enforceable distinction between the various shower head 

options available in the market.  We used the classifications defined by Biermayer (2006) to 

describe available multi-head showers into four types: 

 Multiple-head shower 

• Two or more spray nozzles connected to one pipe (for instance a fixed shower head 

and a handheld shower head). 

• Easily replaces single fixture 

 Shower panel or shower tower 

• Sprays water from several shower heads mounted at different heights on a vertical 

panel. 

 Rain systems 

• Simulate rain fall by allowing water to fall from a large overhead fixture, or one with 

multiple heads 

• Body spas 

 Multiple shower heads 

• Shower heads - supplied by different pipes - spray water from multiple directions 

• Vertical equivalent of a whirlpool tub 

 Recirculating systems 

• Often part of body spa system and includes heater and pump 

• Therapeutic function, but can also be disabled to allow for normal operation 

Note that some very high flow ―spa‖ systems use pumps to recirculate the water, so their energy 

and water consumption may not be greater than a single-head shower.  Recirculating systems on 

normal flow showers are commonly used in countries such as Australia that experience water 

shortages. 

4.1 Consumer Satisfaction with Lower Flow Showers  

We conducted a literature search for studies that had assessed consumer satisfaction with lower 

flow showers.  We found two studies (Tampa 2004 and Tachibana & Schuldt 2008) that assessed 

user satisfaction with lower flow shower heads in the field.  The two studies used different 

shower heads, but in each study only one model of replacement shower head was distributed, so 

these studies represent only two data points in terms of shower head models.  

We also found one study (CEC PIER 2010) that assessed user satisfaction in a controlled 

laboratory setting.  This study used a large number of different shower heads that represent the 
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current (2010) state of the shower market, so we believe that this study on its own is sufficient to 

compare user satisfaction between normal and lower flow shower heads. 

4.2 Thermal Shock 

We specifically investigated the issue of thermal shock because this was raised by a number of 

experts with whom we discussed this CASE project.  HMG participated in two meetings of the 

ASME Joint Shower Head Task Force (JSTF), which included discussion of the phenomenon of 

―thermal shock‖, and whether it may be more prevalent with lower flow shower heads. 

Thermal shock is a sudden increase (or decrease) in shower temperature which results from a 

sudden change in demand for cold water elsewhere in a system that can lead to a change in 

pressure in the cold water supply to the shower head.  The pressure change can alter cold water 

flow rate and consequently increase shower temperature.  This effect is reduced by the presence 

of pressure compensating valves or thermostatic valves, which have been required by federal law 

in new construction and in permitted retrofits for some time.  However, compensating valves 

rated for use with 2.5gpm shower heads may or may not perform adequately with showers that 

flow at lower rates, so we spoke with a variety of experts to request information about 

compensating valve performance, and made a formal request at an ASME meeting in January 

2009 for data or calculations that would substantiate an increased prevalence of thermal shock 

from lower flow shower heads.  We also followed up by email and telephone
1
. The provided 

information was used for analysis (see Section 5.2) 

4.3 Market Assessment 

4.3.1 Prevalence of Multi-head Showers 

To estimate the magnitude of potential energy and water savings, we conducted a literature 

search and contacted researchers in the field to assess the prevalence of multi-head showers.  We 

identified four sources of data.  The two most significant in terms of the number of homes 

surveyed were a survey performed by Tachibana and Schuldt that provides data on 71 homes in 

the Seattle area, and a Seattle Public Utilities survey of 1139 customers.  Limited data was also 

available from Bierneyer (2006) and the AIA Home Design Trends survey (2009). 

4.3.2 Lower Flow Shower Heads 

We were not able to find estimates of market penetration of lower flow shower fixtures.  While 

the California Energy Commission (CEC) sponsored Residential Appliance Saturation Survey 

(RASS) did query whether ―low flow‖ fixtures were installed in a occupant’s shower, the 

structure of the question does not provide results applicable to this CASE topic.  The question 

―Do you have low-flow showerheads installed in the shower(s)?‖ does not provide the survey 

participant with clarification about what low-flow means (in fact low-flow in this survey means 

federal maximum 2.5gpm) nor any assurance that the participant confirms the rated (at 80psi) 

flow rate of the shower fixture. 

The quantity of lower flow shower fixtures that would be installed as a result of a proposed 

mandatory code change to lower the maximum rated flow rate is determined based on 

                                                 
1 We contacted the following people for data on thermal shock:  Ron George (President, Ron George Design and Consulting Services), Michael 

Martin , Gary Klein (California Energy Commission), Kim Wagoner (WaterSense), John Bertrand (Moen Inc.). 
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conservative estimates of new construction area, full bathrooms per new construction area, and 

shower fixtures installed per full bathroom.  Estimates for shower fixtures installed per 

household was conservatively chosen to be 1 shower fixture installed per household, while this 

could be lower than the actual average, HMG is confident that this supports a conservative 

estimate for statewide savings.  New construction area is taken from CEC published construction 

forecasts through 2042 (or the life of the proposed measure). 

4.3.3 Availability and Pricing Survey 

HMG conducted a survey of the prices and availability of lower flow shower heads at major 

home improvement retailers and manufacturer distributors.  In an effort to reflect the average 

price throughout the state of California, HMG collected contact information for a number of 

distributors of showerhead manufacturers. 

From the websites of these manufacturers, HMG collected distributor’s contact information 

(primarily phone conversations, some email) from six (6) regions of California:  Sacramento, 

San Francisco Bay Area, Los Angeles, San Diego, Inland Empire, and Other (primarily Central 

Valley).  Collecting distributors from various regions in the state was essential to ensure that sale 

price averages reflect the variations across California. 

A random sample of distributors were contacted (at least ten from each region, some never 

responded).  The conversations were typically free form; however conversations usually began 

with ―which showerhead is your highest volume product?‖.  Distributors would offer prices for 

their highest volume product and on average three (3) additional models.  HMG also asked ―Do 

you sell any less than 2.5 gpm showerheads?‖ during every conversation to glean what range of 

products the distributors were familiar with and which products were in stock.   

4.4 Energy Consumption 

We undertook the following activities to gather data on energy effects of multi-head showers and 

lower flow showers. 

4.4.1 Multi-Head Showers 

We conducted a literature search and found that there have been no studies that directly 

addressed the prevalence, use, and market for multi-head showers, but were able to find two 

studies that indicate the likely effect of an individual multi-head shower on energy use.  Studies 

by the Seattle Public Utilities (2006) and Biermeyer (2006) give values for water flow rate, 

which is a good proxy for energy consumption. 

4.4.2 Low Flow Showers 

Several extensive and detailed studies have been performed to measure flow rates under 

laboratory conditions (RMA 2010) and in situ (Seattle Public Utilities 2006, Tachibana and 

Schuldt 1994).  These studies have collected data that includes:   

 Flow rate (gallons per capita per day) 

 Showers per day 

 Shower duration and  

 Flow rate in situ.   
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This data is sufficient to accurately quantify the savings that would achieved by requiring lower 

flow shower heads under code.   

4.4.3 Structural Waste 

"Structural waste" is a term used to describe the amount of hot water left in the pipes at the end 

of a shower, which most likely cools below useable temperature before the next shower is taken, 

and therefore is wasted.   

We were not able to find field data on the amount of structural waste that is typically associated 

with showering, but from discussions with experts we believe that structural waste would not be 

affected by a code requirement for lower flow showers, because structural waste depends only on 

the diameter and length of the pipes that supply the shower head, not on the shower head itself.  

However, in the longer term, if supply pipe diameters were reduced in line with the reduced flow 

requirement, reductions in structural waste could be expected. 

4.5 Methodology for Cost-Effectiveness Calculations 

Shower fixtures are considered to have a useful life of 15 years according to the CEC’s cost-

effectiveness methodology (CEC 2002).  HMG estimated annual energy savings and the 

resulting value of savings over 15 years, and expressed this as a net present value of savings.  By 

subtracting capital and labor costs from the net present value of the cumulative savings, we 

calculated the net financial benefit of the measure.   

HMG conducted the life cycle cost calculation using the California Energy Commission (CEC) 

Time Dependent Valuation (TDV) methodology for the 2008 standards (CEC 2002).  Each hour 

is assigned an estimated price for energy, and the sum of these prices over the life of the measure 

yields the present dollar value of savings.  Life cycle cost is the difference between the TDV $ 

value for energy savings and capitol plus installation cost of the measure.  Cost effectiveness is 

proved when this difference is positive.  
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5. Analysis and Results 

This section summarizes the results of the data collection and analysis described above.  

5.1 Consumer Satisfaction with Lower Flow Showers 

We were able to find field studies and laboratory studies that dealt with consumer satisfaction.  

The findings of those studies are summarized below. 

5.1.1 Field Studies 

HMG reviewed two studies (Tampa 2004 and Tachibana & Schuldt 2008) that assessed user 

satisfaction with lower flow shower heads in the field.  In both studies, user satisfaction was 

high.  The two studies used different shower heads, but this still represents only two data points 

in terms of shower head models.   

In correspondence with Debra Tachibana of Seattle City Light in October 2008 we received the 

following additional information, which was not included in Tachibana and Schuldt (2008): 

Solicitations of interest in shower head kits were mailed to customers in June-August 2007; 

Kits were sent to respondents in July-December 2007; and the follow-up survey was fielded 

in April-May 2008.  The 83% installation rate is calculated from that follow-up mail survey.  

On average, participants would have had their kits for about six+ months, at the time they 

received the follow-up survey. 

We asked, "How satisfied are you with the spray pattern and the amount of water that comes 

out of your new shower head?"  The vast majority of survey respondents who had installed a 

shower head (92%) were satisfied with the program shower head: most said “very satisfied” 

(69%) and a quarter said “somewhat satisfied” (23%). Few respondents were dissatisfied: 

half of those said “not too satisfied” (4%) and the rest said “not at all satisfied” (4%). 

We asked, "How do you like the new shower head compared to your old one?" The vast 

majority of survey respondents (90%) felt that the new shower head was better than or equal 

to their old one: most said they like it “better than the old one” (62%) and a quarter said 

they like it “about the same as the old one” (28%). Few respondents felt the new shower 

head was “worse than the old one” (10%). 

Surveys show an overwhelming majority of users included in lower flow shower fixture 

replacement programs were satisfied with the change from standard (2.5gpm) fixtures to lower 

flow fixtures (<2.0 gpm) and felt that the lower flow fixtures were ―better than the [previous] 

one.‖ 

5.1.2 Laboratory Studies 

There is, to our knowledge, only one laboratory study of user satisfaction with lower flow 

showers.  This is the CEC PIER consumer satisfaction survey (CEC 2010).  The study was 

conducted by Robert Mowris and Associates (RMA).  RMA recruited 72 participants, each of 

whom tested 48 different shower heads, yielding a very large repeated-measured data set.  None 

of the survey participants worked for RMA and none worked on the alternative product testing 

certification efforts. 

The CEC PIER study asked participants to rate each showerhead on noise, overall satisfaction, 

and time required to rinse a small amount of conditioner from their hair.  It also asked whether 
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participants would buy that shower head (―buy percentage‖).  It should be noted that participants 

were rating their satisfaction with the shower heads only in comparison to other showers, not in 

absolute terms, i.e. the results indicate relative preference rather than a threshold of 

―acceptability‖, and rating products side by side tends to amplify differences. 

Participants rated ―overall satisfaction‖ on a continuous scale from 1 (―excellent‖) to 3 (―poor‖).  

Figure 1 shows that ―overall satisfaction‖ was lower for lower flow showers than for higher flow 

showers, and also that people were more likely to say that they would buy the higher flow 

showers.  Both these results are significant at the p<0.001 level, i.e. the probability that this 

result arose by chance alone is less than 0.1%.  A straight line of best fit shows that the 

difference in satisfaction between 2.0 and 2.5gpm is around 0.2 points on the overall satisfaction 

scale, which is small in comparison to the overall span from 1 to 3. . 

 

Figure 1.  Consumer Satisfaction vs. Rated Flow Rate, in a Laboratory Test 

When ―overall satisfaction‖ is compared with actual (not rated) flow rate (see Figure 2), the 

relationship between satisfaction and actual flow rate is somewhat weaker than is suggested by 

Figure 2Figure 1.  A straight line of best fit shows that the difference in satisfaction between 2.0 

and 2.5 gpm is around 0.12 points on a scale from 1 (excellent) to 3 (poor).  Using this analysis, 

the flow rate would have to drop to around 1.15 gpm before the average satisfaction would drop 

below 2 (the mid-point).  The relationship between actual flow rate and consumer satisfaction 

has an r-squared value of 0.18, i.e. flow rate explains 18% of the difference in consumer 

satisfaction between shower heads—other factors (presumably such as coverage, force, noise) 

account for the rest.  This suggests that manufacturers may be able to make up for any reduction 
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in satisfaction due to flow rate by improving the performance of their shower heads in those 

other regards. 

The conclusion that Robert Mowris and Associates drew from their data was that the state should 

not immediately adopt a lower flow limit for shower heads, and that instead the state should give 

manufacturers time to develop lower flow shower heads that perform consistently well.  Because 

the anticipated adoption date of the Title 24 standard is January 2014, and manufacturers have 

been working with the new WaterSense 2.0gpm standard since it was released in 2010, they will 

have at least three years to develop improved products.  Also, as described in the analysis above, 

we draw a slightly different conclusion from RMA’s own data than they did
1
, based on the 

coefficients of the correlations between flow rate and satisfaction. The CASE team worked 

closely with RMA during the development of this CASE report, and the research that led to 

RMA’s PIER report. 

 

Figure 2.  Consumer Satisfaction vs Measured Flow Rate, in a Laboratory Test 

5.2 Thermal Shock 

In response to a decision taken at a meeting of the Joint Harmonization Task Force (JHTF) 

between American Society of Mechanical Engineers (ASME) and American Society of Safety 

                                                 

1 See the ACEEE paper that RMA wrote based on the PIER report, at 

http://www.aceee.org/files/pdf/conferences/hwf/2010/2D_Robert_Mowris.pdf 
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Engineers (ASSE) meeting in 2007, Martin and Johnson (2008) wrote up results from 

―manufacturers and other interested parties [who] agreed to test a combination of valves and 

shower heads to evaluate the effect of flow rate on their temperature control performance:‖  The 

intention of the tests was to find out whether pressure-compensating valves and thermostatic 

valves rated for 2.5gpm would perform adequately at lower flow rates.  This information was 

provided to the CASE team in response to our requests for information at the ASME task force 

meetings (see section 4.2). 

The tests included 22 shower valves from six manufacturers, and the valves were assessed on 

their ability to maintain water temperature within certain bounds for a given time after a change 

in pressure event, as described by the ASSE 1016-2005 standard for shower valves.  This test 

requires that the delivery temperature of pressure compensating valves must not vary by more 

than +/- 3.6 degrees Fahrenheit for more than one second in response to the following events: 

 Decrease the hot supply pressure by 50 percent ± 1.0 psi  

 Increase the hot supply pressure 50 percent ± 1.0 psi 

 Decrease cold water supply pressure by 50 percent ± 1.0 psi  

 Increase the cold water supply pressure by 50 percent ± 1.0 psi 

The tests were performed with the shower flow rate set to 2.5, 2.0, 1.75, 1.5, and 1.0 gpm using a 

throttling valve. The results of the tests are provided in Figure 3. 

 

Test flow rate 

(gpm) 

Percentage of pressure-balancing 

valves that pass ASSE 1016-2005 

temperature fluctuation test 

Number of 

compensating valves 

per flow rate category 

2.5 100% 15 

2.0 77% 13 

1.8 67% 6 

1.5 67% 15 

1.0 31% 12 

Figure 3.  Performance of Pressure-Balancing Valves on ASSE Temperature Fluctuation 

Test (Martin and Johnson 2008) 

Results were more pronounced for thermostatic valves, with fewer than one-third of the valves 

meeting the ASSE test criteria at flow rates less than 2.5gpm.  

These results indicate that shower valve temperature maintenance is strongly affected by flow 

rate, and that new showers with lower-flow shower heads would have to be installed with valves 

that are designed for 2.0 and lower flow rates.   
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5.3 Market Assessment 

5.3.1 Multi-Head Shower Fixtures 

The consumption and satisfaction data on multi-head showers is limited.  Statistically significant 

data is available only for Seattle (Seattle Public utilities 2006). There is no evidence, one way or 

the other to indicate that consumer or developer purchasing decisions are significantly different 

in California. 

Tachibana and Schuldt found no multi-head showers in the 71 houses they surveyed, but their 

sample included only houses within the city limits of Seattle, which were mostly old houses, and 

it should be expected that older homes would have a lower prevalence of multi-head showers. 

Seattle Public Utilities (2006) surveyed 1139 households and found that 12% of households in 

the City of Seattle and 20% outside the City limits had multi-head showers, as shown in Figure 

4.  This supports the hypothesis that multi-head showers are more prevalent in new residential 

construction which according to Tachibana mostly takes place outside Seattle City limits.   

 

 Within City Limits Outside City Limits 

Multi-Head Showers installed  

(% of total respondents) 
12% 20% 

Figure 4.  Percentage of respondents with multi-head shower fixtures installed in the home 

(n = 1139) 

AIA’s Home Design Trends Survey (2008), has found consistently over the past four years that 

architects report specifying more multi-head showers in the houses they design.
1
  However, the 

survey reports only whether there has been a change, and does not give any estimate of the 

number of multi-head showers being installed. 

We did not find any statistical evidence regarding penetration of multi-head showers into 

commercial construction (i.e., hotels and motels), although there is anecdotal evidence about 

individual hotel chains purchasing multi-head showers. 

Biermayer quotes a survey by W&W Services Incorporated
2
, conducted in 2006, that asked 

members of the Plumbing Manufacturers Institute to estimate the percentage of showers that are 

currently being installed with any combination of two or more shower heads, body sprays or 

other shower outlets.  Biermayer does not report the number of participants in the survey.  The 

mean percentages of multi-head showers for new construction and retrofits are 4.8% and 5.7% 

respectively, see Figure 5.  The W&W survey did not ask PMI members to indicate whether they 

think that the market for multi-head showers is growing. 

 

                                                 

1
 
http://www.aia.org/practicing/economics/AIAS077115

 
2  W&W Services, Inc., Bolingbrook, Illinois January 30, 2006 (memo provided to the Plumbing Manufacturers Institute by Charles Wodrich)

 

http://www.aia.org/practicing/economics/AIAS077115
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 Mean Median 

New construction 4.8% 5.0% 

Existing that are retrofitted 5.7% 4.0% 

Existing shower compartments 3.7% 3.5% 

Figure 5. Percentage of houses in which two or more shower heads, body spas or other 

outlets are installed in a single shower 

The difference between the percentages reported by Seattle Public Utilities and by Biermayer 

may reflect a slight increase in prevalence between 2006 and 2008, but more likely reflects a 

slight difference in questioning, i.e. the Seattle study includes showers that have two heads 

supplied by different pipes whereas the study reported by Biermayer does not.   

We therefore conclude that the available evidence, which is weak, shows that around 5-10% of 

showers are of the ―panel‖ or ―spa‖ type with two or more heads supplied from one pipe, and 

that another 5-10% have two or more heads supplied from different pipes, for a total of around 

15% of the new construction market. 

5.3.2 Accuracy of Rated Flow Rate Values 

Flow Rate testing conducted by Robert Mowris and Associates for the California Energy 

Commission (Mowris and Associates 2010) found that the measured flow rate of many shower 

heads at 80 psig exceeded their rated flow rate.  In some cases the flow exceeded the maximum 

Federally-allowed flow rate of 2.5gpm.  This raises the question of whether a reduction in the 

allowed rated flow rate would actually result in a reduction in flow rates in practice, and thus in 

energy and water savings. 

Figure 6 shows the average measured flow rate for each rated flow rate (blue dot), along with the 

standard deviation of flow rate among the shower heads tested (error bars).  It shows that on 

average there is an almost perfect 1:1 ratio, i.e. that a 1 gpm reduction in rated flow corresponds 

to a 1 gpm reduction in measured flow, although there is a lot of variation between one shower 

head and another. 

This result suggests that there is no systematic attempt on the part of manufacturers to claim 

lower flow rates than their products actually deliver, i.e. that the large variations for individual 

shower heads likely exist for technical reasons such as variations in production quality or 

differences in method or calibration between flow measurements. 

Therefore, a given reduction in the allowed shower head flow rate in Title 24 would likely result 

in that same reduction being achieved in practice. 
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Figure 6.  Measured vs. Rated Flow Rates for Shower Heads 

5.4 Availability and Pricing Survey 

Manufacturers of shower heads are numerous and offer wide range of products.  Typical shower 

fixtures are distinguished by the style and flow rate; each fixture series is available in a few 

different trim options—nickel, brass etc—which provides customers with an overwhelming array 

of choices.  Figure 7 is the result of HMG conducted survey of shower fixture sales reps and 

provides a summary of market information gathered for the pricing study.  The survey included 

22 manufacturers and 116 models with a 2.2 gpm average flow rate. 
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Brand Name 

Number of 

different 

models sold 

Minimum 

Fixture 

Flow rate 

(gpm) 

Maximum 

Fixture Flow 

rate (gpm) 

Brand Name 

Number of 

different 

models sold 

Minimum 

Fixture 

Flow rate 

(gpm) 

Maximum 

Fixture Flow 

rate (gpm) 

Alsons 5 1.6 2.2 La Toscana 2 2.5 2.5 

American 

Standard 
2 1.5 2.0 Moen 12 2.2 2.5 

Brass Craft 1 2.5 2.5 Pasco 2 1.5 2.5 

CP 1 1.5 1.5 Pegasus 8 2.5 2.5 

Danze 1 2.5 2.5 Premier 1 2.5 2.5 

Delta 16 1.5 2.4 Price Pfister 9 2.2 2.5 

Downpour 1 2.5 2.5 Proflow 1 2.5 2.5 

Ecoflow 1 1.5 1.5 ProPlus 1 2.5 2.5 

Grohe 8 1.5 2.0 Speakman 7 1.5 2.3 

HansGrohe 2 1.5 2.0 Sprite 1 2.5 2.5 

Kohler 27 1.75 2.4 Waterpik 7 2.5 2.5 

Figure 7.  Market summary of shower fixtures 

We found, anecdotally, that the larger manufacturers provide a wide range of models designed to 

meet the federal 2.5 gpm standard flow rate but few or no lower-flow models (e.g., Delta, 

Grohe/HansGrohe, Kohler, Moen, Price Pfister).  Conversely, many smaller volume 

manufacturers sell ultra low flow fixtures only (e.g, Alsons, CP, Ecoflow and Pasco).   

Figure 8 shows that the majority of products sold meet the federal standard nominal flow rate 

requirement of 2.5gpm, rather than a lower flow rate.   

Flow Rate 

(gpm) 

Number of 

models 

1.50 10 

1.60 2 

1.75 3 

2.00 3 

2.20 3 

2.50 98 

Figure 8.  Fixture Quantities by Flow Rate 

Although the market is flush with fixtures that meet current federal standards, and moving the 

market towards lower flow fixtures would require a change in manufacturing, this shift should 

not push undue costs onto manufacturers, because lower flow shower heads mostly use the same 

components are regular shower heads (though modified to deliver less water). 
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Figure 9 shows fixture purchase price is not dependent on rated flow rate.  The fixtures that make 

up the 2.5 gpm category include a wide range of styles and finishes to cover basic, intermediate 

and luxury customer preferences.  Due to the broad range of products offered at 2.5 gpm, the 

fixtures available at rated 2.5 gpm flow rate have an average price that is considerably higher 

than the most basic fixture.  Conversely, there are few lower-flow shower heads offered with 

expensive finishes, which explains their lower average price. 

From conversations with experts and manufacturers we have learned that flow rate is determined 

by the diameter of the spray nozzles, which is not price-dependent.  Together, this information 

suggests that that manufactures will not suffer increased manufacturing costs to satisfy a code 

change requiring lower nominal flow rate fixtures. 

 

 

Figure 9.  Fixture price by flow rate 

5.5 Energy Savings  

This section summarizes the projected energy and water savings from reducing the shower head 

flow rate and prohibiting multi-head showers in Title 24. 

Although it would be intuitive to assume that lower flow rates result in less water consumption 

per shower event, we conducted an analysis to test this hypothesis.  The resulting relationship 

between flow rate and shower volume can then be applied to both the lower flow shower heads 

and multi-head shower measures, to calculate savings. 
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Figure 10 shows the results of three studies comparing typical shower volume (i.e. the total 

amount of water consumed per shower taken) for various fixture flow rates.  The East Bay 

Municipal Utility District (EBMUD) study and Residential End Use Water Survey (REUWS) 

data trends corroborate one another to yield a useful approximation of the relationship between 

fixture flow rate and shower volume: Larger fixture flow rates reduce average shower duration, 

but the decreased shower time does not outweigh the increase in fixture flow rate—i.e. lower 

flow showers (and shower with fewer heads) use less water per shower taken. 

 

Figure 10.  Shower Volume Study Outcome Comparison 

5.5.1 Multi-Head Shower Fixtures 

Seattle Public Utilities, 2006 Residential Water Conservation Benchmarking Survey and 

Attribution/Consumption Analysis, submitted by Dethman & Tangora LLC, Seattle
1
, found 15% 

of respondents reported having showers with multiple heads or nozzles.  Among those who had 

showers with multiple heads or nozzles, 47% reported they had two nozzles, 24% had three 

nozzles, and 20% had four or more nozzles.  The average number of nozzles per multi-head 

shower was 2.6, which at a flow rate of 2.5gpm (standard) per nozzle gives an upper bound of 

6.5gpm on the average flow rates of multi-head showers.  Additional nozzles are typically 1.5 

gpm, which would give an estimate of 4.9 gpm for average flow rate of multi-head showers, but 

we know from reviewing product literature that some multi-head showers use a lot more than 

four nozzles, so we have assumed that the 6.5 gpm estimate is likely to be more reasonable. 

Based on published manufacturers’ flow rates, and on a skewed triangular distribution of flow 

rates up to 10gpm (the highest flow rate found under testing by the California Energy 

Commission (p.9-19), Biermayer concludes that the mean flow rate for multi-head showers is 

likely to be around 5.5gpm.  These data—Biermeyer and Seattle Public Utilities studies—

provide fairly consistent fixture flow rate data points.   

                                                 

1 http://savingwater.org/docs/2006Regional Survey.pdf
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The trend lines shown in Figure 10 for the REUWS study and the EBMUD study can be applied 

to the findings of Seattle Public Utilities and Biermayer results—6.5 and 5.5gpm average multi-

head shower fixture flow rate, respectively—to produce annual water and energy consumption 

above federal standard maximum flow rate (2.5gpm).  The conclusions are reported in Figure 11.  

(All data reported is on per 

capita basis) 

Average Fixture 

Flow rate (gpm) 

Shower Use  

(gal/day) 

Water use above 

Federal Std (gal/yr) 

Potential Savings 

(therms/yr/shower 

head) 

Seattle Public Utilities 6.5 25.7 9381 82 

Biermeyer 5.5 22.6 8249 73 

REUWS  

(Non-Low Flow houses) 
2.9 13.3 4855 43 

Figure 11.  Comparison of Three Different Estimates of Multi-Head Shower Energy and 

Water Savings 

Note that the Energy savings (therms/yr) are derived from the following assumptions: 

 Ground water temperature = 60
0
F 

 Hot Water Supply temperature = 105
0
F 

 Average water heater energy factor = 0.57 

 Density of water = 8.35 lbs/gal 

The calculations do not include ―structural waste‖ which is assumed to be the same for all 

showers.  Structural waste is slightly increased by a hotter supply temperature (which may be 

required for high flow showers), but is mostly related to hot water supply pipe length and 

diameter, which we have assumed are the same irrespective of shower type.  This is because 

bathrooms are typically supplied by a ¾‖ hot water pipe, which is sufficient for both single head 

and multi-head showers. 

5.5.2 Lower Flow Shower Fixtures 

There are many studies conducted at various times over the last 20 years that use either primary 

or secondary evidence for reductions in energy consumption due to the installation of shower 

heads with lower flow rates. The results of those studies are summarized in Figure 12.  Note that 

the first study (REUWS) measured all flow rates and durations as found, whereas the other 

studies measured flow rates and durations before and after retrofit of a conserving shower head. 

All the studies HMG reviewed compared shower durations and sometimes shower volume at two 

or more flow rates.  It is important when assessing these studies to note whether the results quote 

the rated or the in situ flow rate (second column in Figure 12), because the rated flow rate is the 

rated maximum flow rate of the shower head (at 80psi), whereas in situ flow rate is the actual 

flow rate of the shower as measured in the house (typically at less than 80psi).  All the figures 

quoted for shower duration are measured durations, rather than self-reported duration.  HMG did 

not report results for studies that measured only self-reported shower durations, because there is 

not sufficient basis to have confidence in self-reported duration accuracy. 
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Study Measurement 

Shower 

volume per 

capita per 

day 

(gallons) 

Showers 

per day 

Shower 

duration 

(minutes) 

Average 

flow rate 

(gpm) 

Sample 

size 

Residential 

End Uses 

of Water 

Study 1999 

―Mixed‖ houses 11.8 0.67 8.0 2.2 712 

―Low flow‖ houses 8.8 0.67 8.5 1.6 177 

East Bay 

MUD 

Study 2003 

Before retrofit, mean flow 

rate in situ 2.0gpm 
12.0 0.65 8.9 2.0 33 

After retrofit with rated 

2.5gpm shower, 1.8gpm in 

situ 

11.4 0.74 8.2 1.8 33 

Tampa 

Study 2004 

Before retrofit, mean flow 

rate in situ 2.1gpm 
15.2 0.92 8.0 2.1 49 

After retrofit with rated 

average 1.86gpm shower, 

1.7gpm in situ 

11.0 0.82 7.8 1.7 49 

Tachibana 

and 

Schuldt 

2008  

Before retrofit, mean flow 

rate in situ 2.5gpm 

Not 

measured 

Not 

measured 

Not 

measured 
2.5

1
 139 

After retrofit with rated 

2.0gpm shower, 1.8gpm in 

situ 

Not 

measured 

Not 

measured 

Not 

measured 
1.8 139 

Figure 12.  Shower flow rates and volumes from reviewed studies 

The four studies summarized in Figure 12 show the results of reducing nominal shower fixture 

flow rate.  Figure 13 compares the measured changes in nominal fixture flow rate and observed 

shower volume changes.  The magnitude of savings differs between the studies, but the data 

clearly shows a correlation between flow rate reduction and energy savings. 

 

                                                 
1 Flow rate was measured with throttle open 
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Study 

Flow Rate Reduction, 

relative to Federal 

2.5gpm standard 

Shower water savings  

relative to Federal 2.5 gpm 

standards (gal/day) 

Energy savings  

(therms/yr/shower head) 

REUWS 0.6 3 9.6 

EBMUD 0.2 0.6 1.9 

Tampa 0.4 4.2 13.5 

Tachibana and Schuldt 0.7 2.2* 7.1 

Weighted Average 

(based on sample sizes) 
0.6 2.6 8.6 

Figure 13.  Per capita energy and water savings documented by various studies  

(* denotes calculated value) 

To calculate cost savings from lower flow shower heads and eliminating multi-head showers, 

hourly (8760) estimates for energy use were multiplied by the CEC’s hourly values for Time 

Dependent Valuation 2008
1
 (TDV $/kBTU) to obtain hourly estimates for the value of the 

energy saved.  TDV$ and kWh values were summed over 8760 hours to quantify annual savings.  

TDV$ are in present value dollars.   

The rated flow rate and the measured flow rates differ slightly as reported by Robert Mowris & 

Associates (RMA); Figure 14 and Figure 15 show the annual water and energy savings for 

various fixture flow rates (based on measured flow rates also known as in situ flow rate).  Annual 

water consumption is calculated using the relationship developed in Figure 10 (average of the 

EBMUD and REUWS studies trends) between shower volume and showerhead flow rate.   

 

                                                 
1 HMG applied CEC authorized 2008 TDV multipliers for cost effectiveness.  When 2011 TDV multipliers are available, the calculation will be 

updated. 
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Rated Flow Rate Measured Flow Rate Single Family Multi-Family 

Gal/min Gal/min 
Annual Water Consumption 

(gal/household) 

0.60 0.64 4,678 3,074 

0.70 0.74 5,397 3,547 

1.00 1.03 7,553 4,963 

1.30 1.32 9,709 6,380 

1.50 1.52 11,146 7,324 

1.60 1.62 11,865 7,797 

1.75 1.77 12,942 8,505 

1.90 1.91 14,020 9,213 

2.00 2.01 14,739 9,686 

Baseline (2.5 gpm) 2.50 18,332 12,047 

Figure 14. Annual water consumption 

Figure 15 shows energy consumption for various flow rates (not just the proposed 2.0 gpm flow 

rate), for comparison, and to facilitate future discussion of alternative flow rate values. 

Rated Flow Rate Single Family Multi-Family Single Family Multi-family 

Gal/min Annual Energy Consumption 

(Therms/household) 

Annual Energy Savings—2.0 gpm relative to 

2.5 gpm (therms/household) 

0.60 23.3 15.3 68.0 44.7 

0.70 26.9 17.7 64.4 42.3 

1.00 37.6 24.7 53.7 35.3 

1.30 48.3 31.8 42.9 28.2 

1.50 55.5 36.5 35.8 23.5 

1.60 59.1 38.8 32.2 21.2 

1.75 64.5 42.4 26.8 17.6 

1.90 69.8 45.9 21.5 14.1 

2.00 73.4 48.2 17.9 11.8 

2.5 91.3 60.0 N/A N/A 

Figure 15.  Annual energy consumption 
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5.6 Cost-Effectiveness 

This section describes the cost-effectiveness of changing Title 24 to require showers in new 

construction and retrofit projects to flow at 2.0 gpm or less (irrespective of the number of shower 

heads connected).   

2.0 gpm was chosen based on the high number of shower heads available at or below that flow 

rate, and based on the fact that the Federal WaterSense program has adopted 2.0 as its voluntary 

requirement.  The results from the user satisfaction survey suggest that a lower flow rate would 

be possible, and a logical choice for a lower flow rate would be 1.5 gpm, given that our market 

survey showed at least ten different models of shower head being sold at that flow rate.  

The present value of the total savings over the measure life is shown in Figure 16.  The measure 

life is 30 years in residential space (single family, and low-rise multi-family), based on the life of 

the mixing valve rather than the shower head itself.  The life cycle cost (∆LCC) is the difference 

between the savings estimate and the installed cost for shower fixtures.   

Based on HMG’s pricing survey, there is no clear correlation between flow rate and purchase 

price of shower heads. Therefore by mandating lower flow fixtures, Title 24 will reduce water 

and energy consumption without increasing the purchase price or installation cost burden on 

consumers. The ∆LCC value is positive and the measure is cost-effective over its projected 

lifetime. 

Savings calculations are based on the following set of equations.  Water consumption is 

calculated based on data collected from the literature review.  The amount of energy required to 

heat a gallon of water is calculated based on operating assumptions of a domestic hot water 

boiler (cold water supply temperature 60
0
F, hot water supply temperature 105

0
F, boiler 

efficiency 75%).  Combining these two quantities (water consumption and energy required to 

heat water) provides an estimate of energy consumption.  By taking the difference between the 

energy consumption of 2.5 gpm and 2.0 gpm showerheads we calculate the energy and water 

savings per dwelling unit.  Finally statewide savings are calculated using the CEC new 

construction forecast data (Figure 18). 

 

Where: 

1. Gallons/minute is evaluated for a range of measured flow rates based on correlation in 

Figure 10 

Minutes/shower is taken from a thorough literature review of the studies documented in 

Section 5.5 

Shower/person/year is based on the literature review that provided data on 

showers/person/day * 365 days/year 

Person/unit is derived from the Residential Appliance Saturation Survey (RASS) – 2.5 for 

single family, 3.5 for multi-family 

 

Where: 
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1.  

2. And 75% is the average boiler efficiency used for gas fired water heaters. 

 

Figure 16 shows the energy savings which is the difference between energy consumption 

calculated from the preceding equations as compared to the 2.5 gpm baseline energy 

consumption. 

 

Rated Flow 

Rate 

First Year Energy Savings  

(Therms/year) 

Total TDV Savings  

(2008 TDV $) 
Annual Energy Savings*

1
 

 
Single  

Family 
Multi-Family Single + Multi-Family Single + Multi-Family 

0.6       6,351,416        1,196,028  413 $4,901,756 

0.7       6,017,131        1,133,079  391 $4,643,769 

1.0       5,014,276          944,233  326 $3,869,808 

1.3       4,011,420          755,386  261 $3,095,846 

1.5       3,342,850          629,488  217 $2,579,872 

1.6       3,008,565          566,540  196 $2,321,885 

1.75       2,507,138          472,116  163 $1,934,904 

1.9       2,005,710          377,693  130 $1,547,923 

2.0       1,671,425          314,744  109 $1,289,936 

Figure 16.  Projected energy savings (therms and dollars)  

Results indicate that TDV savings for single family and multi-family residential space are 

positive for all flow rate reductions.  Savings estimate are based on measured flow rates-RMA 

found that fixtures rated to flow at 2.5 gpm typically flow at 2.38 gpm-which yields a more 

accurate estimate than using rated flow rates.  As plumbing fixtures become more advanced, 

                                                 

1  Calculated savings use a conservative rate of $0.90/therm. 

 EIA gives California Res avg price = 0.918 $/therm    (9.43 $/1000 cu ft, 1000 cu ft = 10.27 therms)  

http://www.eia.gov/pub/oil_gas/natural_gas/data_publications/natural_gas_annual/current/pdf/nga09.pdf  

http://www.eia.doe.gov/tools/faqs/faq.cfm?id=45&t=7  

 PG&E in San Francisco = 1.02670 $/therm  

http://www.pge.com/tariffs/tm2/pdf/GAS_SCHEDS_G-1.pdf  

 SoCal Gas in LA = 0.95374 $/therm (customer meter charge and baseline rate)  

http://www.socalgas.com/regulatory/tariffs/tm2/pdf/GR.pdf?webSyncID=271e43b9-6345-61d4-655b-

66884d0baed5&sessionGUID=b10b2bc6-da6c-3585-1930-0d38eac5acbb. 

http://www.eia.gov/pub/oil_gas/natural_gas/data_publications/natural_gas_annual/current/pdf/nga09.pdf
http://www.eia.doe.gov/tools/faqs/faq.cfm?id=45&t=7
http://www.pge.com/tariffs/tm2/pdf/GAS_SCHEDS_G-1.pdf
http://www.socalgas.com/regulatory/tariffs/tm2/pdf/GR.pdf?webSyncID=271e43b9-6345-61d4-655b-66884d0baed5&sessionGUID=b10b2bc6-da6c-3585-1930-0d38eac5acbb
http://www.socalgas.com/regulatory/tariffs/tm2/pdf/GR.pdf?webSyncID=271e43b9-6345-61d4-655b-66884d0baed5&sessionGUID=b10b2bc6-da6c-3585-1930-0d38eac5acbb
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typical shower equipment includes pressure compensating valves (making measured flow rates 

more closely aligned with rated flow rates); thus HMG applied the measured flow rate averages 

for various fixtures from the PIER report (CEC 2010). 

The proposed reduction is from 2.5 to 2.0 gpm, but a reduction from rated 2.5 gpm to any lower 

rated flow rate would meet the cost effectiveness requirements of the Warren Alquist act; Figure 

9 shows that purchase price does not depend on flow rate—there is no increased cost of 

purchasing or manufacturing lower flow rate showerheads—and Figure 16 documents the 

projected savings due to a reduction to2.0 gpm. 

The statewide technical potential energy and water savings of this measure are shown in Figure 

17.  The statewide figures are based on CEC residential new construction forecasts, the most 

recent update came in March, 2008 which projects the number of single-family and multi-family 

households built each year for the next decade.  Figure 18 in the Appendix shows a consistent 

increase in households built (1.6% per year for SF, 1.0% for MF).  Based on these projected new 

households, HMG forecasts the statewide savings (water and energy) for a mandatory code 

change with a 30-year measure life.   

The value of the gas saved is projected to be roughly $1.3 million statewide annually (assuming 

100% compliance).  Additionally, a reduction in flow rate from 2.5 gpm to 2.0 gpm would save 

roughly 500 million gallons of water statewide annually (assuming 100% compliance), or 15 

billion gallons of water over the 30-year effective life of the measure.   

 

Time Period 
Statewide Technical Potential Energy Savings 

(Million Therms) 

Statewide Technical Potential Water Savings  

(Million Gallons) 

 Single Family Multi-Family Single Family Multi-Family 

First Year 1.7 0.3 340 63 

Measure Life 64 11 13,000 2,200 

Figure 17.  Statewide technical potential energy and water savings from reducing shower 

head flow rate to 2.0 gpm 
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6. Recommended Language for the Standards Document, 

ACM Manuals, and the Reference Appendices 

This section describes the specific recommended language and contains enough detail to develop 

the draft standard in the next phase of work.  We have used the language from the 2008 standard, 

and have used underlining to indicate new language and strikethroughs to show deleted 

language. 

There is precedent for the following changes in Title 24 Part 6 to require lower flow 

showerheads.  Setback thermostats function in much the same way as shower fixtures relative to 

the process equipment.   

6.1 Sections to Change 

We propose to change only section 113(c)7 because this applies to all occupancies (residential 

and non-residential), creating a common shower head standard for all buildings.   

6.2 Summary of Proposed Changes 

We believe that the proposed language accomplishes the following changes: 

 Limits shower head flow rate to 2.0 gpm 

 Discourages developers from adding higher flow rate showers after inspection, by 

requiring a shower head to be installed at the time of inspection. 

 Tries to ensure that a maximum of 2.0gpm per person is being supplied by the shower 

 Encourages parallel piping of showers 

 Applies to all occupancies (residential and non-residential) 

Note that, in line with the DOE’s clarification of the definition of ―shower head‖ within the 

Federal Code of Regulations
1
, this revision to the Title 24 code language defines a ―shower 

head‖ to include both single-head and multi-head showers that are supplied from a single pipe, 

i.e., multi-head showers are subject to the same flow rate limit as a single shower head.   

6.2.1 Definitions 

SECTION 101 

SHOWER HEAD is a fixture for directing the spray of water in a shower.  A shower head may 

incorporate one or more sprays, nozzles or openings.  All components that are supplied standard 

together and function from one inlet (i.e., after the mixing valve) form a single shower head. 

6.2.2 Mandatory requirements for all occupancies  

SECTION 113(c)7 Shower Heads.  A single shower head must be installed directly on each 

pipe that terminates at a shower . Shower heads must be placed no closer than four feet from 

                                                 
1 ―a showerhead may incorporate one or more sprays, nozzles or openings.  All components that are supplied standard together and function from 

one inlet (i.e., after the mixing valve) form a single showerhead for purposes of the maximum water use standards under 42 U.S.C. 

6295(j)(1).‖  See: http://www.gc.energy.gov/documents/Showerhead_Guidancel.pdf 
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each other, as measured directly from one shower head to the next.   Shower heads must have a 

rated flow rate of no more than 2.0 gallons per minute at 80 psi.  Each mixing valve must supply 

only one shower head.  The piping connecting the shower head to the heater or recirculation loop 

must be no wider than ½ inch at any point. 

EXCEPTION to Section 113(c)7: Showers that recirculate hot water from the drain to the 

shower head. 

6.3 Material for Compliance Manuals  

We will develop material for the compliance manuals in the final CASE report once the 

proposed code language has been approved by the California Energy Commission.   

In this section, we will provide information that will be needed to develop the Residential and/or 

Nonresidential Compliance Manuals, including:  

 Possible new compliance forms or changes to existing compliance forms.  

 Examples of how the proposed Standards change applies to both common and outlying 

situations. Use the question and answer format used in the 2008 Residential and 

Nonresidential Compliance Manuals.  

 Any explanatory text that should be included in the Manual. 

 Any data tables needed to implement the measure.  
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8. Appendix 

CEC new construction forecasts projected over the 30 year life of this measure: 

Year 
New Construction Single Family  

(# of households) 

New Construction Multi-family  

(# of households) 

2013                         93,409                           26,767  

2014                         94,913                           27,038  

2015                         96,437                           27,304  

2016                         97,938                           27,534  

2017                         99,525                           27,811  

2018                       101,153                           28,101  

2019                       102,808                           28,394  

2020                       104,489                           28,690  

2021                       106,199                           28,989  

2022                       107,936                           29,292  

2023                       109,701                           29,597  

2024                       111,496                           29,906  

2025                       113,320                           30,217  

2026                       115,173                           30,533  

2027                       117,057                           30,851  

2028                       118,972                           31,173  

2029                       120,918                           31,498  

2030                       122,896                           31,826  

2031                       124,906                           32,158  

2032                       126,949                           32,493  

2033                       129,026                           32,832  

2034                       131,137                           33,175  

2035                       133,282                           33,520  

2036                       135,462                           33,870  

2037                       137,678                           34,223  

2038                       139,930                           34,580  

2039                       142,219                           34,941  

2040                       144,545                           35,305  

2041                       146,910                           35,673  

2042                       149,313                           36,045  

Figure 18.  CEC new construction forecasts 
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Disclaimer 
All opinions, conclusions and recommendations in this report are those of the principal 
investigator and research team, and do not necessarily reflect the opinions of any of the sponsors, 
state officials, participating agencies, reviewers or other persons who may have assisted or 
participated in this study.  The authors apologize and take full responsibility for all mathematical 
errors, misspellings and grammatical blunders within these pages.  Readers are encouraged to 
point out any of the above to the author by email to bill@aquacraft.com for corrections in later 
editions of this study or publication of errata.  

Author’s Preface 
This report deals with a simple subject: how water is used in single-family homes in California.  
Nonetheless, the topic has important consequences for the future of the State of California.  The 
official goal of the State is to reduce per capita water use by 20% by 2020.  This report provides 
useful information and insights as to the technical potential to achieve these goals within the 
single-family residential water use sector.  
 
The overall period covered by our investigation ranges from 2005 to 2010, and the bulk of the 
water use data were collected from 2005 through 2008.  This study is a bottom-up approach to 
the subject.  Rather than trying to infer customers’ water use patterns from gross production data 
and various other sources such as surveys and census information conducted on whole 
populations of customers, we have collected highly detailed information at the water meter on 
random samples of customers chosen from billing databases, with the goal of projecting patterns 
in the populations from these samples.   
 
We believe that the results of the study shed light both on how California single-family 
customers are currently using water, how their water use patterns have changed over the ten year 
period since the Residential End Uses of Water Study, and how future water use patterns might 
be modified in order to increase the efficiency of use and modify demands to moderate the need 
for raw water withdrawals form increasingly over-extended supplies.  We hope that readers of 
this report find it of use, and that over time it assists in the common efforts to better manage our 
natural resources. 
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Glossary and Conversion Factors 
The following table provides the definitions of terms as they are used in this report.  These 
definitions may vary from common usage based on specific terminology for the study. 
 

A  

actual irrigation 
application 

The volume of water estimated as outdoor or irrigation use. 
Calculated as total annual billed consumption minus best estimate 
of indoor use (kgal). 

AF Acre-foot - a volume of water that would cover one acre to a depth 
of one foot, or 325,850 gallons of water. See conversion table 
below. 

AFY A unit of volumetric rate: acre-feet per year. 

ANOVA, Analysis 
of variance 

A mathematical process for separating the variability of a group of 
observations into assignable causes and setting up various 
significance tests.i 

application ratio The ratio of the actual irrigation application to the theoretical 
irrigation requirement... Application ratios are key parameters in 
assessing irrigation use because they indicate at a glance whether a 
given site is over or under-irrigating. 

AWC, average 
winter consumption 

Average winter consumption is an estimate of indoor water use. It 
can be calculated from average winter water usage in the months of 
December, January, and February where it is assumed that all usage 
during that period of time is indoors. 

AWWA, American 
Water Works 
Association  

AWWA provides knowledge, information and advocacy on water 
resource development, water and wastewater treatment technology, 
water storage and distribution, and utility management and 
operations. AWWA is an international nonprofit and educational 
society and the largest and oldest organization of water 
professionals in the world. Members represent the full spectrum of 
the water community: treatment plant operators and managers, 
scientists, environmentalists, manufacturers, academicians, 
regulators, and others who hold genuine interest in water supply and 
public health. 
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AWWARF, 
American Water 
Works Research 
Foundation  

Changed to Water Research Foundation in 2008. The Water 
Research Foundation is a member-supported, international, 
nonprofit organization that sponsors research to enable water 
utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers.  

B  

BMP, Best 
Management 
Practices. 

A set of water conservation practices identified, supported and in 
some cases required by the California Urban Water Conservation 
Council. 

C  

CALFED Members of the California Water Policy Council and the California 
Federal Ecosystem Directorate (CALFED) signed the Framework 
Agreement in 1994.  By signing this agreement, participants were 
committed to processes for: setting water quality standards for the 
Bay-Delta estuary, developing long-term solutions for the Bay-
Delta, and coordinating CVP and SWP operations with endangered 
species, water quality, and CVPIA requirements.  CALFED Ops 
group is charged with coordinating the operation of the water 
projects with these requirements.   

CCF A measure of volume: one hundred cubic feet or 748 gallons.  Also 
HCF. See conversion table below. 

ccf/yr An annual measure of volume: one hundred cubic feet, or 748 
gallons, per year. 

CII Commercial, institutional and industrial customers. 

CIMIS,   
California Irrigation 
Management 
Information System  

A network of 120 weather stations found throughout California. 
Managed by DWR. 

confidence interval For a given statistic calculated for a sample of observations (e.g. the 
mean), the confidence interval is a range of values around that 
statistic that are believed to contain, with a certain probability (e.g. 
95%) the true value of that statistic (i.e. the population value). This 
report typically uses a confidence interval of 95%.   
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Coverage 
Requirements 

Requirements detailing level of implementation of CUWCC BMPs. 
Coverage requirements may be expressed either in terms of activity 
levels by water suppliers or as water savings achieved. 

Current The word “current” refers to the study period for this project, which 
was around 2007. All references to “current” demands or “current” 
data refer to the study period not the date of reading. 

CUWCC, 
California Urban 
Water Conservation 
Council   

The California Urban Water Conservation Council was created to 
increase efficient water use statewide through partnerships among 
urban water agencies, public interest organizations, and private 
entities.  The Council’s goal is to integrate urban water conservation 
Best Management Practices into the planning and management of 
California’s water resources. 

D  

data logging Collection of flow data from a water meter by use of a portable 
electronic device that records the number of magnetic pulses 
generated by the meter on a ten second interval. 

DWR,  Department 
of Water Resources 

State of California’s agency charged with managing water resources 
and use.  

E  

EBMUD, East Bay 
Municipal Utility 
District 

EBMUD provides drinking water for 1.3 million customers in 
Alameda and Contra Costa counties. The District’s wastewater 
treatment protects San Francisco Bay and services 640,000 
customers. 

EnergyStar ENERGY STAR is a joint program of the U.S. Environmental 
Protection Agency and the U.S. Department of Energy. The goals of 
the program are saving money and protecting the environment 
through energy-efficient products and practices. 

EPAct, The Energy 
Policy Act of 1992 

An Act of Congress passed in 1992 with the goal of improving 
energy efficiency. It also included changes mandating 1.6 gpf 
toilets. 
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EPA, 
Environmental 
Protection Agency  

EPA leads the nation’s environmental science, research, education 
and assessment efforts. The mission of the Environmental 
Protection Agency is to protect human health and the environment. 
Since 1970, EPA has been working for a cleaner, healthier 
environment for the American people. 

EPA Retrofit homes A group of 96 homes selected from existing single-family homes in 
Seattle, East Bay MUD and Tampa. Each home was data-logged 
and surveyed for baseline use, and then retrofit with high-efficiency 
fixtures and appliance.  Post-retrofit data were collected so that the 
impacts of the retrofits could be determined.  These homes are used 
as benchmarks for high efficincy homes. 

ET, 
Evapo-transpiration 

Evapotranspiration (ET), as used in this study, is a measurement of 
the water requirement of plants. According to CIMIS, 
Evapotranspiration (ET) is the loss of water to the atmosphere by 
the combined processes of evaporation (from soil and plant 
surfaces) and transpiration (from plant tissues). It is an indicator of 
how much water your crops, lawn, garden, and trees need for 
healthy growth and productivity. See reference ET and net ET. 

excess use 
 

When the application ratio is greater than 1 there is excess irrigation 
occurring.  Excess irrigation as used in this report is the difference 
between the actual volume of water applied to the landscape and the 
theoretical irrigation requirement, with all values less than one set to 
zero.   This represents the sum of all excess use without netting out 
the deficit use. 

Exlanatory variable A variable used as part of a regression analysis as a parameter to 
attempt to predict or model another variable.  One or more 
explanatory variabled are commonly used in attempted to predict 
the value of a single dependent or objective variable.  For example 
household water use was an important dedendent variable in this 
study, which was related to changes in several explanatory variables 
such as persons per home, size of home, cost of water, presence of 
high efficniency fixtures and appliances. 

F  

flapper leak In trace analysis, a periodic leak, often with a flow rate similar to a 
toilet’s flow rate at a given site.  

flow trace data 
analysis 

Process of disaggregating end uses of water for a given meter.  
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FPD Flushes per day 

FS field study 

G  

gal. Gallon, a measure of volume. See conversion table below. 

GIS analysis Geographic Information System. GIS is a system of capturing, 
storing, analyzing and presenting geographic data.  

gpd gallons per day. 

gpcd gallons per capita per day 

gpf gallons per flush. 

gph gallons per hour. 

gphd gallons per household per day 

gpm gallons per minute. 

gpsf gallons per square foot. 

gtd gallons per toilet per day. 

H  

HCF, hundred cubic 
feet 

A measure of volume: one hundred cubic feet or 748 gallons. Also 
CCF. See conversion table. 

HET, High 
Efficiency Toilet 

The term refers to toilets designed to flush at 1.28 gpf or less. 

High volume, High 
water use toilet 

Toilets designed to flush at volumes greater than 1.6 gpf.  Pre-1992 
toilets. 
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I  

irrigated area Portion of a lot’s area that is irrigated. Does not include house 
footprint, hardscape, etc. Irrigated area is a critical parameter for 
irrigation analysis.  There was a very strong correlation between 
irrigated area and total lot size demonstrated by the data. 

IRWD, Irvine 
Ranch Water 
District 

Irvine Ranch Water District (IRWD) encompasses approximately 
179 square miles and serves the city of Irvine and portions of Costa 
Mesa, Lake Forest, Newport Beach, Tustin, Santa Ana, Orange and 
unincorporated Orange County. It is an independent public agency 
governed by a publicly elected board of directors.  Core Services 
include water treatment and delivery, sewer collection and 
treatment, water recycling and urban runoff treatment. 

K  

Kc (crop co-
efficient) 

The relative amount of water cool-season turf needs at various times 
of the year. 

keycode The unique code used to identify each study home. The first two 
digits of the code identified the agency in which the residence was 
located.  The last three digits identified the specific home.   

kgal Unit of volume equal to 1,000 gallons. See conversion table below.  

L  

l, liter A measure of volume, equal to 0.264 gallons. 

LA, landscape area Portion of a lot area that includes vegetation, ground cover or water 
surface.  May include vegetated areas that are not irrigated.  Does 
not include house footprint, hardscape, etc.  

LADWP. Los 
Angeles 
Department of 
Water and Power 

Public agency that supplies electricity and water to the City of Los 
Angeles.  Water sources include recycled, imported (MWD) and 
ground water. 

landscape aerial 
analyses 
 

Utilizing aerial imagery and GIS analysis to identify landscaping 
features such as likely plant types and corresponding area. 
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landscape 
coefficient 

The weighted average of crop coefficient for landscape (Kc). 
Represents the aggregate landscape for a given site. Lower values 
imply more xeric landscape, while higher values higher water-using 
landscape. 
 

landscape ratio 
(LRatio) 

This is the ratio of the theoretical irrigation requirement to the 
reference requirement based on ETo 

“leaks” Whenever the term “leak” is enclosed in quotes this is intended to 
remind the reader that these events may include uses that are not 
actually leaks, but which give the appearance of leaks based on the 
flow rates, durations and timing patterns. 

Leaks and 
continuous events 

Events that are identified as leaks during flow trace analysis.  These 
fall into two categories: small and random events that do not appear 
to be faucet use due to there small volume, timing and often 
repetitious nature, and long continuous events that appear to be due 
to broken valves or leaking toilets.  Note that some continuous uses 
may be due to devices like reverse osmosis systems that are being 
operated on a continuous basis. 

LF, Low flow Describes toilets, faucets and showerheads that meet the 1992 
EPAct requirements 

logging Practice of installing data loggers on customer water meters. Same 
as data logging. 

lot size  Lot size is a measure of the total area attributed to a given study 
site. Often found from parcel data.  

lpf,  liters per flush 

LVMWD,  
Las Virgenes 
Municipal Water 
District 

Las Virgenes Municipal Water District provides potable water and 
wastewater treatment to more than 65,000 residents in the cities of 
Agoura Hills, Calabasas, Hidden Hills, Westlake Village, and 
unincorporated areas of western Los Angeles County. 

M  

mean A hypothetical estimate of the typical value. For a set of n numbers, 
add the numbers in the set and divide the sum by n. 
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median The middle number in an ordered set of observations. Less 
influenced by outliers than the mean. 

MG Unit of volume equal to 1,000,000 gallons. See conversion table 
below. 

mgd millions of gallons per day. 

MGY A unit of volume: million gallons per year. 

MOU Memorandum of Understanding. Especially with respect to the 
memorandum of understanding that led to the formation of the 
California Urban Water Conservation Council. 

N  

n number of observations or sample members. 

net ET 
 

Equal to Reference ET less effective precipitation. Net ET is a key 
parameter in analysis and prediction of water use.  

NOAA,  National 
Oceanic and 
Atmospheric 
Administration 

An agency within the Department of Commerce. Focus is on oceans 
and atmosphere, including weather. Maintains weather stations 
throughout the United States.  

R  

R2 , coefficient of 
determination 

The proportion of variance in one variable explained by a second 
variable. It is the square of the correlation coefficient, which is a 
measure of the strength of association or relationship between two 
variables. 

reference evapo-
transpiration (ETo) 

ETo measures the moisture lost from a reference crop (normally 
cool season grass for urban purposes (inches)) and the soil due to 
temperature, solar radiation, wind speed, and relative humidity. 
Precipitation is not included in the measurement of ETo although it 
does affect several of the parameters in the ET equation such as 
solar radiation and relative humidity.   

Reference 
requirement 

The volume of irrigation water required for a landscape planted 
exclusively with cool season turf and a 100% efficient irrigation  
system. 
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regression A method for fitting a curve (not necessarily a straight line) through 
a set of points using some goodness-of-fit criterion. 

REUWS homes,  
Residential End 
Uses of Water 
Study homes 

This refers to the sample of approximately 1200 single-family 
homes chosen randomly from the service areas of 12 water 
providers in 1997.  These are considered representative of existing 
single-family homes from the 1996 time period, prior to widespread  
implementation of the 1992 Energy Policy Act requirements. 

S  

sf A measure of area, square feet. 

single-family home For purposes of this study, a single-family home refers to a single 
meter feeding single dwelling unit. Generally detached, but may be 
attached as in the case of duplexes, triplexes etc, but each unit must 
be individually metered. Apartements are not included. 

standard deviation An estimate of the average variability (spread) of a set of data 
measured in the same units of measurement as the original data. It is 
the square root of the sum of squares divided by the number of 
values on which the sum of squares is based minus 1. ii 

standard error This is the standard deviation of the sampling distribution of a 
statistic. For a given statistic (e.g. the mean) it tells how much 
variability there is in this statistic across samples from the same 
population. Large values, therefore, indicate that a statistic from a 
given sample may not be an accurate reflection of the population 
from which the sample came.  

T  

Theoretical 
Irrigation 
Requirement (TIR) 

The volume of water (kgal) needed to meet the calculate 
requirements of the landscape for a given lot. It is a function of 
irrigated area, net Eto, landscape ratio, irrigation efficiency. 
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U  

ULF toilets Ultra-Low-Flow/ultra-low-flush toilets, which 1992 represented the 
best efficiency toilets available.  When used in this report the term 
ULF refers to toilets designed for flushing at 1.6 gpf. Currently, 
ULF toilets are the standard, and HET, or High Efficiency Toilets 
are the best available devices. The term is clearly out of date, but 
since it is so widely used and understood to represent 1.6 gpf toilets 
we continue to use it.  

W  

water factor For clothes washers, this is the ratio of the total average gallons per 
load to the capacity of the machine in cubic feet. The lower the 
number the more efficient the machine. 

Water Research 
Foundation 

The American Water Works Association research arm. The Water 
Research Foundation is a member-supported, international, 
nonprofit organization that sponsors research to enable water 
utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers. 

WaterSense An EPA Partnership Program created to aid water conservation 
through labeling of water efficient products, services and buildings. 

 
 

Table of Unit Conversion multipliers 

 GAL CF CCF KGAL AF MG 
GAL 1 0.1337 1.337 x 10-3 1.0 x 10-3 3.069 x 10-6 1.0 x 10-6 
CF 7.48 1 0.01 7.48 x 10-3 2.296 x 10-5 7.48 x 10-6 
CCF 748 100 1 0.748 2.296 x 10-3 7.48 x 10-4 
KGAL 1000 133.7 1.337 1 3.069 x 10-3 1.00 x 10-3 
AF 325,851 43,560 435.6 325.852 1 0.326 
MG 1,000,000 13,370 133.7 1000 3.069 1 

 
Note: multiply number of units in column 1 by the number in the body of the table to 

convert to units shown in row 1, for example: 10 MG x 3.069 = 30.69 AF. 
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CHAPTER 1 – EXECUTIVE SUMMARY 
 
The California Single Family Home Water Use Efficiency Study includes data from many 
traditional sources such as billing data, survey data, weather data and aerial photo information to 
analyze the water use patterns of a sample of over 700 single-family homes across ten water 
agencies throughout the State of California.  Detailed flow trace data was obtained from portable 
data loggers which were attached to the water meters of each of the study homes.  These flow 
traces provided flow readings at ten second intervals from the magnetic pickup, which generate 
80-100 pulses per gallon.  These highly detailed flow data make it possible to identify individual 
water use events and to categorize them by their end-use.  The flow trace data tell not just how 
many gallons per day the home used, but how many gallons per day were used for individual end 
uses such as toilet flushing, clothes washing, dishwashers, showers, irrigation, faucets and leaks.  
Detailed use information can be pulled from the trace, giving for example, a count of toilet 
flushes and toilet flush volumes during a logging period. Researchers used flow trace data to 
determine levels of daily use in the homes and the efficiency of that use. Although the flow trace 
technique contains marginal error, such as from the mis-categorization of some events, it 
provides information on end uses-that is not available from any other source. This report 
summarizes the results of the study which began in 2005 and was completed in 2010.  Water use 
patterns found during the 2007 logging period were analyzed to show how much potential 
remains for conservation savings from both indoor and outdoor efforts.  
 
The executive summary covers the eight key goals as outlined in the 2004 proposal.  This 
provides readers with a review of the most salient information that covers each of the key project 
goals.  Readers wishing to obtain background information and to learn more about the research 
methods are referred to Chapters 2, 3 and 5. 

Goal 1: To provide information on current water use efficiency by 
Single Family customers 
 
Assessing the efficiency of water use in single-family homes implies having a standard upon 
which to base the comparison.  The efficiency of the homes can then be described as a numerical 
value based on the chosen standard.  For the single-family homes it is necessary to have two 
standards: one for indoor use and one for outdoor use. 

Determining Efficiency Standards 
The standard used in this study for indoor use was the household water use for a home 
employing best available technology for all fixtures and appliances and with less than 25 gphd of 
leakage.  In effect, the indoor standard was based on the EPA WaterSense specifications for 
indoor devices.  In the report the data from the 2000 study of a group of 100 homes that had been 
retrofit with high efficiency devices, the EPA Post Retrofit Group, was used as the benchmark 
for what we referred to as efficient homes.  For indoor uses it was possible to have a single 
number that represented the number of gallons per day of use expected for efficient homes. 
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While indoor uses are relatively consistent from home to home, outdoor uses are much more 
variable, and it is really not possible to have a single number that tells how many gallons per 
year should be used for outdoor purposes.  What served the purpose for an outdoor standard were 
two values referred to in the study as the “application ratio” and the volume of excess use.  The 
application ratio is equal to the ratio of the actual outdoor water use to the theoretical 
requirement for outdoor use based on the size and type of landscape, the local ET and whether 
there is a swimming pool present.  An application ratio of 1.0 indicates that precisely the correct 
amount of water is being used outdoors at the home.  The volume of excess use is the difference 
between the actual outdoor use and the theoretical requirement (in Kgal).  Using these 
parameters, an efficient home will have an application ratio of 1.0 or less, and will not have any 
excess outdoor use. 
 
There were ten water agenies that participated in this study.  Together they served a total of 1.3 
million single-family customers during the study period.  The weighted average annual water use 
of these homes was 132 Kgal per year or 362 gallons per household per day (gphd).  There were 
a total of 735 homes included in the indoor analysis for this study.  Their weighted average 
indoor water use 134 Kgal/year (367 gphd). Approximately 53% of the annual use appears to be 
for outdoor use and 47% for indoor uses, based on billing data analysis. Figure 1 shows the 
indoor outoor split for the homes in the study group. 
 

Indoor/Outdoor Split 
(Kgal and %)

Indoor, 62.4, 
47%Outdoor, 69.5, 

53%

 

Figure 1: Approximate indoor/outdoor split in logging study group 

 

Indoor Efficiencies 
When the indoor use (plus leakage) was analyzed from the flow trace data it showed that the 
indoor use for the households appears to be declining compared to the data obtained from the 
RUEWS group from 1997, but it is still significantly greater than the benchmark EPA Retrofit 
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Group.  Table 1 shows a comparison of the indoor use of the study group to the two benchmark 
groups.  Figure 1 compares the distribution of indoor use for the three groups.  The current 
California use patterns are much closer to the REUWS benchmark than the EPA Retrofit 
benchmark. 

Table 1: Comparison of average indoor use to benchmarks 

Group Average Indoor Use (gphd) Percent of REUWS  
REUWS (California) 186 ± 10.2 100 % 
California SF Home Study 175 ± 8 94% 
EPA Post Retrofit Group 107 ± 10.3 57% 
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Figure 2:  Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit Homes 

When the indoor uses are disaggregated the results are more revealing.  The disaggregated data, 
shown in Figure 3 show that as one would expect that there have been significant reductions in 
indoor use for toilets and clothes washers in California since 1997.  At the same time, the indoor 
uses attributed to the other categories have stayed the same or increased in a way that has 
masked the savings from the toilets and clothes washers.  This pattern is especially true for 
events classified as leaks.  The analysis showed significantly more long duration or continuous 
flows that get classified as leaks.  These continuous events, which are found in a small number of 
homes, raise the average volume of water attributed to leaks for the study group from around 22 
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gphd to 31 gphd. This finding needs further investigation to determine whether these truly are 
leaks or may be due to devices that actually create a continuous demand for water.  This 
information is important because if the leakage, faucet and shower use were brought down to the 
levels shown in the REUWS study the average indoor use for the group would have been around 
150 gphd, which would have been a significant improvement from the 1997 data. 

0

5

10

15

20

25

30

35

40

45

50

G
a

llo
n

s 
P

er
 H

o
u

se
h

o
ld

 P
e

r 
D

ay

Cal REUWS 44.2 45.1 31.9 29.6 21.9 7.7 3.1 2.3

All REUWS 45.2 39.3 30.9 26.8 21.9 7.8 3.2 2.4

Cal2005SF 37.3 30.6 34.3 32.6 30.7 3.6 3.7 1.5

Toilet
Clothes 
Washer

Shower Faucet "Leaks" Other Bath
Dish 

Washer

Average Indoor Use:
Cal REUWS = 186 gphd
All REUWS = 177 gphd
Cal 2005 SF = 175 gphd

 

Figure 3: Comparison of household end-uses 

 
The data show a major improvement in the water use efficiency of toilets.  There were a total of 
122,869 flushes recorded during the data logging period.  The aveage flush volume was 2.76 
gallons, and 64% of all flushes were less than 2.75 gallons.  The one negative finding on toilets 
was that apparently many toilets that are designed to meet the ULF standard of 1.6 gpf are 
flushing at significantly larger volumes.  This helps explain why the study found that only 30% 
of the homes were at average flush volumes of 2 gpf or less, while all of the program data, 
confirmed by survey data from this study suggest that over 60% of the toilets in the population 
are ULF or better models.   
 
Figure 4 shows the comparison of the distribution of toilet flush volumes in the California Single 
Family Homes study and the 1997 REUWS study.  This shows a dramatic shift in the bins 
containing the largest percentage of flushes.  In the 1997 sample these were between 3.75 and 
4.25 gpf, but as of 2007 they were between 1.25 and 2.25 gpf.  As more of the toilets on the right 
side of the distribution are replaced with high efficiency models the overall demands for toilet 
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flushing will drop well below the current levels, and the percentage of homes meeting the 2.0 gpf 
efficiency criteria used for this study will increase. 
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Figure 4: Comparison of toilet flush histograms of California SF Study to REUWS 

 
The distribution of clothes washer load volumes from the data is shown in Figure 5. As of 2007 
approximately 30% of homes were using 30 gallons per load or less for clothes washing.  At the 
time of the REUWS only around 1% of the clothes washers used less than 30 gallons per load, so 
the current data represents a major advance, but the data also show that there is still significant 
potential for savings in clothes washer use.  
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Figure 5: Distribution of clothes washer volumes. 

 
There was little change in shower use between 1997 and 2007. The average gallons per shower 
was just over 18 gallons (around the same volume that is required to fill up an occupied bath 
tub), and the duration of showers was just under 9 minutes.  Nearly 80% of all showers were 
flowing at 2.5 gpm or less.  Reducing flow rates and durations of showers remain the methods 
available for conservation in showers.  These are the kinds of things that people can do during 
drought times to gain savings from behavioral changes.  
 
The average leakage rate in the study homes was 31 gphd, while the median rate was 12 gphd.  
The wide disparity between these values shows that a small group of homes are leaking at very 
large rates, and this increases the average for the entire study group.  By inspection of Figure 45 
and Figure 46, one can see how the small number of homes in the larger leakage bins contributes 
a disproportionate amount of the total leakage in the group.  Leakage is complicated by the fact 
that some events that Trace Wizard categorizes as leaks may be due to devices such as water 
treatment systems that create a continuous demand for water.  The research team does not 
believe that this occurs very frequently, and that the majority of the long duration events which 
contribute to the bulk of the leak volumes are in fact due to broken valves or leakage from pools 
and irrigation systems.  Leaks from very short duration event, such as drips or occasional toilet 
flapper problems usually amount to 10 gpd or less of household demand.  The leaks which 
contribute very large volumes are those that continue for many hours or days.  These are the 
continuous events that need to be better understood so that they can be dealt with appropriately. 
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The sample group used 33 gpd of water for miscellaneous faucet use.  These uses average less 
than one gallon per use and have average durations of 37 seconds. The average home recorded 
over 57 faucet events per day.   Faucet use represents a category of growing importance as toilets 
and clothes washers become more efficient.  The key to improving the efficiency of faucet use is 
to decrease the flow rates and the duration of the events.  Ideally, one could control faucets 
without touching the handles, and new devices are coming onto the market which can 
accommodate this.  The easier it is for people to turn faucets on and off the less water will go to 
waste during tooth brushing, shaving and dish washing. 

Outdoor Use Efficiencies  
In the study group, only 87% of the homes appeared to be irrigating.  This was based on the fact 
that their lots had no irrigable area, or that their water use showed little or no seasonal use.  Only 
around 54% of the homes which irrigate are doing so to excess.  So, overall, the degree of 
outdoor use efficiency is fairly good.  Figure 6 shows the distribution of application ratios in the 
study homes.  
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Figure 6: Distribution of application ratios in study homes. 

 
If we look all of the irrigating homes and compare their average outdoor use volumes to the 
average theoretical requirement we see that the two values are close to each other.  The average 
annual outdoor use for the group as a whole is 92.7 kgal.  The average theoretical irrigation 
requirement for the group is 89.9 kgal.  So, taken as a whole, there is only 2.8 kgal of excess use 
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per lot occurring in the group.  Another way of looking at this is that the under-irrigation in the 
less-than-TIR group just about balances the over-irrigation in the more-than-TIR group.  If all 
irrigators were brought into compliance with their theoretical requirements, then the data indicate 
that the net result would be little change in overall use.   
 
The fact that the difference between the average outdoor use and the average TIR is small does 
not mean that there is no potential for irrigation savings.  The savings potential is there, but it 
exists mainly on the lots of customers who are over-irrigating.  From the perspective of water 
conservation the customers who are deficit irrigating need to be set aside and attention needs to 
be targeted toward the over-irrigators. 
 
The excess use statistics shown in Table 49, in Chapter 7, shows that the average excess use on 
the lots that are irrigating is approximately 30 kgal per year.  Since only 87% of the lots were 
irrigators, the average excess use for all single-family accounts is estimated at 26.2 kgal per year.  
Approximately 62% of this excess use is occurring on 18% of the irrigating lots or 15% of all 
lots.  This is critical for water management because it shows that in a typical system the majority 
of savings from outdoor use will be found from around 15% of the customers. 
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Figure 7: Distribution of excess irrigation by number of accounts 
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Figure 8: Percent of excess volume attributed to excess use bin 

Goal 2:  To provide a basis for estimating remaining conservation 
potential in single-family homes 
This question is closely related to determination of the levels of efficiencies.  The study used 
models of indoor and outdoor water use developed from the data collected in the study homes to 
predict the impact of making specific changes in indoor and outdoor parameters on household 
water use.  These models allow corrections to be made for the variables in the study and present 
the findings in a normalized manner, and were the chief method for predicting conservation 
potential in the study homes, and by inference in the state.  
 
For indoor use the data and models (see Table 83, Chapter 9) show that average indoor 
household water use could be reduced from the 2007 level of 175 gphd to 120 gphd if the 
following four things could be accomplished: 

 The maximum clothes washer volume was 20 gpl 
 The volume of water used by miscellaneous faucets could be reduced by 10% (from 2007 

levels) 
 Leakage could be reduced to a maximum of 25 gphd 
 The maximum toilet flush volume could be set at 1.25 gpf 
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This amounts to a potential of 55 gphd of indoor savings or 20 kgal per year.  The report did not 
discuss precisely how these goals are to be met, and there is no reason that these changes could 
not be allowed to occur gradually over many years.  The key thing is for building codes and 
regulations to remain in place that require the standards be met in new and remodeled 
construction.  As mentioned elsewhere, the study did not touch on the cost-effectiveness of 
specific programs aimed at accomplishing these goals. 
 
The study showed that the conservation potential remaining in the system from outdoor uses is 
significant, and larger than the potential from indoor uses.  The data from this study showed that 
there are three key parameters for modifying outdoor use: the irrigated area, the water demands 
of plants in the landscape and the percentage of homes in the population that are over-irrigating.  
Table 87, Chapter 9, shows that according to the outdoor use relationships observed in this study 
if the average irrigated areas were decreased by 15%, the landscape ratio decreased by 35%, and 
the percent of over-irrigators reduced from 50% to 20% of the homes it would be possible to 
reduce outdoor use to an average of 40 kgal per household from its 2007 level of 90 kgal.  The 
low-end estimate is that by simply reducing the rate of over-irrigators and leaving all of the other 
parameters as is, the outdoor use could be reduced by 28%, saving approximately 0.6 MAF. 

 
In Chapter 10 three levels of potential conservation savings are identified for the single-family 
sector.  The indoor savings potential are based on the end point chosen for indoor household use.  
In CHAPTER 9, a potential average savings of 20 kgal per home was estimated assuming an 
indoor use benchmark of 120 gphd. The estimate could be rasied to 30 to 40 kgal per household 
assuming that benchmarks of 105 gphd could be achieved and more aggressive indoor 
technologies used.  Consequently, we can conceive of three levels of indoor water conservation 
benchmarks: a low, medium and high level at 20, 30 and 40 kgal per year per home.  Total 
indoor estimates statewide are based on the estimate of 9.5 million single-family households in 
the state.   
 
Outdoor potential conservation savings have been estimated at a low of 0.6, medium of 0.80 and 
high of 1.0 MAF. The savings in all three ranges are deemed techically achievable, but would 
require significant and increasing work over time and innovations in preventing over-irrigation 
and changes to both irrigated areas and plant types.  It is encouraging, however, that the low-end 
savings would more than achive the desired 20% reduction in use.  The practicality of achieving 
savings in the high range is less clear, and is closely related to the value placed on the saved 
water (or costs for agencies to develop new supplies as alternatives).   Table 2 shows the 
summary of the estimated potential conservation savings derived from this study.  It is worth 
repeating that what is achievable is a function of the value being placed on the saved water and 
the costs for program implementation.  As water supplies become more constrained, prices 
typically increase, which may make strategies that are either not or only marginally cost-
effective become cost-effective to implement.   
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Table 2: Summary of projected statewide savings (MAF) 

 Baseline Low Medium  High 
Indoor 2.13 .58 .87 1.16 
Outdoor  2.27 .63 .79 1.02 
Total 4.4 1.21 1.66 2.18 
% of Total  27% 37% 50% 

Goal 3: To provide information on the current market penetration of 
high efficiency fixtures and appliances in single-family homes 
There are two aspects of the penetration rates of efficient fixtures and appliances.  The first, 
which was the primary interest of this study, was to determine what percentage of households 
were operating at levels that are consistent with their being equipped with efficient devices, and 
the second, which was also of interest, was the actual percentage of devices in the market that are 
rated as efficient. 
 
The matter was further complicated by what criteria should be used to classify a fixture as 
meeting efficiency standards.  In the study we looked at the actual performance of the fixtures 
and appliances in the homes as revealed by their water use on the flow traces.  From this 
perspective a toilet, for example, that flushes at more than a specific level would not be classified 
as an efficient device irrespective of the actual model installed. For this study we used a cut-off 
point of 2.0 gpf as the average household flush volume for a home that is totally equipped with 
1.6 gpf (ULF) or better design toilets.  This represented at 25% margin of error for the toilets.   
The parameters used for classification of households are shown in Table 3. 
 

Table 3: Metrics used for efficiency determination 

Device Efficiency Criteria 
Toilets Ave gallons per flush < 2.0 gpf 
Showers Ave shower flow rate < 2.5 gpm 
Clothes washers Ave load uses < 30 gal 
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Figure 9 Percentages of homes meeting efficiency criteria for toilets, showers and clothes 
washers 

The results for clothes washers can be interpreted from the perspective of both households and 
appliances because it is exceedingly rare for a home to have more than one clothes washer. For 
showers and toilets, however, where there is more than one unit per household the situation is 
less clear.  The efficiency criteria used for the study are set close to the target level for the 
devices, and therefore a house would need to have exclusively 1.6 gpf toilets or better, and 2.5 
gpm showerheads for it to satisfy the criteria. For example, a house with one high volume toilet 
and one 1.6 gpf toilet would have an average flush volume of more than 2 gpf. There is a 
considerable amount of discussion of this in Chapter 7 because most agencies believe that they 
have replaced more than 60% of the toilets in their service areas, yet only 30% of the homes are 
meeting the efficient toilet criteria.  The report concludes that these results are consistent with 
each other because of two facts: many homes contain mixtures of high volume and ULF or better 
toilets, and many ULF toilets are flushing at more than 1.6 gallons per flush.  The conclusion on 
toilet penetration was that somewhere between 60% and 70% of the toilets in the single-family 
residences are probably ULF models or better, and at the same time approximately 30% of the 
homes have average flush volumes of 2.0 gpf or less. 

Goal 4: To provide information on the rate of adoption of high 
efficiency fixtures and appliances by California homeowners 
In 1997, when the REUWS study was published, approximately 1% of the homes had 
clotheswasher volumes of 30 gallons per load or less, and 10% of the homes had average toilet 
flushes of 2.0 gpf or less.  As of 2007, both devices are showing approximately a 30% household 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 36 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

adoption rate.  The percent of households with showers at 2.5 gpm was 70% in 1997, and is 
approximately 80% in 2007. 
 
Device % of HH in 1997 % of HH in 2007 Change/year 
Showers 70 80 1% 
Clothes washers 1% 30% 3% 
Toilets 10% 30% 2% 
 
The outdoor data from the REUWS study is difficult to compare to that from the California 
Single Family study since it was from a much broader geographical area.  In the REUWS sample 
17% of the homes were applying more than the theoretical irrigation requirement, whereas 54% 
of the homes in this study were.  This is simply an interesting comparison, but does not mean 
that the rate of over-irrigation is going up.  The REUWS areas were based on the estimated 
irrigable areas on the lots rather than the irrigated areas, and they were not based on comparable 
aerial photos.  As such, we can not make any statements about rates of change of irrigation 
application ratios or excess irrigation amounts from the data obtained for this report.  

Goal 5: To provide information in how the BMP’s have impacted water 
use 
It is clear that the BMP’s have been the major driving force behind water conservation efforts in 
the State of California since they were adopted in 1991.  Most of the agencies in this study are 
approaching their implementation in a similar manner.  It was not possible to detect differences 
in penetration rates of toilets or clothes washers among agencies with more or less aggressive 
rebate programs.  For example, one agency had a program where toilets woule be replaced on 
demand for free with just a phone call from the customer.  The percentage of homes meeting the 
toilet criteria in that agency was not significantly different than in the others.  All we are able to 
say from the data in this study is that whatever changes in single-family water use identified in 
this study have been the results of the combined application of the BMP’s.  It was not possible to 
single out individual BMP measures and quantify their impacts separately. 
 
The other fact that the study demonstrated was that water savings obtained in individual 
categories such as toilets and clothes washers, where there has been measurable reductions, do 
not necessarily show up on the bottom line as overall household savings because changes in 
other categories may obscure them.  In our case, if the analysis was limited to just billing data it 
would not have been possible to identify any statistically significant change in the household 
water use of the homes.  It was the analysis of the disaggregated data that showed how individual 
categories of use had changed that showed that there were in fact significant changes occurring. 

Goal 6: To provide baseline demand data for future studies 
This study provides a wealth of data on single-family water use circa 2007 which can be used as 
a baseline for future studies provided those studies collect similar data on end uses.  The study 
showed the annual water use for the single-family customers in the ten participating agencies.  It 
showed the seasonal and non-seasonal water use patterns for each and the broke the indoor uses 
into individual end uses, which were shown on a household basis.  Models of indoor water use 
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were developed that showed which factors affected water use and the relationships between total 
indoor use and indoor use by category, to each of the key variables.  Future studies can compare 
water use as it was reported in this study to water use from their own time period.  A good 
example of this type of comparison is found in  
Figure 71, Chapter 9, which shows the relationships between indoor use and the number of 
residents.  
 
The same situation occurs for outdoor use, where information on lot size, irrigated area, 
landscape coefficienct, application rates and volumes of excess irrigation was tabulated.  Models 
of outdoor use, similar to the indoor use models were developed, which can be used to make 
meaningful comparisons against future samples of customers. 
 
A key assumption for making future comparisons is that the sample of homes used for this 
analysis is representative of the single-family homes in the agencies and in the State.  We know 
that the samples chosen from each agency match the water use patterns for their respective 
populations.  We also know that the agencies included in this study represent some of the largest 
in the state. There is no reason that future analyses in these agencies, using new samples of 
homes chosen in the same manner, can not provide excellent data on changes in indoor and 
outdoor use patterns. 

Goal 7: To provide information that can be used by California water 
agencies in updating their Urban Water Management Plans 
The degree to which the information presented in this report is useful for preparation of future 
urban water management plans is a function of how those plans are organized, and how the water 
use data in them are presented.  Water management plans that are based on more disaggregated 
demand data and which employ estimates of end uses of water will find the information in the 
report of greatest use.  Plans that are based on aggregated demands and overall population 
estimates will not derive as much benefit. 
 
The types of water management plans that will derive the greatest benefit from the data collected 
in this report, and from the data collection techniques use for the report, would track at least the 
following items in their single-family water use accounting: 

 Total annual deliveries to single-family accounts 
 Winter deliveries (December or January) as a proxy for indoor use 
 Number of single-family accounts in system 
 Total seasonal and non-seasonal use (derived from annual and winter use) 
 Best estimate of population of single-family accounts 
 Best estimate of irrigated area in single-family accounts (from samples and GIS data) 

 
These data could be used to generate unit use reports that can be tracked over time and compared 
to benchmark data. The following unit tracking parameters could be used: 

 Annual water use per SF account 
 Non-seasonal water use (proxy for indoor use)  

o Annual use 
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o Gallons per household per day 
o Per capita use  

 Seasonal use (proxy for outdoor use) 
o Annual use 
o Average application rate (gpsf) 
o Average application depth (in) 
o Application ratio (applied inches/f(ET)) 

 
These water management plans are based on measurement and tracking of actual water use that 
has been normalized in a way that allows it to be compared to efficiency benchmarks.  For 
example, by determining single-family winter water use, one can obtain a fairly good proxy for 
indoor use.  Knowing the household indoor use means this can be compared against benchmarks 
like the EPA retrofit study group, or against the data from this study.  This value should decrease 
over time if the efficiency of the system is improving.  What may have started at 170 gphd would 
drop over time as new and more efficient fixtures and appliances were installed and hopefully as 
leakage were controlled better.  Tracking the household indoor use in this manner would provide 
the best data for water management plans.  Similar tracking of outdoor use would provide 
information on which to gauge the improvements in outdoor use efficiency.  These types of plans 
could compliment information on BMP activities and conservation expenditures and confirm 
their effectiveness.  

Goal 8: To provide guidance for allocation of resources by identifying 
areas with the most promising conservation potential 
This report pointed out several items that provide insights into where to most effectively allocate 
resources for water conservation. 
 
Since the signing of the Memorandum of Understanding in 1991, water conservation efforts have 
been focused on implementation of the Best Management Practices.  These are mainly programs 
that lend themselves to tracking on the basis of activities performed and fixtures replaced.  The 
most convincing argument for the effectivness of water conservation efforts, however, is one that 
is backed up by hard data that shows reductions in household water use.  This study 
demonstrated techniques of sampling and data collection that can be used for these approaches. 
Including detailed analyses of household and per capita water use on representative samples of 
customers can provide a wealth of information that will compliment the other tracking and 
evaluation efforts of the agencies.  Accounting for toilets and clothes washer rebates provides a 
primary input on water conservation.  It is still somewhat indirect until it can be coupled with 
demonstrated reductions in household water use for toilet flushing and clothes washing, along 
with concurrent reductions in the average flush volumes of toilets and load volumes for clothes 
washer in the homes as of a certain date. 
 
The degree to which both excess use and potential savings are skewed in the population needs to 
be considered when designing programs.  Programs that aim to control leakage or excess 
irrigation use, for example, should not be targeted to the entire population since most of the 
leakage and excess irrigation use is associated with a small percentage of the homes.  It would be 
better to design programs that target their effects to just these customers. Water budgets, smart 
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meters, leak detection devices, better customer information systems are all possible exmples of 
these. 
 
The information on toilets should also be of use for future program design.  The data showed two 
important facts.  First, even though there a high percentage of toilets appear to have been 
replaced with ULF models the percent of homes that are flushing at 2 gpf or less is lagging.  
Second, the data clearly show that the actual flush volumes of ULF type toilets ranges well 
above the 1.6 gpf level.  If future retrofits are focused on newer high efficiency toilets (those 
using 1.28 gpf or less), and work continues to replace all of the remaining high volume toilets in 
the homes upgraded to the high efficiency toilets, the percentage of complying homes will 
increase rapidly over time and the household water use devoted to toilet flushing will decrease. 
 
The data show that reducing the percentage of homes that over-irrigate is the single most 
important factor in reducing outdoor use.  The report, however, does not support making weather 
based irrigation controllers mandatory.  The data show that these devices would cause irrigation 
to rise in about as many homes as they would create reductions.  The key to controlling outdoor 
use is to design programs that discourage excess irrigation use while allowing customers who 
prefer to under-irrigate to continue to do so. This requires targeting over-irrigators, which 
requires having some sort of estimate of the irrigated areas and outdoor water use for each 
customer and comparing this information to their actual seasonal use. 
 
The report highlighted the importance of leaks and other unexplained continuous uses in raising 
average use for the entire population.  Rather than have general programs targeted to all 
customers, the report suggests it would be better to have systems that can alert customers of the 
existence of a leak-like use pattern so that it can be remedied immediately.  In every group of 
houses that were logged as part of the study there were several that showed these long duration 
and high volume leak-like events.  Having programs in the billing system that detect increases in 
use and then send a text message, phone call or email to the customer might be considered.  
Having in-home monitors that read data from the AMR meters directs is another. Having water 
rates that seriously penalize excess water use would provide an economic incentive for 
customers to monitor their use. 
 
The report shows the importance of having more detailed information on the customers.  It 
suggests that putting increased resources on better customer information and water use tracking 
systems would greatly improve the ability to establish better water management programs.  As 
the old saying goes, “you can’t manage what you don’t measure”.  Key information that would 
assist in water management would include: the number of residents in the home, the annual and 
winter month water consumption, the size of the lot and size of the irrigated area, the local ET 
for the lot.  Such information would be invaluable for planning and evaluation purposes.  
Systems that provide the customers with real-time information on water use, along with targets 
for use, enlist the customer as an active partner in water management.  Having the customers as 
partners should greatly enhance the response of the entire system. 
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CHAPTER 2 – INTRODUCTION 
 
One of the most pressing questions confronting urban water agencies is how much their current 
water demands can be reduced by conservation.  There are various ways of estimating the 
remaining water conservation potential.  This report focuses on an analysis of indoor and outdoor 
water use in single-family customers derived from detailed measurements of end uses of water.  
The report shows that while significant and considerable strides have been made in improving 
single-family water uses there is still potential for additional savings.  The report provides 
insights on how best to tap these increasingly valuable water resources from a technical 
perspective, but does not deal with the question of cost-effectiveness of particular programs.  
 
Where is water used in California single-family residences?  How much water is used for 
irrigation, toilet flushing, washing clothes and showering?  How much water is lost to leaks?  
What is the current water efficiency level and conservation potential of California homes?  What 
is the average toilet flush volume?  How much water does the average clothes washer use?  How 
does water use differ in households equipped with conserving fixtures and appliances?  Are there 
new uses of water that could alter demand patterns?  What mathematical relationships best 
predict single-family water use, and what factors are the best predictors of single-family water 
use?  The California Single-Family Water Use Efficiency Study was conducted to help answer 
these questions and to provide new and detailed information on the end uses of water in single-
family residences in California. 
 
The end uses of water include all places where water is used in the single-family residential 
setting such as toilets, showers, irrigation, clothes washers, faucets, leaks, dishwashers, baths, 
evaporative cooling, water treatment systems, water features, swimming pools, hot tubs, etc.  
Understanding how much, where, and when water is used by residential customers is 
fundamental information for utilities, conservation coordinators, planners, system designers, and 
numerous other water professionals.  Updated empirical data on water use and conservation 
effectiveness are essential for understanding how water efficiency efforts are impacting demands 
and what can be done to further conservation efforts. 
 
End use research has emerged as an important source of fixture level water use patterns over the 
past 20 years.  Once prohibitively expensive, the advent of compact battery powered flow 
recorders and signal processing software for disaggregating demands into component water uses 
has enabled micro-level water use measurements to be made from relatively large samples of 
residential customers at a reasonable cost.  The analytic technique, known as “flow trace 
analysis”, enables disaggregation and quantification of residential end uses from a continuous 
flow data set recorded from the primary utility water meter at a single-family residence.   
 
Flow trace analysis was the fundamental analytic methodology used to disaggregate water use in 
the California Single-Family Water Use Efficiency Study. The flow trace analysis technique was 
developed by Aquacraft in the early 1990s, and was the research approach employed in the 
landmark 1999 American Water Works Association Research Foundation Residential End Uses 
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of Water study.  Since that time, flow trace analysis and the Trace Wizard analytic software, 
have been utilized around the world to quantify residential water uses in research studies in 
Australia, New Zealand, Cyprus, Singapore, Jordan, England, Spain, Canada, and beyond.  
These techniques were used to develop the end use data that has been cited in this study for the 
EPA Retrofit Analysis and the New Home Study, which studies are described in the literature 
review. 
 
In the California Single-Family Water Use Efficiency Study, water consumption for various end 
uses was measured from a sample of 732 single-family homes in 10 water agencies accross 
California.  Additionally, annual historic consumption data were obtained from each 
participating agency allowing for estimation of both indoor and outdoor demands.  The irrigated 
area at each of the 732 study homes was measured using aerial photographs and geographic 
information system (GIS) technology. Local climate data were obtained in order to estimate 
irrigation requirements.  This allowed for analysis of both theoretical irrigation demands and 
actual applications at each site.  All of this information was collected to provide answers to 
fundamental questions about how much water and where water is used in California residential 
settings, and to examine the potential water savings that might yet be achieved from various 
conservation measures. 
 
In addition to presenting the findings from the data collection effort, the study also examined the 
relationships between the end uses of water and household demographics and socioeconomic 
data.  Building from those relationships, predictive models were developed using multiple 
regression techniques to examine the impact of a range of likely independent variables.  These 
models allow water utilities and planners to input critical variables from their own communities 
and generate predictions about water use and conservation savings based on actual data. Of equal 
importance they allow the impact of changes in single-family household characteristics on water 
use to be explored, which is a key for estimating the impact of various changes on future demand 
patterns.  
 
This report describes the methodology and important findings of this study and presents a wide 
variety of analyses based on the dataset assembled over the course of the study.  As with any 
similar research study, this report represents a time and place snapshot of how water is used in 
single-family homes in the California study group assembled for the study.  Similarities and 
differences among end uses were tabulated for each location, analyzed, and summarized.  Great 
care was taken to create a statistically representative sample of customers for each of the 10 
study locations.  However, the precise degree to which these samples are representative of the 
entire state is unknown.  Having the models of water use, however, makes it less critical that that 
sample be totally representative, since where differences exist in a local population (such as in 
the number of residents per home) the models can be used to adjust the water use predictions. 
 
A research study of this size and scope must rely on a variety of assumptions.  It is recognized 
that changes in some of these assumptions could impact the results.  Wherever possible, the 
researchers have endeavored to acknowledge key assumptions, and to explain how they may or 
may not factor into the results. 
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This study doest not include analyses of costs to implement individual conservation programs or 
benefits from saving water.  These topics need to be addressed on a case-by-case basis as part of 
future work.  Costs for implementation of conservation programs vary widely depending on the 
method chosen and the time allowed for the work to be done.  Programs that are highly intrusive 
and rely on rebates and other hard expenditures for the water agencies can be quite expensive.  
On the other hand, programs that rely on natural market transformation over time, perhaps 
encouraged by building codes can be implemented with less cost.  On the other side of the 
equation, the benefits ascribed to water savings depend on the value which is placed on the saved 
water, which is another variable that must be considered on a case-by-case basis. 
 
Because this is not a study of cost effectiveness, the reader is cautioned not to assume that any of 
the water conservation options discussed in the report are feasible to implement.  Even the most 
conservative scenario requires substantial investments, and its implementation needs to be 
carefully thought out. The study shows what types of changes need to be made in order to reduce 
single-family water use, and provides estimates of the savings that might be achieved by doing 
so. It is up to the planners and engineers practicing in the area of water demand management to 
design programs that can achieve these savings in a cost-effective and customer acceptable 
manner.  Also, many of the outdoor parameters, such as the irrigated areas and plant types are 
matters of local policy and custom, which may not be easily changed. 

Background 
This is a study of single-family household water use in California and the factors that affect it. 
In 1996 the American Water Works Research Foundation (AWWARF) funded what was then 
the most detailed and comprehensive study of water use patterns in single-family customers in 
North America.  This study was jointly sponsored by 12 water agencies in the U.S. and Canada.  
The study was called the Residential End Uses of Water Study, or REUWS1, and it provided 
unprecedented details on household water use using a random sample of approximately 1200 
homes chosen in groups of 100 per study site.  The REUWS used a combination of billing data, 
flow traces from data loggers, and survey data to obtain measurement of daily household and per 
capita use for each of the major end-uses of water.  Estimates were obtained for the irrigated 
areas on each lot in order to also provide estimates of annual irrigation applications.  The 
REUWS study provided a benchmark of water use patterns at a point in time at which few 
houses had incorporated the more efficient plumbing fixtures mandated by the 1992 Energy 
Policy Act. 
 
Four of the 12 study sites for the REUWS were located in the State of California.  These were: 
Las Virgenes Municipal Water District, Walnut Valley Water District, the City of Lompoc, and 
the City of San Diego.  All of these were located in Southern California. The results from the 
California homes showed that their indoor use was very similar to that of the other study homes.  
The average indoor water use was approximately 177 gallons per household per day and the per 
capita use of approximately 70 gpcd for indoor uses.  

                                                 
1 Mayer, P. W., DeOreo, W. B., Opitz, E. M., Kiefer, J. C., Davis, W. Y., Dziegielewski, B., and Nelson, J. O. 
(1999). "Residential End Uses of Water." American Water Works Association Research Foundation, Denver. 
 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

 
In 2004 a group of California water agencies, led by Irvine Ranch Water District, submitted an 
application to the California Department of Water Resources to fund an update and expansion of 
the REUWS study that would be conducted totally within the State of California.  This proposal 
was accepted for full funding by the DWR in the spring of 2005.  Data collection began on the 
project during the fall of 2006 and was completed by the fall of 2008. Analysis continued 
through 2009 and the project report was published in June of 2010. An extensive review process 
was undertaken after the draft report was delivered.  
 
For purposes of identifying this study and distinguishing it from the other preceding studies it 
shall be referred to as the California Single-Family Water Use Efficiency Study, or just the 
California Single-Family Water Use Study.  
 

Goals of Project 
The overall goal of this project was to provide detailed water use data on a new statewide sample 
of single-family homes in order to provide an updated snapshot of their water use patterns. This 
would provide an updated benchmark for their water use efficiency, a comparison of their status 
with respect to the use patterns from both the REUWS and from various studies of high 
efficiency homes, such as the EPA Retrofit Study, which yielded a gauge of how much untapped 
water conservation potential exists in this major category of customers.  
 
Single-family homes represent the largest single category of water user for most water utilities.  
There is a considerable amount of knowledge about household water use that allows one to 
establish efficiency benchmarks for single-family homes and compare the water use from a given 
sample in order to asses where the existing use falls within the efficiency continuum.  This 
project was designed to collect data on the end uses of water in California single-family 
customers as of ~2007, to assess how efficiently this water is being used, and to determine what 
potential remains for water savings in homes across the state. 
 
The proposal submitted to the California Department of Water Resources in 2004 identified eight 
specific goals for the project: 
 

 To provide information on current indoor and outdoor single-family water use 
efficiencies as a benchmark for current conditions and to evaluate future efficiency 
programs. 

 To provide a basis for estimating remaining conservation potential in single-family 
homes throughout the State. 

 To provide information on the current market penetration of water efficient fixtures and 
appliances in single-family homes. 

 To provide information on the rate of adoption of water efficient fixtures and appliances 
by California homeowners. 

 To provide information in how well the BMP’s adopted as part of the 1991 memorandum 
of understanding have been adopted and how much water savings can be attributed to 
these efforts. 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 44 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

 To provide baseline demand data for future studies. 
 To provide information that can be used by California water agencies in updating their 

Urban Water Management Plans. 
 To provide guidance for allocation of resources by identifying areas with the most 

promising conservation potential. 

Study Methodology 
In this study, random samples of single-family residential customers were chosen from water 
agencies throughout California such that the proportion of the overall sample roughly matched 
the percent of the state population served by the agencies.  These samples were selected so that 
their mean and median annual water use matched the populations from which they were drawn at 
the 95% confidence level.  Water billing data were obtained for the sample homes and aerial 
photos were obtained for each.  Each home was surveyed and visited so that a data logger could 
be installed and the landscape could be checked against the aerial photos. Flow trace data were 
obtained for two-week periods from each home, and these were disaggregated into end-uses 
using the Trace Wizard program. A database of end-uses was created which allowed detailed 
analyses of end-use patterns, penetration rates of high efficiency fixtures and appliances and 
outdoor uses as both volumes and percentages of theoretical irrigation requirements. 
Mathematical models were developed for indoor and outdoor water use, which obtained data 
from the water events database and surveys to search for factors that best explain water use. 
Conclusions were made and statewide implications were discussed based on the findings of the 
study. Chapter 5 provides a complete description of the study methodology. 

Sources of Error 
There are two types of errors to which a study such as this is subject: random errors and 
systematic errors.  Random errors reduce the accuracy of the results, but they do not change the 
basic conclusions of the study.  If random errors are large enough they make it impossible to 
detect trends in the data and to develop meaningful relationships, but if they are not too large the 
underlying relationships in the data are evident.  Systematic errors, are more malignant, however, 
in that they create an overall bias in the results that may lead to drawing erroneous conclusions. 
 
Examples of random errors are numerous.  One common random error in the flow trace analysis 
would be for events to get miscategorized.  In a data set containing literally millions of records 
one would always expect to have a certain number of events miscategorized.  The program may 
identify a faucet event that looks like a toilet flush as a toilet, even though the actual event 
occurred when someone used a bathtub faucet to fill up a 1.5 gallon watering can.  On the other 
hand, toilets may sometimes flush in a manner that appears to be a faucet, so the reverse situation 
can occur.  Small leaks and faucet events can be confusing.  Some faucet events may be 
classified as leaks and vice versa, and there may be some devices, such as evaporative coolers or 
reverse osmosis systems that can be confused with leaks.  In these cases some of the evaporative 
cooler events may be classified as leaks and some leaks may get classified as evaporative 
coolers.  The situation where all of the events get misclassified is highly unlikely to occur.  In 
this way, random errors tend to cancel each other out.   
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Another example of random errors is how irrigated areas are identified on aerial photos.  Photos 
for the study were obtained from different sources and taken on different dates.  Determining the 
boundaries and plant types of the landscape sub-area can be influenced by shadows, time of year, 
condition of the plants, and resolution and spectral bandwidth of the photo.  Two analysts 
working with photos from different dates would never come up with the same results.  But if the 
errors are random in nature the overall variance between the two analyses should be small.  An 
example of this would be the irrigated area analysis of the 12 homes in the Helix Water District 
system.  The agency checked the irrigated area on the lots independently from Aquacraft.  While 
there were some significant variations in results on individual lots, overall the results agreed 
within 5% of each other.  The Helix analysis showed a total irrigated area of 71, 257 sf and the 
Aquacraft analysis showed a total of 67,603 sf.  The difference of 3654 amounted to 5% of the 
original estimate by Aquacraft.   
 
The breakdown of annual water use into indoor and outdoor use is another area of random error. 
In this case we are attempting to estimate total annual indoor water use from a combination of 
billing and flow trace data so that we can subtract annual indoor water use from total annual use 
and derive outdoor use.  This is a necessary step since the vast majority of single-family homes 
have a single water meter through which both indoor and outdoor water flows.  In many areas of 
California irrigation occurs on a year-round basis, so use of average winter consumption as a 
proxy for indoor use is not reliable.  In this study we used the estimate derived from projecting 
the flow trace indoor use to the year as the preferred approach, as long as this gives a reasonable 
estimate.  Sometimes the flow trace data do not appear to be typical of indoor conditions.  In 
those cases we used either the average or minimum month use as a proxy for indoor use, or 
simply used an allowance of average indoor use to estimate outdoor use.  Given the fact that we 
were dealing with a single water meter, some estimate of this type was needed in order to derive 
the indoor/outdoor water split.  In some cases the approach may result in underestimates of 
indoor use, and in others it may lead to over-estimation. 
 
The fact that there was a lag between the billing data used for the sample selection and 
determination of annual indoor use and the flow trace data used to estimate indoor use could be a 
cause of error.  We know that indoor water use tends to be fairly stable, but if there were changes 
in the occupancy of the homes between the year of the billing data and the logging data then this 
would cause errors.  We tried to minimize the time between these two periods in order to avoid 
these errors to the degree possible. 
 
There are issues regarding toilets being classified as ULF or non-ULF toilets in the analysis, and 
whether the flow trace analysis correctly makes this determination.  As discussed in more detail 
in the body of the report the flow trace analysis merely shows the volume of the toilet flush.  The 
flow trace analysis shows how the toilet is performing, and not the actual model of the device.  
Many flushes recorded in the dataset may fall outside the 2.2 gallon per flush limit we used as 
the separation point for individual toilet flushes that are from ULF model toilets. Toilets flushing 
between 2.2 and 3.3 gpf are in the gray area where we can not say whether they are poorly 
functioning ULF models or standard toilets that have been modified.  The data point out an 
important issue with the toilet retrofit program in that if many of the toilets that are installed are 
technically ULF designs, but they fail to flush at ULF standards then this would be a problem.  In 
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our study, these toilets do not get classified as ULF toilets, even though they may be ULF 
designs. 
 
The report includes data from the EPA New Home Study, which shows a distribution of toilet 
flush volumes from a group of homes known to contain almost exclusively ULF design toilets.  
Having a distribution of actual ULF flush volumes made it possible to make a much more 
accurate estimation of the percent of flushes that are due to mal-functioning ULF toilets versus 
high volume toilets.  This discussion is provided in Chapter 7. 
 
Systematic errors occur when a condition occurs that affects the entire dataset.  These types of 
errors can cause serious distortions in the data and can lead to erroneous conclusions.  An 
example of a systematic error would be a water meter that recorded the wrong volume of water.  
In a case like this the logged volume would match the register volume, but both would be off 
from the actual use.  If the error was large it would probably make the trace file be discarded as 
unreasonable, but if it were off by 10 or 20% the data might be accepted and analyzed as correct.  
In that case all of the events in that trace file would be either too large or too small.  Water 
meters failing to record very small leaks would be another example of systematic errors. Taking 
this a step further, if this error only occurred in a single meter, it would not be a serious problem, 
but if it occurred in all meters the entire study would be distorted.   
 
It is possible that some water treatment systems may give the appearance of leakage, and cause 
all of the treatment events to be classified as leaks. We know of at least one case where a house 
may have had a full-time reverse osmosis system in place.  If this was operated on a 24-hour, 7 
day per week basis, it could have caused that house to be accounted as having a very large leak, 
when it was actually a very large amount of water flowing down the drain as RO reject water.  It 
is difficult to think of another device that might reasonably cause this type of situation, and also 
why water being wasted as part of a water treatment process should not be classified along with 
leaks. Further study of leaks and continuous uses would help clarify this situation. 
 
For aerial photo analyses if there was a scaling error in the photo that affected all of the lots or if 
the time of year that the photo was taken made it impossible to correctly identify the irrigated 
areas then there could be systematic errors in irrigated area determinations.  The Irvine  
Ranch Water District analyzed the irrigated areas of the 102 lots included in the outdoor portion 
of this study. In this case their analysis showed irrigated areas averaging 32% more than the 
Aquacraft analysis.  This suggests that there might have been some sort of systematic difference 
between the two photos.   After reviewing and confirming the IRWD results, the IRWD irrigated 
areas were re-analyzed by Aquacraft using new photos supplied by the District. 
 
An opposite problem occurred in East Bay MUD.  In that case the District did an independent 
analysis of the irrigated areas and determined that Aquacraft had over-estimated the areas by 
counting parcels of native trees, and dry turf areas as irrigated, when in fact they are not.  
Aquacraft reassessed the irrigated areas for EBMUD and recalculated the results using the 
updated areas.  Details of these analyses are provided in Appendix E. 
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CHAPTER 3 –LITERATURE REVIEW 
 
The water demands of the single-family residential sector are of great interest and importance to 
water providers, planners, and conservation professions.  The scientific study of these demands 
has been underway for many years, but only in the past 20 years have data sets from large 
random samples of residential customers in cities across the US been assembled.  Since the 
publication of the Residential End Uses of Water study (Mayer, et. al. 1999), interest in 
residential water use around the world has grown and significant end use studies have now been 
undertaken in Australia, Great Britain, Spain, New Zealand, Cyprus, Jordan, and many other 
countries. 
 
Historically there have been a number of research studies that have attempted to measure how 
much water is devoted to the main residential end uses and to determine the key factors that 
affect the end-use patterns. Billing data analysis, customer interviews, home audits, retrofit 
studies, and more recently data-logging, are among the tools that have been used by utilities to 
evaluate customer demands and estimate the effectiveness of conservation measures. As noted 
by Dr. Thomas Chesnutt, “Conserved water cannot be counted on as a reliable water source if 
water managers lack a good estimate of potential savings. Hence evaluation is a crucial 
component of any conservation program. The use of water conservation estimates in regulatory 
decision-making processes makes accurate evaluations even more important.”2 
 
In 1940 Roy B. Hunter developed some of the earliest peak demand profiles – known as Hunter 
curves – used for sizing meters and service lines.  Hunter relied on knowledge of the water uses 
within a given structure, their peak demands, the theoretical estimates of the frequency of use, 
and the probability of simultaneous use to derive estimates of the peak instantaneous demands 
for water in buildings. This approach grossly over-estimated the peak demands in most buildings 
because he lacked accurate information on the probabilities of multiple and simultaneous uses of 
fixtures within the buildings.3  
 
Knowledge of demand patterns is interwoven with an understanding of the end uses of water. 
According to the American Water Works Association (AWWA) Technical Manual M22: 
“Demand profiles help to identify service size requirements, clarify meter maintenance 
requirements, define water use characteristics for conservation programs, assist in leakage 
management, enhance customer satisfaction and awareness, improve hydraulic models, and 
establish equitable and justifiable rate structures. Additionally, with increased water scarcity and 
cost of water, conservation and loss control have become important industry issues. For many 
utilities water conservation and water loss control have become the most cost-effective means to 
improve water resource availability.”4   
 

                                                 
2 Chesnutt, T.W., C.N. McSpadden, 1991. Improving the Evaluation of Water Conservation Programs, Santa 

Monica, CA. 
3 Hunter, R. (1940). "Methods of Estimating Loads in Plumbing Systems." National Bureau of Standards, Washington, D.C. 

4 AWWA, 2004. Sizing Water Service Lines and Meters 2nd Edition, Denver. 
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The importance of flow profiles (i.e. high resolution time series flow rates that allow individual 
uses to be identified) was recognized for accurate analysis of end uses of water. By the mid-
1970’s advances in portable data loggers allowed actual demand data to be collected from the 
customer water meter using mechanical loggers and circular chart recorders.  While 
cumbersome, these data allowed actual peak demand information to be collected from meters 
serving specific customers, whose size and other characteristics were known.  The 1975 version 
of the M22 manual used data from these empirical observations to replace the original Hunter 
curves that were used to estimate peak demands.5 
 
Increased attention on demand management created the need to evaluate the effectiveness of 
various conservation programs and verify savings estimates made at the time of their inception. 
During the 1980’s it was becoming increasingly clear that water conservation offered an 
economic way to reduce urban water demands thus reducing the need for continued new water 
supply projects, which were becoming both more expensive and difficult to find. In 1981the 
AWWA published one of the first books on water conservation6, and in 1984 Brown and 
Caldwell published one of the first detailed efforts at measuring end uses of water in residential 
structures by instrumentation7. This national study of 200 homes in nine cities provided better 
estimates of potential savings from conservation efforts on residential demands than had been 
available to date. “Although testing has established water use for residential plumbing fixtures 
and water conservation devices under laboratory conditions, estimates of water and energy 
savings with reduced-flow fixtures and devices have been based upon very different assumptions 
regarding typical duration of fixture use, flow rate, temperature, and frequency of use. As a 
result, estimated savings found in the literature for water-saving fixtures and devices span a 
range of nearly 300 percent.”8   
 
Although the Brown and Caldwell study measured actual use, which resulted in significant 
improvement in estimating end use patterns and potential savings, the results were limited by the 
fact that participation in this study was voluntary. In addition the equipment required 
considerable intrusion into the normal operation of the homes. Of significance was the finding 
that water savings from retrofits did occur, but in many cases the actual savings were less than 
those predicted from theoretical calculations. The variance of actual water savings from theory 
can be due to a number of factors: mis-estimates of actual volumes used by the old and new 
devices, behavior of the occupants may vary from predicted behavior, frequencies of use may 
vary, modification or removal of conservation devices might also have occurred over the course 
of the three year study period.  In addition, the data in this study suggested some of the savings 
found initially tended to decrease with time.  All of this highlighted the importance of having 
accurate and unobtrusive ways to measure the actual water use of conservation devices and water 
savings rather than relying on theoretical predictions. 
 

                                                 
5 AWWA, 1975. Sizing Water Service Lines and Meter, Denver, CO. 
6 AWWA, 1981. Water Conservation Management. AWWA, Denver. 
7 Brown & Caldwell, 1984. Residential Water Conservation Projects---Summary Report. HUD-PDR-903, 

Washington, D.C. 
8 Brown & Caldwell, 1984. Residential Water Conservation Projects---Summary Report. HUD-PDR-903, 

Washington, D.C. 
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In 1991 the Stevens Institute of Technology published a study on the water conservation program 
in East Bay MUD.9 This study involved a much more extensive data collection effort on 
residential end uses, but again, one that relied on individual sensors and loggers placed on 
targeted fixtures and appliances. While the data were useful for evaluation of the conservation 
program, the process was cumbersome. The Stevens Institute study showed that having 
residential water use broken down into end-uses greatly increased the accuracy of water savings 
measurements.  The disaggregated use data segregated water use by end-use.  This prevented 
changes in use in one category during the study from masking the effects of a program for 
another category.  For example, if a toilet retrofit study was being evaluated but unrelated 
leakage occurred, this could mask the savings associated with the toilet program.  Disaggregating 
data prevented this from happening.  Also, having disaggregated data reduced the inherent 
variability in the water use for each category.  This greatly reduced the noise of the 
measurements and allowed smaller changes to be accurately detected with less data. 
 
A significant step in the process of evaluating the real impact of retrofits on residential water use 
was the study done by Anderson et al in Tampa.10 In this study what the authors referred to “an 
extensive array of electronic water meters, pressure transducers, and event counters” were 
installed on 25 homes in Tampa, Florida.  Water use data were monitored for 30 days at which 
point the toilets and showers were replaced, and the process was repeated.  The authors pointed 
out that this type of data was necessary to account for the way the residents behaved.  For 
example, if they flushed their new toilets more, or took longer showers, then the actual water 
savings would be much reduced from the theoretical savings calculated from product flow and 
volume data. Using this technique the authors measured an actual reduction in water use in the 
homes of 7.9 gpcd, or 15.6% savings.  This was less than the predicted savings, which they 
concluded was due to increases in other water use in the homes.   
 
The development of data loggers provided utilities and researchers with an effective tool for 
examining and measuring both daily and peak demand. The data loggers could be installed on 
residential water meters without requiring access to the home and were significantly less 
intrusive then previous methods.  
 
In 1993 a study of the feasibility of using a single data logger attached to the customer water 
meter was begun in the Heatherwood neighborhood of Boulder, Colorado.  In this study event 
loggers wired to Hall effect sensors were attached to the customers’ water meters.  The sensors 
recorded the passage of the magnets used to couple the meter to the register as water flowed.  
The design of the meter and magnetic coupling provided approximately 80 magnetic pulses per 
gallon of flow.  At a ten second recording interval the data logger produced a record of water 
flows (a flow trace) of sufficient accuracy to allow all of the major end uses of water in the home 
to be identified through visual inspection. The results of this study were published in 1996.11 

                                                 
9 Aher, A., A. Chouthai, L. Chandrasekhar, W. Corpening, L. Russ and B. Vijapur, 1991. East Bay Municipal Utility 

District Water Conservation Study, Oakland, CA.  
10 Anderson, D. L., D. Mulville-Friel, and W.L. Nero. (1993). "The Impact of Water Conserving Fixtures on 

Residential Water Use Characteristics in Tampa, Florida." Proceeding of Conserve93. 
11 DeOreo, W. (1996). "Disaggregating Residential Water Use Through Flow Trace Analysis." Journal American 

Water Works Association, January 1996. 
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This technique was used to disaggregate the water use in a sample of 16 homes for a baseline 
analysis.  These homes were later retrofit with high efficiency fixtures and appliances and the 
process was repeated, which provided data on the water savings attributable to residential 
retrofits. 12 
 
In 1996 the AWWARF13 funded a detailed and comprehensive study of water use patterns in 
single-family customers in North America using data loggers.14 The study was called the 
Residential End Uses of Water Study, or REUWS, and was sponsored jointly by 12 water 
agencies in the U.S. and Canada. It provided detailed information on the end uses of water in 
residential settings and developed predictive models to forecast residential water demand. Prior 
to this study, utilities relied largely on theoretical calculations to predict baseline end uses and 
the water savings of conservation programs. The participants for the REUWS were selected from 
the residential customer base of twelve utilities across North America and “the predictive models 
developed as part of this study to forecast indoor demand significantly increase the confidence in 
explaining the water use variations observed. The major benefit of modeling is to provide a 
predictive tool with a high transfer value for use by other utilities.” (Aquacraft)  
 
The predictive value of any tool is only as good as its ability to provide an accurate assessment 
of the data. As with any new data measurement technology, questions have been raised as to the 
accuracy and reliability of data-loggers to measure volumetric end uses15. Brainard data-loggers 
record analog data directly from the customer’s water meter which is then evaluated graphically 
in Trace Wizard©, a proprietary software program developed by Aquacraft. The results from an 
independent study in 2004 showed that discrete toilet events can be accurately quantified at the 
95% confidence level plus or minus 3% of the mean volume16. Although extremely accurate for 
isolated events, early versions of the Trace Wizard program was limited in its ability to 
disaggregate simultaneous end-use events without accessing the original database – a 
cumbersome and time consuming process. Improvements to the software, however, eliminated 
the difficulty of disaggregation and provided a powerful tool for analyzing residential end uses.17   
 
In 2001 an engineering report was published by the Water Corporation of Western Australia in 
which data collected from 600 in-home surveys was used to validate end-use data collected using 
flow trace analyses in a separate 120 home study. The study showed that the flow trace analysis 
was capable of determining the percent of showers, toilets and clothes washers falling into 
normal and high efficiency categories, and these results were confirmed by the in-home audits. 
Studies of this kind, that combine both flow trace analysis and in-home audits,  provide excellent 

                                                 
12 DeOreo, W. (2001). "Retrofit Realities." Journal American Water Works Association, March 2001. 
13 The American Water Works Association Research Foundation, now known as the Water Research Foundation 

(WRF). 
14 The REUWS was, for its time, the most detailed study of single-family residential end uses of water that had been 

conducted in the U.S. 
15 Koeller, J. & Gauley, W., 2004. Effectiveness of Data Logging Residential Water Meters to Identify and Quantify 

Toilet Flush Volumes: A Pilot Study, Los Angeles. 
16 Ibid. 
17 Also, it should be kept in mind that Trace Wizard is no more accurate than the water meter used to provide the 
data. 
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validation of the flow trace technique for measuring both the volumes used by individual end-
uses and the efficiency levels of the fixtures and appliance found in the homes. 
 
Three studies in Yarra Valley, Australia showed the benefits of data-logging, when compared to 
surveys, as a tool for developing predictive models that were both accurate and more cost 
effective than other data collection methodologies. The first of these studies, the 1999 
Residential Forecasting Study18, involved a telephone survey of 1,000 Yarra Valley Water 
single-family customers. It provided detailed information on customer water use patterns, end 
uses, behavior, and penetration rates of conserving fixtures and appliances. One of the limitations 
of this study was the inability of customers to provide information about fixture efficiency, for 
example whether or not the home contained standard vs. efficient showerheads or 6/3 or 9/4.5 
liter toilets.   
 
The Residential Forecasting Study was followed by the Yarra Valley Water (YVW) 2003 
Appliance Stock and Usage Pattern Survey (ASUPS) which was designed to address these 
issues. In-home surveys were performed by a team of trained technicians who obtained detailed 
customer information as well as flow data and verification of the penetration of efficient 
appliances in 840 homes. “These types of surveys are expensive and they are always at risk of 
yielding non-representative samples due to disproportionate refusal rates by certain segments of 
the residential population. Furthermore, these surveys provide only limited information about 
things like the rate at which water-wasting plumbing devices are replaced by their water-
conserving alternatives.”19 
 
One hundred of the 840 homes in YVW were selected to participate in The Residential End Use 
Measurement Study in 200420. In this study data loggers were used to disaggregate the indoor 
use in the home following the same approach as in the Heatherwood and REUWS studies.  The 
results of the 100 home data logged group were compared to the in-home surveys and showed 
remarkable consistency with data that had been acquired by technicians during the ASUPS. The 
data logging study also provided information about leakage, fixture replacement, and behavior 
that was not yielded by a survey. Data-loggers were installed for two two-week periods in each 
of the homes in order to capture both indoor and irrigation usage. According to the authors, “The 
findings from REUWS have enabled Yarra Valley Water to establish a robust end use modeling 
capability. In addition the end use measurement has also enabled more informed design and 
assessment of various demand management programs and provided a valuable data set from 
which to provide customers with informative usage data via their quarterly account statement.”21  
 
As the value of the data-logging technology became apparent, the EPA funded three residential 
water conservation studies over a three-year period, from 2000 to 2003. These studies provided 
important information on the effectiveness of water conserving fixtures and appliances in 
reducing indoor water use. Baseline water use data were collected from a sample of 96 homes in 

                                                 
18 Residential Forecasting Study 1999 was a telephone survey of 1000 Yarra Valley Water customers. The survey 

conducted by AC Nielsen with Peter Roberts, Demand Forecasting Manager for Yarra Valley Water.  
19 Ibid. 
20 Roberts, P., 2005. Yarra Valley Water 2004 Residential End Use Measurement Study, Melbourne. 
21 Ibid. 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 53 

Seattle, Tampa, and East Bay Municipal Utility District in California that provided information 
on household and per capita usage of toilets, showers, clothes washers, dishwashers, faucet use, 
leakage, and other indoor uses. These same homes were then retrofitted with conserving toilets, 
clothes washers, showerheads, faucet aerators, and hands free faucet controllers; six months later 
household and per capita use of the various end uses was again examined. The results of the 
studies clearly showed the ability to achieve significant reduction in household water use with 
the installation of water conserving fixtures and appliances. Average daily household indoor use 
was reduced by 39% from 175 gpd to 107 gpd in the homes that were retrofitted with conserving 
fixtures and appliances. These studies were important in setting benchmarks for water use with 
best available technology22 and provided a tool with which utilities could gauge their progress in 
achieving long-term water savings.  
 
The participants in the EPA residential conservation studies were customers located in three 
water agencies spread across the United States. Because the participants were volunteers and not 
selected at random, the study data did not provide information on penetration rates of water using 
fixtures and appliances that could be generalized to their respective populations. There has also 
been concern about degradation in savings over time, particularly from toilets. As one of the 
most consumptive indoor uses, toilets have been the subject of considerable scrutiny.  
 
In 2000, the City of Tucson participated in a data-logging study of residential customers who had 
received toilet rebates for low-consumption toilets in 1991 and 1992. The data from the 170 
study participants “revealed that nearly half of aging low-consumption toilets had problems with 
high flush volumes, frequent double flushing, and/or flapper leaks. Data logging revealed that the 
average flush volume for all low-consumption rebate toilets was 1.98 gallons per flush, or about 
24 percent higher than 1.6 gallons per flush they were designed to use. In addition, 26.5 percent 
of households had at least one low-consumption rebate toilet with an average flush volume 
greater than 2.2 gpf23. Other studies have shown that chemical degradation of toilet flappers24 
and poorly fitting after-market toilet flappers25 have contributed to increased leakage and toilet 
volume which has contributed to the uncertainty of conservation savings.    
 
These uncertainties led California utilities to recognize the importance of having more specific 
information for their state. In 2004 a group of California water agencies, led by Irvine Ranch 
Water District26, submitted an application to the California Department of Water Resources to 
fund an update and expansion of the REUWS that would be conducted entirely within the State 
of California. The work on this study, funded by the California Department of Water Resources, 
and by the participating agencies began in 2006. 
 
                                                 
22 That is best available technology for 2000-2002. As new technologies are implemented the BAT standards will 

also shift to reflect them. These might include devices like recirculation systems, real time customer feedback 
devices, “leak” detection devices, and better hands-free faucet controllers. 

23 Henderson, J. & Woodard, G., 2000. Functioning of Aging Low-Consumption Toilets in Tucson  
A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix. 
24Metropolitan Water District of Southern California. Toilet Flapper Materials Integrity Tests, 1998. 
25 Henderson, J. & Woodard, G., 2000. Functioning of Aging Low-Consumption Toilets in Tucson  
A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix. 
26 http://www.irwd.com/. Irvine Ranch Water District. Contact: Fiona Sanchez, Conservation Manager. 
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The overall goal of the California project was to provide detailed water use data on a statewide 
sample of single-family homes in order to provide a snapshot of their water use patterns updated 
to the 2006-2008 study period.  The study supplied information on the penetration rates of 
conserving fixtures and appliances that met or exceeded conservation standards as they existed 
during the study period.  In addition it provided an updated benchmark for their water use 
efficiency, a comparison of their status with respect to the demands from 1996, and a gauge of 
how much untapped water conservation potential existed in this major customer category.   
 
As a way to encourage and promote conservation, the EPA has developed WaterSense, a 
partnership program “with interested stakeholders, such as product manufacturers, retailers, and 
water utilities.”27 The WaterSense program is interested in promoting cost effective products and 
technologies that are measurably more water efficient than conventional products. Products must 
be certified by an independent third party and show significant water savings without sacrificing 
performance.  
 
In order to measure the effectiveness of the WaterSense program, the EPA provided funding for 
this study, the Efficiency Benchmarking for the New Single Family Homes, which began in 
2005.  Working with nine participating utilities28, some of which participated in the earlier 
REUWS project, this project was designed to measure both baseline water use in new homes, 
built after January 1, 2001, and to demonstrate how high efficiency new homes, using advanced 
water efficient technologies, can reduce water use below levels sought in the 1992 National 
Energy Policy Act. 
 
One of the most precise and innovative validation studies of flow trace analysis was done by 
Magnusson in 2009 as part of a study of hot water use in single-family homes. In this study flow 
sensors were installed on individual hot water supply lines feeding all of the faucets, showers, 
dish washers and clothes washer in a test home in Boulder, CO.  Data from these monitors was 
compared to flow trace analysis performed on a single water meter on the feed line to the hot 
water system.  This allowed a comparison to be made between the volumes recorded by the flow 
trace analysis and those recorded by the supply line meters.  Volumetric errors were mainly in 
the faucet and shower category, with 17.1% and 11.1% errors respectively.  The errors for 
dishwashers and clothes washers were much smaller, at 6.5% and 7.2% respectively. 
 

                                                 
27 http://www.epa.gov/WaterSense/docs/program_guidelines508.pdf. February 2009. WaterSense Program 

Guidelines. Roles and Functions. Accessed May 1, 2009.  
28 The nine participating agencies are: Aurora, Denver, Eugene, Las Vegas, Phoenix, Roseville, Salt Lake City, St 

John’s Regional Water Management District (SJRWM), and Tampa Bay. The purpose of this report is to provide 
an analysis of the group from which data has already been collected for future comparison and will be referred to 
as the “standard new home study group”. 
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CHAPTER 4 –DESCRIPTION OF PARTICIPATING 
AGENCIES 

Selection of Study Sites 
There were nine sponsoring water agencies that participated in this study.  In most cases the 
sponsoring agencies were retail providers acting on their own behalf and the study homes were 
selected from their own water customers. In some cases the agency was a wholesale provider that 
solicited participation from a number of retail providers in its service area.  Table 4 shows a list 
of the agencies and the utilities from which the logging samples were selected. This section 
provides information about each of the agencies participating in this study and includes the 
number of customers, customer characteristics, local weather data, the utility’s water supply and 
the customer demands, water and sewer rates, and rate structures.   
 

Table 4: Sponsoring Agencies 

Sponsoring Agency Water Utilities Sampled 
Sonoma County Water 
Agency 

City of Petaluma, North Marin Water District, City of Rohnert 
Park, City of Santa Rosa 

Las Virgenes Municipal 
Water District 

LVMWD service area 

Redwood City Redwood City 
San Francisco Public 
Utilities Commission 

City of San Francisco  

City of Davis City of Davis service area 
East Bay Municipal Utility 
District (EBMUD) 

EBMUD service area 

Los Angeles Department of 
Water and Power 

Los Angeles DWP service area 

Irvine Ranch Water District City of Irvine, and portions of the cities of Costa Mesa, Lake 
Forest, Newport Beach, Orange, Tustin and unincorporated areas 
of  Orange County 

San Diego County Water 
Authority 

City of San Diego, Otay Water District, Rincon del Diablo Water 
District, Sweetwater Water District, Helix Water District 

 

Demographic and Census Information 
Previous studies have shown that several demographic factors are strongly correlated with the 
amount of water used by single-family customers, the most notable being the size of the home 
and the number of residents in the home.  Other factors, while less strongly correlated, will also 
be presented for their potential use in characterizing the sample in comparison to the state as a 
whole. 
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Demographic information was obtained for each municipality from the 2000 U.S. Census.  Data 
include median age, household income and home price, education levels and percentage of 
residents living below the poverty level.   Also included is the median monthly mortgage or rent, 
the percentage of homes that are rented or owner-occupied, the median age of the homes, the 
average number of bedrooms, and the percentage of homes that were built after 1995.29  These 
results are shown in Table 5 and Table 6. 

Table 5: Comparison of Age, Education, and Income Information from US Census by Study Site 

  Total 
Population 

Median 
Age 
(years) 

High 
School 
Graduate 
(or higher)     
% 

College 
Graduate 
(or higher)      
% 

Median 
Household 
Income         
$ 

Percent 
Families 
Below 
Poverty 
Level              
% 

United States 281,421,906 35.3 80.4 24.4 41,994 12.4 

LADWP 3,694,820 31.6 66.6 25.5 36,687 9.2 

IRWD1 315,000 33.1 95.3 58.4 72,057 5 

SCWA 458,615 37.5 84.9 28.5 53,076 9.2 

Rohnert Park 42,236 31.5 88.0 24.7 51,942 8 

Petaluma 54,548 37.1 85.9 30.1 61,679 6 

Santa Rosa 147,595 36.2 84.2 27.6 50,931 5.1 

N. Marin2 47,630 39.6 90.5 37 63,453 5.6 

SFPUC 776,773 36.5 81.2 45.0 55,221 7.8 

EBMUD3 1,300,000 Na Na Na Na na 

SDCWA 2,813,833 33.2 82.6 29.5 47,067 8.9 

City of Davis 60,308 25.2 96.4 68.6 42,457 5.4 

                                                 
29 This ensures that the Energy Policy Act of 1992 was in place that requires toilet flush volumes of 1.6 gpf or less, 

showerheads with flow rates of 2.5 gpm and lavatory faucet aerators that restrict the flow to 1.25 gpm or less 
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  Total 
Population 

Median 
Age 
(years) 

High 
School 
Graduate 
(or higher)     
% 

College 
Graduate 
(or higher)      
% 

Median 
Household 
Income         
$ 

Percent 
Families 
Below 
Poverty 
Level              
% 

Redwood 
City 

75,402 34.8 82.9 35.7 66,748 3.9 

LVVWD4 71,854  37.6 94.8 48.4 87,008 3.5 

City of San 
Diego 

1,223,400 32.5 82.8 35.0 45,733 9.2 

1 Statistics for IRWD are based on the City of Irvine, not the entire service area 
2Statisticsfor North Marin WD are based on the City of Novato, not the entire service area 
3 Population given for EBMUD service area, Econometric statistics are not available for entire service area 
4 Population given for LVMWD service area.  Econometict statistics are given only for Agoura Hills. 
 
1 Statistics are given for City of Irvine – City of Irvine has the largest population of the cities served by IRWD 
2 Population given for service area, econometric statistics are not available for entire service area 
3 Statistics are given for the City of Novato 
4 Statistics are given for Agoura Hills – Agoura Hills has the largest population of the 4 cities served by Las 
Virgenes 
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Table 6: Comparison of Housing Information from US Census by Study Site 

  Median 
Housing 
Value 

Number of 
Occupied 
Housing 
Units 

Percent 
Owner-
Occupied 
Housing 
Units 

Househol
d Size - 
Owner 
Occupied 

Hous
ehold 
Size - 
Renta
l 

Number 
of 
Bedroo
ms - 
Owner 
Occupie
d 

Numb
er of 
Bedro
oms - 
Renta
l 

Median 
Year 
Structur
e Built - 
Owner 
Occupie
d 

Percent 
of 
Homes 
Built 
1995-
2000 
Owner 
Occupi
ed 

Median 
Year 
Structure 
Built - 
Renter 
Occupied 

Percent of 
Homes 
Built 1995-
2000 
Renter 
Occupied 

Average 
Mortgage 

Average 
Rent 

United States $119,600 55,212,108 68.7 2.69 2.4 3.0 1.8 1971 11% 1965 6.4 $1,088 $519 

LADWP $221,600 1,275,412 38.6% 2.99 2.73 2.7 1.2 1956 0.4 1964 0.5 $1,598 $612 

IRWD $316,800 53,711 60.0% 2.78 2.46 3.1 1.8 1980 16.1 1985 16.1 $1,897 $1,177 

SCWA $273,200 172,403 64.1% 2.61 2.57 2.9 1.9 1975 8.0 1973 5.5 $1,561 $789 

Rohnert Park $237,300 15,502 58.4% 2.83 2.40 3.1 1.8 1979 5.8 1980 6.2 $1,520 $841 

Petaluma $289,500 19,932 70.1% 2.75 2.59 3.2 2 1976 11.3 1972 6 $1,622 $870 

Santa Rosa $245,000 56,036 48.5% 2.56 2.57 2.9 1.8 1976 8.5 1974 4.8 $1,490 $862 

N. Marin1 $381,400 12,512 67.5% 2.5 2.56 3.2 1.9 1971 3.0 1974 0.6 $1,970 $1,093 

SFPUC $396,400 329,700 35.0% 2.73 2.06 2.5 1.3 1940 2.5 1941 1.8 $1,886 $883 

EBMUD2 $235,500 62,489 44.0% 2.76 2.49 2.6 1.3 1943 2.7 1955 1.8 $1,504 $631 

SDCWA $227,200 994,677 55.4% 2.78 2.68 3.0 1.7 1975 8.1 1974 4.0 $1,541 $710 

City of Davis $238,500 22,948 44.6% 2.64 2.39 3.3 1.9 1978 18.5 1976 8.3 $1,547 $775 

Redwood City $517,800 28,060 53.0% 2.61 2.63 2.8 1.5 1959 9.4 1965 4.1 $2,351 $1,014 

LVVWD3 $366,600 5,399 85.7% 3.05 2.64 3.6 2.3 1980 0.6 1977 1.5 $2,138 $1,153 

SDWD $233,100 450,691 49.5% 2.71 2.52 2.9 1.6 1972 6.7 1972 4.5 $1,546 $714 

Aquacraft, Inc. Water Engineering and Management    www.aquacraft.com 
Page 58 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 59 

Climate 
Although it is well known by professionals in the landscape and irrigation industry that local 
weather data affects the amount of water needed for healthy landscapes, it is less clear if 
homeowners are aware of these affects.  It is even less clear whether homeowners respond to the 
changing water demands in their landscape by increasing or decreasing the application of water 
in response to changes in weather.   
 
Reference evapotranspiration (ETo) is the industry standard for determining irrigation 
requirements.  It measures the moisture lost from a reference crop (normally cool season grass 
for urban purposes) and the soil due to temperature, solar radiation, wind speed, and relative 
humidity (precipitation is not included in the measurement of ETo although it does effect several 
of the parameters in the ET equation such as solar radiation and relative humidity).  The 
California Department of Water Resources (DWR) manages a network of over 120 weather 
stations through their California Irrigation Management Information System (CIMIS) located 
throughout the state of California in an effort to make this information available to landscapers, 
irrigators, and homeowners. 
 
 As part of the analysis of water use for this study, Aquacraft disaggregated indoor and outdoor 
usage for each of the study homes, determined the irrigable and irrigated area for each lot30. Both 
the theoretical irrigation requirements and the actual outdoor use were determined.  In most cases 
determination of irrigated areas was clear from the aerial photos and visual inspection.  In a few 
large lots built into native forest areas we relied on seeing a distinct difference in plant materials 
between the native land and the landscape parcel in order to decide that the area was being 
irrigated.  Lands that had the same appearance as the surrounding native lands were generally 
classified as non-irrigated land. 

Customer Base 
Each utility supplied the number of customer connections to the municipal water supply in each 
of several sectors that typically include single-family, multi-family, commercial, industrial, 
irrigation, and other.  There is considerable variation in the make-up of the customer base from 
one municipality to the next.  For example, in the City of San Diego only 38% of the customer 
base consists of single-family accounts whereas in North Marin Water District fully 90% of the 
customer base is single-family accounts.  Knowing both the percentage of accounts that are 
residential and the percentage of the overall demand placed on the system by residential 
customers is one more tool available to water providers for water resource planning and water 
conservation. 

Water Supply and Demand 
As California’s population continues to grow and increased demand for potable water taxes 
many water supplies, water providers are continually looking for ways to reduce demand.  
Providing information on the water supply for each municipality helps to show the extent to 

                                                 
30 The landscapes were divided into areas of turf, non-turf plants and trees, low water use plants and non-irrigated 
land.  The later category was not included as part of irrigated area. 
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which each municipality is vulnerable to increased demand on the system from a number of 
factors such as rapid growth, drought, limited supply, or limited supply sources.  The annual 
demand placed on the supply by various customer sectors is included in this section. Where 
available, the demand for 2000 and 2005 is given, making it possible to see if overall demand 
has increased or decreased and in what sectors the change has occurred.  

Water Rates, Rate Structure and Sewer Charges 
The water and sewer rates, rate structure, and billing frequency wre provided for each utility for 
the study period.  Some of these have been modified since that time.  Although most water 
providers use bi-monthly billing, there are others, such as the City of San Diego and IRWD that 
send monthly bills.  The billing unit used by most utilities is HCF or CCF (one hundred cubic 
feet or 748 gallons).   
 
There are typically two charges for water – a base rate and a commodity charge.  During the 
study period the base rate ranged from a low of $4.60 per month ($55.20 annually) in San 
Francisco to a high of $15.87 per month ($190.44 annually) in the City of San Diego.  There was 
also considerable variation in commodity charges and rate structures; for example San Francisco 
Public Utilities Commission charged a uniform rate of $1.71 per CCF while the IRWD has a 
five-tiered water-budget based-rate structure, with the cost per CCF ranging from $0.88 for Tier 
1 to $7.04 for Tier 5. 
   
Sewer rates varied considerably as well and most utilities charge a flat monthly or bi-monthly 
rate for sewer service.  Irvine Ranch Water District charges the majority of its single-family 
customers a flat rate of $10 per month based on an annual review of sewer use, while Rohnert 
Park in Sonoma County charges a base rate of $1.35 per month plus $9.15 per thousand gallons.  
Because irrigation water does not place a demand on the wastewater system, several utilities 
charge a commodity fee that is based on the customer’s average winter consumption.  An 
example of this type of rate structure is in the City of San Diego where customers are charged a 
monthly service fee of $11.32 plus a commodity charge of $3.218 per CCF based on average 
winter consumption.    

Conservation 
All of the study participants are signatories to the California Urban Water Conservation 
Council’s Memorandum of Understanding (MOU).  “Signatories of the Council's Memorandum 
of Understanding agree to meet certain requirements to achieve full implementation of the 
BMPs. These coverage requirements may be expressed either in terms of activity levels by water 
suppliers or as water savings achieved.”31 
 
The Memorandum of Understanding Regarding Urban Water Conservation in California was 
first adopted in 1991. Signatories to the MOU recognized the importance of maintaining a 
reliable water supply for uses as varied as agriculture, environmental protection, and urban 
demand. As demand for this finite resource increases, so does the need to develop conservation 

                                                 
31 http://bmp.cuwcc.org/bmp/read_only/home.lasso?rui=5021. Best Management Practices Report Filing. California 

Urban Water Conservation Council. Accessed January 20, 2010.  
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measures or best management practices (BMPs) that would give water providers tools that are 
economically feasible to implement. Water conserved through these measures can be used to 
offset increased demand as well as provide long-term protection of both urban water supply and 
the environment.  Implementation of the BMPs serves “to expedite implementation of reasonable 
water conservation measures in urban areas; and (  ) to establish assumptions for use in 
calculating estimates of reliable future water conservation savings resulting from proven and 
reasonable conservation measures.”32  
 
Since its adoption in 1991 the MOU has been amended numerous times and substantially revised 
in September 2007. The BMPs developed for the MOU provide utilities with a guideline for 
implementing each BMP while recognizing that utilities may develop their own method of 
implementation that is at least as effective as those laid out in the BMPs. Also defined in the 
MOU is a schedule of implementation, expected level and progress of implementation, reporting 
requirements and estimates of reliable savings. The feasibility and efficacy of the BMPs are 
assessed by the CUWCC on a periodic basis.   
 

Detailed Information on Each Participating Utility 
Appendix B includes a detailed description of the water supply and conservation strategy of each 
participating agency in this study.  In that appendix readers will find: 
 
 Demographic information from the US Census and other sources, specific to the utility 

service area 
 Climate and ET information 
 Customer base description and statistics 
 Water supply and demand statistics 
 Rate structure and water and sewer commodity charges and service fees 
 Conservation program information

                                                 
32 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=8540. Memorandum of Understanding Regarding Urban 

Water Conservation.  Terms. Section 2. Purposes. Accessed January 20, 2010. 
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CHAPTER 5 – RESEARCH METHODS 
 
The procedures for sample selection were designed to ensure that the sample was representative 
of the residential customer base as a whole. Sample selection was designed to minimize the 
possibility of selection bias by choosing customers randomly from the single-family customer 
base in each participating agency. Billing data for the sample population were compared to and 
matched with the billing data of the single-family population as a whole for the period of the 
study.  The analysis of water efficiencies discussed in this report is based on performance criteria 
rather than identification of specific makes and models of fixtures and appliances.  The intent 
was to determine at what level of efficiency the homes were operating rather than what models 
of toilets and appliances they had.  From the standpoint of judging water conservation 
effectiveness this is the relevant parameter.  From the standpoint of knowing models it begs 
several key questions.  For example, in the results section of the report there are histograms that 
show toilet flushing volumes. Toilets that are flushing at 2.2 gpf or less are considered efficient, 
but some of these may be high volume toilets that have been modified to flush at lower volumes.  
In addition, toilets that are flushing at 3.5 gallons may include an indeterminate number of mal-
functioning ULF type toilets.  ULF toilets that are flushing at more than 2.2 gpf would be 
counted as high volume or high water use toilets in this analysis. 

Overall Study Organization 
Figure 10 shows how the overall project was organized and how the various elements tied 
together.  The study began with collection of single-family billing data for each of the study 
sites, for the period from 2005 through 2007.  Statistical analysis were then performed on the 
billing information to provide summaries of annual and seasonal use patterns and to provide 
sample frames for surveying and the selection of study homes for data logging.  Representative 
samples of homes were selected from the billing data on the basis of annual water use, and each 
of these homes was then the subject for data logging during the period from 2006 through 2008, 
to allow for disaggregation of uses, and GIS analysis, to determine landscape characteristics.  
The Trace Wizard analysis provided disaggregated water use during the two-week data logging 
period.  The end-use data from this was combined with billing information to generate estimates 
of indoor and outdoor annual use and gallons per day for individual indoor uses.  Outdoor use 
was estimated as the annual use from the billing data minus the best estimate of annual indoor 
water use, taken primarily from the flow trace analysis, but occasionally from the minimum 
month billed consumption. 
 
The indoor and outdoor end use data were combined with data from the surveys and flow trace 
analysis in order to generate regression models.  These models showed which of the data factors 
collected for the study were significant in predicting indoor and outdoor household water use, 
and how household use varied with each.  These models were then used to predict the impact of 
changing household characteristics on water use, which allowed estimates of water savings from 
various demand management strategies to be tested.  The report provides a set of conclusions and 
recommendations. 
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Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 63 



California Single Family Home Water Use Efficiency Study  4/20/2011 

Solicitation of Agencies 
Because the goal of the sampling was to match the sample to the population by county, the 
solicitation process began with county population data for the most populous counties in the 
State, which are shown in Table 7.   The goal of the selection process was to obtain participating 
agencies within these counties such that each county was represented in proportion to that 
county’s percentage of the state population, to the extent practical.  The results are shown in 
Table 7.  Results on a county-by-county basis were mixed, but on a regional level the sample 
mix was fairly good.  A total of 46% of the state population is found in Los Angeles, Orange, 
and San Diego Counties, and 45% of the study sample was located in those counties.  The 
remainder of the sample was located in the San Francisco Bay and Sacramento areas.  Given the 
fact that participation in the study was purely voluntary we consider the sample mix to be a very 
acceptable working group containing a good mix of demographic, economic, and climate 
characteristics. 

Selection of Samples 
Each of the participating agencies provided the research team with a full year of monthly or bi-
monthly water consumption data for their single-family customers.  These lists were then 
trimmed to eliminate any customers with less than a full year of consumption data, or with very 
small or very large consumption.  The remaining records were then sorted from lowest to highest 
annual consumption and divided into groups according to how many homes were desired in the 
sample.  For example, in a system with 60,000 records in the trimmed data set, from which a 
sample of 60 homes was desired, the data would be divided into 60 groups of 1000 homes each.  
A random number between 1 and the number of homes in each group was chosen and this 
number was selected from each sample group.  In our example, if the random number was 548 
then the 548th home in each 1000 home sample group would have been selected for the logging 
group. 
 

The selection of the logging sample was based on the most recent billing data that could be 
obtained at the time that the logging sample was selected.  This ranged from 2005 to 2007. In 
some cases the average of more than one year was used.  The years for which the billing data 
were obtained for purposes of selecting samples are shown in Table 10. 

 
To the extent that the billing data included meter errors, these errors were carried over into the 
selection process.  For example, if meters were mal-functioning and under-recording water use, 
then this would be reflected in the billing data and in the selection process.  We screened the 
billing data for very low consumption, which would eliminate customers with non-functioning 
meters.  Meters that failed to register very low flows associated with leaks would also fail to 
register on the data loggers.  So, systematic meter errors due to under-registrations would affect 
the household use data used for this study.  The analysis of non-recording meters was not part of 
this scope, but the fact that it occurs should be kept in mind when analyzing residential water 
use.  Utilities were encouraged to replace old meters in order to minimize meter-related errors 
during the logging. 
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Table 7: Sites solicited for study 

Agencies in 
Sample 

County Percent of 
State 
Population 

Number of 
Homes in Target 
Sample 

Percent  of 
Sample 

LADWP Los Angeles 28% 120 15% 
IRWD Orange 8% 120 15% 
San Diego City & 
County 

San Diego 8% 120 15% 

  San Bernardino 5% 0 0% 
  Santa Clara 5% 0 0% 
  Riverside 5% 0 0% 
EBMUD Alameda 4% 60 8% 
City of Davis Yolo 

(Sacramento Area) 
4% 60 8% 

EBMUD Contra Costa 3% 60 8% 
  Fresno 2% 0 0% 
San Francisco 
Public Utilities  

San Francisco 2% 60 8% 

Las Virgenes 
MWD 

Los Angeles 2% 60 8% 

Redwood City San Mateo 2% 60 8% 
  Kern 2% 0 0% 
  San Joaquin 2% 0 0% 
Sonoma County 
Water Agency 

Sonoma/Marin 1% 60 8% 

  Stanislaus 1% 0 0% 
  Monterey 1% 0 0% 
  Santa Barbara 1% 0 0% 
  Solano 1% 0 0% 
Total 89.2% 780 100% 
 
 
In some cases this process was broken up into two steps, where the agency selected a group of 
1000 homes using the sampling approach described above, and the final sample for logging was 
selected from the group of 1000 (called the Q1000).  The net result was the same in both cases, 
where a logging group was created that matched the annual water use characteristics for the 
populations in terms of mean annual use, median use and the distribution of use. 
 
In all cases extra homes were selected to provide replacements for homes that proved impossible 
to log due to problems with their meters, or being unoccupied at the time of the logging, for 
example. 
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Assignment of Keycodes 
Each home in the study group was assigned a 5-digit keycode that allowed the home to be 
included in the analysis on an anonymous basis.  The first two digits of the code identified the 
agency in which the residence was located.  The last three digits identified the specific home.  
While the account and address of each home can be linked to the specific keycode for research 
purposes (such as follow up studies) none of the published data includes any customer 
identification.  

Table 8: Water Agency Keycodes 

Agency  Starting Keycode 
City of Davis 11101 
Sonoma County Water Agency 12101 
San Francisco PUC 13101 
East Bay Municipal Utility District 14101 
Redwood City 15101 
Las Virgenes MWD 16101 
Los Angeles DWP 17101 
Irvine Ranch Water District 18101 
City of San Diego 19101 
San Diego County Water Authority 20101 
 

Comparison Studies 
In order to gauge the water use efficiency of the study homes three other study groups have been 
used for comparison purposes. These studies are discussed and cited in the Literature Review, 
but, for convenience are summarized here.  

Residential End Uses of Water Study 
The Residential End Uses of Water Study (REUWS) is a group of approximately 1200 single-
family homes chosen at random from the service areas of 12 water providers across the country.  
These homes provide a baseline for existing single-family homes for the period from 1996-1998.  
The homes were selected only on the basis of having their water use match the water use of the 
populations from which they were drawn. 

EPA Retrofit Study 
The EPA Retrofit Study comprised a group of approximately 100 homes that were chosen at 
random from the single-family populations in Seattle, EBMUD and Tampa.  After baseline 
surveys and logging, approximately 30 of the homes were retrofitted with high efficiency 
fixtures and appliances.  The post-retrofit data from the homes was used as a benchmark for high 
efficiency single-family indoor water use that might be obtained from retrofits and repair of 
major leaks.  The homes in the study were existing homes in their respective service areas, and 
their only significant modifications were the high efficiency toilets, showers, clothes washers and 
faucets installed. The homeowners in the retrofit group were volunteers and they were given the 
new fixtures and appliances at no cost, so this may have increased their level of commitment to 
the study. Aside from that, however, they were typical single-family households. 
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EPA New Home Study 
The EPA New Home Study consisted of approximately 330 homes built after 2001 and selcted 
from eight water agencies.  Each home was surveyed and data logged between 2008 and 2010.  
The end use data from these homes was used as a benchmark for standard new homes built after 
2001.  These homes were especially useful in comparing toilet flush volume distributions since 
they were known to contain predominantly ULF (1.6 gpf) toilets.  In addition to the 330 standard 
new homes, the study included approximately 30 homes built to Water Sense standards.  The 
data from the high efficiency new homes was not used for comparisons in this study. 

Surveys 
Separate surveys were sent to the retail customers and the water agencies.  The purpose of the 
customer surveys was to obtain information to use in the modeling of factors that affect 
residential water use.  The purpose of the agency survey was to determine what types of water 
conservation programs were in place at each during the study period, and whether it might be 
possible to detect an impact on the customers’ water use from different programs. 

Utility Surveys 
The water agencies provided answers to questions about their water conservation programs and 
other related topics in a separate survey.  This survey asked 46 questions about the types of 
residential, CII, Irrigation and system conservation measures employed by the agencies.  It also 
asked about other conservation programs and whether the agency had a formal water 
conservation plan and/or drought plan in place.  A blank copy of the utility survey is shown in 
APPENDIX A.  

Customer Surveys 
Each of the homes selected for logging were provided with a survey to fill out.  Copies of the 
survey were delivered or mailed to the customers, and follow-up mailings were sent out 
approximately 2 weeks after the first survey was delivered.  Post card reminders were mailed out 
2 to 4 weeks after that.  The resident surveys asked for information about a broad range of 
physical and demographic information that was thought to have potential explanatory value for 
water use.  A copy of the resident survey is provided in Appendix C. The resident survey 
contained a total of 58 questions divided into the following categories: 
 
Indoor water fixtures present in the home 
Hot water system 
Outdoor/landscaping 
Outdoor water fixtures 
Swimming pools 
Questions on attitudes and demographics 
 
The surveys were sent to the homes that had been randomly selected for logging from the billing 
database.  It was known that this was going to reduce the number of survey responses available 
for the modeling effort.  This process offered a major advantage in the simplicity of logging 
home selection.  If we relied upon just the homes that returned surveys for our logging sample 
there was a potential for selection bias based on having what amounted to a volunteer selection 
group.  We felt that with sufficient effort we could obtain a large enough group of survey 
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respondents to provide an adequate modeling group, and this proved to be the case.  The 
exception to this was the Los Angeles DWP sample.  In that case the agency required that the 
sampling group be selected only from customers who gave signed permissions to participate in 
the study.  In order to minimize the chances of a selection bias, surveys were mailed to 3,000 
homeowners and the logging sample, obtained from the respondents was verified to ensure that it 
was statistically similar to the population of single-family homes with respect to the annual water 
use.  

Landscape Analyses 

Irrigated Areas 
The landscape for each of the study homes was analyzed according to the plant type and the area 
estimated from the photo analysis, using the best aerial photos that could be provided by the 
agencies or obtained from public sources.  A fairly typical analysis is shown in  
Figure 11.  Areas of turf, xeriscape and tree canopy have been identified on this lot.  The legend 
in the bottom left corner of the figure shows the various ground covers available for the analysis.  
Pools were identified and measured during this process, and were assigned a water requirement. 
The impacts of swimming pools and spas on outdoor water use was also determined as part of 
the modeling process during which the presence of pools was used as an explanatory variable for 
outdoor use, faucet use, and leaks to see if the presence of a pool was found to correlate with any 
of these categories of water use. 
 
Each water agency was asked to provide the best ortho-rectified aerial photos with the necessary 
parcel shape files, addresses for the analysis.  In some cases no aerial images were available from 
the agency at the time of the analysis, so it was necessary to use other sources such as Google 
Earth or various GIS sources.  Landscapes change over time, so we would anticipate that updated 
landscape analyses using more recent photos, with higher resolution, would result in different 
landscape area determinations.  The estimates contained in this study are based on aerial photos 
dating from or before 2006.33  
 
The use of aerial photos for determination of irrigated areas was always intended as the primary 
method of measurement because this approach was deemed the most accurate approach. Field 
measurements mentioned in the proposal were intended primarily to verify the scaling of the 
aerials and to resolve inconclusive information aerial information.  There were two reasons for 
this.  First most landscapes are not composed of simple geometric shapes that lend themselves to 
measurement with a wheel or a tape.  Landscapes almost always include complex curves and 
irregular areas.  Secondly, most of the landscapes are on slopes, and measuring slope areas 
distorts the actual area compared to the true horizontal projection.  This means that to properly 
survey the area the vertical angles of all measurements must by taken, and then all of the data 
must be reduced and analyzed mathematically.  None of this information is required from 
rectified aerial photos since these show the true horizontal projections, and the irregular areas 

                                                 
33 In 2010 IRWD independently analyzed the irrigated area from their study homes using new photos.  Their results 
(based only on total irrigated areas) varied from Aquacraft’s by an average of +30%.  Using the same new photos 
Aquacraft re-analyzed a random sample of lots and found that using the same photo our analyses were within 10% 
of theirs.  To avoid under-estimating irrigated areas, we re-analyzed the outdoor results with IRWD areas scaled up 
30%, in all plant types.  The results in this report are based on these revised areas. 
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can be digitized with a high degree of precision.  The types of information that aerial photos are 
sometimes weak in are the actual type of plants on the ground and whether these are irrigated.  
Verification of these details was a primary goal of the site visits. 
 
Five ground covers were used for the analysis, shown in Table 9. The area of the entire lot was 
determined from the aerial photo so that the irrigated area could be compared to the lot size as 
part of the analysis. This also served as a check for the scale. Non-turf plants comprised tree 
canopies, shrubs, and other landscape plants that were not grass.  Pools were measured, and 
assigned a crop coefficient of 1.25.  Turf and vegetable gardens were treated the same and 
xeriscape consisted of low water use plant materials. On several lots there were areas that 
appeared to be non-irrigated outlots, or parcels of native plants that had been left untouched.  
Since these clearly were not irrigated they were classified as non-irrigated land and not given a 
crop coefficient. Hence, even though they were included in the total irrigable areas, they did not 
get a water allocation as part of the theoretical irrigation requirement calculation and were not 
included in the irrigated area totals.   
 
Each plant type was assigned an irrigation efficiency based on whether it would be expected to 
have a spray or drip system. The combined factors were calculated as the crop 
coefficient/efficiency.  

Table 9: Landscape parameters 

Ground Cover Crop Coefficient Irrigation Efficiency 
Allowed 

Combined 
Factor 

Entire  lot na Na na 
Non-Turf Plants 0.65 71% 0.92 
Pool or Fountain 1.25 100% 1.25 
Turf 0.80 71% 1.13 
Veggie Garden 0.80 71% 1.13 
Xeriscape 0.30 90% 0.33 
Non-irrigated ground 0 0 0 

 
The theoretical irrigation requirement (TIR) was calculated for each lot using the areas for each 
plant type on the lots with the ET data and efficiency allowances shown above.  First, the net 
ETo was determined for each site based on the best available weather data.  Net ETo was 
determined by doing daily soil moisture analyses from sample weather stations.  The daily ETo 

daily rainfall for the billing year were input, and only rainfall that reduced ETo either directly or 
via soil moisture storage was counted as effective.  This excluded rainfall that fell in excess of 
the soil moisture capacity, soil uptake rates, or which was such a small quantity that it would not 
be expected to enter the root zone.  In the Northern sites rainfall was found to reduce ETo by 
25%, while in the southern sites the net ET was just 9% less than the gross ETo. 
 
The Net ETo was then converted from inches to gallons per square foot using the conversion 
factor 1 inch = 0.624 gpsf.  The area for each landscape sub-area was then multiplied by the net 
ETo and the crop coefficient for the plant material.  The result was divided by the allowed 
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irrigation efficiency based on the Maximum Applied Water Allowance criteria (MAWA) for a 
well designed and maintained irrigation system to arrive at the TIR.34 
 
The equation used for estimating the TIR for this study was: 
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Where: 
TIR= theoretical irrigation requirement (gal) 
0.624= converts from inches of ETonet to gallons per square foot 
ETonet = reference ETo (inches) minus effective rainfall (inches) 
n= number of zones in the landscape  
i= individual zone 
Ai= area of individual zone (sf) 
Effi = irrigation efficiency allowance of individual zone 
Kzi= zone coefficient for individual zone = kspecies x kdensity x kmicroclimate 
 
The outdoor water use for each lot was estimated by taking the annual water use from the billing 
data and subtracting the best estimate of annual indoor water use, obtained mainly from the 
projected indoor use from the logged data.  In some cases the indoor use during the logging 
period did not give the best estimate for annual indoor use, for instance if no one was home 
during the logging period. In cases where the logged indoor use did not appear to give the best 
estimate of the annual indoor use, then the minimum month water use was used as a proxy for 
indoor use.  Due to the necessary lag time between sample selection and data logging, the 
logging data were usually not collected in the same year as was the billing data.  Since we know 
that indoor use tends to be stable, use of indoor data for a period different from the billing data is 
not a bad assumption as long as it is checked for reasonableness, as was done.   
 
When only a single water meter is present there is no completely accurate method of separating 
indoor and outdoor uses.  In most cases having indoor use from the flow trace analysis gives 
good results, but not always. Use of minimum month as a proxy for indoor use is reasonable, but 
especially in areas where irrigation occurs on a year-round basis it can overstate the indoor use 
significantly.   
 

Independent Verification of Areas 
Both IRWD and EBMUD performed independent analyses of the irrigated areas in their 
respective service areas using new aerial photos.  In comparing the results, the overall averages 
and total areas were found to agree well, but there were differences in how individual lots were 
analyzed.  
  
As part of the review process IRWD performed an independent analysis of the irrigated areas on 
the study homes from their service area.  They did this by using newer photos from 2010 to 

                                                 
34 There was some discussion of using irrigation efficiencies less than 0.71, but since this is the minimum acceptable 
efficiency in the MAWA calculations it was agreed in September 2009 to use 0.71. We recognize that achieving this 
may be a challenge for many older systems. 



California Single Family Home Water Use Efficiency Study  4/20/2011 

digitize total irrigated areas, and also performed field verifications.  Their assessment of the total 
irrigated areas was approximately 20% greater than the assessment performed by Aquacraft 
using older, lower quality photos from around 2005.  In order to determine whether the 
differences were due to just the photos or an inherent lack of accuracy in the technique they sent 
Aquacraft copies of the new photos, and the analysis was repeated from the beginning.  The 
analysts who did the measurement of areas from the 2010 photos did not see the analyzed images 
from IRWD, and they were not given the area totals provided from the agency.  They were 
simply given the original field notes and told to repeat the assessment of the irrigated areas using 
the same methodology as used for all other sites with the new photos.  This is a very important 
exercise, since if two analysts working from the same photos can not generate similar results this 
casts doubt on the reliability of the technique of using aerial photos as a basis for measuring 
irrigated areas.  Conversely, if two analysts generate similar results, working independently, then 
this confirms the reliability of the technique.    The results from these to parallel analyses, 
compared in CHAPTER 7, lie within 2% of each other. 

Pools 
Pools were treated as irrigated areas with coefficients of 1.25 to allow for the evaporation from 
an open water surface.  Including pools in this way provided them with a water allocation.  
Water used to fill the pool could be categorized by Trace Wizard as either faucet use (indoor) or 
irrigation (outdoor) depending on how the pool is filled.  A low trickle fill from a float valve 
would normally get categorized as a faucet use, while the use of a hose to fill the pool from a 
hose bib would probably get categorized as irrigation, an outdoor use.  To the extent that pool fill 
water is categorized as outdoor use, then the water used for the pool would be counted as total 
outdoor use, and would increase the calculated irrigation application.   
 
 
 
 

 
Figure 11: Typical aerial landscape analysis 
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Site Visits and Data Logging 
After the logging groups were selected, as described in more detail in Chapter 6, each home was 
visited by a member of the research team.  The site visits and logging occurred during a 22-
month period from November 2006 to August 2008.  The main purpose of these visits was to 
install the data logger on the customers’ water meter.  In some cases surveys with return mail 
envelopes were delivered as well.  The homes were compared to the aerial image used for the 
landscape analysis in order to verify that the correct image was used.  The landscape was 
observed in the field, and the types of landscape material present were compared to the landscape 
types selected by the GIS analysis to catch situations where landscape types were mismatched. 
This verification of the aerial photo information was performed on all of the homes visited.  The 
main goals of the verification were to determine that the correct plant types were used, and to 
identify areas of non-irrigated land. In addition, measurements were made to verify the scale of 
the photos for example by measuring the width of the driveway so that this could be compared to 
the aerial data.  No attempt was made to conduct detailed surveys of the landscapes because the 
errors introduced by the many irregularities in the landscapes, and the effects of slopes on area 
calculations would be much greater than those arising from the aerial photo analysis.   The 
following table shows the approximate dates during which the site visits occurred. 
 

Table 10: Dates for site visits and billing data 

Keycode Participant Site Visit Dates Year of Billing Data used 
for annual and seasonal 
analysis 

11000 Davis January 2007 2005 
12000 SCWA May 2007 2005 
13000 San Francisco December 2006 Avg 2006, 2007 
14000 EBMUD April 2007 Avg 2004-2007 
15000 Redwood City November 2006 2005 
16000 Las Virgenes MWD February 2008 2006 
17000 LADWP August 2008 2006 
18000 IRWD June 2007 2005 
19000 City of San Diego September 2007 2006 
20000 San Diego County November 2007 2005 
 
The fact that many of the sites were logged during non-irrigation periods should not be a cause 
for concern since for purposes of this study the logging data were used primarily to quantify and 
disaggregate the indoor water use. Outdoor water use for each home was determined by taking 
the annual billed consumption and subtracting the best estimate of the annual indoor use from 
this value.  Outdoor traces during irrigation periods would only be required for studies involving 
daily or hourly water use patterns, and this study was focused on annual use. 

Flow Trace Data Analysis 
In order to properly interpret the results of this study it is important to understand how flow trace 
analysis works, and what are its strengths and weaknesses.  The goal of flow trace analysis is to 
disaggregate water use in a single-family home based on a highly precise pattern of flow over 
time obtained from the main water meter for the house.  The key is that the main water uses, 
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such as toilets, clothes washers, dish washers, irrigation systems, and showers in the home 
provide very clear flow patterns that are relatively easy to identify.  Other uses, such as faucets, 
leaks, water treatment and pools are more ambiguous.  The idea is to extract the information for 
the easily identified events, which leaves behind a smaller volume of water in the remaining 
categories.  This smaller volume of water can then be analyzed statistically to examine the 
factors that appear to have an influence. 
 
Flow trace is a very good tool when understood in this way, but it does involve a degree of 
uncertainty and random error.  When one balances the information provided by flow trace 
analysis against the practical impossibility of sub-metering a home to provide end use 
information of equal detail, its value is clear.  Working with flow traces and the Trace Wizard 
program, an experienced analyst can determine the important information related to the daily 
household use for the key fixtures and appliances, and can determine the efficiency levels of 
these as measured by their volumes of use.  Water use for categories like faucets and leaks is 
more ambiguous since sometimes events produced by a faucet may appear to be a leak, and vice 
versa.  This is where the information from the surveys can be used to identify relationships 
between household characteristic and the end-use in question.  This process can help clarify the 
factors that are probably linked to the use.  For example, leak events may sometimes include 
very small faucet uses, intermittent flows for automatic pool filling, ice machine, or continuous 
flows from certain water treatment systems.  By modeling leakage against the presence of pools, 
home water treatment, automatic irrigation systems etc., it is possible to see what factors explain 
increased leakage or leak-like events.  Leakage estimates and can be tempered with the 
knowledge that in some cases what appears to be a “leak” may be a reverse osmosis system that 
has been left running continuously in an attempt to treat all of the water used in the home. These 
types of issues tend to work on the fringes of the data.  The main body of information provided 
by the analysis is the core household water use patterns and efficiency levels for the household. 
 
Each flow trace file obtained during the site visits was analyzed into individual water use events 
using the Trace Wizard Software.  During Trace Wizard analysis each event is characterized 
according to its end use, start time, duration, volume, maximum flow rate and mode flow rate.  
This is a stepwise process.  Each trace is first checked to verify that the logged volume agrees 
with the meter volume.  When the volumes agree then the trace can analyzed as is. When the 
volumes do not agree further investigation is required. In some cases the data logger records the 
data but the volume recorded differs from that of the meter by a small amount.  These traces 
usually are used with a correction factor applied so that the volumes agree.  In other cases the 
volume of the data logger and the meter volumes differ by a substantial amount.  These traces are 
opened for inspection. In some cases the trace files may contain a few erroneous events, caused 
by infrequent electrical interference with the sensor, which causes extremely high flow rates to 
be recorded.  If these are isolated events they can be removed manually during analysis, and the 
rest of the trace can be used.  If the entire trace is contaminated with interference then it has to be 
discarded.  In some cases the logger simply fails to record any data, in which case the trace is 
discarded and if necessary the site is re-logged. 
 
After the volumes are evaluated and, if needed, correction factors applied, each of the traces with 
usable data is disaggregated into individual events.  The Trace Wizard program contains a 
template of indoor fixtures and appliances that serve as the starting point for the analysis.  If 
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these templates are set up carefully they can identify many of devices on the initial calculation. 
The Trace Wizard program is similar to an expert system in that the analyst identifies how events 
should be categorized according to fixture type, and then the program uses this information to 
find all similar events in the trace and assign them to the chosen fixture. For example, if on Day 
1 of the trace a toilet is identified that has a volume of 3.5 gallons, a peak flow of 4 gpm, and a 
duration of 90 seconds, these fixture parameters are adopted by the analyst. The program will 
then find other similar events throughout the duration of the logging period that match the first 
event.  Each of these events is labeled as a toilet with no further intervention required on the part 
of the analyst. 
 
The analyst works through the flow trace to find all of the major fixtures, assigns the fixture 
parameters, and verifies that the fixtures have been identified successfully by the program. When 
multiple events occur simultaneously it may be necessary for the analyst to identify events by 
inspection and separate these events manually. The analyst also identifies the first cycle of all 
clothes washers and dishwashers events in a trace and assigns an “@” in the name: e.g. 
clotheswasher@.  This allows the number of clothes washers and dishwasher events to the 
counted from which the gallons per load can be determined. 
 
The analyst may need to evaluate other events on a case-by-case basis. Water treatment systems, 
pool filling, and evaporative cooling can have enough variability from one trace to another that it 
can be difficult to develop a template that contains all of the necessary parameters to identify 
them automatically. On-site regenerating water treatment systems may have similar patterns 
from one trace to the next, but it is impossible to have a template that accounts for all of the 
variability. Events such as these are identified through inspection by the analyst.  Visual 
inspection may be necessary for identifying more common events as well. For example, if 
someone leaves a kitchen faucet running for 10 minutes while they wash the dishes it may look 
like a shower.  In these cases classification of the event is a judgment call supported by factors 
such as frequency, time of day (showers are more likely to occur in the morning) and the 
proximity of other events (long periods of faucet use may be followed by the dishwasher). 
 
Each water use event in the flow trace is characterized by fixture type, flow rate, duration and 
volume.  The analysis does not however, reveal the make or model of a fixture or appliance.  The 
efficiency of devices like toilets, showers, and clothes washers is inferred from their measured 
volumes or flow rates.  There may, for example, be many “standard” showerheads that flow at 
2.5 gpm or less.  These would be classified as “high efficiency showers” because they meet the 
EPAct 200535 criterion, which requires a flow rate of 2.5 gpm @ 80 psi.  
 
Toilets with flush volumes of 2.2 gpf or less were classified in this report as efficient toilets, 
meaning that they flush at or below a volume most likely due to a ULF or high efficiency 
toilet.36  High efficiency toilet refers to a specific model of toilet designed to flush at 1.28 gpf or 
less.  It is possible that a number of these toilets are high volume flush units that have had 
displacement devices installed or modified in some way to make them flush at 2.2 gpf or less.  

                                                 
35 EPAct 1992: Energy Policy Act of 1992 National Efficiency Standards and Specifications for Residential and 
Commercial Water-Using Fixtures and Appliances 
 
36 The EPAct 1992 standard for ULF toilets is 1.6 gpf  
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Conversely, there may be some ULF toilets with flush volumes as high as 3+ gallons as a result 
of being poorly adjusted or because of a malfunction. These toilets would not be considered 
“efficient” in our analysis.  
 
Following the initial disaggregation and analysis process, the trace is checked by another analyst 
to make sure there are no obvious errors and that events that require a judgment call seem 
reasonable.  Once all questions are resolved, the trace is then ready for further processing, and 
the process is repeated on another trace.  Simple traces can be analyzed in as little as 30 minutes.  
Analysis of complex traces may take several hours to complete. The level of complexity is 
normally related to the volume of water used in the home during the logging period and the 
frequency of events occurring simultaneously. 
 
During the logging of the Northern sites a series of traces was sent to an independent consultant, 
who provided analysis of the traces separately from our staff.  The results of the two analyses 
were compared to see if there were differences that would affect the characterization of the 
home. While there were variations in the volumes assigned to individual events, there were no 
differences in how the homes were characterized with respect to toilet or clothes washer 
efficiencies.  The results of this double blind analysis are discussed in Chapter 7. 

Trace Wizard Identification of Common Household Fixtures  
Trace Wizard analysis provides a visual tool for identifying individual events that take place 
during the two-week data logging period. The most common events found during trace analysis 
are toilets, faucets, showers, clothes washers, dishwashers and leaks. Examples of these events 
follow along with a description of a typical profile.  While flow trace analysis is not perfect it 
performs very well in identifying the key household end-uses.  There are always ambiguous 
events that can be categorized differently by different analysts, and these create scatter to the 
results.   
 
Trace Wizard is at its best in identifying anything that is controlled by a timer or a mechanical 
controller.  These include toilets, dish washers, clothes washers, irrigation timers, water 
treatment regeneration systems.  Fixtures that are limited by a valve or which operate in a 
repeatable fashion are also fairly easy to identify.  The program deals with multiple events by 
splitting out the super-event from the base event.  This covers the situation of the toilet flush on 
top of the shower or irrigation.  It also has the ability to split out events that run into each other, 
but this requires the analyst to manually identify the point at which one event ends and another 
begins.  This covers the situation where a faucet is turned on before a toilet stops filling. 
 
The following sections provide some examples of how typical fixtures and appliances are 
recognized in flow trace analysis, and discuss issues encountered in dealing with each category 
of end use. 
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Toilets 
Trace Wizard determines the time of day, the volume, the duration, the peak flow and the mode 
flow of toilet events.  From this it is possible to draw inferences about what type of toilet might 
be behind the trace.  However, this inference process is not perfect, and must be used with 
discretion.  Trace Wizard can not tell if a 3.0 gallon flush is coming from a malfunctioning ULF 
toilet or a modified high volume flush toilet. 
 
There are also two ways of looking at toilets.  From the perspective of a household efficiency 
study what is important is the actual volume of the flush, the distribution of flush volumes and 
the overall average gallons per flush in the home.  From the perspective of a water agency that is 
interested in tracking the percent of all toilets that have been replaced, the key is the actual make 
and model of the toilet. The flow trace data can be helpful in making judgments about the market 
penetration rates, but it is inherently ambiguous when it comes to assigning actual toilet designs. 
 
The other complicating factor about toilet analysis is that houses contain mixtures of different 
types of toilets. This makes it necessary to look at things like the percent of flushes at different 
volumes (toilet heterogeneity) in an effort to determine the mixture of toilets in the home.  All of 
these techniques are used and discussed in the report. 
 
Figure 12 is an excellent example of four toilet flush events (green) that take place over a two 
hour period and were identified using the Trace Wizard program. The program identifies flow 
events with similar properties including volume, peak flow, and duration. Also shown in the 
figure are faucet events (yellow) that have been separated from the toilet events and are not 
included in the toilet volume. The baseline flow (blue) has been labeled leakage. Although the 
flow rate is less than a tenth of a gallon per minute, it is continuous through the entire trace and 
accounts for nearly 1,400 gallons of water during the two week data logging period. In these 
cases the presumption is that these represent leaks unless there is evidence that the household has 
some sort of continuous use water device (e.g. for medical or water treatment purposes). 
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Toilet events that fall within the 
parameters established for the toilet. 

Figure 12: An example of four toilet flushes, faucet use, and baseline “leak” identified using the 
Trace Wizard program 

It is not uncommon to find several different toilet profiles in the same residence. This may be the 
result of replacing only one of the toilets with a ULFT or HET, toilets of different brands in the 
home, flapper replacement, or the addition of a displacement device or some other conservation 
measure in one of the toilets. Figure 13 is an example of two different toilet profiles in the same 
home; two of the toilet flushes are from a ULF toilet and the other two flushes are from a high 
volume or high water use toilet with a flush volume of 2.7 gallons. 
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ULF toilets 1.6 gpf 

High volume toilets 2.7 gpf 

Figure 13: Four toilet flushes with two different profiles identified in Trace Wizard 

Clothes Washers 
Although there are many brands of residential clothes washers available, there are enough 
similarities in their profile to make them easily recognizable in the Trace Wizard program. 
Figure 14 is an example of the characteristics of a top-loading, non-conserving clothes washer, 
shown in light blue. Each cycle is similar in volume (22-24 gallons) and represents filling of the 
clothes washer tub. Cleaning and rinsing is accomplished by agitating clothing in a volume of 
water sufficient to submerge the clothing. The initial cycle is labeled clothes washer @ and 
allows the total volume of the clothes washer to be calculated for statistical purposes.  
 
This figure also shows a typical intermittent “leak” consisting of very low flow rates going on 
and off during the trace period. These are most likely dripping faucets or valves that “leak” at a 
low rate, which are very common. 
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Wash and rinse cycles of a top-loading clothes washer. 
The first cycle is identified as clothes washer @ and 
allows each clothes washer load to be counted 
separately.  

Clothes  
washer @ 

 

Figure 14: Typical profile of a top-loading clothes washer 

High efficiency clothes washers are designed to use less water than the standard top-loading 
clothes washers. They use a tumbling action that provides cleaning by continually dropping and 
lifting clothes through a small pool of water.  The clothes washer loads, shown in light blue in 
Figure 15, use less than 15 gallons per load. As with a standard top-loading clothes washer, the 
initial cycle is labeled clothes washer @ which allows the volume of each cycle to be identified.  
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Wash and rinse cycles of a high efficiency front-
loading clothes washer. The first cycle is identified as 
clothes washer @ and allows each clothes washer load 
to be counted separately.  

Clothes  
washer @ 

Clothes  
washer @ 

Figure 15: Typical profile of two high efficiency clothes washer loads identified in Trace Wizard 

Showers 
Showers typically have one of two profiles. The profile shown in Figure 16 is representative of 
homes that have what is commonly referred to as a tub/shower combo, in which the shower and 
bathtub are operated by the same faucets. This results in a high flow when the faucets are turned 
on initially and the temperature is being adjusted; the diverter is then pulled and the flow is 
restricted by the shower head. The flow then remains constant until the faucets are turned off. 
The shower shown in Figure 16 has an initial flow of 5.6 gpm which drops to 2.0 gpm for the 
duration of the shower. There are a number of HET toilet flush events (1.28 gpf) that occur 
during the two-hour time period shown in the figure, one of which occurred during the shower, 
and has been separated from the shower.  
 
The second shower profile, shown in Figure 17, is typical of a stall shower where the flow goes 
directly through the showerhead and is therefore limited by the flow rate of the showerhead.  The 
flow rate of a showerhead is dependent on the flow rating of the showerhead and the operating 
water pressure. The shower in Figure 17 is 14 minutes in duration with a flow rate of 1.7 gpm. 
Also shown is a clothes washer event and several toilet and faucet events.   
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Example of tub/shower 
combo with diverter High efficiency 

toilet flushes 

Figure 16: Classic profile of tub/shower combo with HE toilet events and some faucet use 

 

Figure 17: Profile typical of a stall shower with clothes washer, faucet, and clothes washer events 
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Dishwashers 
Although dishwashers are multiple cycle events, their water use typically accounts for less than 
5% of the total indoor use. Because they are cyclical and there is very little variation in the flow 
rate or volume of the cycles, dishwasher events are easily identifiable. And, like clothes washers, 
the first cycle of the dishwasher event is labeled using the @ symbol which enables the number 
of events to be counted. Figure 18 is an example of a dishwasher event with six cycles. Faucet 
use often precedes or occurs during dishwasher events as dishes are rinsed, or items are being 
hand washed.  In the flow trace analysis the dishwasher category includes only water being used 
by mechanical dishwashing machines.  Water used for hand-washing of dishes would be counted 
as part of the faucet category.  
 

 

Faucet use preceding 
dishwasher event 

Multiple dishwasher cycles ~ 
2.0 gallons per cycle 

Figure 18: Multiple cycles typical of dishwasher usage 

Water Treatment 
There are two kinds of water treatment that need to be considered.  The most common is the 
water softening device, which works by ion exchange.  Raw water is run through a resin bed and 
the hardness ions (calcium and magnesium, primarily) are adsorbed onto the resin in exchange 
for sodium.  This reduces the hardness of the water, but does not affect its total dissolved solids.  
Once the exchange capacity of the bed is exhausted it is regenerated by backwashing with salt 
water.  This backwash process is the only water consumed by the process.  The treated water 
simply flows into the water pipes for use by the occupants as needed.  Figure 19 shows a typical 
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regeneration cycle for a home water softener.  These are sometime controlled with a timer and 
sometimes by a sensor.   These types of systems are very simple to identify in Trace Wizard. 
 
The other type of home treatment is reverse osmosis.  These systems run the potable water 
through a membrane which separates the water from the salt.  Typically around 25% of the total 
water input to the system emerges as product water and 75% is wasted.  Whenever water is being 
treated the system is using water.  The flow rates are typically low, and can be mistaken for 
leaks.  The difficulty in identifying them as water treatment as opposed to leakage is the pattern 
of use.  If only a few gallons are produced at a time, the system will show a repeatable pattern 
that can be identified.  For example, if once or twice a week 2 gallons of product water are 
treated for drinking and cooking this will show up on the trace as a 10 gallon event with a fairly 
repeatable flow rate.  If the system is used to treat large volumes of water it will start to look like 
a continuous leak.  Having survey information to identify houses with RO systems can help with 
this.  In the modeling chapter we discuss the relationship between home treatment systems and 
identified leakage. 
 
 
 

 

Figure 19: An example of residential water softener in Trace Wizard  
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Leakage & Continuous Events 
There are two kinds of leaks identified in Trace Wizard.  The first type is intermittent leaks, such 
as toilet flappers or faucet drips and the second is continuous leaks due to broken valves or leaky 
pipes.  Intermittent leaks are identified by their very low flow rates (too low to be faucets), 
association with other events that might initiate a leak, or the fact that they simply do not appear 
to be faucet use, and because they occur too frequently to be explained by someone standing at a 
sink and operating a faucet for hours at a time. Intermittent leaks are very common, and most 
traces contain a number of these types of leaks. The lower limit of “leak” detection is based on 
the ability of the water meter to register the flow.  To the extent that the meters can not register 
very low flows, leakage measurements would be under-estimated. 
 
Constant leaks, on the other hand are continuous events.  In some cases these may not be leaks at 
all, but represent a device that has a constant water demands, such as a reverse osmosis system or 
a once-through cooler.  The presumption, though, is that these are leaks.  Use of survey 
information can be used in conjunction with the end use data to look for correlations between 
leakage and fixtures in the home to see if there might be a relationship that helps clarify the 
source of the “leak” and leak-like events.  These correlations have been done in Chapter 9.   
 
Figure 20 is an example of an event that is classified as leakage in the Trace Wizard program. 
Although the flow rate is quite low – averaging less than 0.5 gpm – over the 2 week period of the 
trace nearly 5,400 gallons were attributed to this event.  Leakage is flow that can not be easily 
classified as a typical fixture, such as use for toilet flushing, clothes washing, faucets, showering, 
irrigation, or other commonly found household use. Leaks can be attributable to malfunctioning 
fixtures such as a leaking toilet or irrigation system or due to process uses, such as a reverse 
osmosis system, evaporative cooling, or a non-recirculating pond or fountain. The cause of flow 
attributed to leakage may be discovered during a site visit or from information provided on the 
survey returned by the homeowner. Often, however, this information is unavailable, and the 
cause of leakage remains unknown.  Since the “leak” category represents such an important part 
of single-family residential water use, looking further into the causes of these types of events 
would be beneficial. 
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Figure 20: Four-hour period showing a continuous event classified as a leak 

Irrigation 
Overhead irrigation events are the easiest to identify and are usually characterized by a large 
event consisting of several very distinct segments, each with its own duration and flow rate as 
the various zone valves open and close.  Automatic irrigation is generally operated by a timer 
device that turns on the irrigation at a set time, on specified days, and irrigates multiple zones in 
sequence. The flow rate for each zone varies depending on the type and number of sprinkler 
heads located on that zone. Figure 21 shows an irrigation event that occurs Monday, October 29, 
2007 at 1:12:10 PM. The event properties show that the volume of the irrigation event is 949 
gallons with a peak flow of 18.4 gallons per minute, and a duration of 1 hour and 12 minutes. 
This event is repeated daily throughout the duration of the data logging period. The change in 
flow rate occurs 7 times during the irrigation event and is indicative of different irrigation zones.    
 
Drip irrigation is typically lower flow than overhead irrigation and may be operated manually or 
as a separate zone on an automatic irrigation system. Drip irrigation is generally used for non-
turf type plants that require less water and less frequent watering than turf or other high water-
use plants. Figure 22 is an example of a drip irrigation event with a flow rate of 2.5 gpm and a 
duration of 96 minutes. The total volume of the event is 190 gallons. There are several toilet 
flushes and some faucet use that are running concurrently to the irrigation event.  
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Figure 21: Irrigation event with multiple zones 

 
 

 

Figure 22: Trace Wizard profile of drip irrigation  
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The end result of the flow trace analysis is a Microsoft Access database file with a unique 
keycode that identifies the home. The file for each home contains one record for each water use 
event along with the fixture name, volume, flow rate, start time and duration.  A typical two-
week trace will contain anywhere from 1,500 to 10,000 events.   

Faucet Use 
Basically, faucet events are generally intended to identify uses for kitchen and bathroom faucets.  
These include a wide range of events that are similar, with flow rates less than 2.5 gpm and 
durations and volumes that are reasonable with respect to what one would expect from a 
bathroom or kitchen sink.  Exceptions to this would include flows at higher flow rates that might 
come from a utility sink or a bath tub with a volume too low to be a bath fill. Another quality of 
faucet use is their irregular and random type of pattern, with fairly short durations and low 
volumes.  Use of faucets to hand-wash dishes while leaving the water run continuously is one of 
the largest types of faucet uses encountered in the analysis. 
 

Other Uses 
Events that simply do not fit neatly into any other category are listed as “other uses”.  They 
might have flow rates too large for a sink, but volumes too small for irrigation or a bath.  These 
events are set into the category of miscellaneous other uses. 

Database Construction 
An overall project database was assembled that contained the following items: 
 

 Customer logging information 
 Billing data 
 ET data 
 The water event data from all traces (~ 2 million records) 
 Survey responses 
 Landscape information 

 
The customer logging information consists of names, addresses and meter information for the 
homes in the logging group. Billing data consisted of the monthly or bi-monthly water 
consumption data provided by the water agency from the billing database.  These records are 
from either 2005 or 2006.  The billing data were used to select the logging sets and to ensure the 
statistical similarity between the logging group and the respective populations. 
 
ET data were obtained primarily from the CIMIS system. Both ETo and rainfall data were 
obtained in order to calculate the theoretical irrigation requirements for each lot using ETo and 
effective precipitation.  
 
The water event data consists of the combined set of water event databases assembled from all of 
the valid flow traces collected in the study.  In the California Single Family study the water event 
database contained over 2 million individual records.  The event database is very simple but 
extensive.  It contains the following fields for each water event identified in the flow trace.  
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There are only a few parameters listed in the event database, but these are all that are needed to 
allow a wide range of analyses to be performed during subsequent stages of the analysis. 
 

Table 11: Water event database fields 

Field Name Description 
Keycode 5 digit code that identifies the study site and the home 
Start  Start time of event 
End  End time of event 
Duration Duration of event (seconds) 
Name End Use category of event 
Volume Volume of event 
Max Flow Rate Max flow rate of event (gpm) 
Mode flow rate The most frequent flow rate in event (gpm) 
Mode number The number of times the mode flow rate occurred during event 
 
The survey responses were tabulated for each respondent (identified by key-code and by 
question number.  This allowed the responses to be used as variables in the regression modeling. 
 
Landscape information was generally obtained from the best available rectified aerial photograph 
of the homes in the study groups.  The landscape data consisted of the total area of each 
landscape type on each lot.  The landscape types consisted of turf, non-turf trees and shrubs, 
xeriscape, vegetable gardens, and non-irrigated native landscape.  Swimming pools were 
measured, but as discussed above, were not assigned a crop coefficient.  The landscape table 
consisted of the areas by plant type for each of the lots listed by keycode.  These areas were used 
along with the ET data to estimate the theoretical irrigation requirements for each lot. 
 
Each plant type was assigned a crop coefficient. In the case of tree canopies, the entire canopy 
was delineated, including areas that overhang the adjacent properties if the tree trunk was located 
on the lot.  Where tree canopies occurred from neighboring trees over lawns the coefficient for 
the lawn was used. 
 

Table 12: Annual Crop Coefficients 

Plant Type Crop Coefficient 
Turf 0.80 
Non-turf trees, shrubs 0.65 
Vegetable Gardens 0.80 
Xeriscape 0.30 
Non-irrigated areas 0.00 
 

Descriptive Statistics 
A series of queries were designed to provide summaries for indoor and outdoor analyses.  These 
summary workbooks were used to prepare descriptive statistics in tabular and graphical form for 
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inclusion into this report.  These queries were later linked with the survey responses and other 
data for regression analysis. 
 
For the indoor statistics, the water event database was queried in order to obtain the parameters 
listed in Table 13.  This worksheet contains a summary of the dates, durations, total volumes by 
end use, gallons per day by end use, counts of events by end use and volumes per event.  Some 
are taken directly from the events database, but most are derived from the events data through 
various arithmetic calculations.  
 

Table 13: Indoor parameters extracted for indoor summary 

Parameter Units 
Keycode na 
TraceBegins days 
TraceEnds days 
Trace Length Days days 
Total Volume gal 
Indoor total gal gal 
Outdoor total gal gal 
Bathtub total gal gal 
Clotheswasher total gal gal 
Dishwasher total gal gal 
Faucet total gal gal 
“leak” total gal gal 
Other total gal gal 
Shower total gal gal 
Toilet total gal gal 
Total GPD gpd 
Indoor GPD gpd 
Outdoor GPD gpd 
Bathtub gpd gpd 
Clotheswasher gpd gpd 
Dishwasher gpd gpd 
Faucet gpd gpd 
“leak” gpd gpd 
Other gpd gpd 
Shower gpd gpd 
Toilet gpd gpd 
Bathtub events count 
Clotheswasher events count 
Dishwasher events count 
Faucet events count 
“leak” events count 
Other events count 
Shower events count 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 89 



California Single Family Home Water Use Efficiency Study  4/20/2011 

Parameter Units 
Toilet events count 
Number of flushes less than 2_2 Gal count 
Number of flushes greater than 2_2 Gal count 
Percent of flushes less than 2_2 Gal % 
Average toilet flush volume gal 
Toilet flush stdev gal 
Average clothes washer load gal gal./event 
Clothes washer loads per day events/day 
Average shower gal gal/event 
Showers per day count/day 
Total shower minutes min 
Average shower seconds sec 
Average Shower (minutes) min 
Average shower mode flow gpm gpm 
Shower minutes per day min 
 
 
The results from the query that prepares Table 13 consists of a table that contains one row for 
each key code and one column for each of the parameters shown in the table.  From this a set of 
descriptive statistics were developed for the key parameters, as shown in Table 14.  This table 
shows the number of study homes with data for the specific parameters, the means, medians, 
standard deviations and confidence intervals of each. The range of the results and the sums of the 
data are also included.  Not every parameter is meaningful for all categories. For example, the 
sum of the volumes logged is significant: a total of 3.42 million gallons of water were included 
in the flow traces, but the sum of the GPD is not a useful statistic.  These data are discussed in 
detail in following sections, and are provided here simply to give the reader an understanding of 
the procedures used for the analysis. 
 

Table 14: Statistics extracted from indoor summary table 

Parameter N Mean Median StDev 95th CI Min Max Sum 
Total Volume 734 4666 3515 4098 296 0.05 28058.27 3424729 
Trace Length 
Days 

734 12.3 13.0 1.4 0.1 6 20 9009 

Total GPD 734 378 292 323 23 0.01 2338.19 277220.3 
Indoor GPD 732 175 157 107 8 0.01 833.25 127970 
Outdoor GPD 589 243 145 289 23 0.06 1939.40 143154.6 
Indoor total gal 732 2148 1898 1341 97 0.05 10832.31 1572674 
Outdoor total gal 589 3019 1809 3647 294 0.84 27151.61 1778284 
Bathtub total gal 393 85.4 52.4 111.6 11.0 4.91 1376.53 33568.28 
Clotheswasher 
total gal 

677 408 328 313 24 16.17 2553.26 276308.1 

Dishwasher total 
gal 

444 30 23 26 2 0.65 153.04 13143.85 

Faucet total gal 729 402 320 326 24 1.57 2522.87 293153.2 
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Parameter N Mean Median StDev 95th CI Min Max Sum 
“leak” total gal 732 380 141 751 54 0.05 8924.64 278057 
Other total gal 421 78 14 238 23 0.18 3347.53 32881.66 
Shower total gal 714 433 365 319 23 5.62 2068.87 309380.8 
Toilet total gal 727 462 399 323 24 1.87 2450.05 335904.7 
Bathtub events 393 4.14 3.00 4.26 0.42 1.00 40.00 1627 
Clothes washer 
events 

674 11.77 10.00 8.48 0.64 1.00 85.00 7935 

Dishwasher 
events 

426 4.56 4.00 3.70 0.35 1.00 33.00 1942 

Faucet events 729 739 555 889 65 5.00 10515.00 538484 
“leak” events 732 1942 1266 2328 169 3.00 25022.00 1421599 
Other events 421 15.4 5.0 42.9 4.1 1.00 503.00 6491 
Shower events 714 24.0 21.0 16.3 1.2 1.00 132.00 17168 
Toilet events 727 169 155 100 7 1.00 628.00 122777 
Bathtub gpd 393 6.9 4.2 8.9 0.9 0.41 105.89 2719.757 
Clothes washer 
gpd 

677 33.2 26.9 25.2 1.9 1.35 196.40 22469.61 

Dishwasher gpd 444 2.4 1.9 2.1 0.2 0.07 11.77 1070.435 
Faucet gpd 729 33 27 26 2 0.15 194.07 23907.95 
“leak” gpd 732 30.8 11.4 60 4 0.01 686.51 22537.34 
Other gpd 421 6.3 1.2 18.9 1.8 0.01 257.50 2660.237 
Shower gpd 714 35 30 26 2 0.47 159.14 25198.87 
Toilet gpd 727 38 32 26 2 0.16 204.17 27384.55 
Average clothes 
wash load gal 

677 36 37 12 1 9.58 94.00 24521.23 

Clothes washer 
loads per day 

674 0.96 0.85 0.67 0.05 0.07 6.54 643.831 

Total shower 
minutes 

716 211 178 159 12 3.67 1254.67 150808.7 

Average shower 
seconds 

716 520 497 172 13 120.77 1648.33 372203.7 

Total shower gal 716 433 365 318 23 5.62 2068.87 310038.7 
Average shower 
(gal) 

716 18.2 17.3 7.1 0.5 3.52 61.49 13013.8 

Avg. shower 
mode flow gpm 

716 2.15 1.99 0.67 0.05 0.46 5.34 1536.4 

Showers per day 716 1.96 1.72 1.32 0.10 0.08 10.15 1401.9 
Shower minutes 
per day 

716 17.2 14.5 12.8 0.9 0.31 96.51 12283.2 

Average toilet 
flush volume 

729 2.76 2.45 1.08 0.08 0.69 7.04 2014.0 

Toilet flush stdev 728 0.64 0.53 0.39 0.03 0.02 2.86 462.7 
No. of flushes < 
2.2 gal 

734 75 48 85 6 0.00 570.00 54896.0 
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Parameter N Mean Median StDev 95th CI Min Max Sum 
No of flushes > 
2.2 gal 

734 93 70 90 7 0.00 609.00 68184.0 

% of flushes less 
than 2.2 gal 

727 45% 44% 37% 3% 0.00 1.00 326.2 

Average shower 
(minutes) 

716 8.66 8.28 2.86 0.21 2.01 27.47 6203.4 

 
The water event and billing databases were queried to generate the information for each of the 
key codes needed for the outdoor analysis, shown in Table 16. 
 

Table 15: Parameters extracted and calculated for outdoor summary 

Parameter Units Description 
Annual use (from billing 
data) 

kgal Annual water use for 2006-2007 

Non-seasonal use kgal 12 x average winter use (Dec, Jan, Feb) 
Seasonal use kgal Annual use – non-seasonal use 
Trace projected indoor 
water use 

kgal Indoor GPHD from trace x 365 

Area of lot (entire lot) sf Area of lot determined from aerials and checked 
against plat maps 

Hardscape sf Areas patios, decks, walks etc 
House footprint sf Footprint of house 
Non-irrigated area sf Lot areas that are pervious, but obviously non-irrigated. 

There were identified from the aerials and verified 
during the site visits. 

Non-turf plants sf Trees, shrubs and other cultivated non-turf plants 
Pool sf Swimming pool area 
Turf sf Turf areas 
Vegetable garden sf Vegetable gardens 
Xeriscape sf Areas that are planted and irrigated with low water use 

plants 
Annual ET in ET obtained from nearest weather station for year of 

billing data 
Annual precipitation in Annual rainfall  
Net ET in Gross ET corrected for effective rainfall 
Indoor use (best estimate of 
indoor use 

kgal Best estimate of annual indoor use from the projected 
flow trace data, non-seasonal use or minimum month 
use.  

Outdoor use (best estimate 
of outdoor use) 

kgal Best estimate of outdoor use, from either seasonal use 
or annual use minus projected indoor use from flow 
trace 

Total irrigated area (sum of 
sub-areas) 

sf Sum of irrigated areas above 

Irrigation application in Outdoor use/irrigated area x 1.604 
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Parameter Units Description 
Reference demand  in Irrigation demand for 100% reference crop 

landscape=irrigated area x net ET 
Theoretical demand in/kgal Demand for actual landscape based on actual areas, 

crop coefficients and allowed irrigation efficiencies. 
Application ratio  Ratio of actual application to theoretical requirement 
Excess irrigation application kgal Actual application – theoretical irrigation requirement  
Landscape ratio  Ratio of theoretical irrigation requirement to reference 

irrigation requirement 
Excess irrigation flag 0/1 Flag to identify lots that are over-irrigating 

 

Table 16: Statistics extracted from outdoor summary table 

Parameter N Mean 95th CI Median 
Annual (kgal) 614 153.39 7.55 126.41 
Nonseasonal (kgal) 614 95.13 5.29 77.53 
Seasonal (kgal) 556 69.11 6.20 48.25 
Trace projected indoor (kgal) 614 68.11 3.07 62.49 
Entire Lot 614 9199.68 982.63 6840.39 
Hardscape/Pavement 614 345.85 63.22 0.00 
House Footprint 614 754.45 110.56 0.00 
Non-Irrigated vegetation 614 629.84 704.09 0.00 
Non-Turf plants 614 1980.96 186.98 1229.50 
Pool or fountain 614 68.04 13.98 0.00 
Turf 614 1234.04 110.08 902.81 
Veggie garden 614 5.33 3.84 0.00 
Xeriscape 614 665.07 266.62 0.00 
Annual ETo 614 21.46 1.86 0.00 
Annual precipitation 614 14.26 1.65 0.00 
Net ET 614 42.19 0.47 43.49 
Indoor (kgal) 614 61.01 2.52 56.35 
Outdoor (kgal) 614 92.38 7.01 66.64 
Total irrigated area (sq ft) 614 3885.41 374.73 2686.30 
Application (in) 607 60.94 5.70 39.28 
Reference demand (kgal) 614 102.62 10.29 68.95 
Theoretical demand (kgal/year) 614 89.99 6.74 65.71 
Theoretical demand (in) 607 40.46 0.62 42.34 
Application ratio 607 1.44 0.12 1.00 
Excess application (kgal) 614 30.06 4.11 0.05 
Landscape ratio 607 0.96 0.01 0.99 
 
The data extracted for the summary worksheet was used to generate descriptive statistics 
provided in Chapter 7. 
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Regression Modeling 
Multiple regression is a common statistical technique usually applied to quantify the effect of 
several independent variables on a dependent variable.  It provides an accessible and convenient 
formula for predicting a dependent variable given estimates of the independent variables.  
Visualizing the data as a cloud of data points, the results of multiple regression (the formula for 
prediction) is a surface (a regression plane) slicing through the cloud of observed data.  
 
Regression in this study serves two purposes: (1) to correct for certain variables that are known 
to influence water use; and (2) to broadly predict characteristics of water use for the population 
given fewer variables than the study sample.  Correcting for certain factors is necessary to 
compare study sites on a level playing field.  Previous research has indicated that income, price 
of water, and physical characteristics such as the number of residents and indoor or outdoor area 
influence water use.  Reporting the mean water use for a number of homes based on an average 
number of residents (that is, without regression) is valid, but regression techniques offer a 
quantified relationship with quantifiable smaller error.  This relative reduction in error is reported 
as r².  Prediction is the second aspect noted above; the model can be used to generalize, or 
predict the impacts of changing key parameter on water use in the population.   
 
Different regression models may result from the same data, especially since different software 
packages employ slightly different algorithms for selecting the components of regression.  Since 
this study is based on sample data, the model design is influenced heavily by consideration for 
how replicable the modeling technique’s results fares when used on different samples.  
Moreover, predictions via a regression model are useful to intermediate cases and generalizing a 
regression can be quite sensitive to outliers in the sample.  Overall water use does contain these 
outliers in the sample and in the population, and a conventional approach of eliminating them is 
not convenient if the model is designed to predict mean population water use.  However, in 
general, eliminating outliers does improve a regression model’s performance.  At the expense of 
higher performance measures, this study uses a very conservative design for regression 
parameters and elimination of outliers.   
 
The aspect of regression that “corrects for” certain variables is intended to apply to factors with a 
rational relationship to water use37.  For indoor use, the dependent variable is projected indoor 
use, or the expected annual indoor use using the flow trace as a representation.  For outdoor use, 
the dependent variable is annual billed use minus projected indoor use.  The first regression 
applied to either uses independent variables presented in other research to have a statistically 
significant relationship; as in those studies, a log-log transformation is used.  The result of these 
regressions is a prediction of the effect of change in particular variable to indoor or outdoor 
billed use.   
 
Regression produces a value called the residual, which for each case represents the numerical 
departure away from what the model predicts.  The residual is a large positive number if water 
use exceeds the model greatly and a large negative number if the model over-predicts water use.  

                                                 
37 For modeling purposes, it’s important to note that these techniques work indiscriminately to whether the variable 

has any rational relationship at all. The number of available variables is indeed quite large, growing out of a 
combination of billed use, structural data from assessors, aerial analysis, flow trace data, localized historical 
weather, and survey responses.   
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Dividing the sample into categories (along categorical variables), ANOVA (or t-tests, a 
dichotomous case of ANOVA) on the mean residual for each category are reported as the change 
in water use associated with that variable, along with test significance.   
 
Using data from all of the sources, regression models were prepared for both indoor and outdoor 
water use.  Indoor models were first prepared for total indoor use as a function of all of the 
survey data that could reasonably be thought to affect indoor use.  These variables were screened 
to determine which were statistically significant, and a final model was selected for analysis.  
Individual indoor use models were created for each end-use in order to determine if impacts 
could be detected for variables that did not appear for the total indoor use. This sometimes 
resulted in additional variables being identified as significant.  For example, whether the 
occupants knew how much water they used the previous year, or considered the cost of water in 
their water use, decisions could not be identified as a significant variable for predicting overall 
indoor water use. When just faucet use was modeled, however, it was found to be significant.    
 

Discussions of Statewide Implications 
The study concludes with a discussion of the implications of the findings for statewide water use.  
This discussion looks at the water savings potential identified for the study group, considers how 
best to extrapolate the results to the state as a whole, and then make projections of the water 
conservation potential for the State as a whole based on the results of the study group.  The 
discussion includes comments on the success of past conservation programs and BMPs for 
reducing water use, and suggestions for future modifications to conservation efforts.  
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CHAPTER 6 – END USE STUDY GROUPS 
 
There were three main sources of information used for the study: the monthly billing data 
obtained from the agencies, customer surveys, and the field visits.  The primary purpose of the 
field visits was to install a data logger to create a two-week flow trace.  These traces capture end 
use patterns in the home. A second purpose of the site visit was to provide ground-truthing. The 
field technician verified type of landscapes assigned to the parcels.  It generally proved 
impossible to determine the make and model of the irrigation controllers, since people were not 
home when the loggers were installed and the controllers were inaccessible. So this and the 
presence of sensors was obtained from the surveys. At the end of the two-week logging period, 
staff returned to collect the loggers.  
 
Logging samples were determined by the following procedure: each of the ten participating 
utilities provided a random sample of the annual water consumption data for 1,000 single-family 
water accounts (Q1000). Approximately 70 single-family customers were selected from these 
lists.  These included 60 homes for logging and 10 homes to be used as replacements if one of 
the original sites was not logged. Sites were not logged in cases where logging was not feasible, 
such as a filled meter pit.  
 
It was verified that study samples represented the general population in terms of water use. This 
means the key criterion for creating samples was matching the water use of study participants to 
that of the population as a whole. For samples to be valid, both the mean and the median, which 
is less sensitive to outliers, had to be comparable to the mean and median of the population. The 
water use statistics of both sample groups were compared to the population to ensure similarity. 

Redwood City 
Using the selection procedure described above, the Redwood City staff provided the descriptive 
statistics for their entire population of single-family homes, and then identified a random group 
of approximately 1,000 homes from which the logging sample was selected.  Table 17 shows the 
summary statistics for the three groups of homes.  Records were extracted for a total of 15,777 
single-family accounts in the Redwood City service area.  The average annual consumption of 
the entire population was 101 kgal.  The median annual consumption was 88.3 kgal.  The 
statistics for the 1000 home sample (Q1000) matched those of the population very closely, as 
shown in the table.  A total of 70 homes were selected from the Q1000.  Houses with less than 15 
kgal/yr of consumption, houses which declined to participate, and houses that were found to be 
unusable in the field—for instance because of a bad meter or vacancy—were trimmed from the 
sample.  The final group of 60 homes on which loggers were installed had an average annual use 
of 106 kgal and a median use of 98 kgal.  Elimination of the houses with very low or only partial 
year consumption caused the mean of the logging group to be slightly larger than the mean of the 
population, but was thought to constitute a more meaningful sample because of this trimming. 
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Table 17: Annual water use statistics for Redwood City study group  

Redwood City Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 101.09 101.66 105.89 
95% Confidence Interval 1.04 4.10 13.45 
Median 88.26 88.26 98.36 
Count 15777 1046 60 
 
Even though the sample was not selected on the basis of geography, it covers the entire service 
area of Redwood City with remarkable consistency, as can be seen in Figure 23.  According to 
the commercial mapping program used for locating the study homes38 there are a total of 5 
populated zip codes in Redwood City.  The logging sample contains homes from all of these. 
Table 18 shows the number of homes randomly selected from each zip code and the average 
annual water use of these homes.  Zip code 94061 contains the most homes that are closest to the 
median water use of the population.  It also has the most logging homes within its boundaries. 
The largest water use was in zip code 94070, and there was a single home selected from this 
area.  According to Zillow™ the average home value in the study group was $977,916 and the 
median value was $927,022. 
 

Table 18: Zip Code Distribution of Redwood City Logging Sample 

Log Sample Population (Q10000 Zip Code 

N Avg. 
kgal/yr 

Percent of 
Total Sample 

N Percent of 
Total 

94061 26 89.5 43.3% 447 42.7% 
94062 19 123.1 31.7% 299 28.6% 
94063 4 120.0 6.7% 123 11.8% 
94065 10 107.7 16.7% 167 16.2% 
94070 1 130.2 1.7% 7 0.7% 
All 60 105.9 100% 1046 100% 
 

                                                 
38 Delorme, Street Atlas 2006 Pro. 
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Figure 23: Location of study homes in Redwood City 
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San Francisco 
The San Francisco Public Utilities Commission provided a complete list of all of their single-
family accounts and annual water consumption for 2005.  Customer name and contact 
information was not included in this list to protect the confidentiality of the customers.  Also, 
records were only provided for customers with magnetically driven water meters.  There were 
61,615 accounts in the list provided by SFPUC.  Their average annual water use in 2005 was 59 
kgal, or 161 gallons per day per account.  According to the census data there are 2.7 persons per 
house in San Francisco, which implies a per capita use of 59 gpcd.  This relatively low total 
water use indicates that irrigation and other outdoor uses is not a major factor for the city 
customers in general.   
 
The single-family account list provided by SFPUC was used to select the Q1000 sample using 
the random stratified sampling approach described above.  The list of account numbers was sent 
to SFPUC, and they returned a list of 1000 accounts with addresses and other customer 
information.  Aquacraft took the Q1000 data and after eliminating all accounts that used less than 
15 kgal per year, selected 70 accounts as the logging sample.  The analysis of the monthly water 
use of the Q1000 sample confirmed the low outdoor use for the customers, and showed that on 
average, the group used only 10 kgal per year for seasonal uses.39 Summary statistics for the 
population and logging sample are shown in Table 19. 
 

Table 19: Annual water use for San Francisco study group 

 Population Annual 
Use 
(kgal) 

Surveyed 
Sample Annual 
use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 65.1 64.0 69.2 
95% Conf. Interval 0.37 2.72 9.34 
Median 56.1 56.1 56.1 
Count 52349 825 60 
 
Table 19 shows that the final 60 home logging group was only slightly biased towards larger 
than average water users.  The average water use for the logging group was approximately 8% 
greater than the use of the population.  This variation was not considered a problem since it is 
impossible to control who drops out of the study.  During the data logger installation process a 
choice was made to eliminate some homes in semi-industrial areas, which the City did not 
believe were representative of the customer base, in favor of more typical single-family homes.  
The location of the houses in the logging group is shown in Figure 24.   
 

                                                 
39 Seasonal use was estimated as the difference between the annual use and non seasonal use estimated from average 
winter consumption.Seasonal use in accounts where this resulted in a negative number was set to zero. 
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Figure 24: Location of study homes in San Francisco 
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A visual inspection of Figure 24 shows that there is a cluster of homes in the southern portion of 
the city, primarily in zip code 94112, which is the Ingleside neighborhood.  Normally, the 
random stratified sampling approach yields fairly well distributed samples according to the 
density of the homes and average water use in each area.  In order to explore whether or not the 
sample in San Francisco had somehow yielded a disproportionate sample from zip code 94112 
some analyses were done to check for differences between the population and sample. 
 
First the number of logging homes in each of the zip codes in San Francisco was determined.  
The percent of the logging sample was then calculated by dividing the sample in each zip code 
by 60.  Also the average annual water use of the sample homes in each zip code was determined.  
This information was then compared to housing information obtained from the 2000 US Census.  
These comparisons are shown in Table 20. 
 
Table 19 shows that in most cases the percent of the logging homes in each zip code comes 
reasonably close to the percent of all single-family homes contain in each zip code. For example, 
Ingleside contains 17,204 single-family homes, which equals 19% of all the single-family homes 
in the city.   This is the largest number of single-family homes in any of the zip codes.  
Consequently one would expect that the logging sample would have the highest concentration of 
homes in Ingleside, which it does. The second largest concentration of homes is in the Sunset 
district, zip code 94116. Sunset contains 14% of all single-family homes in the City, and 12% of 
the logging sample are in this zip code.  Figure 25 shows the comparisons in percentages for 
each zip code. 
 
Examination of Figure 25 shows that there was a striking similarity in the percentage of homes in 
the logging sample and the population. This argues against any gross bias in the sample.  The 
two zip codes with the most divergence are 94112, which had a 6% greater number in the sample 
than in the population, and zip code 94122, which had a 7% lower number in the sample than in 
the population.  Every other zip code was within a few percent.   
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Table 20: Comparison of single-family home distributions in population and logging sample for San Francisco 

  Log Sample  Data from 2000 US Census 

ZIP NEIGHBORHOOD 
NUMBER 
OF SF 
HOMES 

MEAN 
ANN 
USE 
(kgal) 

% of 
Total in 
Log 
Sample 

Total of 
All 
Housing 

Total SF 
Houses 

% of 
Homes 
that are SF 

% of total 
SF in each 
zip 

All All 60 70.10  242,429 92,424 38%  
94107 North Portero 2 57.97 3% 9,705 1,942 20% 2% 
94109 Nob Hill 1 32.91 2% 36,038 894 2% 1% 
94110 Mission 3 73.55 5% 26,913 7,364 27% 8% 
94112 Ingleside 15 73.45 25% 20,699 17,204 83% 19% 
94133 Ghirardelli Sq 1 163.81 2% 14,810 898 6% 1% 
94114 Castro 3 59.84 5% 17,324 1,627 9% 2% 
94115 Western Addition 1 43.38 2% 18,452 1,980 11% 2% 
94116 Sunset 7 47.34 12% 15,420 13,172 85% 14% 
94121 Richmond/Pt. Lobos 6 77.42 10% 18,052 6,390 35% 7% 
94122 Golden Gate Park S. 3 119.93 5% 22,371 11,458 51% 12% 
94124 Bayview/Hunters Pt 5 72.71 8% 9,508 6,319 66% 7% 
94127 Mt Davidson 3 72.31 5% 7,834 7,121 91% 8% 
94131 Diamond Hts 4 46.94 7% 14,261 7,029 49% 8% 
94134 McLaren Park 6 70.19 10% 11,042 9,026 82% 10% 
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Figure 25: Single-family home percentages in San Francisco zip codes and log sample 

 
The question arises as to whether the logging sample should have been adjusted to eliminate the 
geographical clustering.  For example, if we took four houses out of the Ingleside zip and put 
them into the Golden Gate South zip, the samples in those two zip codes would match the 
population very closely.  The problem with doing this is that the average water use in zip code 
94122 is nearly 60% greater than that in zip code 94112.  By attempting to balance out the 
geographic distribution, we would have increased the bias towards larger water users in the 
sample.  Since the stated goal of the sampling was to create a sample that represented the water 
use pattern of the service area, and the sample as selected accomplished this goal, but with a 
slight bias towards higher water users, it seemed advisable to keep the sample as it was chosen. 
 
Another factor arguing in favor of keeping the sample as selected is that it is probable that the 
water use in zip code 94112 was less variable than that in 94122 because it was smaller, and 
hence had less outdoor use, which is more variable than indoor use.  A large number of homes, 
which 94112 contained, with water use close to the average for the group, as was the case for zip 
code 94112, will tend to cluster together in the sorted list, and hence have a greater chance of 
being selected than a group with greater variability, which would tend to scatter the residents 
among more strata and favor them being sampled less frequently.  
 
We know that the sample as chosen matches the water use distribution very well, and matches 
the geographic distribution well with small discrepancies in just two zip codes.  Furthermore, we 
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know that if we adjusted the sample to include more homes in Golden Gate and fewer in 
Ingleside we would definitely create a larger bias in the annual water use patterns it seems most 
reasonable to keep the sample which matches the annual water use characteristics, and not 
attempt to make adjustments on the basis of geography. 

City of San Diego 
The City of San Diego purchases between 75 and 90 percent of its water from the San Diego 
County Water Authority. In 2005 there were a total of 270,526 customer accounts served by San 
Diego Water Department. Of these 245,995 were residential connections (217,893 single-family 
and 28,102 multi-family). Single-family water use accounted for 38% of total demand.  
 
Because San Diego is a major population center, the logging sample size was 120. This was 
evenly split between city and county customers. There were 60 samples in the City of San Diego. 
 
In order to generate statistically valid results, the surveyed sample and the logging sample 
needed to be representative of the water use of the population. For this reason, the samples were 
chosen so their water use closely matched the mean water use of the population. The mean 
annual water use of the population was 114 kgal. The mean water use of the surveyed sample 
was identical to the mean use of the population. The logged sample also had comparable water 
use at 115 kgal. Table 21shows the mean water use for the population, survey sample and log 
sample. 
 

Table 21: Annual water use statistics for the City of San Diego study sites 

City of San Diego Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 114 114 115 
95% Confidence Interval NA   
Median NA 98 105 
Count 217,893 842 66 
 
Geographic distribution was not a criterion for sample selection; water use was. However, the 
distribution of sites in the City of San Diego area (Figure 26) shows that the sites were spread 
over the service area.  
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Figure 26: Logged sites in the City of San Diego service area 

 

Las Virgenes Municipal Water District 
Las Virgenes Municipal Water District (LVMWD) provides water service to a population of 
71,000 over a 122 square mile service area. Of its 19,877 service connections, 17,016 are for 
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single-family accounts. Sixty-six sites were logged in Las Virgenes with 59 good traces 
resulting.  
 
Samples were created to ensure that the study sites had water use similar to the over-all 
population of Las Virgenes. The mean water use for the population was 392 ±5.9 kgal, at a 95% 
confidence interval. The surveyed sample shows some variance with this (410 kgal) but the 
logged sample’s mean water use equals the water use of the population. The median water uses 
do not match as well. The logged sample had a median water use of 372 kgal, while the 
population median use was 292 kgal. Table 22 shows these data.  
 
 

Table 22: Water use statistics for population and samples in Las Virgenes 

Las Virgenes MWD Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 392 410 392 
95% Confidence Interval 5.9   
Median 292 312 372 
Count 17,016 1061 66 
 
Water use was the metric for determining that the logged sample was representative of the 
population. However, geographic distribution of the logged sample sites should also be noted. 
Figure 27 shows the location of logged sites. These sites are not clustered but rather spread 
throughout the populated service area.  
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Figure 27: Logged sites in Las Virgenes MWD. Note that sites are distributed throughout several 
zip codes. 

 

City of Davis 
The City of Davis is located in Yolo County near Sacramento.  For purposes of the sample it was 
used as a proxy for Sacramento County, due to its proximity.  Single-family residences make up 
88% of all of the services in the City of Davis and they account for 47% of the treated water use.  
Residential customers account for nearly two-thirds of total water use in the system.   These 
homes were used to select the logging homes in Davis.  The study sites were determined by 
matching the water use patterns of the population of single-family homes in the service area.  
Each of the homes had been mailed a survey and a letter requesting permission to participate in 
the study.  The final logging group was selected from homes that had returned surveys and given 
their consent. 
 
There were 73 sites selected for possible logging. Of these, 60 sites were actually logged, which 
matches the target number of sites for Davis. Single-family homes using less than 15 kgal per 
year were excluded. This figure was used to remove sites with unusually low use (such as 
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accounts that were active for only part of the year).  This sample was randomly selected from the 
sample provided by the water agency.  The mean use for the City of Davis’ population is in the 
range of 156.33 to 159.67 kgal annually, with a 95% confidence. The intermediate sample, 
which contains 1015 accounts, has a mean annual use of 159 kgal, which falls within likely range 
of the population mean. From this sample, Aquacraft selected sites for logging. The mean annual 
use of these sites was 160 kgal. This is just outside the 95% confidence bound for the 
population’s water use.  Table 23 makes for quick comparison of these numbers. 
 

Table 23: Annual water use statistics for City of Davis study sites 

City of Davis Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 158 159 160 
95% Confidence Interval 1.67   
Median 142 142 141 
Count 13,194 1015 73 
 
The logging sample was determined by creating a sample that had water use in line with the 
population of Davis. The location of samples within the city was not a determining factor. 
However, given that, the samples showed a relatively wide distribution throughout the city. 
Figure 28 shows the logging sample sites in Davis. To some degree, sites are more densely 
concentrated in the eastern portion of the city.  
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Figure 28: Distribution of logging sites around the City of Davis 

 
 

San Diego County Water Authority 
In 2005 there were approximately 694,995 customer accounts served in the service area of the 
San Diego County Water Authority (SDCWA). Of these, 396,311 were single-family accounts. 
Single-family water use makes up 55% of total demand.  
  
The San Diego County Water Authority provides water to the City of San Diego, as well as other 
water retailers in the county. Both the City of San Diego and SDCWA participated in this study.  
Four other water retailers participated from the county: Helix WD, Otay WD, Rincon del Diablo 
MWD, and Sweetwater Authority. Because San Diego is a major population center, the logging 
sample size was 120. This was evenly split between customers within the City of San Diego and 
those outside the city, but still within San Diego County. The study plan called for 15 sites from 
each of the four participating SDCWA agencies to be included in the final analysis. Twenty 
potential logging sites were selected in case some sites were deemed infeasible for logging. 
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Samples were deemed representative if their water use matched the population water use for the 
given agency. For Helix, the mean water use (151 kgal) of the logged and surveyed samples was 
equal to the population’s mean water use.  The median water use for the population, surveyed 
sample and logging sample were also very close. Otay’s surveyed sample had the same mean use 
as the population. The logged sample’s mean water use was within the 95% confidence interval 
of the population’s mean use. For Rincon del Diablo, both the surveyed and logged samples’ 
mean water use exactly matched the population’s mean water use.  For Sweetwater, the surveyed 
sample, provided by the utility, had a significantly higher mean water use than the population. 
However, this was corrected in the logged sample, which had the same mean and median water 
use as the population. Table 24 shows these data.  
 

Table 24: Annual water use statistics for San Diego County Water Authority – study sites 

San Diego County Water 
Authority 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Helix    
Mean 151 151 151 
95% Con. Inter. 1.1   
Median 122 122 118 
Count 45,401 251 20 
Otay    
Mean 161 161 159 
95% Con. Inter. 3.08   
Median 129 129 134 
Count 10,794 251 20 
Rincon del Diablo    
Mean 184 184 184 
95% Con. Inter. 4.4   
Median 131 131 114 
Count 5,848 254 20 
Sweetwater    
Mean 125 167 125 
95% Con. Inter. 1.55   
Median 105 142 100 
Count 22,170 252 20 
 
Sample sites were selected based on water use, not geography. However, Figure 29 shows that 
the sites were spread throughout the service areas in a fairly even manner.  
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Figure 29: Distribution of logged sample sites for San Diego County Water Authority – county 
sites only 
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East Bay Municipal Utility District 
There were a total of 321,765 single-family accounts listed in the billing database for the East 
Bay Municipal Utility District for the 2005 billing year.  EBMUD selected a sample of 1000 
accounts using the random systematic sampling approach provided by the consultants.  The 
Q1000 was selected from all single-family accounts (which also include individually metered 
condos and town homes).  The homes were sorted according to their annual water use, and no 
attempt was made to group them geographically.   
 
EBMUD provided the Q1000 to Aquacraft in early September 2006.  After verifying that the 
statistics of the sample matched those of the population, a logging sample was chosen.  Because 
EBMUD had elected to log 120 homes, a total of 140 homes were selected as logging candidates.  
Notification letters were sent to these homes at the end of September. Six homes opted out of the 
study leaving a total of 134 homes in the logging sample.  The statistics of the Q1000 matched 
those of the population very closely.  The final logging sample had a mean use that was slightly 
smaller than the mean of the population.  Because it is a smaller sample it was more susceptible 
to being affected by the loss of the homes that opted out.  
 
Figure 30 shows the location of each of the 134 logging homes.  These include both the 120 
primary logging houses and 14 back-ups.  This map shows a remarkably even distribution of the 
sample over the service area.  As one would expect, the areas with higher population density 
have more sample homes than the areas with lower population density. Ultimately, good traces 
were obtained from 114 of the logged homes. 
 

Table 25: Annual water use statistics for EBMUD single-family population and study samples 

 All SF 
Accounts in 
screened billing 
database 
Annual Use 
(kgal) 

Surveyed Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean annual use 106.8 107.0 102.1 
95% Con. Inter. 0.33 5.82 12.71 
Median 82.1 82.1 83.8 
Count 306,279 1000 134 
 
Even though geography was not a factor in the sample selections, the final logging sample 
appears to have an excellent geographical distribution over the EBMUD service area.  Table 26 
shows that the percent of the Q1000 in each city within EBMUD’s service area is similar to the 
percent of the population living within each city.     
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Table 26: Proportion of Q1000 by city in EBMUD service area 

% of… City Total SF 
Services 

Q1000 
Pop Q1000 

Alameda 15330 51 5% 5% 
Alamo 5058 23 2% 2% 
Albany 4222 9 1% 1% 
Berkeley 23268 74 7% 7% 
Castro Valley 16066 48 5% 5% 
Crockett 1193 1 0% 0% 
Danville 17789 58 6% 6% 
Diablo 356 2 0% 0% 
El Cerrito 8128 25 3% 2% 
El Sobrante 1401 6 0% 1% 
Emeryville 541 0 0% 0% 
Hayward 7796 24 2% 2% 
Hercules 6167 17 2% 2% 
Kensington 2125 6 1% 1% 
Lafayette 8791 34 3% 3% 
Moraga 4480 12 1% 1% 
Oakland 82277 245 26% 24% 
Orinda 6395 16 2% 2% 
Piedmont 3769 9 1% 1% 
Pinole 5596 13 2% 1% 
Pleasant Hill 2147 8 1% 1% 
Richmond 33963 121 11% 12% 
Rodeo 2455 6 1% 1% 
San Leandro 24369 76 8% 8% 
San Lorenzo 7692 17 2% 2% 
San Pablo 4947 20 2% 2% 
San Ramon 13490 50 4% 5% 
Selby 1 0 0% 0% 
Walnut Creek 11953 30 4% 3% 
Total 321765 1001  100% 
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Figure 30: Locations of study homes in EBMUD 
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Sonoma County Water Agency 
The Sonoma County Water Agency provides wholesale water to Sonoma and Marin counties 
serving 600,000 people. Logging sites were selected from four retail agencies within Sonoma 
County Water Agency’s service area: North Marin Water District, the City of Petaluma, Rohnert 
Park, and the City of Santa Rosa. The North Marin Water District service area covers 
approximately 100 square miles, primarily within the city of Novato, and 68.3% of the deliveries 
were to single-family residential customers. Petaluma has 17,014 single-family accounts, and 
these accounts use just over half of the city’s delivered water.  Rohnert Park has 8,717 customer 
accounts, 87% of which are single-family residences. In Santa Rosa, single-family customers 
make up 84% of its 50,352 customer accounts. 
 
A total of 60 homes were logged for Sonoma County Water Agency.   Valid data were obtained 
from 59 homes. Logging samples were selected in accordance with the basic sampling procedure 
outline above. The water agency provided a sample of approximately 250 sites for each of the 
four retail agencies studied (a total of 1000 sites). These samples had water use statistics that 
matched the population water use statistics in each service area. From this sample of 250, a 
smaller sample for each sub-site was created. Again, the statistical parameters of this sample 
matched the statistical parameters of the population in each service area.   These homes were 
sampled at random. The study plan called for 15 sites from each participating retailer to be 
included in the final analysis. Twenty potential logging sites were selected in case some sites 
were deemed infeasible for logging.  
 
The population of North Marin used 126 kgal per capita annually with a 0.8 kgal interval at 95% 
confidence. Both the surveyed sample and the logged sample used 125 kgal, which meets the 
confidence bounds of the mean use of the population. The median water use for the logging 
sample and the population were equal. For Petaluma the mean (110 kgal) and median (102 kgal) 
were the same for the population, the surveyed sample and the logged sample. For Rohnert Park 
the mean use (108 kgal) is the same for the population, surveyed sample and logged sample. The 
median for the surveyed sample and the logged sample match, but are slightly higher than the 
median use for the population (104 kgal versus 102 kgal). In Santa Rosa the mean use of the 
population was 100 ±0.71 kgal, with a 95% confidence. The surveyed sample and logged sample 
each had a mean use of 99 kgal, which is a close match to the population. The median use for the 
population and the surveyed sample are equal (88 kgal) and only slightly higher for the logged 
sample (89 kgal). These numbers are shown in Table 27.  
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Table 27: Annual water use statistics for Sonoma County Water Agency study sites 

Sonoma County Water 
Agency 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

North Marin WD    
Mean 126 125 125 
95% Con. Inter. 0.8   
Median 120 125 120 
Count 10,303 250 20 
Petaluma    
Mean 110 110 110 
95% Con. Inter. 1.1   
Median 102 102 102 
Count 13,743 244 20 
Rohnert Park    
Mean 108 108 108 
95% Con. Inter. 1.09   
Median 102 104 104 
Count 6,691 236 20 
Santa Rosa    
Mean 100 99 99 
95% Con. Inter. 0.71   
Median 88 88 89 
Count 32,887 248 20 
 
Samples were selected on the bases of water use, not geographic distribution. However, the 
geographic distribution was relatively uniform. Figure 31 shows the Sonoma County Water 
Agency logging sites. The four clusters correspond to the four retail agencies participating in the 
study. These retail agency service areas are relatively small, so logged sites cover much of the 
area of interest.  
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Figure 31 Logging sites for Sonoma County Water Agency  
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Irvine Ranch Water District 
As of 2006, there were a total of 91,733 accounts served by the IRWD. Of these, 47,650 were for 
single-family residences. IRWD participated in the 1996 Residential End-Uses of Water study. 
The methodology and sampling characteristics of that study are directly comparable to this 
sampling 10 years later. Aligning the 2006 work with that from 1996 offers future research 
potential for household-by-household comparisons. IRWD provided a sample of approximately 
1000 sites. From this sample of 1000, a smaller sample for logging was created. A total of 142 
homes were logged for IRWD.   Valid data were obtained from 115 homes.  
 
It is important that the surveyed sample and the logged sites were representative of the 
population. In order to verify this, samples were selected to match water use of the population. 
The surveyed sample mean water use (148 kgal) is equal to the population mean water use. The 
logged sample mean water use was a bit lower, 147 kgal, but still very close to the 95% 
confidence interval range of 148±0.57 kgal. The median water use for both sample sets was 
equal to that of the population (135 kgal.) Table 28 summarizes these numbers. 
 

Table 28: Annual water use statistics describing Irvine Ranch WD water use for the population 
and study samples 

IRWD Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 148 148 147 
95% Confidence Interval 0.57   
Median 135 135 135 
Count 45,878 1000 142 
 
 
Water use was the determining factor for evaluating if samples were representative of the 
population. However, the geographic distribution of sites may be of interest. Figure 32 shows the 
location of logged sites. It is apparent that the sites were spread throughout the IRWD service 
area, rather than clustered together in one neighborhood that may not be representative of water 
use for the wider IRWD customer base.  
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Figure 32: IRWD logged sample sites 

 

Los Angeles Department of Water and Power 
The Los Angeles Department of Water and Power (LADWP) provides water service to the 
nearly 4 million residents of the City of Los Angeles and surrounding areas.  In 2000, LADWP 
delivered 677 million gallons of water; 240 MG of that went to single-family customers.  
 
The sampling procedure for LADWP was different than the standard sampling procedure. In 
order to increase the efficiency of the site visits it was decided to limit the geographic area of the 
study. This was done by grouping the homes by zip code and selecting a sample of homes from a 
sample of zip codes.  Instead of a three-stage process, as was standard for other sites in the study, 
a four stage process was used. Table 29 illustrates the difference. 
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Table 29: Sampling approach for LADWP compared to standard sampling approach 

Standard Sampling Process LADWP Sampling Process 
1. Population 1. Population 
2. Narrow population by zip code 

2. Draw survey sample from 
population 

3. Draw survey sample from limited number of   
zip codes 

3. Draw logging sample from 
survey sample 

4. Draw logging sample from survey sample 

 
The key concept with this alternative sampling procedure was that in each step, the mean water 
use of the sample matched the mean water use of the population.  
 
First, accounts with unusually low or high water use were removed from the study population.  
The raw billing data submitted by LADWP contained 482,615 single-family accounts, but once 
these outliers were removed, there were 371,767 single-family accounts. The mean water use for 
this population was 153.01 with a 95% confidence interval from 152.7 to 153.2. The LADWP 
service area encompasses a total of 124 zip codes. The survey sample was taken from only 24 of 
those zip codes. Note that the statistics for the sample zip codes match those of the population 
very closely (Table 30). 
 

Table 30: Comparison of sample zip codes to population 

Sampling 
group 

No of 
zip codes 

No of 
candidate 
accts 

% of 
Total 

Mean 
Use 
(kgal) 

Median 
use 
(kgal) 

Top 
Quartile 
(kgal) 

Census  
pop 

Census 
housing 
units 

Median 
house 
value 

Average  
household  
size 

Sample 
zip codes  

24 78,578 21% 158 140.6 204 1,029,460 338,876 $284,027 3.04 

Service 
area pop 

124 371,767 100% 153 134.6 198     

LA 
County 

      9,519,338 3,133,774 $209,300 2.98 

 
 
From these 78,578 accounts in the sampling zip codes shown in Table 30 systematic random 
sampling was used again to select about 3000 candidates for surveying.  This surveyed group had 
statistics shown in Table 31. 
 

Table 31: Statistics of surveyed sample 

Group within 
sampling 
zip codes 

Total 
2006 
(kgal) 

Mean Median Top 
Quartile 

Accounts 

Survey Sample 
(2) 

477965 158.16 140.62  204.20 3022 

 
From the surveyed sample set described in Table 31, a logged sample was drawn. A total of 120 
homes were sampled in Los Angeles, and valid data were obtained from 102 homes. Each of the 
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homes had been mailed a survey and a letter requesting permission to participate in the study.  
The final logging group was selected to match water use patterns of the population and from 
homes that had returned surveys and given their consent. Table 32 presents a side-by-side 
comparison of water use for the population, surveyed and logged samples. The mean water use 
of the study samples is very comparable to the water use of the population. 

Table 32: Annual water use statistics for LADWP population and study samples 

Las Angeles Department of 
Water and Power 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 153 158 159 
95% Confidence Interval 0.23   
Median 134 141 144 
Count 485,000 3022 132 
 
Since geography was a consideration in sample selection, it is worthwhile to look at where 
logged sites were located.  
Figure 33 shows site locations. Sites are not uniformly distributed throughout the service area. 
However, because water use patterns for study samples matched the population, the study 
samples were representative of the population. 
 

 
Figure 33: Distribution of logged sites in LADWP service area. Note that zip codes are 
highlighted in yellow. 
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Table 33 shows the number of logged sites for each agency in the study and the time frame when 
the sample sites were logged. The combined water use statistics comparing logged samples and 
population are also summarized in Table 33. 
 

Table 33: Combined statistics of logged samples 

City Logging 
sample 
size 

Logging 
sample 
mean use 
(kgal) 

Population 
Size 

Population 
mean use 
(kgal) 

Logging  
Period 

Redwood  60 105.89 15,777 101.09 Oct 06 – Nov 
06 

San Francisco 60 69.2 52,349 65.1 Nov 06 – Jan 
07 

San Diego City 66 115 217,893 114 Sep 07 – Oct 07
Las Virgenes MWD 66 392 17,016 392 Feb 08 
City of Davis 73 160 13,194 158 Jan 07 – Feb 07 
San Diego County     
Helix 20 151 45,401 151 
Rincon del Diablo 20 184 5,848 184 
Otay 20 159 10,794 161 
Sweetwater 20 125 22,170 125 

Oct 07 – Nov 
07 

East Bay MUD 134 102.1 306,279 106.8 Mar 07 – Apr 
07 

SCWA     
North Marin WD 20 125 10,303 126 
Petaluma 20 110 13,743 110 
Rohnert Park 20 108 6,691 108 
 Santa Rosa 20 99 32,887 100 

Feb 07 – Mar 
07 

Irvin Ranch Water 
District 

142 147 45,878 148 Jun 07 – Jul 07 

LADWP 132 159 485,000 153 Aug  08 – Sept 
08 
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CHAPTER 7 – END USE DESCRIPTIVE STATISTICS 
 
The purpose of collecting highly detailed water use data from the sampled homes was to allow 
their water use to be broken down into end-use categories.  Having end-use data provides a much 
higher degree of clarity about the nature of water use in the homes than is normally available.  Of 
prime interest for this study, is that it allows the relative efficiency or inefficiency of each type of 
water use to be characterized individually and unmasked by other uses in the home. This 
includes both indoor and outdoor uses.  This chapter provides the descriptive statistics and 
comparisons of the water use by end-use.  As will be seen, the data are very encouraging in some 
areas, but raise questions in others. They also provide insights into how water conservation 
programs might be modified to more effectively reduce household water use. 
 
There were a total of 735 homes from which indoor flow trace data files were successfully 
obtained.  The total number of logged days was 9021, which was an average of 12.3 logged days 
per home.  It is important to keep in mind that in this chapter the results are presented either in 
terms of annual water use per account, measured in thousands of gallons (kgal) or average daily 
household water use, measured in terms of gallons per household per day (gphd). 
 
The research team has intentionally avoided normalizing the data on the basis of the number of 
residents per household for several reasons.  First, the number of residents in the home is one of 
the most important variables for explaining indoor water use, and we did not want to normalize 
on a key variable since this would create problems in the modeling of the data. Primarily, it 
would result in trying to create models in which the same variable appears on both side of the 
equation.  Secondly, every water agency provides water to households; not to individual 
customers.  All of the single-family billing data comes in the form of water deliveries to 
households.  Since this is the main form in which the agencies have their data, and little is known 
about the number or residents in individual homes, it seemed to make the most sense to do the 
water use analysis on the basis of household use.  Finally, normalizing on the basis of number of 
residents invites readers to assume that there is a linear relationship between the number of 
residents and water use.  As described in the modeling chapter, the results show that this is not 
the case, and the relationship is not linear; hence as additional people are added to a home the 
water use increases less with each additional person. 
 
Another important fact to keep in mind when reviewing these results is that a set of efficiency 
metrics, discussed later in this chapter, were established for this study, by which the efficiency of 
household use for toilets, clothes washers and showers was evaluated.  These performance 
metrics are generally in agreement with typical efficiency parameters used in the industry, but 
they are not official “standards” in the sense of having been adopted by a regulatory body.  They 
are also metrics based on household use, rather than specific fixture definitions.  For toilets, the 
metric chosen was that the average household flush volume in the home had to be 2.0 gpf40 or 
less for the house to be tallied as meeting the toilet efficiency criteria.  The value of 2.0 gpf was 
chosen because it would include only homes that used toilets flushing at ULF or better volumes, 

                                                 
40 Note that 2.2 gpf was used as the criteria for individual toilet flushes and 2.0 gpf was used as the criteria for 
household average flush volumes. 
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but would allow a margin of error in their adjustments. This is an important performance 
measure, but is not attempting to say exactly what type of toilet was present in any home.   The 
purpose of the study was not to determine the makes and models of toilets in the home, but the 
household water use efficiency.  Toward that end, the model was not as important as the flush 
volume.  A high volume toilet modified to flush at less than 2.0 gpf would be counted as a ULF 
device, even though it was not designed as such, while a ULF toilet flushing at more than 2.2 
gallons would be counted as a high volume toilet. The only information we had on makes and 
models was from the survey results, which approximately half of the homes returned and, if the 
respondents can be trusted, indicated that approximately 67% of the toilets were ULF or better 
(See Table 66). 
 
There are three graphs that show the percentage of homes that meet the efficiency criteria.  For 
clothes washers the graphs come close to showing the “penetration rates” for high efficiency 
clothes washers, since most homes typically only have one clothes washer. For toilets, however, 
the results are not so clear.  The percent of homes that meet the efficiency criterion used for the 
study probably contain mostly ULF or better toilets.   The homes that fail to reach this criterion 
may contain a mixture of high volume toilets and possibly ULF toilets that are not flushing 
properly.  This distinction should be kept in mind when reviewing the statistical results.  
Histograms are also provided that show the percentage of individual fixture uses at varying 
volumes. These can be used to infer the percent of fixtures meeting various performance levels. 

Annual and Seasonal Usage 
As described in Chapter 5, a key goal of the logging group selection process was to have a group 
of homes for logging whose water use patterns were as similar as possible to those of the general 
population of single-family homes in each participating agency.   
 
Table 34 shows a comparison between the annual water use of the single-family populations in 
the participating agencies and the annual use in the logging samples selected from those 
populations.  The fact that the sample values are so close to those of the populations shows that if 
there are surprises in the results of the analysis, they are not due to the fact that the logging 
samples were skewed.  In all cases the logging group’s annual water use matched that of the 
population. 
 
Table 34 also shows the weighted average of the annual water use based on the number of 
households in each agency.  The agencies, as a whole, served approximately 1.3 million single-
family accounts in 2005. Of these, 35% were in the north and 65% were in the southern part of 
the state.  The weighted average annual use for the group was 132 kgal per year (176 ccf/year).  
The annual water use for the logging samples was 134 kgal per year (179 ccf/yr). As explained 
below, the average daily indoor use for the agencies, as determined by the flow trace analysis, 
was 171 gallons per household per day (gphd).   This represents the best estimate of actual 
indoor use (plus leakage) for the homes, through direct analysis of water use events, rather than 
reliance on minimum month estimates.  By subtracting the indoor water use from the annual use, 
the outdoor use can be estimated.  The weighted average annual outdoor use for the group was 
190 gphd.  As shown in Figure 34, approximately 47% of household use was for indoor purposes 
and 53% was for outdoor use.  As discussed elsewhere in this report, use of non-seasonal water 
demands as a proxy for indoor use tends to underestimate outdoor use because it assumes that all 
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of the non-seasonal use is indoor, when often there is significant irrigation during the winter 
period.  This is especially true in California where the winter climates are mild. 
 
Examination of the data from the individual sites shows that there is relatively little variation in 
indoor uses, which range from a low of 146 gphd to a high of 222 gphd.  Outdoor use shows 
much more variability, ranging from a low of ~0 gphd to a high of over 850 gphd.  Having such 
a range of use is a benefit for the study group, since it better captures the range of uses in the 
state population.  It also allows for the models of water use to have a larger range of input values, 
which provides a greater responsiveness in the models to the factors that affect water use.  If all 
of the homes had similar water use patterns, the models would not have been able to predict 
water use except over a very narrow range of values, which would greatly decrease their 
usefulness.  Thus, having a wide range of data produces much more robust, realistic and useful 
models. 
 

Table 34: Comparison of Annual Water Use for Agencies in Study Group 

Annual Use (kgal/yr) Mean Daily Use (gpd) Agency No. SF 
Accts Population 

SF 
 

Sample 
SF 
 

Annual 
 

Indoor 
(from data 
logging) 

Outdoor 

Davis Water Dept 13,194 158 160 432 171 261 
EBMUD 306,950 107 105 293 164 129 
SCWA  63,624 107 106 293 161 132 
Redwood City 15,777 101 106 277 176 101 
SFPUC 52,349 65 65 178 182 ~0 
City of San Diego 217,893 114 115 312 146 166 
IRWD 45,878 148 147 406 179 227 
LADWP 485,000 153 159 419 181 238 
Las Virgenes 
MWD 

17,016 392 392 1073 222 851 

San Diego County  84,213 147 147 404 187 217 
Total N 1,301,894 1492 1502 4087 1769 2322 
Weighted Avg. NA 132 134 361 171 190 
Percent of Total    100% 47% 53% 
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Indoor/Outdoor Split 
(Kgal and %)

Indoor, 62.4, 
47%Outdoor, 69.5, 

53%

 

Figure 34: Relative indoor and outdoor annual water use for study group 

 
Table 35 shows a comparison of the average daily water use for the study groups in Northern 
California versus Southern California.  This shows that the indoor uses are very similar, but the 
outdoor use in Southern California is 272% of that in the Northern California sites. In this table 
the annual use was obtained from the agency billing data, the indoor use was determined from 
the data logging, and the outdoor use was the difference between the annual use and the indoor 
use. 
 

Table 35: Comparison of water use by region 

Average Daily Use by Geographic Region (gphd) 
 Annual Indoor Outdoor 
Northern Sites 295 171 125 
Southern Sites 523 183 340 
 

Indoor Uses 
The first set of analyses focus on indoor uses.  Leakage is included among indoor uses, but it 
should be kept in mind that many of the “leaks” were likely associated with irrigation systems or 
pools. The analyses are also based on total household use (gphd), since we did not want to 
normalize the data on a per capita basis separately from the other important explanatory 
variables. 
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The flow trace analysis yielded a list of all of the water use events recorded during the logging 
periods.  These data were contained in an Access database which was used to create a range of 
summaries for the analyses needed for the report.  For the statistical end-use analyses presented 
here, the information shown in Table 36 was extracted for each study home.  Most of the 
parameters in the table are self-explanatory.   
 
The last three parameters were conditional variables (having a value of either 0 or 1) which were 
used as flags to denote whether or not the home met an efficiency criterion that the research team 
established for toilets, showers and clothes washers.  Houses that had values of less than 2.0 gpf, 
2.5 gpm, and 30 gpl were designated as “efficient” homes for toilets, showers and clothes 
washers respectively.  The efficiency parameters used for this study do not represent official 
standards for household use, but they are useful ways to categorize household water use in terms 
of well-recognized efficiency levels for these devices. 
 

Table 36: End use parameters 

Parameter Description 
Keycode The unique code used to identify each study home 
Agency The water agency serving the home 
Indoor Use The total indoor water use in from all categories (gal) 
Outdoor Use The total volume of outdoor events (gal) 
Total Used The total water recorded in the trace (gal) 
Total GPD Total use divided by the number of days in trace (gpd) 
Indoor GPD Indoor water use divided by days in trace (gpd) 
Days The number of complete days in trace (days) 
End use data  A series of fields to show the average daily use (gpd) for all 

identified end uses 
Avg Shower Mode The average of the most frequent shower flow rates (gpm) 
Count of Shower Number of showers in trace 
Avg Shower Volume Average of volume of water used per shower (gal) 
Avg Toilet Volume Average toilet flush volume (gal) 
Count of Toilet Number of toilet flushes in trace 
Total CW  Total water use for clothes washers (gal) 
Count of CW Number of clothes water loads in trace 
CW GPL Average gallons per load for clothes washers (gpl) 
Toilet Criteria Flag for house meeting ULF criteria (<2.0 gpf) 
Shower Criteria Flag for house meeting shower criteria (<2.5 gpm) 
CW Criteria Flag for house meeting CW criteria (<30 gpl) 
 

Total Indoor Use 
The average household indoor use for all of the logged homes in the California Single Family 
Water Use study was 175 gphd with a 95% confidence interval of 8 gpd.  This is not 
significantly different from either the indoor use reported in the REUWS study group as a whole, 
or just the 400 REUWS study homes located in California.  The REUWS study was based on 
data collected around 1997.  Table 37 shows the statistics for household indoor use for the two 
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REUWS study groups, the California Single-Family Study, plus the EPA Retrofit Study.  The 
data from the EPA study is included as a benchmark, which shows the potential demands in 
houses using best available technologies in 1999. Neither the REUWS nor the California Single 
Home samples from this study approached the EPA consumption levels. 
  
Figure 35 provides a scatter diagram of the average indoor water use in the sample of homes, 
broken down into the Northern and Southern California sites.  This diagram shows that the 
indoor use for the two geographical areas is quite similar.  The simple average of the indoor use 
for the homes in the respective logging groups for northern and southern California were 169 
gpd for the northern homes, and 180 gpd for the southern homes.   
 
It is interesting to note that the simple average, shown in Table 37, of the indoor use for the 732 
study homes was 175 gphd.  The weighted average computed for the 10 study sites based on the 
number of single-family homes in their service area, shown in Table 34, was 171 gphd.  This is 
another indication of the high degree of similarity among the homes, and demonstrates that the 
results have not been skewed by over-weighting homes from any one agency.  Table 37 also 
shows that the only significant difference in indoor use among the groups is the EPA Post 
Retrofit group, which shows significantly lower indoor use than any of the others. 
 

Table 37: Household indoor use statistics for logged homes (gphd) 

Parameter REUWS 
All sites 

REUWS 
California 
Sites 

CaliforniaSF 
Sites 

EPA Post 
Retrofit Study 

Mean ± 95% C.I. 177  ± 5.5 186 ± 10.2 175  ± 8 107 ± 10.3 
Median 160 165 157 100 
N 1188 400 732 96 
Std Deviation 96.8 104 111 50.9 
175 gphd = 63.8 kgal per year = 85 ccf per year 
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Figure 35: Scatter diagram of indoor household use (gphd) 

 
The indoor use results for each of the 10 study sites ranged from a low of 146 gphd to a high of 
222 gphd.  When evaluating these numbers, it is important to keep in mind that the indoor use 
also includes leakage, which may include leaks in pools and irrigation systems. 
 
The distribution of indoor use for all homes in the California study group is shown in Figure 36.  
This shows that the indoor water use is skewed toward the high end by a small number of homes 
that use a high amount of water.  The data show that 19% of the homes were using more than 
250 gpd for indoor purposes.  The high water consumption in the upper tier homes is clearly 
related to leakage events, as discussed below.  Also, when the percentage of total indoor use 
accounted for by each use bin is examined, as shown in Figure 37, it shows that the 19% of the 
customers using more than 250 gphd account for 38% of the total indoor water use.  This is just 
one of many examples of where large water users exert an impact on average use significantly 
out of proportion to their numbers.  
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Figure 36: Percent of households by indoor use bin 
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Figure 37: Percent of total indoor use volume by indoor use bin 
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Figure 38 compares the indoor use for the study groups.  The striking feature of this graph is the 
markedly higher percentages of the homes from the EPA Retrofit group that were in the 50-100 
and 100-150 gphd bins, and the fact that none of the Retrofit homes were in bins greater than 300 
gphd.  The data from the Retrofit studies were obtained on two separate logging periods, three 
months and six months after the homes were upgraded.  This approach was used to help 
maximize the reliability of the data, by avoiding the period of novelty immediately after the 
installations. 
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Figure 38: Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit 
Homes 

 

Disaggregated Household Use 
When the indoor water in the California Single Family homes is disaggregated, it is seen that 
five categories: “leaks”, faucets, showers, clothes washers and toilets make up the bulk of indoor 
use. This is shown in Figure 39.   In the REUWS sample, toilets and clothes washers accounted 
for 27% and 22% respectively. In the California sites these two categories account for 20% and 
18% respectively.  This suggests that these two important water use categories have decreased in 
volume since 1997.  
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Figure 39: End-use pie chart for all sites 

 
The changes in the household end-uses since the 1997 REUWS study can be seen more clearly in 
Figure 40.  This figure shows the average daily water use by end use category for the California 
REUWS sites, all REUWS sites and the California Single-Family sites.  The 95% confidence 
intervals around each mean value are also shown on the graph.  This graph shows that there has 
been a significant reduction in both toilet and clothes washer water use.   Unfortunately, there 
was a simultaneous increase in water use for showers, faucet and leaks/continuous uses.  The 
increase in the shower, faucet and “leak” categories offset the reduction in the toilets and clothes 
washers.  If the data were not disaggregated, these increases would have masked the benefits 
from the toilet and clothes washer improvements, and given the incorrect impression that the 
efforts to improve household water use efficiency had been totally ineffective.  
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Figure 40: Comparison of household end-uses 

Toilet Use 
The toilet data presented in this study need to be understood carefully to avoid being 
misinterpreted.  The data are presented from two perspectives: that of the volumes of the 
individual flushes, and also from the perspective of overall household use for toilet flushing and 
average flush volumes per home.  For individual flushes, we have used a criterion of 2.2 gpf to 
designate a toilet meeting at least the 1.6 gpf ULF standard.  The criterion for the household 
average flush volume was set to 2.0 gpf, because a greater margin of error was desired for 
individual toilets than for average household flush volumes.  
 
The terminology for toilets is somewhat confusing due to the fact that what was once the best 
available technology, the ULF or 1.6 gpf toilet is now the standard toilet, and the new High 
Efficiency Toilets (or HET) represent the best available technology.  A High Efficiency Toilet is 
one that flushes at 1.28 gpf or less. It is convenient to classify toilets into three groups: high-
volume toilets, which use more than 1.6 gpf; ULF design toilets of 1.6 gpf; and High Efficiency 
Toilets, which use 1.28 gpf or less.  The precise demarcation between ULF design toilets and 
high volume toilets is unclear since there is such a wide range at which ULF toilets actually 
flush. 
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Table 38 provides statistics on individual toilet flush volumes from the study sites. The data 
show that toilet use is still the number one category for water use, accounting for 36.1 gpd of the 
total indoor use.    
 
One goal of the study was to use the data collected from the flow traces in order to make 
estimates of the penetration rate of ULF or better41 toilets in the study group, and to compare the 
penetration rates from this study to previous studies such as the REUWS.  The problem is 
complicated by the fact that although a toilet may flush at more than 1.6 gpf, it does not prove 
that it is a non-ULF designed toilet.  Many ULF toilets may be flushing at 2 or 3 gpf, or more, if 
they are defective or have the wrong after-market flappers installed.  One the other hand, there 
are products available for reducing high volume toilet flushes into the ULF range. 
 
If there was a distinct dividing line between ULF or better and high volume toilets in terms of 
gallons per flush one could simply take that volume and count all flushes with volumes equal to 
this or less as efficient toilets and all flushes with flushes greater than this as high volume or high 
water use toilets.  As shown in Table 38 and Table 39 if that dividing line was 2.5 gpf then the 
estimate for efficient toilets would be 59%.  If the line were raised a bit to 2.75 gpf then the 
estimate of efficient toilets would also rise to 64% of all flushes.  If one assumes that all of the 
toilets are flushed at approximately the same rate then these percentages would equate to the 
percent of actual toilets in the population.42 
 

Table 38: Toilet flush volume statistics 

Parameter Value 
Events identified as flushes in database 122,869 
Average flushes per house per day 13 
Average toilet flush volume (gal) 2.76 
Median flush volume (gal) 2.45 
% of all flushes < 2.5 gal/flush 59% 
% of all flushes < 2.75 gal/flush 64% 
Average flushes per person per day 4.76 
Median flushes per person per day 4.14 
 
 

                                                 
41 Efficient toilet means any ULF or better toilet. 
42 If one is not willing to assume this then the percentages would represent the maximum penetration rates since one 
would have to assume that the newer, efficient toilets would be flushed more frequently than the older models. 
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Figure 41: Histogram of individual toilet flushes (N= 122,869) 

 

Table 39: Distribution of toilet flush volumes 

Bin (gpf) Flushes Total volume 
in bin (gal) 

Rel. 
Freq. 

Cum Freq 

0.25 19 4 0% 0% 
0.50 305 206 0% 0% 
0.75 930 835 1% 1% 
1.00 2955 3382 2% 3% 
1.25 11206 15540 9% 13% 
1.50 15877 25749 13% 25% 
1.75 14798 27547 12% 37% 
2.00 10893 23073 9% 46% 
2.25 9249 21858 8% 54% 
2.50 7055 18429 6% 59% 
2.75 6023 17289 5% 64% 
3.00 6506 20273 5% 70% 
3.25 5093 17152 4% 74% 
3.50 5329 19300 4% 78% 
3.75 5488 21251 4% 83% 
4.00 4435 18249 4% 86% 
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Bin (gpf) Flushes Total volume 
in bin (gal) 

Rel. 
Freq. 

Cum Freq 

4.25 4197 18318 3% 90% 
4.50 2886 13315 2% 92% 
4.75 2811 13675 2% 94% 
5.00 1660 8489 1% 96% 
More 5154 33226 4% 100% 
Totals 122869 337160 100%  
 
Using the same 2.75 gpf cut off point, if one looks at the toilet flush distribution from the 
REUWS study, shown in Figure 42, then 26% of all flushes (toilets) would be ULF or better 
devices.  This would imply a change from 26% to 64% ULF or better toilets in approximately 10 
years. This is equivalent to 38% of the toilets in 10 years, or 3.8% per year change-over. 

REUWS Study Homes

0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

Gallons per Flush

F
re

qu
en

ci
e

s 

0%

20%

40%

60%

80%

100%

120%

Rel Freq 0% 0% 0% 0% 1% 3% 5% 5% 4% 4% 5% 6% 7% 8% 8% 8% 8% 6% 5% 4% 3% 3% 2% 1% 1% 1% 3%

Cum Freq 0% 0% 0% 0% 1% 4% 9% 14% 18% 22% 26% 32% 39% 47% 55% 63% 71% 77% 82% 86% 89% 92% 94% 95% 96% 97% 100

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50 6.75

 

Figure 42: Histogram of toilet flushes from REUWS study group 

 
If we line up both histograms on the same graph the change in flush volume distributions 
becomes even more impressive.  This comparison is shown in Figure 43.  In this figure the 
change in the number of flushes from the higher bins to the lower represent high volume toilets 
that have been replaced with ULF or better devices. 
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Figure 43: California Single Family Homes vs REUWS toilet flush volume distributions 

 
In order to estimate the percentage of efficient toilets in the California SF sample, the most 
useful comparison would be against a distribution of flushes from a group of homes which were 
known to contain only ULF toilets.  Fortunately, such a data set is available from the EPA New 
Home Study.  In this study, only homes built after 2001 were included that provide us with a 
flush volume distribution from only ULF toilets43.  The comparison of the California SF homes 
to the EPA New Homes is shown in Figure 44.   
 
If one assumes that the flush distribution for the New Homes represents a true distribution of 
flush volumes for ULF toilets, then by subtracting the relative frequence in each of the bins at 
3.0 gpf or greater for the New Homes from the California Study Homes, we can get an estimate 
of the percent of non-ulf toilets in the California distribution.  This difference comes out to 
~30%, which implies that 70% of the toilets in the sample are ULF or better.  This approach 
gives a higher estimate of ULF or better toilet penetration, since in the estimates based on a hard 
dividing line between efficient and high volume devices none of the flushes above the line are 
counted as efficient.  When the estimate is based on the actual distribution of ULF or better 
toilets then a percentage of the flushes above the cut-off is counted in the efficient category 
based on the empirical data from the New Home study group. 

                                                 
43 These homes contained predominantly 1.6 gpf toilets based on current building codes to meet the 1992 EP Act.  
There may have been a few HET toilets, but not a significant number. 
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Figure 44 also shows that in a population known to be equipped exclusively with ULF toilets the 
largest percentage of flushes are between 2.0 and 2.25 gallons, which bin accounts for 25% of all 
of the flushes. On a cumulative basis, however, 48% of all of the flushes are greater than 2.00 
gallons. The fact that such a large percentage of flushes are greater than 2 gallons per flush is 
noteworthy, since if all toilets had been performing as designed one would expect few if any of 
the flushes would be greater than 2.0 gpf. 
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Figure 44: Comparison of California SF Homes to New Homes  

 
From the perspective of the efficiency of household water use, which is the main topic of this 
research project, it is important to consider household efficiency levels as well as penetration 
rates of high efficiency toilets.  From this perspective what is important is the percentage of 
households that are meeting specific efficiency benchmarks for toilet flushing, irrespective of the 
type of toilet installed.  The fact that such a high percentage of ULF toilets are flushing at more 
than 2 gpf is significant in this discussion. 
 
Figure 45 shows the distribution of the average toilet flush volumes in the 732 study homes.  The 
average flush volumes were determined by taking the total volume of water used for toilet 
flushing in the home over the logging period, and dividing this volume by the number of flushes 
counted in the home.  Hence, the value represents the average of all of the toilets in the home.  
Figure 45 indicates that 30% of all homes in the group have average flush volumes of 2.0 gpf or 
less. Note that this does not imply that only 30% of the toilets in the population are ULF or better 
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since, as discussed above the flush distribution data and survey data show that beween 64% and 
72% of all toilets appear to be caused by ULF or better-rated devices. The question is: why, with 
such a high percentage of ULF-type toilets in the population do so few of the homes have 
average flush volumes of 2 gpf or less. 
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Figure 45: Histogram of average household flush volumes (N=732) 

 
Even though the data appear different on the surface there is actually no contradiction between 
the penetration rates of individual toilets shown in Figure 41 and the percentage of households 
meeting the efficiency benchmark of 2.0 gallons per average flush.  The reason for this is that 
there is a much wider diversity of the types of toilets found in the homes, and the fact that so 
many ULF type toilets are flushing at 2 gpf or more. 
 
The fact that houses contain mixtures of toilets is important for understanding how toilet 
replacements impact household toilet use.  For a house to meet the efficiency metric established 
for this study basically requires that all of the toilets in the home be flushing at or near the ULF 
standard (~1.6 gpf).  Homes with one ULF and one high volume toilet will not meet the criterion. 
They will be flushing at an average of ~2.5 gpf.  In a group of 100 homes with 2 toilets per 
home: if as suggested by the data, 30% have 2 ULF toilets and 60 % have 1 ULF toilet, and 10% 
have no ULF toilets this would require 120 out of 200 toilets, or 60% of all of the toilets be ULF 
models. So, a household saturation of 30% implies a fixture saturation of ~60%, which is 
precisely what these data show. 
 
In order to examine the mixture of toilets within individual homes a toilet uniformity factor was 
calculated for each home in the study.  This factor was the ratio of flushes less than 2.2 gallons to 
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the total number of flushes recorded for the home.  The distribution of these factors for study 
homes is shown in Figure 46.  The Y axis of this graph represents the percent of homes having 
the percent of their total flushes at 2.2 gal or less shown on the X axis.  The data on the left end 
of the graph represent homes with few sub-2.2 gallon flushes and the data on the right side 
represent homes with a high percentage of sub-2.2 gallon flushes.  
 
The graph shows that 25% of the homes had less than 5% of the flushes recorded at less than 2.2 
gallons.  These homes are most likely not equipped with any ULF toilets, or if they have a ULF 
they never use it, or they may have one or more malfunctioning ULF toilets.  On the other side of 
this equation this shows that 75% of the homes appear to have at least one ULF toilet.  The 25% 
of homes with no ULF toilets represent opportunities for substantial conservation. 
 
On the right side the graph the data show that there are 11% of the homes where 95-100 percent 
of the flushes were less than 2.2 gallons.  These are homes that are in all likelihood fully 
equipped with all ULF toilets or better.  As one moves toward the center of the graph the data 
represent homes with more even mixes of ULF or better and high volume toilets.  This type of 
distribution makes a lot of sense for a population of existing homes that are gradually being 
retrofit with higher efficiency toilets.  
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Figure 46: Percent of houses with varying percents of ULF flushes 

Clothes Washer Use 
Table 40 shows the statistics for clothes washer use in the northern sites.  There were a total of 
7,935 loads of clothes registered during the logging.  This worked out to an average of 0.96 loads 
per house per day.  The average load used 36.0 gallons of water and the median load volume was 
37.0 gallons.  A total of 29% of the loads were less than 30 gallons.  
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Table 40: Clothes washer statistics 

Parameter Value 
Total number of loads in database 7,935 
Average loads per household per day 0.96 
Average gallons per load 36.0 
Median gallons per load 37.0 
% of loads < 30 gal 29% 
 
The distribution of load volumes from the data is shown in Figure 47.  At the time of the 
REUWS only around 1% of the clothes washers used less than 30 gal, so the current data 
represents a major advance, but the data also show that there is still significant potential for 
savings in clothes washer use. One can also use Figure 47 to determine the effect of using 
different criteria for high efficiency houses.  For example, if the limit were set to 25 gpl, only 
20% of the houses would fall into the high efficiency definition.  We know that during the study 
period there were many clothes washers that use 25 gpl or less. These machines would have 
water factors of 7 or less, where the water factor equals the volume per load per cubic foot of 
capacity. 
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Figure 47: Distribution of clothes washer volumes 
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Shower Use 
As shown in Table 41, there were a total of 17,334 showers identified in the site flow traces.  The 
average flow rate of these showers was 2.14 gpm, and the median flow rate was 1.99 gpm.  The 
average shower volume was 18.2 gallons.   The distribution of individual shower flow rates, 
shown in Figure 48, indicates that the nearly 80% of all showers are flowing at 2.5 gpm or less.  
These data indicate that the market is close to saturated with respect to 2.5 gpm showerheads.  
The distribution of shower volumes, shown in Figure 49, shows a fairly normal distribution with 
the mean use of 18.2 gallons per shower.  
 

Table 41: Shower statistics 

Parameter Value 
Total number of showers in database 17334 
Average number of showers per day per 
household 

1.97 

Average gallons per shower 18.18 
Average shower duration (minutes) 8.7 
Median shower duration (minutes) 8.3 
Average shower GPM 2.14 
Median shower GPM 1.99 
Percent at 2.5 GPM or less 79% 
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Figure 48: Distribution of shower flow rates 
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Figure 49: Distribution of shower volumes 

 

Leakage and Continuous Uses 
In evaluating the leakage data it should be kept in mind that leakage is a category like faucet use, 
and that it contains events that don’t fit in other categories and appear to be unintentional 
leakage.  In some cases however, events may give the appearance of leakage, even though they 
are not leaks.  The case of the constantly running reverse osmosis system was discussed above, 
for example. So, technically, leaks should be thought of as a group of events that include true 
water leaking from the system, as well as other events that give the appearance of leakage.  The 
statistical modeling section describes the factors, such as automatic irrigation systems and 
swimming pools and home water treatment systems that are related to increased leakage rates. 
 
The leakage patterns from this group of homes show the same heavily skewed distribution that 
leaks in all other end-use studies have shown. The majority of homes were found to “leak” at low 
rates. During the 9021 logged days in the study, the average daily leakage rate was 30.8 gallons, 
but the median leakage was only 11.5 gallons.  The distribution of the number of homes leaking 
at various rates, shown in Figure 50, indicates that 14% of the homes are leaking at more than 50 
gpd, and that 7% of homes “leak” over 100 gpd.  It is likely that due to the transitory nature of 
leaks that the list of high “leak” homes is slowly changing over time as old leaks are repaired and 
new leaks develop elsewhere. 
 
The homes with leakage rates of 10 gpd or less make up 45% of the sample.  These are from 
short duration leaks which would probably never show up in an audit, and which might be due to 
things like how people operate faucets.  Leakage at 10 gpd or less is probably unavoidable.  
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Homes with old or inaccurate meters, which do not pick up very low flows, may have their 
leakage rates understated. 
 

Table 42: Statistics on leakage 

Parameter Value 
Total number of days in database 9021  
Average leakage, gpd 30.8 
Median leakage, gpd 11.5 
Max leakage in set, gpd 687 
% houses w/ leakage > 50 gpd 14% 
% of house w/ leakage > 100 gpd 7% 
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Figure 50: Percent of homes by leakage rate 
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Figure 51: Percent of total “leak” volume by leakage rate 

 
When one looks at Figure 50, the impact of the homes with high leakage rates seems small.  
These homes represent a very minor percent of all of the homes.  The situation is drastically 
altered when the percent of total “leak” volume is plotted against the leakage rates.  Figure 51 
shows that when the percentage of the total “leak” volume in the study homes is plotted against 
the leakage rates, the homes in the upper bins take on a significance that far exceeds their 
numbers.  Although only 7% of all homes were found to be leaking at more than 100 gpd, these 
homes accounted for 44% of the leakage volume.   
 
As discussed in Chapter 5, large, long duration leaks may be due to real leakage, like broken 
valves or leaky pipes etc, or they may be due to a “legitimate” water use that gives the 
appearance of leaks.  We used regression models for leakage to test the impact of a number of 
factors that might contribute to leaks, or have water use characteristics that give the appearance 
of leaks.  For example, swimming pools and automatic irrigation system both tested positive for 
leakage.  Both of these types of system are subject to real leaks, but they may also use water in a 
way that looks like a leak, in some cases. We don’t believe that either of these systems can 
explain more than a very few of the continuous leaks observed. 
 
A swimming pool might require 4 inches of make-up water during the hottest week of the year.  
This is equivalent to 2.5 gallons per square foot of pool surface.  For a 500 sf pool this would 
require 1250 gallons of water per week or 180 gpd.  At a flow rate as low as 1 gpm this would 
require 3 hours of flow, and would not result in a continuous 24 hour per day flow.  
 
Irrigation systems normally have very well-defined operating intervals and start times.  Even drip 
systems normally operate on a regular schedule for intervals of less than an hour.  No irrigation 
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system should ever require 24-hour operation.  A leaky zone valve, however, can easily explain a 
continuous flow of water through the system.  
 
The only case where a continuous flow could be explained would be if a household was 
attempting to treat all of the water used for indoor purposes with an RO system, but very few 
homes in the study had these types of systems, and of the ones that did, we do not know 
precisely how they are operated.  It is unlikely, however, that enough homes are practicing this 
type of total indoor treatment to sway the results. 
 

Faucet Use 
While faucet use is not as heavily skewed as leakage, it does resemble the leakage pattern in 
shape.  Faucet use tends to be a category that collects miscellaneous uses that do not clearly fall 
into the other categories.  Ice machines and normally operating pool fillers will get categorized 
as faucets, unless they have very distinctive flow patterns. The types of activities requiring faucet 
use is very diverse and difficult to determine without intrusive investigations into the home. The 
survey information from the study should throw some light on the factors that affect faucet use.  
The basic statistics of faucet use are shown in Table 43.  
 

Table 43: Faucet statistics 

Parameter Value 
Total number of days in database 9021 
Total number of faucet events 538,484 
Average faucet events per day 57.4 
Median number of faucet events 42.9 
Average duration of faucet event 37 sec 
Average peak flow of faucet events 1.1 gpm 
Average volume of faucet events 0.6 gal 
Average faucet use,  33.0 gphd 
Median faucet use,  27.0 gphd 
Max faucet use in set 220 gphd 
% houses w/ faucet use > 50 gphd 16% 
% of house w/ faucet > 100 gphd 3% 
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Figure 52: Distribution of daily faucet use (gphd) 
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53: Distribution of number of faucet events per household 

 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 147 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

18.0%

20.0%

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

1
00

2
00

4
00

M
o

re

Average Duration of Faucet Events (seconds)

R
e

l F
re

q
.

0.0%

20.0%

40.0%

60.0%

80.0%

100.0%

120.0%

C
u

m
. 

F
re

q
.

Rel Freq

Cum Freq

 

Figure 54: Average duration of faucet events (sec) 
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Figure 55: Average volume per faucet events (gal) 

 

Percentages of Homes Meeting Efficiency Criteria 
One of the main goals of this project was to determine the percentage of homes that are equipped 
with the types of efficiency fixtures and appliances encouraged by the Best Management 
Practices.   
 
One thing that the data loggers can not tell, however, is the make and model of the fixtures and 
appliances present in the homes.  This information needs to come from either survey responses 
or in-home audits.  Consequently, the efficiency evaluations in this study are performance-based.  
They show the water use level for the household. While the amount of water that a device uses is 
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indicative of its efficiency level, it is always possible for a highly efficient device to be out of 
adjustment, or for a low efficiency device (like a toilet) to have been modified to perform at a 
higher level.  There are many instances of toilets rated as ULF devices flushing at more than 1.6 
gpf. These toilets, if they flush at more than 2.2 gallons, would not be counted as efficient 
devices in our analysis even though they are physically present. On the other hand, older toilets 
with dams or displacement devices may be flushing at less than 2.2 gpf, and these would be 
counted as ULF devices. 
 
In order to qualify as efficient each home had to meet the criteria for each device shown in Table 
44.  A careful reader will notice that the criteria used for household toilet use, 2.0 gpf, is slightly 
lower than that allowed for individual toilet flushes, which was set at 2.2 gpf. This was done 
intentionally because we wanted to allow a greater degree of variability for the individual flushes 
than for the overall average flush volumes.  
 
The results of the household efficiency analyses for the combined sites are shown in Figure 56.  
In the case of clothes washers, where there is normally only one washer per home, the percent 
shown in the figure, 30%, is a good estimate of the actual penetration rate for high efficiency 
clothes washers estimated in this study.  In the case of showers, there may be old showerheads in 
the group that have gradually fallen back to the 2.5 gpm flow rate due to degradation or 
mineralization. In the case of toilets, where there are typically two or more toilets per home, and 
each home will have its own mixture of standard and ULF or better devices, it would require a 
higher percentage of individual toilets to achieve a given level of household efficiency.  The data 
in this study suggest that 60% or more of the individual toilets are ULF or better devices, but due 
to the mixing of ULF and high volume toilets in the homes and the wide variation in actual toilet 
flush volumes, only 30% of the households have average flush volumes (for all recorded  
flushes) of 2.0 gpf or better. 
 

Table 44: Metrics used for efficiency determination 

Device Efficiency Criteria 
Toilets Ave gallons per flush < 2.0 gpf 
Showers Ave shower flow rate < 2.5 gpm 
Clothes washers Ave load uses < 30 gal 
 
In the case of clothes washers, a load volume of 30 gallons per load would be equivalent to a 
water factor of 8.6 gal/cf for a 3.5 cubic foot machine.  In 2005 these represented high efficiency 
machines.  Current clothes washer water factors for the best efficiency machines are 4.5 or 
better, which would equate to less than 16 gallons per load.  
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Figure 56: Percentages of homes meeting efficiency criteria for toilets, showers and clothes 
washers 

 
 

Outdoor Use 
There were a total of 734 homes for which valid flow trace data were obtained, which we 
included in the indoor analyses.  Of these a total of 639, or 87%, appeared to be irrigating.  
Evidence of irrigation came from analysis of aerial photography on 61244 lots for which aerials 
could be obtained and 25 lots in the remaining 120 for which aerials could not be obtained, but 
for which the annual water use was too high to be for indoor uses only.  The following analyses 
are based on the sample for which aerial photos were available, and are thought to be 
representative of the irrigators in the group. All of the data reported in this section includes the 
revised irrigated areas resulting from the re-analysis of new aerial photos from the IRWD and 
EBMUD sevice areas done in January 2011.  It should be kept in mind that when estimating 
means for the population it is necessary to apply a correction factor since these customers make 
up only 87% of the entire population. The same is true for each study site.  For example, the 
average outdoor use in the EBMUD irrigateing homes was 60 kgal, but since only 76% of the 
homes in the population appeared to be irrigating, the average outdoor use for the population 
would be closer to 46 kgal, which compares well with the seasonal use use shown in Table 34 of 
47 kgal (129 gpd x 365). 
 
 

                                                 
44 Reduced from 614 after area reviews by IRWD and EBMUD. 
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Table 45: Outdoor use in irrigating homes 

Group Average Annual Outdoor Use 
(kgal) 

Number 

All logged homes 82.0 734 (100%) 
Homes that were irrigating 92.4 639 (87%) 
Homes with aerials 92.6 614 (84%) 
 
The procedure used for analysis of the outdoor use was described in detail in Chapter 5.  The 
major parameters that were used for inputs in that analysis were:  
 

 Annual outdoor water use (kgal) 
 Lot size/irrigated area of lot (sf) 
 Landscape coefficient (weighted average of crop coefficients for landscape) 
 Irrigation efficiencies 
 Net ETo 

 
Outputs used for the analysis were: 

 Theoretical irrigation demand  
 Actual irrigation application 
 Excess (deficit) use 

 
 

Lot Size 
The statistics for lot size are shown in Table 46, and the distribution of lot sizes is shown in 
Figure 57.  Lot sizes are skewed to the right side, with the average lot size being significantly 
larger than the median.  

Table 46: Lot size statistics 

Parameter Lot Size (sf) 
Average 9219 ± 985  
Median 6855 
Maximum 226,670  
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Figure 57: Distribution of lot sizes in California Single-Family Water Use Study group 

Annual Outdoor Use Volumes 
The average annual outdoor water use is shown in Table 47.  This value ranged from a low of 17 
kgal per account to a high of 226 kgal per account.  The average outdoor use for all of the sites 
was 92.7 kgal per year.  These estimates are based on the data logging results and are not the 
same as the estimates generated from analysis of the billing data, which were based on seasonal 
and non-seasonal use.  Normally, data logging gives a lower estimate of indoor use and a higher 
estimate of outdoor use than billing records.  This is because there is usually some outdoor use 
occurring in the winter months, which is included in the non-seasonal billing estimate.  If this is 
used as a proxy for indoor use, it will somewhat overstate the indoor use and understate the 
outdoor use. 
 

 In this study group the average non-seasonal use, determined from billing data was 75 
kgal/year, and the average outdoor use estimated from data logging was 93.6 kgal/year. 

   
The distribution of outdoor use follows a log normal pattern as shown in Figure 58.  This figure 
presents the percent of all customers that are using various volumes of water for outdoor 
purposes.  When based on the numbers of customers, the large users appear of little significance.  
When presented on the basis of the percent of the total outdoor water use for which each 
consumption bin accounts, the situation appears different. As shown in  
Figure 59, the large users account for a percent of the total volume of outdoor use out of 
proportion to their numbers.  For example, only 33% of the customers use more than 100 kgal 
per year for outdoor uses, but these customers account for 62% of the total outdoor use. 
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Table 47: Outdoor water use statistics for irrigating homes 

Parameter Outdoor Water Use (kgal) 
Average  93.6 ± 7.06 
Median 67.9 
Maximum 644 
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Figure 58: Percent of homes by annual outdoor use volume 
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Figure 59: Percent of total annual outdoor use by household use volume 
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Irrigated Area 
The irrigated areas in this report have been reviewed by the agencies, and in some cases updated 
using newer aerials as was the case for IRWD and EBMUD.  In the case of IRWD the revised 
areas are larger than the original analysis, and in the case of EBMUD the revisions led to 
decreases in the estimates.  The key factors that led to the revisions lay in how parcels were 
classified as either non-turf or xeric plant covers as opposed to non-irrigated land.  In the aerial 
photos it was often difficult to draw a clear distinction in these marginal lands.  Modifications 
were also made to several lots in the Sonoma County Water Agency service area to ensure 
consistency in how tree canopy was measured.  In all cases a combination of the aerial photos 
and notes from the field verification were used as guides for the determination. 
 
The statistics for the irrigated areas for the study group are shown in Table 48.  The areas are 
skewed to the right with the median values significantly lower than the average.  The 
distributions of areas are shown in Figure 60, which shows the percentage of the homes with 
larger areas dropping off geometrically with increasing areas.   As shown in Figure 61, there was 
a correlation between irrigated area and total lot size demonstrated by the data.  This is useful 
because it is much easier to obtain lot size information than irrigated area information, and 
having a relationship to predict irrigated area makes it possible to do projections for populations 
more easily. The distribution of irrigated areas in the study homes is shown in Figure 60.  
 
 
 

Table 48: Irrigated areas 

Parameter Irrigated areas (sf) 
Average  3370± 232 
Median 2648 
Maximum 31,504 
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Figure 60: Distribution of irrigated areas 

 
 
 
Figure 61 shows the relationship between irrigated area and lot size for the study homes.  
Logically, one would expect that the best fit line between lot size and irrigated area would pass 
through the origin, since lots with no area would also have no irrigated area. In fact, the best fit 
line does not pass through the origin, but crosses the irrigated area axis at a positive value when 
the total lot size is zero, and this line provides a higher R2 value than one that does pass through 
the origin.  The reason for this is that the large lots with little irrigated area on the right end of the 
diagram skew the results.  The smallest lot in the study group, located in Davis, had a total area 
of 1263 sf and an irrigated area of 651 sf.  Use of the relationship for lot sizes smaller than this is 
pushing it beyond its reasonable range. The relationship shown in this figure would be useful for 
making predictions of irrigated area on a population of single-family homes for planning 
purposes.  Based on the amount of scatter in the data, however, it would not be a good predictor 
for individual lots or small groups of lots. 
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Figure 61: Irrigated area versus lot size 

Our experience with determining irrigated area in this study shows that it is more complicated 
than one would first think.  Many aerial photos are poorly suited to irrigated area determination.  
Photos are often taken during early spring before leaves are out, and these do not show irrigation 
well.  Photos are often of low resolution, which makes it difficults to detect details that would 
help.  It is optimal to take photos with infrared wavelengths, which greatly help to identify the 
areas that are being irrigated.  In most urban areas it is appropriate to give lots areas that are 
covered with vegetation some level of crop coefficient, which results in a water requirement 
being generated.  In some areas, though, lots include historic (legacy) forests or grasslands that 
are not part of the irrigated landscape. Defining these, and making sure that only areas with 
legitimate irrigation requirements are included in the TIR calculations is a challenge, even with 
ground verification. 

Irrigation Application Rates 
The volume of water applied, divided by the irrigated area, yields a value of gallons per square 
foot, which can be converted to inches based on the relationship that 0.623 inches of water 
equals 1 gpsf, which represents the average application rate for the landscape.  When this was 
done for each of the irrigating homes, the actual application rates were determined, and the 
average application rate for each site was calculated. Two of the ten sites were found to be 
applying less than the net ETo and eight were applying more, on average.  Overall, the sites were 
applying more than the net ETo during the study year. 
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The data on application rates provides information about depths of applications, but it does not 
tell how much actual irrigation water is being used since small lots may be applying at high rates, 
but since their areas are small the volumes of water are small also.   

Irrigation Application Ratios 
As discussed in CHAPTER 5 the theoretical irrigation requirement is related to the ETo, the 
irrigated area, the crop coefficients of the plantings and the irrigation efficiencies.  When all are 
considered the theoretical irrigation requirement for each lot can be estimated in either gallons or 
inches.  The ratio of the actual irrigation application to the theoretical irrigation requirement is 
referred to as the application ratio. When this is greater than 1 there is excess irrigation 
occurring, and when it is less than 1 there is deficit irrigation.  
 
The application ratios are key parameters in assessing irrigation use because they indicate at a 
glance whether a given site is over or under-irrigating.  They do not however, tell anything about 
volumes of excess use because these depend on the irrigated areas and the volumes of the 
theoretical irrigation requirements. To elaborate on this point, the overall average application 
ratio is 1.36, but that does not mean that the volume of outdoor use represents 136% of the 
overall TIR.  The reason for this is that the irrigation volume is the product of the application 
ratio times TIR for each lot.  The group contains small lots with high application ratios but small 
volumes of excess irrigation and large lots with smaller application ratios but very large volumes 
of excess use.   
 
Another key fact is the distribution of excess irrigation.  Figure 62 shows the distribution of 
application ratios in the study homes.  This shows a typical log normal distribution with around 
2% outliers at the top end.  The fact that 46% of the homes are not over-irrigating is a very 
important fact to keep in mind when designing irrigation conservation programs, such as 
weather-based irrigation controllers, or improved irrigation scheduling.  Customers who are 
deficit irrigating need to be approached differently than customers that are over-irrigating, and 
programs need to target them appropriately. 
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Figure 62: Distribution of application ratios in study homes 

Percent of Lots that are Over-Irrigating 
Approximately 44% of the lots on which irrigation was occurring were over-irrigating. This is 
equivalent to 38% of all of the logged lots because only 87% of the lots in the study group 
appeared to be irrigating. As pointed out in the following section, most of the excess use is 
occurring on a small percentage of the lots. The gross percentages of customers who are over-
irrigating does not tell us about the volumes of over-irrigation since even very small amounts of 
over-irrigation are enough to put a lot into the over-irrigation category.  The fact that just over 
half of the combined sites are applying more than their theoretical irrigation requirements shows 
that over-irrigation is not a universal problem in single-family landscapes. 

Excess Irrigation Volumes 
In any system there are some customers who are irrigating in excess of the requirements and 
some that are deficit irrigating. Excess irrigation is the difference between the actual volume of 
water applied to the landscape and the theoretical irrigation requirement. From the perspective of 
water conservation, this is a key parameter because it is a measure of potential actual volume of 
water savings from improved irrigation management.  If excess irrigation could be eliminated 
without simultaneously eliminating deficits, then outdoor savings could be maximized. 
 
If we look all of the irrigating homes and compare their average outdoor use to the average 
theoretical requirement we see that the two values are close to each other.  The average annual 
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outdoor use for the group as a whole is 92.7 kgal.  The average theoretical irrigation requirement 
for the group is 89.9 kgal.  So, taken as a whole, there is only 2.8 kgal of excess use per lot 
occurring in the group.  Another way of looking at this is that the under-irrigation in the less-
than-TIR group just about balances the over-irrigation in the more-than-TIR group.  If all 
irrigators were brought into compliance with their theoretical requirements then the data indicate 
that the net result would be little change in overall use.    
 
The fact that the difference between the average outdoor use and the average theoretical 
irrigation requirement is small does not mean that there is no potential for irrigation savings.  
The savings potential is there, but it exists only on the lots of customers who are over-irrigating.  
From the perspective of water conservation, the customers who are deficit irrigating need to be 
set aside, and attention needs to be targeted to the over-irrigators. 
 
If we assume that the people who are under-irrigating are doing so because that is how they like 
their landscapes,then the goal would be to discourage over-irrigation without simultaneously 
encouraging the under-irrigators to increase their outdoor applications.  If this is done we can 
estimate the savings potential on just the lots where over-irrigation is occurring.  The excess use 
is calculated as the actual application (kgal) minus the theoretical requirement (kgal), but the 
value was set to zero on lots that were deficit irrigating.  When defined in this manner, excess 
irrigation captures the potential savings in irrigation use by eliminating over-irrigation use while 
allowing the under-irrigation to proceed.   
 
Figure 63 shows the distribution of the number of accounts in various excess use bins. When 
viewed strictly in terms of numbers of accounts, the heavy users seem relatively unimportant.  
When one looks at the percent of the total volume of excess irrigation use for each consumption 
bin then the impact of the higher users becomes much more dramatic. For example, Figure 63 
shows that 0-20 kgal group makes up 62.5% of all accounts, but we see in Figure 64 that this 
group accounts for only 17.8% of the total volume of excess use.  The homes that are using more 
than 60 kgal of excess irrigation water make up only 18% of all irrigators, but they account for 
62% of the total excess volume. 
 
The excess use statistics shown in Table 49 show that the average excess use on the lots that are 
irrigating is approximately 30 kgal per year.  Since only 87% of the lots were irrigators, the 
average excess use for all single-family accounts is estimated at 26.2 kgal per year.  
Approximately 62% of this excess use is occurring on 18% of the irrigating lots or 15% of all 
lots. 
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Figure 63: Distribution of excess irrigation by number of accounts 
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Figure 64: Percent of excess volume attributed to excess use bin 
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Table 49: Excess use parameters 

Irrigation Parameter Value 
Number of lots analyzed from aerials 614 
Net over application  6.7 kgal 
Average excess use on irrigating lots (87%) 29.6± 4.13 kgal 
Average excess use on all lots 25.6 kgal 
Median excess 2.4 kgal 
Minimum excess 0 kgal 
Maximum excess 364 kgal 
 
In interpreting the excess use statistics the average excess use was determined by taking the sum 
of the excess use for each lot with negative values for deficit irrigators set to zero.  This means 
that this is the total of just the excess uses, and represents the average savings per lot if the 
excess use could be eliminated while the deficit irrigation was allowed to continue.  If one 
simply takes the average of the net application including both positive and negative values then 
the average savings drops to 6.8 kgal per lot.   

Diurnal Use  
The time of day at which water uses occurs is important for demand forecasting both for water 
and energy.  These diurnal use patterns were analyzed using the water event database for the 
entire study group.  The total volume of water used for each use category was summed from the 
event database by the hour of day that the use began.  Irrigation use was determined for both 
summer and winter so that the difference in seasonal use patterns could be quantified.  The 
results are presented in the following tables and graphs. 
 
Figure 65 shows the percent of total winter and summer household use occurring during each 
hour of the day.  It is noteworthy that the lowest daytime demands in single-family residences 
tend to occur during the peak energy demand period from noon until 6:00 pm. The following 
graphs show, however, that there is still a considerable amount of daytime irrigation use in these 
homes. If people would refrain from irrigating during the noon to 6:00 pm period it would reduce 
peak electric period water use. 
 
Figure 66 shows the percent of the water use for each category occurring by hour of day.  This 
shows the sequence of when demands for various single-family end uses come onto the system.  
In this graph the relative demands are not to scale relative to each other since each is based on 
the hourly percent for the individual end-use.  It is interesting to note that most single-family 
residential demands are outside of the periods of peak electrical demand. Most irrigation 
demands occur between 3:00 and 6:00 am.  These data are presented in tabular form in Table 50. 
 
The percent of total household water use associated with each end-use is shown in Figure 67 for 
the winter (October through April) period and Figure 68 for the summer (May through 
September) period.  In these graphs the magnitudes of the demands are shown in scale relative to 
each other, as percentages of total household use.  The hourly data are presented in tabular form 
in Table 51and Table 52.   
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 161 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 162 

0%

2%

4%

6%

8%

10%

12%

0
:0

0

1
:0

0

2
:0

0

3
:0

0

4
:0

0

5
:0

0

6
:0

0

7
:0

0

8
:0

0

9
:0

0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

Hour of Day

P
e

rc
e

n
t 

o
f 

D
ai

ly
 U

se

Winter

Summer

 

Figure 65: Diurnal use patterns for total household use, winter and summer
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Figure 66: Percent of use by category on hourly basis 
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Table 50: Percent of category water use by hour of day 

Hour of 
Day 

Bath Clothes 
Washer 

Dish 
washer 

Faucet Leak Other Shower Toilet Indoor Irrigation 
(Summer) 

Irrigation 
(Winter) 

0:00 1% 1% 3% 2% 4% 4% 1% 2% 2% 3% 2% 
1:00 0% 1% 1% 1% 3% 4% 1% 2% 1% 1% 2% 
2:00 0% 0% 1% 1% 3% 5% 0% 2% 1% 1% 1% 
3:00 0% 0% 0% 1% 2% 4% 0% 1% 1% 4% 8% 
4:00 1% 0% 0% 1% 3% 2% 1% 2% 1% 5% 6% 
5:00 3% 0% 1% 2% 3% 2% 4% 3% 2% 10% 17% 
6:00 6% 2% 1% 4% 4% 6% 9% 5% 5% 14% 7% 
7:00 6% 4% 3% 6% 5% 4% 11% 7% 7% 10% 6% 
8:00 8% 7% 5% 6% 5% 5% 9% 6% 7% 7% 5% 
9:00 6% 8% 7% 6% 4% 7% 7% 5% 6% 4% 4% 
10:00 4% 8% 6% 6% 5% 4% 6% 5% 6% 4% 3% 
11:00 3% 8% 5% 5% 4% 4% 5% 4% 5% 3% 4% 
12:00 3% 7% 5% 5% 5% 4% 4% 4% 5% 3% 3% 
13:00 2% 7% 5% 4% 4% 3% 3% 4% 4% 3% 3% 
14:00 2% 6% 4% 4% 4% 3% 3% 4% 4% 3% 3% 
15:00 2% 6% 3% 4% 4% 5% 3% 4% 4% 2% 3% 
16:00 4% 6% 3% 5% 4% 4% 3% 5% 5% 2% 3% 
17:00 6% 5% 3% 6% 5% 5% 4% 5% 5% 3% 3% 
18:00 11% 5% 5% 7% 5% 5% 5% 5% 5% 5% 4% 
19:00 9% 5% 9% 7% 5% 4% 5% 5% 5% 4% 4% 
20:00 10% 5% 8% 6% 7% 4% 5% 5% 6% 4% 3% 
21:00 7% 4% 8% 5% 4% 5% 5% 5% 5% 2% 2% 
22:00 3% 3% 7% 4% 5% 3% 4% 5% 4% 2% 1% 
23:00 2% 2% 5% 3% 4% 5% 2% 4% 3% 1% 3% 
Total 100

% 
100% 100% 100% 100% 100

% 
100% 100% 100% 100% 100% 
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Figure 67: Percent of total winter household use by category 
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Figure 68: Percent of total summer household use by category
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Table 51: Percent of total winter household use by category 

Hour of 
Day 

Bath Clothes 
Washer 

Dish 
washer 

Faucet Leak Other Shower Toilet Irrigation 

0:00 0.01% 0.11% 0.01% 0.17% 0.36% 0.06% 0.18% 0.29% 0.82% 
1:00 0.01% 0.08% 0.01% 0.11% 0.35% 0.08% 0.07% 0.21% 0.84% 
2:00 0.00% 0.07% 0.00% 0.11% 0.26% 0.09% 0.08% 0.21% 0.44% 
3:00 0.00% 0.05% 0.00% 0.10% 0.25% 0.07% 0.06% 0.19% 3.29% 
4:00 0.01% 0.04% 0.00% 0.10% 0.28% 0.04% 0.14% 0.22% 2.56% 
5:00 0.04% 0.05% 0.00% 0.20% 0.27% 0.04% 0.44% 0.33% 7.10% 
6:00 0.06% 0.15% 0.01% 0.43% 0.36% 0.08% 1.05% 0.59% 3.10% 
7:00 0.05% 0.39% 0.02% 0.64% 0.39% 0.09% 1.29% 0.83% 2.50% 
8:00 0.07% 0.62% 0.03% 0.65% 0.43% 0.09% 0.99% 0.71% 2.04% 
9:00 0.05% 0.79% 0.03% 0.63% 0.42% 0.11% 0.85% 0.63% 1.49% 
10:00 0.04% 0.81% 0.03% 0.61% 0.44% 0.07% 0.67% 0.57% 1.18% 
11:00 0.03% 0.83% 0.03% 0.53% 0.40% 0.07% 0.58% 0.52% 1.51% 
12:00 0.04% 0.73% 0.03% 0.52% 0.46% 0.06% 0.47% 0.50% 1.24% 
13:00 0.03% 0.73% 0.02% 0.48% 0.40% 0.05% 0.38% 0.49% 1.27% 
14:00 0.02% 0.61% 0.02% 0.47% 0.41% 0.06% 0.34% 0.50% 1.32% 
15:00 0.03% 0.58% 0.02% 0.48% 0.40% 0.06% 0.36% 0.54% 1.33% 
16:00 0.05% 0.62% 0.02% 0.53% 0.41% 0.07% 0.38% 0.58% 1.40% 
17:00 0.07% 0.51% 0.02% 0.65% 0.44% 0.07% 0.42% 0.60% 1.31% 
18:00 0.13% 0.53% 0.03% 0.77% 0.43% 0.05% 0.58% 0.64% 1.82% 
19:00 0.10% 0.52% 0.05% 0.74% 0.43% 0.06% 0.59% 0.63% 1.91% 
20:00 0.11% 0.54% 0.05% 0.62% 0.41% 0.05% 0.63% 0.63% 1.31% 
21:00 0.09% 0.44% 0.04% 0.56% 0.42% 0.09% 0.58% 0.66% 0.86% 
22:00 0.04% 0.28% 0.03% 0.44% 0.44% 0.05% 0.39% 0.60% 0.63% 
23:00 0.03% 0.16% 0.03% 0.29% 0.40% 0.06% 0.25% 0.45% 1.25% 
Total 1% 10.23% 0.51% 10.83% 9.27% 1.60% 11.77% 12.14% 42.52% 
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Table 52: Percent of total summer household use by category 

Hour of 
Day 

Bathtub Clothes 
Washer 

Dishwashe
r 

Faucet Leak Other Showe
r 

Toilet Irrigation 

0:00 0.01% 0.04% 0.01% 0.10% 0.23% 0.02% 0.09% 0.17% 2% 
1:00 0.00% 0.01% 0.00% 0.04% 0.18% 0.02% 0.03% 0.11% 0.48% 
2:00 0.00% 0.00% 0.00% 0.03% 0.16% 0.03% 0.01% 0.11% 0.59% 
3:00 0.00% 0.00% 0.00% 0.02% 0.14% 0.03% 0.01% 0.10% 2.56% 
4:00 0.00% 0.00% 0.00% 0.04% 0.15% 0.01% 0.09% 0.13% 3.47% 
5:00 0.03% 0.03% 0.00% 0.12% 0.21% 0.02% 0.21% 0.21% 6.14% 
6:00 0.05% 0.13% 0.00% 0.28% 0.25% 0.06% 0.56% 0.39% 9.06% 
7:00 0.06% 0.33% 0.01% 0.43% 0.41% 0.02% 0.64% 0.53% 6.54% 
8:00 0.08% 0.47% 0.02% 0.46% 0.44% 0.03% 0.57% 0.49% 4.66% 
9:00 0.06% 0.55% 0.02% 0.45% 0.29% 0.06% 0.48% 0.42% 2.80% 
10:00 0.04% 0.54% 0.02% 0.36% 0.34% 0.03% 0.37% 0.38% 2.38% 
11:00 0.04% 0.53% 0.01% 0.34% 0.31% 0.03% 0.33% 0.32% 1.99% 
12:00 0.02% 0.40% 0.01% 0.31% 0.28% 0.04% 0.23% 0.31% 1.73% 
13:00 0.01% 0.36% 0.02% 0.30% 0.28% 0.03% 0.18% 0.30% 1.67% 
14:00 0.02% 0.31% 0.01% 0.28% 0.29% 0.01% 0.20% 0.32% 1.69% 
15:00 0.02% 0.33% 0.01% 0.26% 0.32% 0.07% 0.22% 0.33% 1.47% 
16:00 0.02% 0.30% 0.01% 0.30% 0.32% 0.02% 0.26% 0.37% 1.41% 
17:00 0.05% 0.32% 0.01% 0.37% 0.30% 0.04% 0.28% 0.39% 2.02% 
18:00 0.08% 0.31% 0.01% 0.44% 0.32% 0.07% 0.26% 0.38% 2.97% 
19:00 0.08% 0.26% 0.02% 0.43% 0.35% 0.04% 0.34% 0.39% 2.63% 
20:00 0.08% 0.26% 0.02% 0.39% 0.70% 0.05% 0.34% 0.39% 2.73% 
21:00 0.04% 0.25% 0.02% 0.35% 0.28% 0.04% 0.38% 0.41% 1.48% 
22:00 0.02% 0.19% 0.02% 0.29% 0.32% 0.03% 0.29% 0.40% 1.02% 
23:00 0.02% 0.09% 0.01% 0.18% 0.28% 0.07% 0.21% 0.30% 0.66% 
Total 0.85% 6.02% 0.26% 6.57% 7.16% 0.87% 6.58% 7.66% 64.02% 
 

Double Blind Analysis Results 
As mentioned in CHAPTER 5, a set of 20 randomly selected flow traces were sent to an 
independent consultant, Mr. Bill Gauley, of Veritec Consulting Inc.  Mr. Gauley then analyzed 
the traces using the Trace Wizard software and returned the results to Aquacraft.  The entire 
analysis process was double-blind: neither analyst knew the results of the other until the analyses 
were complete.  The results were then compared.  The results of this analysis are shown in Table 
53 for the key analysis parameters.  The overall volume of the logged flows agreed within 
.002%. The end-use analyses agreed the best for the toilet uses. The estimates of total volume of 
water used for toilets, total number of flushes recorded during the logging period and the average 
gallons per flush for each home agreed within 1% of each other.  For clothes washers the count 
of loads agreed within 1.2%, and the gallons per load and total gallons used for clothes washers 
agreed within 5%.  The greatest variability occurred for the shower category, for which the total 
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volume of water used for showers agreed within 8.7% and the average flow rates for showers 
agreed to within 5.9%. 
 
 

Table 53: Results of independent flow trace analyses 

End Use Category Aquacraft Veritec Difference Difference 
as % of 
Aquacraft 
Estimate 

 Mean Mean   
Logged Volume (gal) 3160.36 3160.41 -0.050 -0.002% 
Toilet Vol in Trace (gal) 463.29 465.98 -2.694 -0.581% 
Toilet Gal per Flush (gpf) 2.657 2.662 -0.005 -0.191% 
Toilet Flush Count 163.25 165.25 -2.000 -1.225% 
CW Vol in Trace (gal) 286.30 291.39 -5.088 -1.777% 
CW load count 7.70 7.35 0.350 4.545% 
CW gal per load (gpl) 37.51 39.04 -1.525 -4.065% 
Shower Total Volume (gal) 343.26 313.35 29.908 8.713% 
Shower Flow Rate (gpm) 2.13 2.26 -0.126 -5.882% 
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CHAPTER 8 – SURVEY RESULTS 

Utility Survey Results 
As part of the survey process each utility was asked to fill out a survey describing their water 
conservation efforts and programs.  The survey results were intended to provide information on 
the responses among the participating agencies to the requirements of the California 
Memorandum of Understanding and the agreed upon Best Management Practices.  The 
responses from the utility survey have been supplemented with additional information from the 
agency websites and urban water management plans in order to examine patterns and variations 
in how the BMPs have been implemented among the participating agencies in this study. 
 
An agency’s implementation of and participation in various conservation measures is important 
in assessing the impact of these measures on both current and future water demand. All agencies 
participating in this study are signatories to the California Urban Water Conservation Council 
Memorandum of Understanding Regarding Urban Water Conservation in California (MOU). 
Developed in 1991, the MOU serves as a tool to assist agencies with providing a reliable, long-
term water supply. Increasing demands from urban development, drought, agriculture, and 
environmental uses results in an increasing need for water suppliers to find ways to protect this 
valuable resource. The two primary purposes of the MOU are:45 
 
[T]o expedite implementation of reasonable water conservation measures in urban areas; and 
…to establish assumptions for use in calculating estimates of reliable future water conservation 
savings resulting from proven and reasonable conservation measures. Estimates of reliable 
savings are the water conservation savings which can be achieved with a high degree of 
confidence in a given service area. The signatories have agreed upon the initial assumptions to be 
used in calculating estimates of reliable savings.  
 
“The urban water conservation practices included in this MOU (referred to as "Best Management 
Practices" or "BMPs") are intended to reduce long-term urban demands from what they would 
have been without implementation of these practices and are in addition to programs which may 
be instituted during occasional water supply shortages.”46 Signatories to the MOU consist of 
wholesale and retail water suppliers, public non-profit advocacy organizations, and other 
interested parties; the CUWCC is responsible for monitoring the implementation of the MOU. 
How and to what extent each agency has implemented various conservation measures is affected 
by factors such as their customer base, climate, economic feasibility, and the extent to which 
these measures have already been implemented.  
 
Included in the development, implementation, and reporting requirements is: 
 
A list of Best Management Practices identified by the signatories 

                                                 
45 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976. Memorandum of Understanding Regarding Urban 
Water Conservation in California. As Amended September 16, 2009. Section 2. Purposes. 2.1. Accessed February 4, 
2010.  
46 Ibid. 
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A schedule of BMP implementation  
The level of activity or water savings necessary to achieve full implementation of BMPs 
Reporting requirements documenting the implementation of BMPs 
The criteria for determining the progress of implementing the BMPs 
Assumptions used in estimating reliable savings from implementation of the BMPs and estimates 
of reliable savings 
Alternative water savings measures promoting new initiatives in water conservation that will 
provide savings equal to or greater than those achieved by implementing the BMPs. 
 
Originally there were 16 BMPs.  In 1997, they were revised to 14 BMPs for implementation by 
the signatories to the MOU, as shown in Table 54.  The new categories for the BMPs following 
the 2007 revision are shown in the right column. 
 

Table 54: BMPs from the CUWCC MOU 

BMP 
Number 

BMP  BMP Category 

1 Water Survey Programs for SF and MF 
Residential Customers 

Programmatic: Residential 

2 Residential Plumbing Retrofit Programmatic: Residential 

3 System Water Audits, “leak” Detection and 
Repair 

Foundational: Utility Operations – 
Water Loss Control 

4 Metering with Commodity Rates for All New 
Connections and Retrofit of Existing 
Connections 

Foundational: Utility Operations – 
Metering  

5 Large Landscape Conservation Programs and 
Incentives 

Programmatic: Landscape 

6 High-Efficiency Clothes Washing Machine 
Financial Incentive Programs 

Programmatic: Residential 

7 Public Information Programs Foundational: Education – Public 
Information Programs  

8 School Education Programs Foundational: Education – School 
Education Programs  

9 Conservation Programs for Commercial, 
Industrial, and Institutional (CII) Accounts 

Foundational: Commercial, Industrial, 
and Institutional  

10 Wholesale Agency Assistance Programs Foundational: Utility Operations 
11 Retail Conservation Pricing Foundational: Utility Operations – 

Pricing 
12 Conservation Coordinator Foundational: Utility Operations – 

Operations 
13 Water Waste Prohibition Foundational: Utility Operations – 

Operations  
14 Residential ULFT Replacement Programs Programmatic: Residential 
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Each agency was asked to complete a survey indicating their utility’s implementation of the 
BMPs and their participation in various conservation measures. The utility questionnaire is 
provided in APPENDIX A: Utility Water Conservation Program Questionnaire. The survey was 
designed as a tool that would assist with comparing the extent to which various conservation 
measures have been implemented, and to examine possible impacts on customers’ water use 
related to BMP implementation.  
 
The BMPs provide utilities with a variety of indoor and outdoor conservation measures. Indoor 
BMPs included toilet and clothes washer rebates, indoor surveys, and distribution of low flow 
showerheads and faucet aerators; outdoor measures include irrigation surveys, watering 
schedules, irrigation controller rebates and other financial incentives aimed at large landscape 
conversions. BMPs could be implemented through distribution, direct installation, retrofit on 
resale, rebates, or some combination of each. Table 55 shows the various residential indoor and 
outdoor measures utilized by the participating water agencies and the way(s) in which they were 
implemented.  
 
BMP 1 required agencies to provide free residential water audits (surveys) to their customers. 
Surveys are designed to provide customers with tools and recommendations for reducing their 
water consumption. Although not indicated by the utility survey responses, some agencies target 
their surveys to their high water use customers. Surveys are often used in conjunction with 
shower and faucet distribution and/or replacement. All agencies, except Rincon del Diablo and 
Sweetwater, have a direct installation or free distribution program for showerheads; North Marin 
WD requires an upgrade to high efficiency fixtures on resale as well. Most of the utilities also 
provide free distribution of faucet aerators and North Marin WD requires an upgrade of faucet 
aerators at the time of resale. 
 
Water for toilet flushing has long been the single highest residential indoor use. Considerable 
effort has been made to replace old, inefficient toilets with ultra-low flow toilets (ULFTs). With 
the exception of the City of Davis47 and Redwood City (which combined a distribution program 
with direct installation) all participating agencies provided rebates for purchase of ULFTs. In 
addition to rebates, the City of Petaluma had a direct installation program for ULFTs.  Recently 
some agencies have stopped offering rebates for ULFT model toilets in favor of HET models, 
which have an average flush volume of 1.28 gpf or less.   Clothes washers are second only to 
toilets in their indoor water use, and all but EBMUD provided their customers with rebates as an 
incentive to replace their clothes washer with a more efficient model. EBMUD had a distribution 
program of clothes washers that satisfied BMP 6. 
 
Studies have shown that water use for automatic dishwashers is less than 2% of residential 
indoor use.48 None of the participating agencies provided rebates or other incentives to replace 
dishwashers.  
 

                                                 
47 The City of Davis provided toilet rebates until 2001. They were discontinued at this time because it was believed 
that the request for rebates was less than the natural replacement rate of toilets and because there was concern about 
free ridership. 
48 Mayer, P.M. and DeOreo, W.B. Residential End Uses of Water. AWWARF. 1999. 
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Although some utilities are studying the efficacy of hot water recirculation or “on demand” hot 
water, none of them were providing rebates or other incentives for these systems at the time of 
this study. 
 
Outdoor audits are provided by all participating agencies – often in conjunction with indoor 
audits. These audits usually include an assessment of the irrigation system, including leaks and 
malfunctions, and irrigation scheduling recommendations. Weather-based irrigation controllers 
can be used as a tool to automate irrigation scheduling and most of the participating agencies 
provide rebates for these controllers. Davis, Petaluma, and Rincon del Diablo provide direct 
installation programs for weather-based controllers; Sweetwater and North Marin WD have a 
distribution program.  
 
About half of the utilities actively promote xeriscape with training programs, demonstration 
gardens, landscape and irrigation training workshops, and literature. IRWD, Las Virgenes MWD, 
and Otay provide financial incentives through rebates, the installation of xeriscape, “Cash for 
Grass Programs” and the use of artificial turf. 
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Table 55: Survey responses of participating water agencies 
 

 Residential Indoor Residential Outdoor  
 
 

 
Water Agency 

Codes for type of installation program
0= none 
1= direct (or yes) 
2= distribution  
3= rebate or owner install 
4= upgrade on sale 
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 City of Davis Public Works 0 1,2 0 0 3 1 0 0 1 0 0 1 
  City of Petaluma 1,3 1 1 0 3 1 0 0 1,3 0 0 1 
 

City of Redwood City 1,2 1,2 1,2 0 3 1 0  0 0 0 1 
 

City of San Diego Water Dept. 3 2 2 0 3 1 0 0 3 0 0 1  
City of Santa Rosa 3 2 2 0 3 1 0 1 3 0 1 1  
East Bay Municipal Utility District 3 2 2 0 2 1 0 1 3 0 1 1  
Helix Water District 3 2 0 0 3 1 0 0 3 0 0 1  
Irvine Ranch Water District 3 2 2 0 3 1 0 0 3 0 3 1  
Las Virgenes Municipal Water District 3 2 0 0 3 1 0 0 3 0 3 1  
Los Angeles Dept of Water and Power 1,4 1,4 1 0 3 1 0 1 0 0 0 1  
North Marin Water District 2,3,4 2,4 2,4 0 3 1 0 1 2,3 0 1 1  
Otay Water District 3 2 0 0 3 1 0 0 3 1 3 1  
Rincon Del Diablo MWD 3 0 2 0 3 1 0 1 1,3 0 0 1  
San Francisco PUC 3 1, 2 1, 2 0 3 1 0 0 0 0 0 1  
Sweetwater Authority 3 0 0 0 3 1 0 0 2,3 0 0 1  
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BMP 11 is intended “to reinforce the need for Water Agencies to establish a strong connection 
between volume-related system costs and volumetric commodity rates.”49 Rates are intended to 
send a price signal that encourages water conservation, reflects the cost of delivering water, and 
creates financial stability for the utility. Metering is a necessary element of measuring the 
volumetric delivery of water to customers and can be used in conjunction with connection fees, 
service charges, and fees for special services such as fire protection.  
 
The volumetric rate structures that may satisfy the BMP requirement of conservation pricing are: 
 
Uniform rate (all water purchased at the same rate) 
Seasonal rates (reflects the seasonal variability for the cost of water deliveries) 
Increasing block rate (rates increase at certain breakpoints) 
Water budget rates (also known as allocation-based rates). Allocation based on a variety of 
parameters as defined by the utility. 
 
Table 56 shows that during the study period all participating agencies were metering their 
customers. Table 57 provides the codes used to identify the water rate billing structure for each 
utility. The most common volumetric unit of measurement is CCF50 and most customers are 
billed bi-monthly. Only Santa Rosa, IRWD, and Otay send customers a monthly bill. Otay is the 
only agency that bills their customer in kgal (1,000 gallons). An increasing block rate is the most 
common rate structure; the number of blocks ranges from 2 to 5. During the study period, Otay 
and San Francisco51 used a uniform rate structure. The uniform rate for San Francisco customers 
with a conservation affidavit is 33% less than customers without the affidavit. Both Los Angeles 
Department of Power and Water and IRWD have an allocation-based billing system with two 
tiers and five tiers respectively.  More detailed information about each utility’s rates can be 
found in CHAPTER 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
49 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976. Memorandum of Understanding Regarding Urban 
Water Conservation in California. Exhibit 1. As Amended September 16, 2009. 1.4 Retail Conservation Pricing 
(formerly BMP 11) Part I – Retail Water Service Rates. A. Implementation. Accessed February 11, 2010.  
50 A CCF is one hundred cubic feet or 748 gallons. 
51 Although San Francisco PUC has a uniform rate structure, customers who have implemented  
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Table 56: Residential billing and metering information during study period 

 
Water Agency 

Metering 
of SF 
Customers

Units of 
Billing 

Billing 
Period 

Single 
Family 
Rate 
Structure 

Number 
of Billing 
Tiers 

City of Davis Public Works Yes CCF bi-monthly 2 2 
 City of Petaluma Yes CCF bi-monthly 2 4 
City of Redwood City Yes CCF bi-monthly 2 5 
City of San Diego Water 
Dept. 

Yes CCF bi-monthly 2 3 

City of Santa Rosa Yes CCF monthly 1 NA 

East Bay Municipal Utilities 
District 

Yes CCF bi-monthly 2 3 

Helix Water District Yes CCF bi-monthly 2 3 

Irvine Ranch Water District Yes CCF monthly 3 5 

Las Virgenes Municipal 
Water District 

Yes CCF bi-monthly 2 5 

Los Angeles Dept of Water 
and Power 

Yes CCF bi-monthly 3 2 

North Marin Water Dist Yes CCF bi-monthly 2 3 
Otay Water District Yes CCF monthly 2 4 
Rincon del Diablo MWD Yes kgal bi-monthly 2 2 
San Francisco PUC Yes CCF bi-monthly 1 NA 
Sweetwater Authority Yes CCF bi-monthly 2 5 

 

Table 57: Codes used for Table 56 

Codes to describe water rate structure 
0= Flat rate (charges are not based on amount used) 

1= Uniform Rate (all water [purchased at same rate) 

2= Increasing block rate (rates jump at breakpoints) 
3= Water Budget Rates (jump points based on budget) 
4= Decreasing block rate 
5= Other (please provide description) 
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Table 58: System Measures 

 System Measures  
Water Agency 
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City of Davis Public Works 1 1 1 0 0 1 1 
 City of Petaluma 1 1 1 1 1 1 1 
City of Redwood City 0 1 1 1 0 1 1 
City of San Diego Water Dept. 0 0 1 0 0 1 1 
City of Santa Rosa 1 1 1 1 0 1 1 
East Bay Municipal Utilities District 1 1 1 1 0 1 1 
Helix Water District 0 1 1 1 0 0 1 
Irvine Ranch Water District 1 1 1 1 0 1 1 
Las Virgenes Municipal Water District 1 1 1 1 0 1 1 
Los Angeles Dept of Water and Power^ 1 1 1 1 0 1 1 
North Marin Water Dist 1 1 1 1 0 1 1 
Otay Water District 1 1 1 1 0 1 1 
Rincon Del Diablo MWD 1 1 1 1 1 1 1 
San Francisco PUC 1 1 1 0 0 1 1 
Sweetwater Authority 1 1 1 0 0 0 1 
^Los Angeles Dept of Water and Power did not respond to the survey. Codes for types 
of installation were obtained from LADWP’s 2005 Urban Water Management Plan.   
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Customer Survey Results 
All homes that were data-logged for the study were surveyed with regard to their water use. An 
initial survey was delivered to homes at the same time as data logging was set to commence. For 
those that did not respond, reminder letters were sent a month after the original letter was 
dropped off. For those that had not responded to the original attempt or the follow-up, a 
shortened survey was sent. The follow-up survey concentrated on variables deemed essential to 
potential modeling, including persons per household, and the stock of water using appliances. 
 
The survey response rate to the original distribution was relatively high, with a response rate to 
the initial survey for all survey sites of 48%, and similar return rates across study sites. Table 59 
shows the response rate to the initial mailing, the shortened follow-up survey, and to both 
combined for each of the participating utilities. The follow-up survey increased the response rate 
for all regions combined from 48% to 55%. The Los Angeles study area was left out of the 
calculation of the initial and combined response rates because the Los Angeles Department of 
Water and Power made sure that all Los Angeles homes that were data logged also returned a 
filled-out survey, assuring a 100% response for that study site. 
 

Table 59: Survey response rates 

Water Agency Initial 
Surveys 
Sent Out 

Initial 
Surveys 
Returned 

Initial 
Survey 
Response 
Rate 

Follow-
up 
Survey 
Returns 

Combined 
Surveys 
Returned 

Combined 
Response 
Rate 

Davis 64 31 48% 5 36 56% 
SCWA 70 37 53% 7 44 63% 
San Francisco 60 32 53% 2 34 57% 
East Bay MUD 120 70 58% 0 70 58% 
Redwood City 60 35 58% 2 37 62% 
Northern California 374 205 55% 16 221 59% 
Las Virgenes MWD 69 32 46% 0 32 46% 
Los Angeles DWP a 117 117 100% 0 117 100% 
IRWD 116 50 43% 14 64 55% 
City of San Diego 86 40 47% 6 46 53% 
San Diego County WA 68 16 24% 13 29 43% 
Southern California b 339 138 41% 33 171 50% 
All Study Sites b 713 343 48% 49 392 55% 
a Los Angeles required all participants to respond to the survey. 
b Response rate does not include Los Angeles, where 100% response was assured. 
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The full survey was a 5-page questionnaire with 57 multiple part questions. The survey questions 
covered demographic information about the respondents, housing characteristics, indoor and 
outdoor water using fixtures and appliances, landscape watering habits, and a multi-part question 
about customers’ water bill awareness and response to water costs.  The shortened follow-up 
version of the survey was a 2-page questionnaire with 12 multiple part questions. The shortened 
survey had a few questions on each topic covered in the longer survey, except water bill 
awareness. For the questions selected for the follow-up survey, the same question was used that 
was on the original survey. The surveys are shown in Appendices A and B. 

Respondent Demographics 
Survey respondents were asked to report the number of adults, teenagers, older children, younger 
children, and toddlers or infants living full-time at the address. Across the ten study sites, the 
average household size was 2.95 people.  Average household size ranged from 2.67 in Sonoma 
County WA to 3.5 in San Francisco. Table 60 shows the breakout of persons per household 
according to age groups. 
 

Table 60: Comparison of persons per household across study sites 

Water Agency Adults 
(age 
18+) 

Teenagers 
(age 13-
17) 

Older 
children 
(age 6 - 
12) 

Younger 
children 
(age 3 - 
5) 

Infants or 
Toddlers 
(under age 3) 

Mean 
household 
size 

Davis 2.11 0.43 0.26 0.06 0.06 2.91 
SCWA 2.05 0.14 0.29 0.05 0.14 2.67 
San Francisco 2.94 0.12 0.12 0.12 0.21 3.50 
East Bay MUD 2.31 0.27 0.27 0.07 0.09 3.01 
Redwood City 1.94 0.23 0.43 0.17 0.09 2.86 
Northern California 2.27 0.24 0.27 0.09 0.11 2.98 
Las Virgenes MWD 2.22 0.28 0.13 0.06 0.06 2.75 
Los Angeles 2.30 0.22 0.22 0.12 0.10 2.97 
IRWD 2.37 0.35 0.32 0.10 0.10 3.24 
City of San Diego 2.32 0.18 0.11 0.07 0.05 2.73 
San Diego County WA 2.25 0.11 0.18 0.07 0.07 2.68 
Southern California 2.30 0.24 0.21 0.10 0.08 2.94 
All Study Sites 2.29 0.24 0.24 0.09 0.10 2.96 
 
Respondents were asked to identify their household income by choosing from 18 income 
brackets, spanning $10,000 at a time in the lower income brackets and up to $25,000 at a time in 
the higher income brackets. The responses are shown in Table 61, grouped into four categories: 
less than $50,000, between $50,000 and $100,000, between $100,000 and $200,000, and greater 
than $200,000. For all respondents, the highest percentage of respondents were in the $50,000 to 
$100,000 category.  Las Virgenes MWD had the highest percentage of respondents in the greater 
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than $200,000 category at 41%, while Sonoma County had no residents in this category. IRWD 
had the lowest percentage of respondents in the less than $50,000 category at 4%, and Los 
Angeles had the highest percentage in this category at 17%. 
 

Table 61: Comparison of household income across study sites 

 Water Agency Less than 
$50,000 

$50,000 to 
$99,999 

$100,000 to 
$199,999 

> than 
$200,000 

Davis 7% 24% 55% 10% 
SCWA 15% 47% 26% 0% 
San Francisco 8% 31% 23% 19% 
East Bay MUD 7% 44% 20% 15% 
Redwood City 7% 18% 43% 29% 
Northern California 9% 35% 31% 14% 
Las Virgenes MWD 5% 32% 23% 41% 
Los Angeles 17% 26% 29% 10% 
IRWD 4% 27% 35% 29% 
City of San Diego 8% 33% 42% 6% 
San Diego County 
WA 

8% 44% 16% 8% 

Southern California 11% 30% 30% 16% 
All Study Sites 10% 32% 31% 15% 
 
For all respondents, 83% completed at least some college, with 30% percent completing a 
master’s or doctoral degree. Davis had the highest level of college and graduate school 
completion, at 100% and 83% respectively. Los Angeles had the lowest level of college and 
graduate school completion, with 78% and 25% respectively. Table 62 shows an accounting of 
educational attainment by study site. 
 

Table 62: Comparison of education attainment across study sites 

Water Agency At least 
high 
school 

At least 
some 
college 

Graduate 
school 

Davis 100% 100% 83% 
SCWA 97% 82% 24% 
San Francisco 97% 76% 17% 
East Bay MUD 97% 79% 35% 
Redwood City 97% 81% 29% 
Northern California 97% 83% 37% 
Las Virgenes MWD 100% 94% 29% 
Los Angeles 89% 78% 25% 

IRWD 100% 86% 30% 
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City of San Diego 97% 87% 18% 
San Diego County 
WA 

100% 73% 13% 

Southern California 94% 82% 25% 
All Study Sites 96% 83% 30% 
 
Respondents to the survey were overwhelmingly home owners, as opposed to renters. Ninety-
two percent of respondents owned the homes they occupied, while only 8% of those surveyed 
were renters.   

Home Characteristics 
Survey respondents were asked about when their homes were built. As shown in Table 63, for 
homes from all survey locations, 76% of all homes were built before 1980, 17% were built 
between 1980 and 1994, and 7% were built between 2000 and 2006.  Las Virgenes MWD (56%), 
IRWD (48%), and San Diego County (50%) contained the lowest percentage of houses built 
before 1980.  Los Angeles contained the highest percentage of houses built before 1980, with 
95%. The decade with the highest percent of homes built across all responding homes was the 
1950’s, with 20% of the total. 
 

Table 63: Comparison of year home built across study sites 

Water Agency Built before 
1980 

Built 1980-
1994 

Built 1995-
2006 

Davis 74% 10% 16% 
SCWA 66% 29% 6% 
San Francisco 84% 10% 6% 
East Bay MUD 73% 21% 6% 
Redwood City 85% 12% 3% 
Northern California 76% 17% 7% 
Las Virgenes MWD 56% 44% 0% 
Los Angeles 95% 3% 2% 
IRWD 48% 26% 26% 
City of San Diego 79% 15% 5% 
San Diego County 
WA 

50% 38% 13% 

Southern California 75% 17% 8% 
All Study Sites 76% 17% 7% 
 
Thye number of bedrooms in a house can generally be used as an indicator of house size. Table 
64 shows the percent of respondents in a study site that indicated their homes had a certain 
number of bedrooms. The median number of bedrooms per house of all study sites was 3. Eighty 
three percent of the homes had 3 or more bedrooms, and 39% of all homes had 4 or more 
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bedrooms. Las Virgenes MWD had the highest percentage of homes with 4 or more bedrooms 
(75%). San Francisco had the lowest percentage of homes with 4 or more bedrooms (13%). 
 

Table 64: Number of bedrooms by percent of respondent homes 

Number of Bedrooms   
Water Agency 1 2 3 4 5 6+ 
Davis 0% 6% 45% 42% 6% 0% 
SCWA 0% 8% 67% 25% 0% 0% 
San Francisco 13

% 
39% 35% 13% 0% 0% 

East Bay MUD 0% 21% 40% 31% 4% 3% 
Redwood City 0% 36% 42% 9% 9% 3% 
Northern California 2% 22% 45% 25% 4% 2% 
Las Virgenes MWD 0% 0% 25% 44% 25% 6% 
Los Angeles 0% 20% 51% 19% 9% 2% 
IRWD  0% 6% 34% 48% 12% 0% 
City of San Diego 0% 10% 38% 33% 13% 5% 
San Diego County 
WA 

0% 6% 56% 31% 6% 0% 

Southern California 0% 12% 43% 31% 12% 2% 
All Study Sites 1% 16% 44% 28% 8% 2% 
 
Table 65 shows reported home value for each study site.  Respondents were asked to show the 
value of their home using 17 home value categories. Median home values were highest in 
Redwood City and Las Virgenes MWD, where the median home value was between $900,000 
and $999,999.  The lowest median home value in this study was in San Diego County. 
 

Table 65: Home values by percent in homes reported in home value category 

Water Agency $0k to 
$449k 

$450k 
to 
$499k 

$500k 
to 
$599k 

$600k 
to 
$699k 

$700k 
to 
$799k 

$800k 
to 
$899k 

$900k 
to 
$999k 

$1,000k 
to 
$1,499k 

$1,500k + 

Davis 24% 18% 21% 18% 12% 3% 3% 3% 4% 
SCWA 12% 8% 36% 19% 17% 6% 3% 0% 0% 
San Francisco 4% 0% 15% 26% 11% 19% 7% 11% 7% 
East Bay MUD 4% 15% 19% 6% 20% 11% 7% 13% 6% 
Redwood City 0% 0% 3% 6% 16% 13% 23% 26% 13% 
Northern 
California 

8% 9% 19% 14% 16% 10% 8% 10% 5% 

Las Virgenes 
MWD 

0% 0% 3% 10% 10% 14% 21% 24% 17% 

Los Angeles 20% 8% 11% 12% 10% 17% 3% 13% 6% 
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Water Agency $0k to 
$449k 

$450k 
to 
$499k 

$500k 
to 
$599k 

$600k 
to 
$699k 

$700k 
to 
$799k 

$800k 
to 
$899k 

$900k 
to 
$999k 

$1,000k 
to 
$1,499k 

$1,500k + 

IRWD  2% 0% 0% 19% 21% 17% 4% 21% 17% 
City of San 
Diego 

25% 8% 19% 17% 11% 6% 6% 8% 0% 

San Diego 
County 

38% 21% 25% 0% 4% 8% 4% 0% 0% 

Southern 
California 

16% 6% 10% 13% 12% 14% 6% 14% 8% 

All Study Sites 15% 14% 13% 14% 12% 7% 10% 13% 7% 
 

Indoor Water Fixtures 
The survey asked respondents several questions about the water-using appliances they have in 
their homes.  As shown in Table 66, across all respondents, the average number of toilets per 
household was 2.4, with a range of 2.0 (San Francisco) to 3.2 (Las Virgenes MWD). Overall, 
households reported an average of 1.6 (out of 2.4) ultra-low-flush toilets (ULFTs or better). The 
City of San Diego reported the highest average number of ULFTs per household at 2.0, while 
Davis and East Bay MUD reported the lowest average number per household at 1.1. Up to 17% 
of respondents in any one location reported not knowing whether they had ULFTs. (The survey 
stated that toilets manufactured after 1993 were generally ULFTs). 
 
Showers with tubs were reported to be more common (an average of 1.3 per household), than 
either showers only (average of 1.0 per household) or tub only (average of 0.4 per household). 
Households reported an average of 1.3 low-flow showerheads. Up to 18% of respondents 
reported not knowing whether their showerheads were low-flow. Areas with newer homes 
generally reported having more showers and low-flow showerheads. 
 
 
 

Table 66: Mean numbers of toilets, showers, and tubs 

Water Agency Toilets Ultra-
low-
flush 
toilets 

Tub 
with 
shower 

Tub 
only 

Shower 
only 

Number of 
Low-flow 
Showerheads 

Davis 2.3 1.1 1.1 0.4 1.0 1.2 
SCWA 2.3 1.5 1.2 0.2 0.9 1.3 
San Francisco 2.0 1.3 1.4 0.4 0.8 1.2 
East Bay MUD 2.1 1.1 1.3 0.5 0.8 1.0 
Redwood City 2.2 1.4 1.2 0.5 1.0 1.1 
Northern California 2.2 1.3 1.2 0.4 0.9 1.1 
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Water Agency Toilets Ultra-
low-
flush 
toilets 

Tub 
with 
shower 

Tub 
only 

Shower 
only 

Number of 
Low-flow 
Showerheads 

Las Virgenes MWD 3.2 1.9 1.3 0.7 1.7 1.7 
Los Angeles 2.3 1.8 1.2 0.4 1.1 1.3 
IRWD  3.0 1.4 1.8 0.5 1.0 1.4 
City of San Diego 2.5 2.0 1.2 0.4 1.0 1.4 
San Diego County 
WA 

2.6 1.6 1.6 0.4 0.8 1.4 

Southern California 2.6 1.8 1.3 0.5 1.1 1.4 
All Study Sites 2.4 1.6 1.3 0.4 1.0 1.3 
 
Survey responses about the presence of other water using appliances are shown in Table 67. Top-
loading clothes washing machines were found in 75.7% of homes while 27.6% percent of homes 
reported owning front-loading clothes washing machines52. Davis had the highest penetration 
rate for front-loading clothes washers: 61% owned top-loading washers and 44% owned front-
loading washers. Clothes washers (of any type) had the highest penetration rate of any water-
using appliance owned by survey respondents (98.7% for either a top-loader or a front-loader). 
 
While 81% of all respondents reported owning a dishwasher, percentages reported by individual 
service areas varied widely: only 51% of respondents from San Francisco owned a dishwasher, 
compared to 100% of respondents from Las Virgenes MWD.  In general, study sites with older 
homes had lower penetration rates for dishwashers than study sites with homes built more 
recently. 
 
Households also were asked whether they had installed whole-house water treatment systems.  
The percent of households reporting using a whole-house treatment system ranged from 47% in 
Davis to 0% in Redwood City. Overall, 12% of total households responding to the survey 
reported whole-house water treatment system use.  Whole house systems include devices such as 
simple filters, carbon filters, water softeners and reverse osmosis systems. Some of these use 
essentially no water, some use water only during regeneration and some use water whenever 
water is being treated.  
 

Table 67: Percent of respondents indicating presence of various water using devices 

Water Agency Garbage 
disposal 

Top- 
loading 
washer 

Front- 
loading 
washer 

Dish 
washing 
machine 

Whirlpool 
bathtub 

Indoor 
hot tub 
or spa 

Fountain 
indoor 

Whole- 
house 
treatment 

Davis 87.1% 61.3% 44.4% 83.3% 3.8% 7.1% 3.6% 47.1% 
SCWA 91.9% 94.3% 12.5% 97.3% 12.5% 3.1% 6.3% 10.3% 

                                                 
52 The penetration rate is greater than 100% because 4.6% of all homes reported having both a front-loader and a 
top-loader.  
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Water Agency Garbage 
disposal 

Top- 
loading 
washer 

Front- 
loading 
washer 

Dish 
washing 
machine 

Whirlpool 
bathtub 

Indoor 
hot tub 
or spa 

Fountain 
indoor 

Whole- 
house 
treatment 

San Francisco 62.5% 71.9% 35.5% 58.1% 0.0% 0.0% 3.2% 3.1% 
East Bay MUD 80.0% 84.3% 27.0% 77.1% 7.8% 3.1% 1.6% 1.6% 
Redwood City 85.7% 73.5% 33.3% 82.9% 30.3% 5.9% 2.9% 0.0% 
Northern 
California 

81.5% 78.7% 29.5% 79.8% 10.8% 3.7% 3.2% 10.8% 

Las Virgenes 
MWD 

100.0% 68.8% 35.7% 100.0% 17.2% 0.0% 0.0% 16.7% 

Los Angeles 84.6% 79.6% 32.0% 73.7% 15.7% 2.8% 2.8% 10.2% 
IRWD  93.9% 77.6% 30.4% 98.0% 12.5% 6.4% 2.1% 14.8% 
City of San Diego 87.5% 75.0% 30.3% 80.0% 11.1% 2.8% 2.8% 17.1% 
San Diego 
County WA 

87.5% 64.3% 46.7% 86.7% 21.4% 0.0% 0.0% 10.7% 

Southern 
California 

89.0% 76.2% 32.9% 83.6% 14.9% 3.0% 2.1% 13.1% 

All Study Sites 85.6% 75.7% 27.6% 81.9% 13.1% 3.3% 2.6% 12.1% 
 

Households reported that they knew of some leaks at the time of the survey. They survey asked 
whether they had a “leak” in any of the following areas: toilet, faucet, pool, irrigation system, or 
other leak. Respondents identified toilets and irrigation systems with the highest rates of known 
leaks. Overall, 6% of respondents identified toilet leaks, and the same percentage identified 
current irrigation systems leaks. Dripping faucets were identified by 4% of respondents, while 
pool system related leaks were identified by 1% of respondents, and 2% reported “other” types 
of leaks.   
 
The survey included a section asking respondents whether or not they had renovated or replaced 
plumbing pipes, bathroom fixtures, and kitchen fixtures since 1995.  Forty percent of 
respondents reported renovating or replacing plumbing pipes, 64% reported having renovated 
bathroom fixtures, and 64% also reported having renovated or replaced kitchen fixtures.  In 
general, study sites containing fewer homes built before 1980, such as San Diego County, Las 
Virgenes MWD, and IRWD, consistently reported lower incidence of renovation or replacement 
compared with study sites containing more homes built before 1980, such as San Francisco and 
Los Angeles. 
 
Respondents were asked questions regarding how fast hot water reaches certain parts of their 
home.  When asked whether or not respondents had to wait longer for hot water to reach certain 
parts of their home, almost two thirds, 63%, answered “yes.”  Among those reporting longer 
waits for hot water, 62% reported waiting longer for hot water in the master bathroom, and 
approximately 40% reported longer waits in the kitchen and other bathrooms. 
 
Sixty percent of respondents described their longest wait for hot water as “almost no time at all,” 
or “not very long.”  Forty percent described their longest wait for hot water as “pretty long,” or 
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“very long.”  Study sites with more homes built before the 1980’s, such as San Francisco and 
Los Angeles were more likely to report waiting times of “almost no time at all,” or “not very 
long,” while study sites with fewer homes built before the 1980’s, such as Redwood City, Las 
Virgenes MWD, and IRWD, were more likely to report waiting times of “pretty long,” or “very 
long.” 
 
Respondents were asked if the wait for hot water bothered them at all.  Approximately 52% of 
survey respondents were not bothered by the wait for hot water, 30% were bothered a little bit, 
and 18% were bothered very much. 
 
The survey also asked about whether households had installed remedies to shorten the wait time 
for hot water. Overall 10% of households had installed a remedy. Rates of those reporting 
installing a remedy ranged from 23% in Las Virgenes MWD to 3% in Davis and Sonoma County 
WA. A recirculating pump was the most popular remedy, with 71% of those reporting a type of 
remedy identifying a recirculating pump. 

Swimming Pools and Hot Tubs 
The survey asked respondents whether or not their houses had swimming pools and outdoor hot 
tubs. Almost one fifth (19%), of all survey respondents reported owning a hot tub. The 
percentages were almost identical when respondents were asked about whether or not they 
owned swimming pools: 18% of all respondents reported owning a swimming pool. In general, 
respondents from Southern California study sites were more likely to have an outdoor pool or hot 
tub than respondents from study sites in Northern California. Figure 69 shows swimming pool 
and hot tub saturation rates across each study area, as well as Northern and Southern California 
regions, and saturation rates across all study areas. 
 
Outdoor pool owners were asked about their use of pool covers.  Overall, pool cover use remains 
nearly constant year-round. From month to month, between 60% and 75% of outdoor pool 
owners cover their pools. Some study sites show seasonal variability in pool cover usage.  
Outdoor pool owners surveyed in Las Virgenes MWD and Redwood City do not use pool covers 
in cooler months (primarily from November to April). Also, in  
San Diego County, where only two outdoor pool owners responded, no pool owners reported 
using pool covers from May to August. 
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Figure 69: Percent of respondents with outdoor hot tub or swimming pool 

 

Landscape Watering 
The survey gathered information on each household’s outdoor landscape and related water use.  
Ninety-six percent of respondents water their outdoor landscape; the other four percent do not.  
Nearly half of respondents (43%) reported using a contractor for some part of outdoor landscape 
maintenance. 
 
Respondents were asked to describe how much of their outdoor landscape is made up of turf.  
Table 68 shows how outdoor landscape coverage varied across the study sites, as well as overall.  
In general, respondents’ outdoor landscapes in Southern California were composed of more turf 
than outdoor landscapes in Northern California. 
 
The median frequency for watering turf during the summer months (June-August) was three 
times per week.  Across all regions, 70% of respondents watered their turf during the summer 
three or more days per week.  In the Northern California study sites, 64% of respondents watered 
their turf three or more days per week in the summer, compared to 74% of respondents in 
Southern California study sites. Figure 70 shows the percent of respondents in each study area 
that watered there turf 3 times a week or more. 
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Table 68: Percent of outdoor landscape reported to be turf 

Water Agency 100% Half 
or 
more 

About 
20% to 
50% 

About 
10% to 
20% 

About 
5% to 
10% 

Less 
than 
5% 

None 

Davis 0% 38% 19% 19% 0% 5% 19% 
SCWA 0% 33% 11% 11% 0% 0% 44% 
San Francisco 0% 20% 7% 0% 7% 7% 60% 
East Bay MUD 3% 19% 28% 17% 0% 3% 31% 
Redwood City 5% 30% 30% 20% 0% 5% 10% 
Northern California 2% 27% 21% 15% 1% 4% 31% 
Las Virgenes MWD 0% 54% 29% 13% 4% 0% 0% 
Los Angeles 7% 40% 24% 10% 10% 1% 8% 
IRWD 5% 32% 32% 16% 5% 3% 5% 
City of San Diego 7% 19% 26% 4% 11% 4% 30% 
San Diego County 
WA 

0% 20% 40% 20% 0% 10% 10% 

Southern California 5% 36% 28% 11% 8% 2% 10% 
All Study Sites 4% 33% 25% 12% 5% 3% 17% 

 
Seventy-two percent of respondents manually watered some part of their outdoor landscape.  The 
most common mode of manual watering was hand-held garden hose, which was used by 82% of 
the manual irrigation respondents.  Approximately one quarter of respondents reported manually 
watering their outdoor landscape using a hose with a sprinkler, 11% using an in-ground sprinkler 
system with no timer, 9% drip irrigation or bubbler system, and 7% a soaker hose. 
 
Forty percent of all respondents reported manually watering between 50% and 100% of their 
outdoor landscape.  Thirty-eight percent reported manually watering between 5% and 50% of 
their outdoor landscape, while slightly more than one-fifth of respondents, 22%, reported 
manually watering only 5% or less of their outdoor landscape.  Manually watering a majority of 
outdoor landscape (50%-100%) was more common among Northern California study sites 
(50%), and was less common among respondents from Southern California study sites (31%).   
 
Over two-thirds of respondents reported having an in-ground sprinkler system, with 87% of 
those systems having an automatic timer.  Only 4% of the in-ground sprinkler systems were said 
to run a weather-based irrigation controller (WBIC) or “smart” controller.  Thirteen percent of 
respondents with in-ground sprinkler systems did no know whether or not their system had a 
WBIC or similar controller. 
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Figure 70: Percent of respondents irrigating 3 times per week or more 

Water Bill Awareness 
 
To begin, respondents were asked to what degree they agreed or disagreed with the statement; 
“Without looking at past bills, I know about how much my average (typical) household water bill 
was (in dollars) last year.”  Just over 25% of respondents either “somewhat agreed” or “strongly 
agreed” with the statement regarding past water bill amounts, and approximately 70% of 
respondents either “somewhat disagreed” or “strongly disagreed.”  
 
Next, the survey asked the extent to which respondents agreed or disagreed with the following 
statement regarding knowledge of typical water use: “Without looking at past bills, I know about 
how much water my household used in an average (typical) billing period last year.”  Nearly 
45% of respondents chose “strongly agree” or “somewhat agree,” and approximately 52% either 
“somewhat disagreed” or “strongly disagreed.” 
 
Thus California respondents were more likely to remember water use amounts from past bills 
(45%) than dollar amounts from past bills (25%). This is the reverse of the result for the same 
questions asked of households in Florida, where 78% agreed they knew the approximate dollar 
amount of their average bill, but only 38% of homes agreed they knew the approximate number 
of gallons of usage (Whitcomb, 2005). This result may indicate that California respondents are 
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more likely to be able to interpret the details of their water bill and understand how their water 
use fits into water use blocks for inclining block rates designed to encourage water conservation. 
 
Respondents were then posed the statement; “The cost of water is an important factor for me 
when deciding how much water to use indoors.”  Only 36% of survey respondents either 
“strongly agreed” or “somewhat agreed” with that statement, compared to over 60% who 
“somewhat disagreed” or “strongly disagreed.”  For the Davis study site, responses were 
reversed, with 65% of respondents either “strongly agreeing” or “somewhat agreeing” versus 
29% choosing “somewhat disagree” or “strongly disagree.” For comparison, 65% of homes 
surveyed in Florida either strongly agreed or somewhat agreed that the cost of water was an 
important factor in deciding how much water to use indoors (Whitcomb, 2005). 
 
The next statement related to determinants of respondents outdoor water use: “The cost of water 
is an important factor for me when deciding how much water to use outdoors.”  Only 26% of 
respondents “strongly agreed” or “somewhat agreed,” while approximately 70% either 
“somewhat disagreed” or “strongly disagreed.”  Again, respondents from Davis differed from 
other study sites, with almost half of the respondents reporting that they “strongly agree” or 
“somewhat agree” and 45% either “somewhat disagree” or “strongly disagree.” For comparison, 
72% of homes surveyed in Florida either strongly agreed or somewhat agreed that the cost of 
water was an important factor in deciding how much water to use outdoors. 
 
The next statement related to respondents’ motivations for conserving water: “I conserve water 
mainly for environmental reasons.”  Across all study sites, only 16% “strongly agreed” or 
“somewhat agreed,” compared to over 80% who “somewhat disagreed” or “strongly disagreed.” 
For comparison, 67% of homes surveyed in Florida reported that they conserved water mainly 
for environmental reasons (Whitcomb, 2005). 
 
The last statement posed to respondents was related to water use and the cost of wastewater 
service: “I take into account the cost of wastewater (sewer) service when deciding how much 
water to use.”   Thirty-nine percent of respondents “strongly agreed” or “somewhat agreed” with 
the statement, and forty-three percent “somewhat disagreed” or “strongly disagreed.”  
Respondents who are charged a flat rate for wastewater/sewer services were instructed to mark 
“not applicable,” which 17% of respondents did.  In Davis and IRWD, a majority of respondents 
(58% and 62%, respectfully) either “somewhat agreed” or “strongly agreed” that wastewater 
rates influence their water use. For comparison, 50% of homes in Florida reported taking into 
account the cost of wastewater in deciding how much water to use.  
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CHAPTER 9 – MODELS OF WATER USE  
 
Having analyzed both the indoor and outdoor water use patterns and survey information from 
several hundred single-family homes across California, the next step was to perform regression 
analyses on the results in order to determine which factors were most important in explaining 
water use in the homes.  Models were built for total indoor water use (gphd), outdoor water use 
(kgal/year) and individual models were also built for the important end uses because variables 
that might not show up as significant for whole house indoor use may be significant for 
individual end uses. 
 
Using the SPSS package a series of models were tested.  The list of 61 variables used in this 
analysis is shown in Table 69.  The variables were divided into four groups. The first group 
consisted of dependent variables, namely the daily and annual water use that we seek to explain 
in this analysis.  The second group contained the variables that were thought to be best for the 
indoor analyses.  The third group contained the variables for the outdoor analyses, and the fourth 
group contained questions about the attitudes and knowledge of the customers that were to be 
tested as to their relevance for both indoor and outdoor models. 
 
There were two types of independent variables in the modeling system: continuous variables that 
could assume any real positive value, and flag or conditional variables that were used to test the 
impact of a specific state or conditions on the water use.  Flag variables assume the values of 0 or 
1.  Note that there were no geographical variables, such as the water agency or region of the state 
in which the customer resided.  Geographical variables were excluded because the original work 
plan called for pooling all of the results into a single data set for modeling purposes. By pooling 
the data the underlying factors such as the number of residents, types of fixtures and appliances, 
income, irrigated area, ET, etc, that have a real impact on water use could be identified and 
analyzed using the full range that they assumed in the sample. 
 
The modeling approach was a two step process.  First models were developed using the 
continuous variables that best explained indoor and outdoor water use. Next the impact of the 
conditional variables was tested as to whether their inclusion reduced the variance of the basic 
model.  In this case, variance is the total error of the model in predicting water use.  If a 
conditional variable reduced the variance in a statistically significant degree then that condition 
was deemed important in explaining water use. 
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Table 69: Variables used for modeling single-family water use 

Var Name Type Description
Annual_Kgal dependent annual use kgal
Outdoor Kgal dependent best estimate of anual outdoor use
Indoor_Kgal dependent best estimate of annual indoor use
Indoor_GPD dependent gpd for all indoor uses
Toilet_GPD dependent gpd for toilet use
CW_GPD dependent gpd for clothes washer use
Shower_GPD dependent gpd for showers
DW_GPD dependent gpd for dishwashers
Leak_GPD dependent gpd for leaks
Faucet_GPD dependent gpd for faucets
Bath_GPD dependent gpd for baths
Other_GPD dependent gpd for other 
CW_GPL continuous gallons per load for clothes wasers
Toilet_GPF continuous gallons per flush for toilets
CW_HE flag set if cw gpl < 30
Toilt_HE flag set if toilet gpf < 2.0
Res_No continuous number of residents in home
Youth flag flag for presence of non-adults in home
Homies flag flag for at least one adult at home that is not employes outside the h
OwnHome flag flag for ownership of home
Pay4Wtr flag flag if homeowner pays his own water bill
AveRate continuous Average water rate for customer
MaxRate continuous maximum rate charged for water
Bedrooms continuous number of bedrooms in home
HouseAge continuous year that house was built
Bathrms continuous number of bathrooms in the home
Pool flag does house have a pool
Fount_out flag does house have an outdoor fountain
Fount_in flag set if house has an indoor fountain or water feature
Income_Hi flag set flag if household income is => $120,000
Income_Low flag set if income is =< $30000
Garb flag set if house has a garbage disposal
CW flag set if house has a clothes washer
CW Front flag set if house has a front loading CW
DW flag set if house has a dish washer
Spa_In flag set if house has an indoor spa or jacuzzi tub
Spa_out flag set is house has an outdoor spa or hot tub
Swamp flag set if house has a swamp cooler
Treat flag set if house has a whole-house water treatment system
ULF flag set if owners report having at least 1 ULF toilet
Hydra flag set if there is at least one multi headed shower in the home
Leak flag set if homeowner report knowing of a leak in the home
Wait flag set if homeowner reports a very long wait for hot water
Lot_area continuous lot size
Irr_area continuous total irrigated area
Turf_area continuous total turf area
Nonturf_area continuous total non-turf area
NetETo continuous net Eto for site
AppliedWater dependent water applied to landscape (inches)
TIR continuous theoretical irrigation demand (Inches)
AppRatio dependent Application ratio (Applies water/tir)
LndscpRatio continuous landscape ratio (TIR/RefRequirement)
ExcessUse dependent excess water use (kgal)
ContractWtr flag Is the contractor responsible for watering your lawn
Sprinklers flag do they have an inground irrigation system
Override flag does the system have a rain or other shut off device
KnowBill flag Know how much my average water bill was last year (4)
KnowVol flag Know average volume of water used last year
CostImp flag The cost of water is important
Enviro flag I conserve water for environmental reasons
CostAccount flag I take cost into account when deciding how much water to use   
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Indoor Models 
Regression analyses were done for both total indoor use and for several key individual end uses. 
This section describes the model results for the indoor uses. 

Overall Indoor Use 
A total of eight continuous variables were tested for significance in predicting overall indoor 
water use.  In this model the dependent variable was daily indoor household water use (gphd) 
determined from the flow trace analysis.  The independent variables were obtained from the 
survey results.  Both linear and log-log models were tested and the log-log model was found to 
give a better fit to the data.  In addition, the log-log model also captures the fact that indoor water 
use is not linearly related to the key variable (the number of residents in the home), so a log-log 
model was selected for the indoor model.  Table 70 shows the variables tested for the indoor 
model and the significance, measured by the respective p values, determined for each. 
 

Table 70: Continuous variables tested for indoor model 

Variable p-value 
Number of residents in home 0.00 
Household income 0.76 
House Age 0.70 
Home_value 0.39 
Number of  Bedrooms 0.60 
Number of Bathrooms 0.46 
Indoor SQFT 0.36 

 
As can be seen in Table 70 the only continuous variable that was found to be statistically 
significant in predicting indoor use was the number of residents in the home.  All of the others 
had significance p values greater than 0.10, which means that there is a greater than 10% chance 
that their impact was simply random.   
 
The model that resulted from the analysis of indoor water use versus the number of residents in 
the home is shown in Equation 9-1.  The R2 value for the model was 0.40, which implies that the 
model explain roughly 40% of the variability in observed water use.  

Equation 9-1: Model for indoor water use        

     50.6_Re675.72_ 728.0  NosUseIndoor    

Where: 

Indoor_use = gallons per day of indoor water use 
Res_no = number of residents living in the home 
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6.50 = bias correction factor 
 
This model describes household water use patterns in the single-family homes in this study, 
based on their current demographics and physical characteristics.  If one examines the 
descriptive statistics for the homes, described in this report in terms of percent of homes with 
high efficiency fixtures and appliances, income, employment etc then the indoor model describes 
a population of homes meeting those parameters. 
 
To the extent that various groups of homes vary in their characteristics from the homes included 
in this study it was necessary to test for certain conditional variables.  In order to see how the 
various physical and demographic parameters affect the predicted water use a series of 
conditional variables were tested in order to determine how they affected the predicted indoor 
water use in homes.   
 
Table 71 shows a list of the conditional variables tested for their impacts on indoor water use.  
The table shows the variable names, the description of what the variable means, the change in the 
mean indoor use associated with the variable, the probability that the observed change in means 
in simply due to chance, the total number of homes for which the variable was available, and the 
total number of positive responses for the variable.  The variables that proved useful for the 
predictive model have been bolded.  
 
 

Table 71: Conditional variables tested for indoor model 

Variable Name Description of Variable 

Change 
in Mean 
Daily 
Use 
(GPD) 

p-value 
Total No. of 
Responses 

Total Positive 
Responses 

significant_leak Trace analysis showed 
leakage greater than 100 gpd.

222.90 0.000 451 25 

Youth Is at least one of the residents 
of the home not an adult? 

-41.62 0.000 451 170 

Toilt_HE Does the flow trace analysis 
show average gpf to be less 
than 2.0? 

-21.98 0.026 448 129 

Survey_ULF Did the survey indicate at 
least one ULF toilet in the 
home? (note: this is not 
additive with Toilet_HE) 

-20.54 0.065 369 262 

CW_HE Did the flow trace analysis 
show average gallons per 
load to be less than 30? 

-16.72 0.083 426 136 

Hydra Did the survey indicate at 25.91 0.154 451 30 
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Variable Name Description of Variable 

Change 
in Mean 
Daily 
Use 
(GPD) 

p-value 
Total No. of 
Responses 

Total Positive 
Responses 

least one multi-headed 
shower head present in the 
home? 

Income_Hi Was the household income 
above $120,000? 

-13.63 0.168 377 140 

CW_Front Did the survey response 
indicate that the home has a 
front loading clothes washer?

-11.98 0.283 360 110 

Pay4Wtr Do the residents pay for their 
own water? 

-48.06 0.322 445 441 

Spa_out Is there an outdoor spa or hot 
tub at the home? 

-9.93 0.381 447 91 

Spa_in Is there an indoor spa at the 
home 

-23.82 0.386 374 13 

OwnHome Do the residents own the 
home 

-14.36 0.393 446 411 

Survey 
Dishwasher 

Is there a dish washer 
present? 

-9.51 0.451 406 349 

Survey Cooler Is there a swamp cooler? 27.75 0.456 410 7 
Survey Garbage 
Disposal 

Is there a garbage disposal? -10.12 0.461 406 349 

Stay at home? Is there at least one adult that 
is not employed outside the 
home? 

-3.38 0.732 444 316 

Survey Softener Is there a whole house water 
treatment system present 

4.52 0.770 415 45 

Fount_Out Is there an outdoor fountain 
present? 

2.66 0.844 451 58 

Wait Is there a noticeable wait for 
hot water somewhere in the 
home? 

1.84 0.848 384 163 

Pool Is there a swimming pool 
present? 

-1.28 0.913 388 77 

Income_Low Is the household income less 
than $30,000? 

1.57 0.924 377 35 
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For practical purposes this model took the form shown in Table 72.  This model is applied by 
first determining the uncorrected water use by multiplying 72.675 times the number of residents 
to the 0.728 power.  The four correction factors are determined by multiplying the percent of the 
populations that are negative for the factor by the negative study residual plus  the percent of the 
population for which they are positive times the positive residual.  The total correction factor is 
the sum of the four separate factors. 

Table 72: Working version of predictive model 

Indoor Model Summary 
 Exponent Constant Bias Correction  
Number of Residents 0.728 72.675   
Bias correstion 6.5    
 Study Pct Neg Study Pct Pos Study Residual 

 (-) 
Study Residual 
(+) 

Significant leak 93% 6.55% -12.356 210.541 
HE Clothes washer 71% 29.50% 10.012 -6.708 
HE Toilet 70% 29.73% 7.747 -14.235 
Kids/Teens at home 64% 36.15% 15.688 -25.932 

 
When the predictive model is used with an average number of 2.94 residents per household, 
which was the average number of persons per household in the study group, and with the 
proportion of homes meeting the 4 conditional criteria shaded in green then the model predicts 
an average indoor household use of 175 gphd, which is the same as the observed use shown in 
Table 37.   

Per capita Indoor Use Relationships 
At this point the research contains detailed indoor use data for a number of study sites, which 
were collected using the same techniques used for this study.  Using each dataset relationships 
were developed between indoor water use and the number of occupants in the homes.  These per 
capita relationships are shown in Table 73 and  
Figure 71.  It is significant to note that none of the relationships between indoor water use and 
number of residents are linear.  This effect has been noted by other authors such as Pekelney and 
Chesnutt53, and it has important implications for use of per-capita data for projecting water 
savings or water demands.  The last column of Table 73 shows the projected per capita use for a 
family of 3 based on each data set.  These show that the per capita indoor use in the California 
Single Family Homes Study is 13.3% lower than the per capita indoor use from the REUWS 
when the data are normalized for a family of 3.  
 
                                                 
53 Pekelney, D. M. a. C., Thomas W. (1996). "Cost-Effective Cost-Effectiveness:Quantifying Conservation on the 

Cheap." In: AWWA National Conference, AWWA, Toronto, Canada., Pgs  6,7 & 8. 
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Table 73: Comparison of per capita indoor water use  

Study  Model Description Per capita 
use for 
family of 3 

Percent of 
REUWS 

REUWS 87.41 · 
x0.69 

1189 homes from REUWS 
set 

62.18 100% 

California SF Home 
Study 

72.67 · 
x0.728 

The 780 SF homes in this 
study, see Equation 9.1 

53.89 87% 

EPA New Home 
Study 

66.3 · x0.63 Study of homes built after 
2001 

44.15 71% 

EPA Post Retrofit 
Study 

50.21 · 
x0.77 

Study of 100 high 
efficiency homes 

39.0 58% 

 
When the four equations shown above are plotted on the same graph the results are quite 
striking.  The oldest and least efficient is the group of homes from the REUWS study.  The 
highest efficiency homes are those from the EPA Retrofit study.  The group of approximately 
300 new homes selected from standard homes built after 2001 in 10 water agencies lies just 
above the Retrofit homes, and the homes from this study, which are a cross section of existing 
homes in California lies between the new homes and the REUWS homes.  The potential savings 
in indoor use in the California homes can be estimated as the reduction in use that would occur if 
the homes consumption dropped to the region of the bottom line in the figure represented by the 
EPA Retrofit Homes.   
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Figure 71: Comparison of per capita indoor use relationships 
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Individual End Uses 
Individual end use models were developed for clothes washers, faucets, leaks, showers and 
toilets.  These models helped to clarify the factors that influence these end uses which might not 
have shown up as significant in models of overall indoor use.  They offer several useful insights 
for program design, but are not intended to be used for prediction of overall household use.  

Clothes washer end-use analysis 
The model for clothes washer use was developed similarly to the indoor use model.  First a 
regression model was created using the continuous variables that proved significant in predicting 
clothes washer use. Next, a series of conditional variables were tested as to how they improved 
the fit of the data. Like daily indoor use, this end-use follows a log-normal distribution. Several 
of the factors listed below correlate with higher or lower clothes washer use, but we would not 
say that in all cases these factors have a cause and effect relationship.  For example, the two 
questions about knowledge of water and wastewater use and charges correlate with increased 
clothes washer use.  This is an interesting correlation, but one would not expect that knowledge 
of water use and wastewater charges would necessarily lead to increased clothes washer use, 
unless people who pay attention to things like the cost of water are basically more compulsive 
about details, and this extends to the level of cleanliness of their clothes. 
 
The following factors were associated with higher clothes washer use.  All except the first two of 
these variables are flags: 
 
Number of residents 
Higher clothes washer gallons-per-load 
Having residents younger than 18. This is after correcting for the number of residents. 
Agreement with “Without looking at past bills, I know about how much water my household 
used in an average (typical) billing period last year” Q45B 
Agreement with “I take into account the cost of wastewater (sewer) service when deciding how 
much water to use” Q45F 
Respondents who underwent bathroom renovations and plumbing renovations. These numbers 
are not cumulative for respondents who have renovated both. 
Factors associated with lower clothes washer use: 
Having to pay for water 
 
Table 70 shows the continuous variables that tested positive for clothes washer use. The resulting 
model, shown in Equation 9-2, had an r2 value of 0.30. 
 

Table 74: Continuous variables found to be significant for clothes washer use 

Variable p-value 
Number of residents 0.00 
Clothes washer gallons per load 0.00 
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Equation 9-2: Clothes washer end-use correction 

70.058.0 __Re31.1 GPLCWNosCW   
Where: CW = gallons per household per day used for clothes washers 
Res_No = number of residents in the home 
CW_GPL = capacity of clothes washer (gal/load) 
 
This regression achieved the highest r-squared (0.30) by ignoring other physical factors: income, 
age of home, home value, and indoor size. The strength of a factor is measured by the difference 
in average clothes washer use. The mean of corrected clothes washer use is based on residuals 
from log-log regression. 
 

Table 75: Conditional variables tested for impacts on clothes washer use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Pay4Wtr Do the residents pay 
for their own water? 

-18.73 0.05 421 417 

Survey Bathroom 
Renovated 

Bathroom fixtures have 
been renovated 

3.52 0.09 374 235 

Survey Plumbing 
Renovated 

Plumbing has been 
renovated 

3.53 0.10 364 144 

q45F_agree Agreement with “I take 
into account the cost of 
wastewater (sewer) 
service when deciding 
how much water to 
use” 

3.57 0.08 367 148 

q45B_agree Agreement with 
“Without looking at 
past bills, I know about 
how much water my 
household used 

4.19 0.04 372 164 

Youth Is at least one of the 
residents of the home 
not an adult? 

4.59 0.02 426 162 

 
Whether the clothes washer is a front-loading or top loading design did not reach significance. 
This is expected because the effect of clothes washer load volume is already corrected as part of 
regression gallons per load.  
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The means reported for bathroom and plumbing renovations are not cumulative. The real 
interpretation of the renovations findings is that kitchen renovations are not related to clothes 
washer use, where households with either plumbing or bathroom renovations are associated with 
increased use.  
 
The data show that after correcting for the number of residents in the home, having children or 
teenagers present in the home is associated with a modest increase of 4.59 gpd for clothes washer 
use.  This makes sense given the way children and teenagers get their clothes dirty at school, 
play or sports.  
 
Only 1% of respondents reported that their landlord or homeowners association pays for water.  
This small group, however, had an average  use that was 18.7 gphd less than the rest of the 
households. Even though the p value was only 0.05, which indicates a statistically significant 
value, a sample of only 1% seems too small fro which to base general conclusions. 
 
Four factors reached significance with very similar results: Two attitude questions and the 
presence of bathroom and plumbing renovations are each associated with an average 3.52 – 4.19 
gphd higher clothes washer use.   We speculated above about the possible linkages between 
attitudes and clothes washing.  The relationship between remodels and plumbing seems a more 
concrete sort of effect. 

Faucet end-use analysis 
Like daily indoor use, this end-use follows a log-normal distribution.  
 
Factors significantly associated with higher faucet use: 
Number of residents 
Number of toilet flushes 
A “leak” other than toilet, faucet, pool and irrigation leaks. 
Factors significantly associated with lower faucet use: 
Modernized kitchen appliances (dishwasher and garbage disposal) 
Agreement with “Without looking at past bills, I know about how much water my household 
used in an average (typical) billing period last year” 
Agreement with “The cost of water is an important factor for me when deciding how much water 
to use indoors (e.g. for washing dishes, washing clothes, showering/bathing, etc.)” 
Agreement with “I take into account the cost of wastewater (sewer) service when deciding how 
much water to use.” 
Household has a water softener, pool or outdoor spa. (Numbers reported do not reflect a 
cumulative effect) 
Household has residents under 18 
 
The level of significance reflected here is based on corrected Trace Wizard faucet analysis using 
the same technique as broader indoor and outdoor models for total household use: log-log 
regression. This technique is used to mitigate the dominance of physical features like bathroom 
use and the number of people in the household over subtler features like the respondent’s 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 200 



California Single Family Home Water Use Efficiency Study  4/20/2011 

attitudes toward water conservation. Bathroom use is defined by the number of toilet flushes per 
day. This factor is not generally estimable in the population – it is reflected specifically as part of 
the faucet end-use model and is not included in any other models.  
 

Table 76: Faucet end-use correction factors 

Factor p-value 
Flushes Per Day 0.00 
Residents 0.00 

 

Equation 9-3: Faucet end-use correction 

0.460.44 FPDresidents5.54  GPDFaucet   
 
 
Where: 
 
Faucet GPD = Average daily gallons faucet use 
Flushes per day = Average daily number of toilet flushes 
Residents = Full-time residents in household 
 
This regression achieved the highest r-squared (0.29) by ignoring other physical factors: income, 
age of home, value of home, inside size of home, and number of bathrooms. Generally, survey 
responses are less complete for these ignored variables. 
 
The strength of a factor is measured by the difference in average daily faucet use. The mean of 
corrected faucet use is based on residuals from log-log regression. 

Table 77: Conditional variables tested for impacts on faucet use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Survey 
Dishwasher 

Is there a dish washer 
present? 

-14.17 0.00 398 330 

Survey Garbage 
Disposal 

Is there a garbage 
disposal? 

-13.08 0.00 403 347 

q45B_agree Agreement with 
“Without looking at 
past bills, I know about 
how much water   
My household used in 
an average (typical) 

-7.85 0.00 391 174 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 201 



California Single Family Home Water Use Efficiency Study  4/20/2011 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 202 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

billing period last year” 
Spa_out Is there an outdoor spa 

or hot tub at the home? 
-7.71 0.00 444 89 

q45F_agree Agreement with “I take 
into account the cost of 
wastewater (sewer) 
service   
when deciding how 
much water to use” 

-7.16 0.00 386 158 

q45C_agree Agreement with “The 
cost of water is an 
important factor for me 
when   
deciding how much 
water to use indoors 
(e.g. for washing   
dishes, washing 
clothes, 
showering/bathing, 
etc.)” 

-6.34 0.01 392 143 

Survey Softener Is there a whole house 
water treatment system 
present 

-5.93 0.10 412 45 

pool Is there a swimming 
pool present? 

-5.35 0.07 385 75 

Youth Is at least one of the 
residents of the home 
not an adult? 

-4.11 0.06 448 168 

Survey Other 
Leaks 

A “leak” other than 
toilet, faucet, pool or 
irrigation leakage 

28.50 0.00 389 6 

 
Other factors, such as the number of adults not employed outside the home did not reach 
significance. With a larger sample, bathroom renovations may reach significance.  
 
The survey asked the residents say whether they had known leaks in five types of devices: 
toilets, faucets, pools, irrigation systems and “other leaks”.  There were a few homes that 
responded that they had other leaks.  This response was associated with a significant increase in 
faucet use.  It is possible that theses leaks gave the appearance of faucets, and that in this case 
some leakse was classified as faucet use. 
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The results for dishwashers are interesting in that they suggest that the presence of a dishwasher 
relates to lower faucet use.  This makes intuitive sense since dishwashers wash dishes far more 
efficiently than do hand washers.  On average there are 0.35 dishwasher loads per day and these 
are linked to 14 gpd of reduced faucet use.  This suggests that a dishwasher that uses 7 gallons 
per run or 2.4 gpd of water eliminates the use of 14 gallons of faucet use for a net reduction in 
11.5 gpd in indoor use.  The data do not prove this to be the case, but do suggest that 
dishwashers may be water conservation devices. 
 
The same is true of garbage disposals, although the intuitive linkage is not quite as compelling.  
The logic here is that having a garbage disposal reduces the amount of water that is run into the 
kitchen sink in order to clean out food particles and keep the drain running.  Again, this is an 
interesting finding and one that could be tested through pre-post analysis in a set of test homes. 
 

Leaks 
Like daily indoor use, household leakage follows a log-normal distribution. However, the highest 
“leak” rates are several orders of magnitude above the mean. Unlike other end-uses in this 
analysis, leakage was not found to be related to any of the continuous variables in the data set so 
it was modeled strictly against the conditional variables.   
 
The following conditional factors were associated with higher leakage: 
 
The presence of a swimming pool 
Remedy installed for hot water availability 
Having an in-ground sprinkler system 
The presence of a water treatment system 
Survey indicates any leaks were known to be present in the home 
 
Factor associated with lower leakage: 
Manual irrigation (versus automatic irrigation) 
 
As shown in Table 78 the strength of a factor is measured by the difference in average daily 
leakage and the p value being less than 0.10. 
 

Table 78: Conditional variables tested for impacts on leakage 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total Positive 
Responses 

Survey Manual 
Irrigation 

Any part of the 
landscaping is 

-4.29 0.07 393 284 
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watered manually 
survey_leaks Any “leak” indicated 2.27 0.04 415 56 
Survey Treatment Is there a whole 

house water 
treatment system 
present 

7.47 0.01 425 47 

SprinklerSystem In-ground sprinkler 
system 

8.35 0.01 733 246 

Survey Toilet 
Leaking 

Toilet is running, 
potentially a flapper 
leak 

10.58 0.06 415 23 

Q10 Hot water remedy 12.11 0.05 380 42 
Pool Is there a swimming 

pool present? 
17.51 0.09 396 78 

 
The data show that there is a marked difference of over 12.6 gphd in mean leakage rates between 
homes with automatic sprinklers and homes that irrigate manually.  This suggests that automatic 
sprinkler systems are the source of a significant amount of leakage in these homes.   It is not 
really clear why having a water softener should relate to increases in leakage.  Perhaps this is due 
to the fact that water softeners may create events that have the appearance of leaks.  The fact that 
the two survey questions about leakage relate to the amount of leakage found in the trace is 
obvious.  The relationship between a pool and leakage may be due to the fact that some pools are 
a source of leaks and that pool filling may appear to be leakage on the trace as pools are 
continuously refilled to replace evaporation and splashing losses. Again, it is not clear what the 
relationship is between having a hot water recirculation system and leakage. There devices 
operate inside the house plumbing systems and should not have an impact on the water meter. 
 

Shower end-use model 
Daily shower usage showed a relationship between the number of residents in the home and the 
household income.  Like daily indoor use, this end-use follows a log-normal distribution.  
 
Factors associated with higher shower use: 
Number of residents 
Income 
Renting 
Unspecific renovations (any bathroom, kitchen, or plumbing renovations) 
 
Factors associated with lower shower use: 
 
Adults not employed outside the home. This occurs after correcting for the number of residents. 
Outdoor spa or hot tub 
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The level of significance reflected here is based on corrected shower gallons-per-day from Trace 
Wizard analysis using the same technique as broader indoor and outdoor models for total 
household use: log-log regression. This technique is used to mitigate the dominance of physical 
features like the number of people in the household over subtler features like the respondent’s 
attitudes toward water conservation.  
 

Table 79: Shower end-use correction factors 

Factor p-value 
Residents 0.00 
Income 0.01 

 

Equation 9-4: Shower end-use correction 

0.270.84 incomeresidents3.49GPHDShower   
 
Where: 
 
Shower gphd = Average daily shower use (gallons) 
Residents = Full-time residents in household 
Income = Annual household income, units of $1000 
 
The regression achieved the highest r-squared (0.29) by ignoring other physical factors: income, 
age of home, home value, indoor size of the home, number of bathrooms and, notably, 
showerhead flow rate. Showerhead flow rate is not correlated strongly with household shower 
water use and its absence means this model predicts no change in daily shower volume given a 
change in showerhead flow rate.  
 
The lack of a relationship between shower flow rate and household water use for showering 
appears to be due to the fact that while there is a significant spread in flow rates of individual 
showers, as shown in Figure 48 and Figure 49, there is not a lot of variation in the average 
shower flow rate on the household level.  The average shower flow rate for each of the 716 
homes in the group was 2.15 ± 0.05 gpm, which implies that the variability in shower flow rates 
occurs within the houses rather than among them.  In other words, the higher flow rate showers 
are spread out among many homes rather than being concentrated in a few homes, and as a 
consequence the impact of higher flow rate showers was lessened in significance. 
 
It was interesting to note that the presence of multi-headed showers was not a factor in predicting 
greater household shower usage, while it was a factor relating to increased total indoor water use.  
Examining the data showed that the homes with the multi-headed showers also had larger 
leakage than the others.  This suggests a relationship between leaks and multi-headed showers.  
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Weather the showers heads are actually leaking themselves, or whether this is just a coincidental 
finding remains to be seen.  
 
The strength of a factor is measured by the difference in average daily shower use. The mean of 
corrected shower use is based on residuals from log-log regression. 
 

Table 80: Conditional variables tested for impacts on shower use 

Variable Description Change in 
Mean 
Daily Use 
(gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Spa_out Is there an outdoor 
spa or hot tub at the 
home? 

-5.52 0.06 368 72 

At Home Is there at least one 
adult that is not 
employed outside 
the home? 

-4.51 0.08 371 256 

Renovations Any bathroom, 
plumbing or kitchen 
renovations 

5.20 0.07 335 259 

Renter Survey respondent 
is not the 
homeowner 

13.35 0.00 369 29 

 
Other factors, including presence of a multi-showerhead fitting and attitudes about water 
conservation, did not reach the 90% significance level.  The relationship between having an 
outdoor spa and less water used for showering seems to imply that people may spend less time in 
the shower if they have a spa.  The fact that having someone at home during the day relates to 
less shower use seems counter intuitive.  One would expect persons in the home during the day 
to shower more than people who go out to work. Perhaps people who stay at home don’t shower 
because they don’t need to, or they may go to health clubs.  It is possible that generational 
changes affect this result as well.  The survey did not include ages of residents beyond 18 years, 
and adults at home during the day may be related to the age of those residents.  Having a positive 
relationship between bathroom improvements and more shower use makes sense, but it is not 
clear why renting rather than owning relates to more shower use. Remember, the number of 
residents in the home has already been taken into account. 
 
The 29 homes occupied by renters also used more water for showering.  This is a small sample 
so it is difficult to determine if there is a meaningful relationship between renting and shower 
use.  Showerhead flow rates showed no relationship to renting.  The distinction between shower 
use by renters versus homeowners is probably related to a difference in per-person daily shower 
duration. Average duration per renter is 9.7 minutes, versus 5.8 minutes per homeowner.  But 
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this simply begs the question as to why renters spend more time in the shower.  This may just be 
a coincidental relationship, or it could be due to the fact that the renters under-reported the 
number of persons living at their addresses. 

Toilet end-use model 
Like daily indoor use, this end-use follows a log-normal distribution.  
 
Factors associated with higher toilet use: 
 
High volume toilet 
Number of residents 
Indoor house size 
Agreement with “I conserve water mainly for environmental reasons” 
Adults not employed outside the home. This occurs after correcting for the number of residents. 
Bathroom renovations. This occurs after correcting for the toilet flush volume. 
Factors associated with lower toilet use: 
Residents under the age of 18. This occurs after correcting for the number of residents. 
 
The level of significance reflected here is based on corrected toilet gallons-per-day from Trace 
Wizard analysis using the same technique as broader indoor and outdoor models for total 
household use: log-log regression. This technique is used to mitigate the dominance of physical 
features like household size and the number of people in the household over subtler features like 
the respondent’s attitudes toward water conservation.  
 
It’s important to note that domestic toilet statistics from flow trace analysis can provide three 
valuable pieces of information: 
 
Average toilet flush (reported here as gallons per flush) is an objective measure of water 
efficiency. The mean of household average toilet flush volume is an appropriate measure of 
average toilet flush volume throughout the population.  
Flushes per day can be used to estimate how busy a household is on a daily basis, and can be 
more appropriate than number of residents when investigating changes in water use for fixtures 
other than toilets. Put another way, this analysis assumes that toilet flush volume is unrelated to 
many demographic and habitual characteristics; conversely, flushes per day is likely related to 
demographic and habitual characteristics. While approachable, flushes per day is not a 
commonly available statistic for a population, and statistics in units of flushes per day are not 
practically applied to a population specifically with regard to volumetric changes in water use.  
Daily toilet volume is algebraically = (average toilet flush) x (flushes per day). Reported here as 
gallons per day, this is the most useful statistic for dimensionally evaluating change in water use. 
However, while average flush volume and flushes per day are assumed to be unrelated in cases 
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where both quantities are nonzero54, daily toilet volume is of course fundamentally dependent on 
both quantities.  
 
If one knows both the average flushes per day and the gallons per flush then it would be possible 
to perfectly predict toilet use.  In fact it is impossible to know both of these parameters.  The 
average flushes per day is related to the number of persons per home.  In addition, it appears as 
though toilet flushing is related to the size of the home.  Perhaps larger homes have more visitors 
and guests who contribute to the totals. The data suggest that daily volumetric household toilet 
use is dependent of the average flush volume of the toilets, the number of residents in the home, 
and the size of the home. 
 

Table 81: Toilet end-use correction factors 

Factor p-value 
Residents 0.00 
Gallons per flush 0.00 
Indoor SQFT 0.01 

 

Equation 9-5: Toilet end-use correction 

0.320.860.61 sqftindoor flushper  gallonsresidents0.69GPDToilet   
 
Where: 
Toilet GPD = Average daily gallons toilet use 
Gallons per flush = Average toilet flush volume, probably averaged over several toilets in 
household 
Indoor SQFT = house size (indoor) in square feet.  
 
This regression achieved the highest r-squared (0.46) by ignoring other physical factors: income, 
age of home, value of home, and number of bathrooms.  The fact that a relationship was seen 
between the number of residents, the size of the average flush and total daily toilet use makes 
perfect sense.   
 
Table 82 shows the impact analysis for the conditional variables.  The strength of a factor is 
measured by the difference in average daily toilet use. The mean of corrected toilet use is based 
on residuals from log-log regression. It’s important to interpret these differences independent of 
the toilet flush volume; for example, a difference related to bathroom fixtures occurs beyond the 
impact of changing toilet flush volume.  

                                                 
54 Theoretically, zero toilet volume gives no information about toilet flush volume nor flushes per day. Fortunately, almost all domestic use 

logged includes toilet use. 
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Table 82: Conditional variables tested for impacts on toilet use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Youth Is at least one of 
the residents of 
the home not an 
adult? 

-6.79 0.02 212 93 

Survey 
Bathroom 
Renovated 

Bathroom 
fixtures have 
been renovated 

5.46 0.07 188 115 

Person at Home Is there at least 
one adult that is 
not employed 
outside the 
home? 

7.06 0.02 208 137 

q45E_agree Agreement with 
“I conserve water 
mainly for 
environmental 
reasons” 

9.59 0.01 186 34 

 
 It makes sense that having young people in the home reduces toilet use since youngsters tend to 
be at school during the day.  It is also reasonable that having adults at home during the day 
increases the frequency of toilet flushing.  It seems reasonable that having a renovated bathroom 
might increase its use, but if this renovation included toilet upgrades one would expect the 
opposite effect.  It makes no sense as to why conserving water for environmental reasons should 
increase toilet use. This is probably a spurious finding. The presence of ULF toilets based on the 
survey did not reach significance. This is expected because daily toilet volume has been 
corrected for toilet flush volume.  

Discussion of Indoor Model  
In this study group the only continuous variable that was found to be statistically significant with 
respect to indoor water use was the number of residents in the home.  The size of the home and 
the home value were the closest to having significance, but neither had more than an 84% chance 
of being significant.  The Yarra Valley, Australia study, that included over 700 homes, found 
that the number of residents was the only significant factor in indoor use. 
 
The indoor water use models that were derived from the data in this study show that indoor use is 
related to the number of persons per home, whether there are any significant leaks in the home, 
whether there is at least one non-adult living in the home, whether the home is equipped with 
ULF or better toilets and high efficiency clothes washers. 
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While the individual end-use models provide interesting insights into water use they are less 
useful for generalized predictions. Either they relate to parameters that are difficult to determine 
with statistical accuracy, or they rely primarily on the same major parameter, the number of 
persons per home. 
  
We suggest using the overall end-use model for planning purposes.  
 
There are several interesting findings in the conditional variables.  Going down the list in Table 
71: 
 
The presence of a non-adult (teenager or child) was associates with less water use (~42 gpd) for 
the same total number of residents.  This means that that a youth tends to account for less water 
use than an adult in the home, and that a home with three adults will use more water than a home 
with two adults and a youth. According to the models a home with standard fixtures and 
appliances with three adults is expected to use 162 gphd, while a home with two adults and a 
youth is expected to use only 120 gphd. 
There was remarkably good agreement among the homes in which flow trace analysis showed 
the presence of ULF toilets and in which the survey indicated that at least one of the toilets was a 
ULF.  This is reassuring.  The fact that there were more homes with at least one ULF than homes 
that met the efficiency criteria shows that the may be some confusion among customers about 
identifying ULFs by the customers, and also that a single ULF is not enough to bring the average 
gallons per flush under 2.0, which was the cut-off used for our categorizing.   
Homes which meet the ULF criteria used approximately 22 gallons per day less for indoor uses 
than equivalent non-ULF homes. 
The presence of high efficiency clothes washers was responsible for a reduction in indoor use of 
17 gpd relative to homes with standard clothes washers. 
Together, ULF toilets and high efficiency clothes washers account for a reduction in indoor 
water use of 39 gpd or 14,235 gallons per year. 
The presence of a multi-headed shower head was significant at the 85% confidence level and 
was associated with an increase in indoor water use of 26 gpd.  This did not meet the 95% level 
used for the cut-off, but it is suggestive that these devices actually do increase indoor use.  They 
were found in only 30 out of 451 respondents. 
The high income variable was also almost significant.  High income households, though, tended 
to use less water than the mean. Perhaps this is because everyone is out working, or they belong 
to more recreation centers. 
None of the variables below the front loading clothes washer in Table 71 appeared as significant 
in explaining indoor water use.  The 163 homes in which people reported having a noticeable 
wait for hot water did not increase the indoor water use.  This is surprising and probably shows 
that these people simply learned to use cold water rather than waiting for the hot water to arrive. 
Homes in which the residents paid for water had a lower average indoor use, which is as one 
would expect. The statistical significance, however, is not sufficient for a firm conclusion about 
this. 
The presence of a spa either in or outside of the home had no impact on indoor use. Actually, 
spas were associated with decreases in indoor uses, which does not seem logical. Perhaps these 
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spas were not used that much.  The survey, however, shows that 85% of the people with spas 
reported that they are filled year round.  So there are still some questions here.  One would think 
the homes with spas would tend to use more water than equivalent homes with no spas. It may 
also be that spa use showed up in the analysis as outdoor use. 
Indoor use impacts could not be found for home ownership, the presence of garbage disposals, 
swamp coolers, dishwashers, someone at home during the day, water softeners, pools, slow hot 
water systems or fountains.  In some cases the impacts were small in comparison to the total 
indoor use, or there were not enough respondents either with or without the devices to give a 
good comparison. 
The presence of pools did not change indoor use.  This makes sense because residential pools are 
almost always outdoors, and also shows that pool use did not accidentally get classified as indoor 
use during the analysis. 
Low income households clearly did not use indoor water differently than other homes. 
 

Predictive Indoor Models 
There were two approaches for making predictions of indoor water use from the data collected in 
this study.  The first was to use the indoor model developed for the study group and to change 
the parameters for the explanatory variables to reflect greater proportions of the homes falling 
into the high efficiency categories. This would involve reducing the percent of homes with more 
than 100 gpd of leakage and increasing the percent of homes that met the toilet efficiency criteria 
of average flushes of 2.0 gallons or less and increasing the percent of homes meeting the high 
efficiency criteria of clothes washer per load volumes of 30 gallons or less.  Table 83 gives 
examples of what the indoor use model predicts for impacts of these changes while leaving the 
number of persons per household and the proportion with youngsters alone. 
 
As can be see from Table 83 the data from this study predict that if all of the remaining clothes 
washers and toilets were brought to the efficiency criteria used for this study the average 
household use would drop from 175 gphd to 148 gphd.  This would be an improvement, but 
would not reach the target of 120 gphd used as the study efficiency benchmark.  In order to get 
closer to this target it will be necessary to limit leakage in the homes to less than 100 gphd.  If 
this were done then the predicted average household indoor use would drop to 133 gphd, which 
is closer to the target, but still 11% above it.  
 
The reason that the model derived from the study data fails to predict household water use down 
at levels which are known to be possible from the retrofit studies is that there are so few homes 
meeting these criteria in the group that the model fails to make projections in these ranges.  The 
household efficiency criteria used for the models are based on toilet flushes that basically meet 
ULF, or 1.6 gpf, criteria, and clothes washer volumes of 30 gpl.  Both of these are more efficient 
than the averages found in the population, but they are not at the best efficiency levels available.  
The models do not predict savings from faucets or showers since there was not enough 
variability in the data to elicit these effects. 
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The second approach for predicting impact on indoor household water use was the performance 
based model based on conservation potential calculated individually for each home in the study 
group; as opposed to calculated from a mathematical relationship. In this approach the 
conservation potential for the group was determined by taking the total savings for each home 
for four indoor water uses: toilets, leaks, clothes washer, and faucets using a spreadsheet that 
compared the observed daily use to the predicted use if the conservatiojn parameters were 
adhered to. 
 
The performance model uses the number of toilet flushes per day and the number of loads of 
clothes per day times volumes measured by the flow trace analysis and the conservation target 
gallons per flush or gallons per load to calculate the projected water use for toilets and clothes 
washers for each home in the study group.  Leakage rates are determined by assuming that we 
can cap the maximum allowable leakage per household at a desired level, which in this case is 25 
gpd. Faucet use is estimated by assuming that devices can be found that will reduce faucet use by 
a set percentage (10%).  These parameters are used to determine what the water use would be for 
each home under the targeted performance level with the other categories left unchanged.  The 
savings for the homes are calculated using the observed study group as the baseline.  This 
approach allows the impact of conservation features (such as 1.2 gpf toilet or 15 gpl clothes 
washers) to the evaluated when the regression model is not able to predict these results because 
so few of the data points lie within these ranges. 
 
Table 84 shows the results if we assume that the maximum allowable clothes washer volume is 
20 gallons per load, that faucet use is reduced by 10%, that leakage is limited to no more than 25 
gallons per day and that toilet flushes are limited to 1.25 gallons per flush.  If these limits are 
imposed on the data from the homes in the study group, and all other uses are left unchanged, 
then the average indoor household water use would drop to 120 gphd, which is the target for the 
benchmark savings used for this study.  Basically, this table shows the performance standards 
that would need to be observed by the study group in order to reduce their average indoor use 
from 175 to 120 gphd.  All of the performance targets are well within the ranges of current 
technologies, and are technically achievable. 
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Table 83: Use of indoor model for predictions of conservation impacts 
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1 Model Group 2.94 166 93 6.55 2.2 70.5 29.5 5.1 70 30 1.2 64 36 0.6 9.18 175 

2 
All houses meet the Toilet 
and CW Criteria 

2.94 166 93 6.55 2.2 0.0 100.0 -6.7 0 100 -14.2 64 36 0.6 -18.1 148 

3 
Leakage over 100 gpd 
eliminated 

2.94 166 100 0.00 -12.4 0.0 100.0 -6.7 0 100 -14.2 64 36 0.7 -32.6 133 
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Table 84: Performance based conservation potentials 

Conservation estimation by appliance retrofit Mean 25th % 75th % 95th % 

Clothes washer       
Target GPL = 20.0

0 
     

  Clotheswasherloadsperday 0.9 0.5 1.3 2.2 
  CW_GPD 30.7 15.1 44.2 80.8 
  CW_Conservation_Target_gphd 17.1 9.2 24.7 40.5 
  CW_Savings_gphd 13.6 2.1 19.8 42.9 
       
Faucet       
Target Fraction= 0.90      
  Faucetevents 743.7 354.3 809.3 1788.7 
  Faucetgpd 32.9 16.4 40.3 83.2 
  Faucet_Cons_Target_gphd 29.6 14.7 36.3 74.8 
  Faucet_Savings_gphd 3.3 1.6 4.0 8.3 
       
       
Leak       
Target GPD = 25.0

0 
     

  Leakgpd 30.8 4.2 31.0 118.6 
  Leak_Conservation_Target_gphd 13.3 4.2 25.0 25.0 
  Leak_Savings_gphd 17.5 0.0 6.0 93.6 
       
       
Toilet       
Target GPF = 1.25      
  Toilet_GPF 2.7 1.9 3.5 4.8 
  FlushesPerDay 13.7 8.2 17.8 29.1 
  Toiletgpd 37.4 18.8 50.0 86.2 
  Toilet_Cons_Target_gphd 17.1 10.2 22.1 36.4 
  Toilet_Savings_gphd 20.3 6.6 29.3 56.8 
       
Total  Starting Average gphd 175.0    
  Indoor Savings gphd 54.7 19.2 67.8 159.6 
  Ending Average gphd 120.3    
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Outdoor Model 
After repeated attempts with the variables available from the data sources an outdoor water use 
model was selected that had the best overall fit to the data and ability to predict outdoor water 
use based on empirical observations.  This model also relied on data that were reasonably 
available for planning purposes. The selected model relies on 7 predictive variables as is shown 
in Equation 9-6. 
 

Equation 9-6: Outdoor Use Model 

fo CSprinklerExcessPoolLRatioIncIrrAreaNetETuseOutdoor   506.0125.0682.066.14106207.1_  

Where:  
Outdoor_use = kgal per year of outdoor water use 
NetETo = net annual ETo in inches 
IrrArea = irrigated area in units of square feet 
Inc = household income in $1000’s 
LRatio= landscape ratio = theoretical irrigation requirement/reference requirement 
Pool = 1.38 · % of homes in population with pool + % without pools 
Excess = 3.13 · % of population who are over-irrigating + % who are not 
Sprinkler = 1.21 · % of population with in-ground sprinkler systems + % without 
Cf = error correction factor to observed mean = -9.2 
 
This model shows the interactions between the variables and the outdoor water use based on the 
data obtained for the homes in the study group.   The first four variables show an exponential 
relationship with outdoor use.   In these relationships the higher the exponent the greater will be 
the response of outdoor use to changes in the variable. The last three variables are linear 
variables in which the response is directly proportional to changes in the value of the variable.  
 
The model clearly shows that ET, irrigated area, household income, landscape ratio, the presence 
of a pool, whether the customer is over-irrigating and whether or not there is an in-ground 
sprinkler system are the best predictors of outdoor use. It is interesting to note that marginal price 
of water was not a predictor, but income was. 
 
The fact that net ETo is a good predictor of outdoor use shows that the outdoor use of the group 
was affected by weather and climate factors.  The exponent of the ET variable is greater than 1, 
which shows that outdoor use increases at an increasing rate with ET. This relationship has 
implications on the impact of climate on water use. Irrigated area impacts outdoor use, but in a 
non-linear fashion, with additional increases in area having a diminishing impact on outdoor use.  
While household income is included in the list of explanatory variables, its exponent is only 
0.125, which shows that the impact is almost linear. 
 
The landscape ratio variable captures the impacts of different plant materials, since the landscape 
ratio is the ratio of the theoretical irrigation requirement to the reference irrigation requirement.  
The theoretical irrigation requirement is based on the crop coefficients of the plants in the 
landscape relative to the irrigation requirements of a reference crop (typically cool season turf).  
Therefore, more xeric landscapes will have lower landscape coefficients.   Although the 
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exponent of this variable is not as high as the irrigated area it is much higher than the household 
income variable.  Consequently, its impact on outdoor use is intermediate of the two. 
 
Table 85  shows the workings of the outdoor model in more detail.  There is a row for each of the 
model parameters.  The second column shows the value of the coefficients for the three linear 
parameters and for the exponents for the four power parameters.  The third column shows the 
value of the parameter in the study group data, and the fourth column is for the user to insert an 
assumed value for sensitivity analyses. In this table they are the same as the study mean values.  
The fifth column shows the value for each factors based on the model coefficients and the 
assumed values in column four.  The overall outdoor use value, predicted by the observed data is 
91.3 kgal per household per year. In this table the assumed values have been set to the study 
means, so the model is predicting the same outdoor use as was observed from the data.  
 

Table 85: Outdoor use model details 

Parameter Coefficient 
or Exponent

Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3802.000 275.318 
Net ETo (in) 1.659 42.193 42.193 496.064 
Landscape Ratio 0.506 0.960 0.960 0.980 
Excess Irrigators (%) 3.130 0.505 0.505 2.076 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Household income ($1000) 0.125 $118.12 $118.12 1.82 
Correction -9.200   -9.200 
Observed Mean Use (kgal)    91.3 
Predicted Value (kgal)    91.3 
 
If the values for the parameters are modified without going too far from their original values the 
model will show the predicted change in outdoor water use assuming no other changes occur.  
This allows us to see how sensitive the predictions are to changes in each parameter.  Table 86 
shows how the predicted mean outdoor use for the population is expected to vary if the value for 
each parameter is either increased or decreased by 10%. 
 
If the irrigated areas of the homes were reduced by 10% the model predicts an 8% reduction in 
water use or 6.9 kgal per home. If Net ETo on the other hand, increases by 10% the 
unconstrained water demand would increase by 20% or 17.2 kgal per household.  If less turf 
intensive landscape were installed, such that the overall landscape ratio dropped by 10%, from 
0.96 to 0.86, the water demand would drop by 6% or 5.2 kgal. If the percent of households that 
are over irrigating were dropped by 10%, from 50% to 40%, there would be a 12% reduction in 
average outdoor use, or 10.8 kgal per year. Dropping the percent of homes with in-ground 
sprinkler systems would have an effect on water use, but a 10% reduction would only result in a 
2% reduction in average water use.  Reduction in the percent of homes with swimming pools, 
from 15% to 5% would result in a 4% reduction in average outdoor use, or 3.5 kgal per year.  A 
drop in household income of 10% would correspond to a reduction in outdoor use by just 1%, or 
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0.8 kgal.  Therefore, of the parameters listed in the table, the most effective in reducing outdoor 
use would focus on reducing irrigated areas, using more xeric plant material, and elimination of 
over-irrigation. 
 

Table 86: Sensitivity analysis for outdoor parameters 

Parameter No 
Change 

+10% -10% 

 Outdoor
(kgal) 

% Change 
(kgal) 

Outdoor
(kgal) 

% Change 
(kgal) 

Outdoor 
(kgal) 

Irrigated Area (sf) 91.3 +7% +6.8 98.1 -8% -6.9 84.4 
Net ETo (in) 91.3 +20% +17.2 108.5 -18% -16.1 75.2 
Landscape Ratio 91.3 +5% +5.0 96.3 -6% -5.2 86.1 
Excess Irrigation (%) 91.3 +12% +8.7 101 -12% -10.8 80.5 
In ground sprinklers (%) 91.3 +2% +1.9 93.2 -2% -1.8 89.5 
Swimming pool (%) 91.3 +4% +3.7 95.0 -4% -3.5 87.8 
HH Income ($1000) 91.3 1% +1.2 92.5 -1% -1.3 90.0 
  

Predictions from Outdoor Model 
Of the variables used for the outdoor model, the three most amenable to modification in order to 
reduce outdoor use are landscape type, the percent of homes that are over irrigating, and irrigated 
area. If we take the outdoor use model shown in Table 85 and change the values for these 
variables we can see that the model will predict significant savings in outdoor use.    
 
If we assume an average reduction in irrigated area of 15% from the study mean, a reduction in 
the landscape ratio of 35% (from 0.96 to 0.62), and a reduction in the percentage of customers 
who are over-irrigating from 50% to 20% then the overall average outdoor use would drop from 
91.3 to 40.5 kgal.  This represents an annual savings of over 50 kgal of water per household, 
which is significantly larger than the potential savings from indoor uses. The changes used in this 
example are just for illustrative purposes, but they seem reasonable and probably could be 
achieved over time. 
 

Table 87: Example of outdoor use with higher efficiency standards 

Parameter Coefficient Study 
mean 

Assumed 
Value 

Predicted Outdoor 
Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3232.223 246.479 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.624 0.788 
Excess Irrigators (%) 3.130 0.505 0.200 1.426 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Household_income 
($1000) 

0.125 $118.12 $118.125 1.82 
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Parameter Coefficient Study 
mean 

Assumed 
Value 

Predicted Outdoor 
Use 

Correction -9.200   -9.200 
Observed Mean Use 
(kgal) 

   91.3 

Predicted Value (kgal)    40.5 
 

Discussion of Outdoor Model 
The outdoor model shows seven parameters that appear useful in predicting outdoor water use 
for single-family customers. Three of these: irrigated area, landscape ratio, and the percent of 
customers who are over-irrigating offer the best potential for making reliable reductions in 
outdoor use.  The remaining four factors have problems of one kind or another. There would 
likely be considerable opposition to any movement to ban in-ground sprinkler systems, and the 
predicted water savings are not great enough to make it worth the effort.  The same thing applies 
to swimming pools. Reducing household income would cause a reduction in outdoor use, but 
certainly that is not how most water agencies wish to reduce water use.  While there is a strong 
relationship between ETo and water use, until ways are found to control the weather this will not 
be a factor that can be used. 
 
The three ways that are open for reducing outdoor water use based on this modeling effort are to 
reduce the average irrigated areas on the lots, to encourage use of less water intense plant 
materials—i.e. reduce the landscape coefficients—and to find ways of preventing over-irrigation.   

Projections of Water Savings for Study Group  
The statistical analyses and models prepared to this point allow estimates to be made of potential 
water savings from the 730+ study homes analyzed in this project.  If we look at indoor use, the 
data in the predictive use model shown in Table 84 indicates that if the conservation goals 
specified in the model were possible to achieve then the potential indoor savings is 55 gphd, and 
would result in indoor use dropping from the average of 175 gphd to 120 gphd, with end-uses 
limited to those shown in Table 84.  Fifty five gphd is equivalent to 20 kgal per year (26.8 ccf).  
These savings are known to be achievable theoretically, in small study groups. Whether it is 
possible to achieve them in large populations is a subject for further studies. 
 
Outdoor savings can be achieved by eliminating excess water use where it occurs.  The outdoor 
use statistics show that the average outdoor use in the 87% of the homes that are irrigating is 
92.7 kgal per year, and that the average excess use on these lots is 27.9 kgal per year. So, without 
making any drastic changes to landscaping patterns, and only eliminating excess use on the 
homes that are over-irrigating an average savings of 28 kgal per year could be achieved.  When 
extrapolated from the 87% who are irrigating to all of the study homes this comes to 24 kgal per 
year on average.  If irrigated areas were reduced, and plant materials changed then savings much 
greater than this could be achieved, as shown in Table 87.  If we assume that a modest amount of 
irrigation modifications could occur that would reduce irrigated areas and use more low water 
use plants then outdoor saving of 30 kgal per year on average seem quite reasonable.  Based on 
an indoor savings of 20 kgal per household, and an outdoor savings of 30 kgal per household 
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then the data from this study suggests an average household savings of 50 kgal per year is 
feasible.   
 
A key thing to keep in mind is that the distribution of water savings potential are skewed, 
because that is the pattern with water use and excess use in particular.  The savings are not going 
to be found uniformly across the population, but are going to be concentrated in a small number 
of homes.   This has important implications for designing programs to actually capture the 
projected savings. 
 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 219 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

CHAPTER 10 – STATEWIDE IMPLICATIONS 
 

Overview: Sources of Potable Water 
California is reaching the limits of its water supply for both urban and industrial use. As a result, 
there is growing interest in identifying the potential to put existing water resources to more 
effective use. This section provides some historical background to the state’s sources of potable 
water and produces estimates of the potential to put those sources to better use through increases 
in efficiency in single-family homes, using the data collected for the California Single-Family 
Home Water Efficiency Study. 
 
Water development in California has followed similar patterns observed elsewhere in the United 
States, gradually shifting away from reliance on local supplies to increased dependence on water 
imported from other watersheds as local consumption exceeded the volumes provided by local 
precipitation. As the extent and character of European and Spanish settlements changed, water 
management shifted from indigenous stewardship to the development of bigger and more 
sophisticated systems for storing and moving water. Today, the state is dependent on a complex 
set of dams, aqueducts, irrigation canals, treatment plants, and pipelines spread out and 
traversing many hundreds of miles.  
 
Californians have reaped extraordinary benefits from our manipulation of the waterscape—clean, 
safe water is delivered to millions of homes 24 hours a day at what most consider a reasonable 
cost, and irrigation has made the state the fifth largest producer of food crops in the world. 
However, this development has also come at a high cost to the natural environment. Former park 
ranger and author David Carle has chronicled California’s water development, and notes that 
California has lost more species to extinction than any other state, and that most of these can be 
attributed to human changes to our watercourses and habitat loss. 
 
Nearly every commentator on California water has pointed out the mismatch between where the 
water is and where the people are.  Statewide rainfall distributions are shown in Figure 72, and 
population densities are shown in Figure 73.  The sparsely-populated north receives up to ten feet 
of rainfall in an average year, while Southern California, home to over 25 million people, 
receives less than 15 inches (in some places substantially less than 15 inches), enough to qualify 
as desert by some definitions. This has led one expert to note that “the most interesting statistic 
about California is that 75% of the annual precipitation falls north of Sacramento, the capital city 
in the center of the state, while more than 75% of the demand for the state’s water is south of the 
capital city” (Dickinson undated).  
 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 220 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

 

Mean annual precipitation 1961 to 1990 

Figure 72 Rainfall intensity in California 

  

Figure 73 Population intensities 

 
Left image: Figure 2 in DWR 2003; right image courtesy of the Wikimedia Commons 
(http://en.wikipedia.org/wiki/File:California_population_map.png) 
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In the last century, Californians have embarked on a series of ambitious projects that have altered 
the landscape and waterscape of the state. These projects were built and are managed by a 
variety of private businesses, local water providers, regional agencies, and the state and federal 
government. 
 
The city of Los Angeles pioneered large water transfers by financing the Owens River aqueduct, 
built by LA’s chief engineer William Mulholland from 1905 to 1913. By all accounts, this was a 
remarkable undertaking. Not only was the cost unprecedented, there were engineering and 
political challenges to be overcome; by expropriating water from the Owens Valley, the pipeline 
stirred a controversy that lives on in various forms to this day and has been chronicled in various 
popular books and films. 
 
San Francisco completed its own major water delivery system, the Hetch Hetchy project in 1923, 
which dammed the Tuolumne River inside the borders of Yosemite National Park. This project 
continues to serve San Francisco and other Bay Area cities. 
 
The major city of Oakland and other East Bay communities banded together to dam another 
Sierra Nevada River, the Mokolumne, and build an aqueduct to the East Bay in 1929. In the dry 
Colorado Desert, renamed the Imperial Valley in a fit of local boosterism, a handful of farmers 
began to tap water from the Colorado River around 1922, and greatly expanded irrigation with 
the construction of the Hoover Dam, completed in 1936, and related transfer facilities in the 
region. 
 
California voters narrowly approved bond financing for the State Water Project in a 1960 
referendum, creating what was at the time the world’s largest interbasin water transfer for both 
urban and agricultural use. This included a wide range of physical infrastructure and 
management systems, including the Oroville Dam, San Luis Reservoir, and the California 
Aqueduct, which provide water to Central Valley farms and communities, managed by the 
California Department of Water Resources and local agencies. 
 
A project of even greater scope, the Central Valley Project, was also constructed beginning in the 
1960s by the federal government through the United States Bureau of Reclamation. Like the 
State Water Project, this project also supplies both irrigation and municipal water, produces 
hydropower, and provides flood control and recreation on its many large reservoirs. In total, it 
consists of 20 dams and reservoirs, 11 hydroelectric power plants, and around 500 miles of 
canals. 
 
All told, around 1,200 reservoirs have been built in the state with a total storage capacity of over 
14.4 million acre-feet. For the most part, California relies on water resources from within its 
borders, with the important exception of the Colorado River. 
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Figure 74 California’s major water facilities (from the 2005 Water Plan, figure 302 on page 
3-3) 
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Future Concerns 
 
As the state’s population and economy continue to grow, California is increasingly running up 
against peak water constraints in both renewable and non-renewable water systems (Gleick and 
Palaniappan 2010). While most of the state’s population is clustered around the coastal cities of 
San Francisco, Los Angeles, and San Diego, much of the future growth is expected to occur in 
hotter, dryer inland areas. This raises concerns about future water use. Consider the Los Angeles 
basin averages 15 inches of rain per year. According to one estimate, local water resources could 
support a population of about 150,000 (Carle), leading to the construction of the complex water-
delivery systems and infrastructure described above. Today, the basin is home to some 25 
million residents, and demographers predict that it may grow by several million more by mid-
century. A report by the Public Policy Institute of California points out that the trend is for larger 
homes on larger lots in the Central Valley and Inland Empire (Hanak and Davis 2008).. A 
corresponding increase in landscaped area could result increased outdoor water use, which this 
study reveals comprises more than half of the water used by most households. Some studies, 
such as traditional assessments prepared by the California Department of Water Resources, 
project that significant increases in demand are likely in the future. 
 
A major part of the debate about water in California is how to meet this projected increase in 
demand. It has become increasingly unlikely that there are any major new sources of supply. It is 
getting more difficult to build new dams for a wide range of economic, ecological, physical, 
political, and social reasons. California has made only modest additions to reservoir capacity in 
the past few decades because of these constraints. Further, the majority of California’s dams 
were built during a different era, before the passage of the 1960s and 1970s landmark 
environmental laws such as the Environmental Protection Act, the Clean Water Act, and the 
Endangered Species Act. It is often said that existing projects would be much more difficult to 
build today because of the environmental protections in place. In addition, in much of the state, 
groundwater withdrawals already exceed renewable supplies, putting constraints on finding new 
sources of groundwater to meet projected increases in demand. 
 
Given these constraints on new supplies, considerable attention is now focusing on alternative 
sources for urban use such as desalination, recycled treated wastewater, conjunctive use, and 
especially, improvements in water use efficiency (Gleick et al. 2003). 
 

Water Use in California 
Single-family water use makes up the subject of this research effort.  Generally, single-family 
water use makes up the largest proportion of treated water deliveries.  Also, being relatively 
homogenous it is easier to model and make predictions concerning conservation potential. 

Total Water Use (urban, agricultural, power plants, other) 
Human use of water varies from year to year, largely dependent on weather and the amount of 
water that state and federal agencies are able to deliver to irrigators. In a year of average rainfall, 
water use in California averages 43 million acre-feet (MAF) per year. That is equivalent to about 
1,000 gallons per person per day (gpd), which implies a statewide population of 38.4 million 
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persons. (Note that in this estimate of water use we do not include “environmental water” that is 
included in tallies of water use by the state’s Department of Water Resources. Environmental 
water includes instream flows, flow in designated “wild and scenic” rivers, outflow from the 
Delta to San Francisco Bay required by law, and managed wetlands water use.)  
 
DWR reports that during 1998, a wet year with 171% of the average rainfall, water use was 
around 35 MAF, 20% less than during a normal year. During 2001, a dry year with 72% of the 
average rainfall, total water use was about 43 MAF, similar to an average year. During dry years, 
irrigators can often make up for lower water deliveries through the use of groundwater; 
significant water use reductions are often not observed until a few years into a prolonged 
drought. 
 
Water use in California’s suburbs and cities, referred to as “urban water use,” averages 8.7 
million acre-feet, according to the 2009 California Water Plan, published by the Department of 
Water Resources. That is equivalent to about 200 gallons per day for every California resident. 
(This is a reasonable first estimate as 98% of California’s 38 million people live in urban areas.) 
 
Trends in urban water use and population are shown in Figure 75. The data for this graph comes 
from a table compiled by DWR staff and supplemented by the authors using information from 
data obtained from DWR staff. In their words: 
 
The data in the following table has been accumulated from older versions of Bulletin 160 (1972-
1985), Annual Reports prepared by District Staff (1989-1995) and the Water Portfolio from 
California Water Plan Update 2004 (1998-2001). There is no single database location that 
accumulates water use and supply information for the entire State. 
 
Figure 75 shows California’s population and urban water use from 1972 to the present (solid 
lines) along with projections to the year 2050 (dashed lines). (Note that the final year in which 
reliable water use data were available was 2005.) Population projections are estimates from 
California’s Department of Finance. Water use projections are based on successfully reaching a 
20% per-capita reduction in water use (through efficiency improvements) by the year 2020. 
Under this scenario, urban water use declines over the next 10 years. After 2020, per-capita 
water use is held steady, and population growth causes an increase in urban water use over the 
next three decades.    
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Figure 75: Population and urban water use versus time 

 
Urban water use has increased roughly in proportion to population over the last four decades, 
with some fluctuation. A marked decrease is seen in the early 1990s, as water use was curtailed 
due to drought restrictions. Urban water use reaches a peak in 2004 of 10.1 MAF, before 
declining somewhat to 9 MAF in 2005, the last year for which DWR has published data. 
Droughts can have two opposing effects on urban water use. Dry conditions lead to increased 
demand for landscape irrigation. The state Legislative Analyst’s Office notes that during dry 
years, urban use can actually increase by up to 10%, due to increased water use for landscaping 
(LAO 2008). Prolonged drought, however, can lead state and local authorities to call for 
voluntary cutbacks and other conservation measures, decreasing consumption.  
 
The state appears to now be emerging from the drought of 2006-2009. During this time, water 
suppliers launched a number of efforts to reduce demand, from mandatory prohibitions on 
certain outdoor uses of water, increased rates, appliance rebates, and giveaways of efficient 
fixtures. Although DWR has not yet published data for water use after 2005, there is evidence 
from several areas that per-capita consumption did indeed decrease in response to efforts by 
water suppliers. In Long Beach, for example, per-capita consumption was the lowest since the 
city began keeping records (Veeh 2010). A number of water suppliers have been forced to raise 
rates after their customers’ cutbacks led to less revenue. For example, the Metropolitan Water 
District, Southern California's biggest water wholesaler has seen sales drop off 20 percent over 
the last 3 years, causing them to raise rates by 12.4 percent. Similar situations have been reported 
throughout the state (Fikes 2010). 
 
The US Geological Survey also estimates water use for the United States. The following figures 
are estimates of water use by type in 2005, as reported in Kenny et al. (2005). (Note that this 
table only includes freshwater use. Large quantities of saltwater are used to cool thermoelectric 
power plants, and smaller quantities are use in industry and mining.) 
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Table 88 Freshwater use in California in 2005 (USGS) 
Category Million 

gallons 
per day 
(MGD) 

Million 
acre-feet 
per year 
(MAFY)

Gallons 
per capita 
per day  
(gpcd) 

Percent of 
total 

Irrigation 24,400 27.3     765    74% 
Public Supply 6,990 7.8   219    21% 
Domestic 486   0.54  15.2  1.5% 
Aquaculture 646   0.72  20.2  2.0% 
Livestock 197   0.22  6.17 0.6% 
Industrial 72.2 0.081 2.26 0.22% 
Mining 53.1 0.060 1.66 0.16% 
Thermoelectric power 49.6 0.056 1.55 0.15% 
Total 32,900 36.9 1,030 100% 
 
According to the USGS figures, water supply and domestic water use accounted for 8.3 million 
acre-feet per year in 2005. This is the same as 234 gallons per capita per day. These figures are 
roughly equal to DWR’s estimate for 2005 (9.3 MAF).  Figure 76 shows the breakdown of water 
use by category in 2005.  Agriculture and public supply (urban use) make up 96% of all use in 
the state. 
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Figure 76: California water use by category in 2005  
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Urban Water Use 
 
Across California, about 57% of single-family residential household use, or 2.5 million acre-feet 
(MAF) is indoors (Table 10-2). The remaining 43%, or 1.9 MAF, is applied to lawns, gardens, 
pools, and other outdoor uses. The statewide estimate, however, obscures significant regional 
variability. 
 
Table 89 gives a breakdown of uses of water in California’ urban sector. The information in the 
table was assembled by the authors from DWR’s 2005 Water Plan supplemented by data 
provided by DWR staff. Based on this information, for single-family residences, outdoor water 
use exceeds that used indoors (3.3 versus 2.3 MAF). This is consistent with previous studies, 
including the 1999 national Residential End Uses of Water Study (REUWS), which reported 
outdoor water use was 58% of the total (averaging 232 outdoors gpd vs. 168 gpd indoors). The 
study went on to note that outdoor use was much greater in hot climates was (59 – 67 percent in 
Phoenix, Tempe, and Scottsdale) and lower in cooler climates (22 – 38 percent in Seattle, 
Tampa, and Waterloo.) A similar pattern is seen in California’s inland (and southern) regions 
compared with the cooler coastal (and northern) regions.  
 

Table 89: Estimated urban water use (2000) 

  
Outdoor
(MAF) 

Indoor 
(MAF) 

Total 
(MAF) 

% of 
Total 

Single-Family Residences 1.90  2.50 4.4   52% 

Multi-Family Residences 0.36 0.8 1.2   14% 
Commercial, Industrial, 
Institutional 0.63 1.6 2.2 

 
  26% 

Large Landscapes 0.68 - 0.68     8% 

Total Urban Use 3.60 4.9 100% 8.5 
*Based on data in DWR’s Water Plan Update 2005 and personal communication with DWR 
staff. 
 
Figure 77 shows the breakdown of urban water use graphically.  These data show that 2/3rds of 
urban water use was for residential customers, and single-family customers accounted for over 
half of urban demands.  Single-family demands represented approximately 80% of all residential 
demands. 
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Figure 77: California urban water use by customer category 

The state’s 20x20 planning document presents per-capita urban water use by hydrologic region. 
The state’s 10 hydrologic regions are planning boundaries developed to manage watersheds and 
water supply. In the map in  
Figure 78, county boundaries are shown by light gray lines. Note that hydrologic region 
boundaries do not overlap with political divisions; some counties lie in two or three different 
hydrologic regions. 

 
Figure 78: Per capita urban water use from DWR by hydrologic region (left) and the USGS by 
county (right) (gpd) 
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Table 90: Per capita urban water use by county from the USGS (gallons per day) 

County GPCD  County GPCD
Alameda 53  Orange 72 
Alpine 78  Placer 138 
Amador 128  Plumas 181 
Butte 211  Riverside 192 
Calaveras 278  Sacramento 101 
Colusa 187  San Benito 160 
Contra 
Costa 139  

San 
Bernardino 141 

Del Norte 100  San Diego 87 
El Dorado 216  San Francisco 47 
Fresno 228  San Joaquin 175 

Glenn 299  
San Luis 
Obispo 147 

Humboldt 114  San Mateo 102 
Imperial 156  Santa Barbara 112 
Inyo 474  Santa Clara 80 
Kern 173  Santa Cruz 126 
Kings 168  Shasta 240 
Lake 120  Sierra 635 
Lassen 310  Siskiyou 216 
Los Angeles 113  Solano 95 
Madera 205  Sonoma 135 
Marin 82  Stanislaus 251 
Mariposa 350  Sutter 224 
Mendocino 214  Tehama 431 
Merced 221  Trinity 192 
Modoc 295  Tulare 221 
Mono 268  Tuolumne 321 
Monterey 103  Ventura 113 
Napa 92  Yolo 193 
Nevada 306  Yuba 191 

 
 
The USGS also provides estimates of water use by county for the United States (Figure 5) 
(USGS 2005). Per-capita urban water use was obtained by dividing the quantity Domestic, total 
use (withdrawals + deliveries) by the total population of the county. Domestic use is the sum of 
self-supplied withdrawals (for example, from a well, spring, or river) and deliveries from public 
supply.  
 
The values from DWR and USGS are not directly comparable, as they are compiled for different 
geographic boundaries, but the general patterns appear the same, and values are similar. The 
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USGS’s per-capita water use for the state as a whole is 124 gpcd, which fits comfortably within 
the ranges reported by DWR. 
 
The most reliable estimates of water use come from individual water utilities, as these are based 
on actual billing data. The following table reports per-capita total water use for selected water 
agencies in 2006. This information was developed by DWR staff using data from the Public 
Water Supply System database (From the California Water Plan Update 2009, page 4-46). These 
figures again demonstrate the variability of urban water use in the state. Low consumption in San 
Francisco is usually attributed to the city’s density, minimal landscape irrigation, and cool 
coastal climate. Fresno, by contrast, averages only 11 inches of rain per years, has hot, dry 
summers. Furthermore, 55 percent of residents are not metered, and pay a flat rate regardless of 
how much water they use (Khoka 2009). 
 

Table 91 Water use by selected agency service area for 2006 (gallons per capita per day) 

City GPCD 
San Francisco 95 
Santa Barbara 127 
Marin County (MMWD) 136 
Los Angeles (LADWP) 142 
Contra Costa (CCWD) 157 
San Diego  157 
East Bay (EBMUD) 166 
Victorville (VVCWD) 246 
Bakersfield 279 
Sacramento 279 
San Bernardino 296 
Fresno 354 

Single-Family Residential 
There are a number of methods that can be used to estimate and evaluate single-family home 
water use. The most direct way to estimate single-family water use in the state is by using data 
from the 2009 updated State Water Plan.  Table 92 shows per capita demands and population 
data for each of the hydrological regions of the state (minus the North Lahontan, for which there 
are no data). The population and per capita residential use data were used to calculate the total 
residential water demand for each region.  The total residential demand came to 5.45 MAF, and 
based on 80% of this demand coming from single-family accounts, the single-family residential 
demand came to 4.4 MAF.  
 
It is interesting to note that the estimate of single-family use made from treatment plant 
production records is approximately 12% higher than the estimate derived from the study group, 
which was based on billing data.  Using billing data, which averaged 134 kgal per account per 
year equates to a projection of 3.9 MAF for the single-family customers’s use as measured at 
their water meters.   Use of water treatment production records and population data results in an 
estimate of 4.4 MAF.   
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Table 92: Estimated single-family residential demand 

Hydrological Region Population Per capita 
Residential  
Demand 

Total Residential Demand 

 (million) (gpcd) MG/YR MAF 
North Coast 0.7 115 29,383 0.090 
Sacramento River 2.9 174 184,179 0.565 
San Francisco 6.3 103 236,849 0.727 
San Joaquin River 2.0 159 116,070 0.356 
Central Coast 1.5 109 59,678 0.183 
Tulare 2.0 180 131,400 0.403 
South Lahontan 0.8 176 51,392 0.158 
South Coast 19.6 126 901,404 2.767 
Colorado River 0.7 255 65,153 0.200 
Total 36.5 5.451 
Est % SF 80% 
SF Res. Demand 4.4 

 
For this assessment, we applied the regression equation developed in this study to predict indoor 
water use as a function of the number of household residents, as described in Chapter 9. We 
estimated the number of households in each of California’s hydrologic regions, using Census 
Bureau’s American Community Survey data on housing characteristics aggregated by county 
subdivision.    
 
Because the census groups all households with 5 or more residents into a single category, we 
used a power-law distribution to estimate the number of households with 5 or more residents. 
The shape of the tail distribution was estimated using this study’s survey results as shown in 
Figure 79(a). Out of 499 completed surveys, 26 homes had 6 or more residents, with a maximum 
size of 17 residents.  
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Figure 79 (a) Comparison of household size in state with the study sample and (b) the estimated 
household size distribution in Hydrologic Region 4 (South Coast). 

 
The Department of Water Resources Statewide Water Planning Branch estimates water use by 
end use type, and reports this information in the Water Plan Update every five years.  Estimates 
of per-capita urban water use circa 2000 are reported in Table 93 below. 
 
It is notoriously difficult to estimate urban outdoor water use because of the lack of measured 
data. Water agencies sometimes use dual meters to measure indoor and outdoor consumption for 
large commercial accounts, but these are rarely used for residential customers. Most estimates 
are determined analytically, through the use of simple models. The first class of model is based 
on theoretical irrigation requirement and assumptions about typical landscapes. The second starts 
with measurements of total water use, and subtracts assumed indoor water use. This approach is 
based on the assumption that indoor water use is better understood, and more reliably predicted, 
than outdoor water use. 
 
DWR’s analysis conducted for the 2005 California Water Plan reports outdoor water use as 3.6 
MAFY for all urban uses for the year 2000 (Table 89). Water use is not reported for different 
housing types. The Pacific Institute has previously estimated year-2000 residential outdoor water 
use at 1.45 ± 0.45 MAFY. This is equivalent to between 70 and 150 gallons per household per 
day (Gleick et al. 2003). DWR estimates that the water used in large landscapes in the year 2000 
was 0.68 MAF. This represents about 19% of urban outdoor water use, or about 8% of urban 
water use. As noted in the California 20x2020 assessment, “retail water suppliers in California 
have reported per capita water use remaining steady or dropping since the early 1990s in many 
parts of California” (State Water Resources Control Board 2010, page 15). 
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Table 93 Per-capita water use for California’s 10 hydrologic regions  

Region Residential 
(Single- 
and Multi- 
Family) 

(per 
household)

Commercial 
and 
Institutional 

Industrial Un-
Reported 
Water 

Total 
Baseline

1 North Coast 115 (290) 18 8 24 165 
2 San Francisco 

Bay 
103 (278) 19 17 18 157 

3 Central Coast 109 (311) 17 8 20 154 
4 South Coast 126 (378) 23 9 22 180 
5 Sacramento 

River 
174 (456) 25 21 33 253 

6 San Joaquin 
River 

159 (474) 27 32 30 248 

7 Tulare Lake 180 (565) 23 43 39 285 
8* North 

Lahontan 
155 (394)       243 

9 South 
Lahontan 

176 (509) 19 11 31 237 

10 Colorado 
River 

255 (711) 38 3 50 346 

 
* Region 8 does not have enough usable data in the Public Water Systems Survey (PWSS) 
database to compute for baseline values by sector. We use an average of the water use in other 
regions as a surrogate. 
 

Regulatory Issues Facing California 
The state’s 2009 Water Plan Update lists a number of challenges to water managers in the state. 
Environmental factors, population growth, and challenges such as climate change are among the 
most likely to affect the quantity of water that will be available in the future. Protecting and 
restoring the environment has become an important societal value in the last few decades, and 
the authors conclude that changes to water management will be necessary: “California has lost 
more than 90 percent of the wetlands and riparian forests that existed before the gold rush. 
Successful restoration of aquatic, riparian, and floodplain species and communities ordinarily 
depends upon at least partial restoration of physical processes that are driven by water” (DWR 
2010). 
 
There is also extensive and growing evidence that climate change will have a significant impact 
on hydrology and water management. There are likely to be impacts on the supply of, and 
demand for water. On the supply side, climatologists expect changes to the timing and frequency 
of streamflow, less snowfall, and more rain. Higher temperatures may increase demand for 
irrigation water, as evaporation increases, depleting soil moisture (Kiparsky and Gleick 2003). 
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In the following sections, we describe some recent regulatory actions that affect water 
management and urban water supply in California. 

Bay-Delta Agreement and MOU 
Much of California’s water supply passes through the Sacramento-San Joaquin River Delta, 
known by many simply as the Delta. Fishermen and environmentalists have been concerned over 
declines in fish populations in the Delta, and pointed to freshwater diversions and exports from 
the Delta as a cause of their decline. There are a number of species of concern (considered 
threatened or endangered), but the most publicity has revolved around a small, once-abundant 
forage fish called the Delta Smelt, which is listed as endangered by the State of California and 
considered an important indicator of the health of the system. Similarly, water agencies and 
irrigation districts are concerned about the reliability of water deliveries through the Delta and 
about declining water quality. Among the unresolved issues around the Delta is the effect of the 
California Department of Water Resources (DWR) and the United States Bureau of 
Reclamation’s (Reclamation) joint operations of the State Water Project and Central Valley 
Project on the delta fisheries. 
 
A seminal document in California water resources is the Bay-Delta Agreement.  The original 
Bay Delta proceedings were held in the late 1980’s which required that exports from the 
Bay/Delta system be managed and reduced by water conservation in order to avoid damaging the 
Bay-Delta ecosystem.  In order accomplish a reduction in demands from urban water systems a 
document known as the Memorandum of Understanding (MOU) was signed.  The signatories 
included urban water providers, public advocacy organizations, and other interested groups.  A 
dedicated group, the California Urban Water Conservation Council (CUWCC), was formed from 
the signatories to the MOU and charged with monitoring its implementation. Together, the Bay-
Delta agreement and the Memorandum of Understanding form the prime driving force for urban 
water conservation in California. 
 
The original MOU was adopted in December1991.  It has been revised several times since then; 
most recently in June 2010.55  The MOU is an agreement between the State and the major urban 
water providers that the latter will make good faith efforts to implement water conservation 
measures in order to conserve water and reduce urban demands on the Bay-Delta.  The MOU 
requires regular reporting by the signatories of their progress in implementation of the BMP’s.  
Reporting and tracking of the implementation of the MOU is managed by the California Urban 
Water Conservation Council. 
 
The general goal of the MOU was “to reduce long term urban (water) demands”.  The initial 
method used to accomplish this purpose was the implementation of Best Management Practices 
(BMPs) The MOU had two specific objectives: 

 “to expedite implementation of reasonable water conservation measures in urban areas.” 
 “to establish assumptions for use in calculating estimates of reliable future water conservation 

savings resulting from proven and reasonable conservation measures.” 
 
At the maximum there were a total of 14 BMPs, four of which were directed at residential 
customers (1, 2, 6 and 14 using the original numbering system).  Each of these had a built in set 
                                                 
55  http://www.cuwcc.org/WorkArea/showcontent.aspx?id=15180 (to download the latest version of the MOU). 
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of assumptions about how much water would be saved through implementation.  For example, 
each toilet replacement was deemed to create a certain and reliable amount of water savings, as 
was each showerhead, faucet aerator, landscape audit, clothes washer replacement etc.  The 
reliable water savings could then be calculated by simply multiplying the number of BMPs 
implemented by the water savings assumption.  The assumptions of water savings were to be 
revised every three years, and BMPs that fail to demonstrate water savings are to be removed, 
while other promising measures might be added. 
 
The BMPs also have coverage requirements. Some of these are based on achieving a certain 
level of “market saturation” or “market penetration”.  The MOU does not define precisely what 
is meant by these terms, generally they are considered to refer to the percentage of individual 
fixtures and appliances meeting the relevant efficiency criteria.  As discussed above, in cases 
where multiple devices are found in households, primarily with respect to toilets, it is possible to 
have a difference between the percentage of devices that meet the efficiency criteria and the 
percentage of houses based on how the devices are mixed among the houses.  
 
As of this writing, 190 of California’s water agencies have signed the MOU, serving two-thirds 
of the state’s customers. Still, there remains considerable uncertainty on the effectiveness of the 
BMP approach. According to an evaluation conducted by the state, “the impact of the MOU has 
varied considerably by region and rates of compliance for most BMPs remain low. BMP data 
strongly suggest the MOU process is not working as intended and its impact on urban water use 
remains well below its full potential.” The report suggests that over 13 years the MOU process 
may have reduced per-capita urban water use by about 2%. As the state’s population grew over 
this period, urban water use increased overall. 

 
 

 
Figure 80 Water savings in 2004 achieved by water conservation BMPs, by region (Figure 1.3 
from Calfed, 2006) 
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According to the voluntary agreement, signatories agree to implement all measures that are 
“cost-effective and appropriate at the local level.” The state’s audit of the BMP program found 
that most water agencies, including most of the largest water suppliers, have not implemented all 
of the conservation practices, nor have they offered the requisite documentation explaining why 
they need not (CalFed 2006). 
 
A more recent law, AB 1420, signed in 2007, ties receipt of water-related state grant funding to 
BMP implementation. In effect, participation in the program will remain voluntary, but this may 
provide a stronger incentive for agencies to be fully compliant. 
 
 

Table 94: List of Best Management Practices 

BMP Description New BMP Category 

BMP 1 Water survey programs  
(Survey 15% of residential customers within 10 
years)  
 

Programatic: Residential 

BMP 2 Residential plumbing retrofit  
(Achieve 75% market saturation prior to 1992 
with low-flow showerheads, toilet displacement 
devices, toilet flappers and aerators)  
 

Programatic: Residential 

BMP 3 System water audits, “leak” detection and repair  
(Audit the water distribution system regularly 
and repair any identified leaks)  

Foundations: Utility operations, loss 
control 

BMP 4 Metering with commodity rates for all new 
connections and retrofit of existing unmetered 
connections 

Foundational: Utility operations, 
metering 

BMP 5 Large landscape conservation programs and 
incentives  
(Install meters in 100% of existing unmetered 
accounts within 10 years; bill by volume of 
water use; assess feasibility of installing 
dedicated landscape meters)  

Programatic: Landscape 

BMP 6 High-efficiency clotheswashing machine 
financial incentive program  
(Achieve 1.4% per year penetration during first 
10 years)  

Programatic: Residential 

BMP 7 Public information programs  
(Provide active public information programs in 
water agencies to promote and educate 
customers about water conservation)  

Foundational: Education, Public 
Information Programs 

BMP 8 School education programs  Foundational: Education, School 
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BMP Description New BMP Category 

(Provide active school education programs to 
educate students about water conservation and 
efficient water uses)  

Programs 

BMP 9 Conservation programs for commercial, 
industrial, and institutional (CII) accounts 
(Provide a water survey of 10% of these 
customers within 10 years and identify 
retrofitting options; reduce water use by an 
amount equal to 10% of the baseline use within 
10 years)  
 

Programatic: Commercial, 
Industrial, Institutional 

BMP 10 Wholesale agency assistance programs  
(Provide financial incentives to water agencies 
and cities to encourage implementation of water 
conservation programs)  
 

Foundational: Utility Operations, 
Operations 

BMP 11 Retail conservation pricing  
(Eliminate non-conserving pricing policies and 
adopt pricing structure such as uniform rates or 
inclining block rates, incentives to customers to 
reduce average or peak use, and surcharges to 
encourage conservation)  

Foundational: Utility Operations, 
Pricing 

BMP 12 Conservation Coordinator 
(Designate a water agency staff member to have 
the responsibility to manage the water 
conservation programs)  

Foundational: Utility Operations, 
Operations 

BMP 13 Water waste prevention  
(Adopt water waste ordinances to prohibit gutter 
flooding, single-pass cooling systems in new 
connections, nonrecirculating systems in all new 
car wash and commercial laundry systems, and 
nonrecycling decorative water fountains)  

Foundational: Utility Operations, 
Operations 

BMP 14 Residential ultra-low-flush toilet (ULFT) 
replacement programs  
(Replace older toilets for residential customers at 
a rate equal to that of an ordinance requiring 
retrofit upon resale)  
 

Programatic: Residential 

 
 
In its original form, the MOU relied strictly on demonstration of accomplishment of specific 
BMPs as sufficient to demonstrate the required water conservation.  The latest revision of the 
Memorandum of Understanding, dated September 2009, discusses three ways in which 
signatories may demonstrate compliance with BMP water savings from the BMP list.   
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 The first of these is to demonstrate accomplishment of the specific measurers listed in the 
description of each BMP|. (The assumption being if the measures are installed the water 
savings will follow based ob the estimates of reliable savings.) 

 The second is to use the Flex Track option to generate water saving that are equal to 
those anticipated from the BMP compliance, but which are derived from other measures 
not already identified as specific BMPs. 

 The third is to demonstrate reductions in per-capita water demand in the signatory’s 
water system without specifically crediting a particular BMP or group of BMPs with 
causing the savings. 

 

20x2020 Mandate and SBX 7-7 
In February 2008, then Governor Arnold Schwarzenegger issued an emergency directive to 
protect the ecosystem of the Sacramento-San Joaquin river delta. The plan had seven parts, the 
first of which is water conservation. The governor said that the state must have: 
 
“A plan to achieve a 20 percent reduction in per capita water use statewide by 2020. 
Conservation is one of the key ways to provide water for Californians and protect and improve 
the Delta ecosystem. A number of efforts are already underway to expand conservation 
programs, but I plan to direct state agencies to develop this more aggressive plan and implement 
it to the extent permitted by current law. I would welcome legislation to incorporate this goal 
into statute.” 
 
The legislature followed up in November 2009 with a bill (SBX 7-7) promoting statewide water 
conservation for all sectors of use, including a mandate for a 20% reduction in urban per capita 
use by 2020. In February 2010, the 20x2020 Water Conservation Plan was published, with input 
by a number of state agencies. The plan recommends a number of policies and actions to reduce 
urban water consumption, including: 
 
Reduce landscape irrigation demand 
Reduce water waste 
Reinforce efficiency codes and related BMPs 
Provide financial incentives 
Implement a statewide public information and outreach campaign 
Increase enforcement against water waste 
Increase use of recycled water and non-traditional sources of water 
 
Most commentators have noted two serious shortcomings in the law: First, the 20x2020 plan 
addresses only urban water use, and ignores agriculture, which accounts for about 80% of the 
state’s water consumption in most years. A related bill addressing agricultural water use, but 
without specific quantitative targets, was passed with the water reform package in 2009. While 
this does not go as far as some would like, it is in the words of a DWR employee, “a huge 
change in the way things are done in the state.”  The intent behind the 20x2020 program is to 
prompt suppliers to expand conservation programs. Currently, eligibility for grants from the state 
will be tied to whether an agency has fully implemented all of the required BMPs, but in 2015 
eligibility will be tied to demonstration of actual reductions in per capita demands. 
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From the perspective of single-family water use, a reduction in per capita use is equivalent to a 
reduction in household use, barring a massive change in the number of persons per dwelling unit.  
We know from the data presented in Table 73 and  
Figure 71 that as the number of persons per household increases the per capita use decreases.  
However, the average number of persons per household is a fairly stable number in single-family 
residences, varying around 2.7 to 2.8 persons per household.  Consequently, any increase in 
water use efficiency in single-family customers will show up as a decrease in household water 
use.  As shown in Table 73 these estimates can be refined by normalizing them to a standard 
household size for comparison if data are collected, which allow a mathematical relationship to 
be generated between indoor use and number of residents. 
 

Colorado River Administration 
The authors of the landmark 1975 California Water Atlas call the Colorado River “one of the 
most litigated, regulated, and argued about rivers in the world.” The river’s flow is shared by 
seven states and Mexico. Historically, California has used more than its legal allocation of 
Colorado River water, as laid out in the Colorado River Compact of 1922. As the upstream states 
have expanded irrigated area (through such projects as the Central Arizona project), and as cities 
such as Denver, Salt Lake City, Phoenix, and Las Vegas, has grown, it has forced California to 
scale back its use of Colorado River water to its legal allotment. The Compact agreements grant 
California the use of 4.4 million acre-feet per year. The main beneficiaries of imported Colorado 
River water are cities in southern California and farms in the Imperial Valley.  
 
In addition to the current challenges associated with over-allocation of the Colorado River and 
disputes among the different users, long-term changes in climate now seem likely to reduce 
overall flows. In 2008, scientists at the Scripps Institution at UC San Diego published a study 
that gave a 50 percent chance that Lake Mead could be dry (or reach “dead pool” levels) 
regularly by 2021, based on climate change and current levels of consumption (Barnett and 
Pierce 2008). 
 

Other regulatory drivers 

Urban Water Management Planning Act 
The state legislature passed the urban water management planning act in 1983. The Act required 
every water agency that serves over 3,000 customers to prepare an Urban Water Management 
Plan every 5 years and submit it to the Department of Water Resources. The plans are required to 
include a description of the supplier’s demand management measures, defined as “water 
conservation measures, programs, and incentives that prevent the waste of water and promote the 
reasonable and efficient use and reuse of available supplies.” Thus, all California water suppliers 
are required by law to at least consider the role that demand management should play in 
providing sustainable water service.  The 2010 plans must also provide baseline information on 
gpcd use, and then report on compliance with the 20 x 2020 legislation in 2015 and 2020. 
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1992 National Energy Policy Act 
The National Energy Policy Act, or NEPA, passed by Congress in 1992 mandated water 
efficiency standards for plumbing fixtures, as shown in the table below. 
 
 

Fixture  Standard  
Water Closets (Toilets)  1.6 gallons per flush  
Showerheads  2.5 gallons per minute  
Faucets  2.2 gallons per minute  
Urinals  1 gallon per flush  
 
It is widely believed that these standards have led, nationwide and in California, to reductions in 
per-capita domestic water use, as old fixtures have been swapped out through natural 
replacement and as new construction has become a larger and larger fraction of total housing 
stock. A number of policy and regulatory discussions are underway to identify how to expand the 
savings from these kinds of standards and how to accelerate uptake and hence market saturation 
of efficient appliances and fixtures.  We hope that the current study will contribute to this 
discussion.  
 

Efficiency Standards 
Separately, California law now requires (AB715 & Health and Safety Code 17921.4) that only 
high-efficiency toilets and urinals be sold or installed after 2014. This law amends the 2007 
California Plumbing Code and is stricter than the US Energy Policy Act requirements described 
above. SB 407 (signed by the governor in October 2009) requires efficient toilets, faucets, and 
showerheads in all buildings. The law covers remodeled properties by 2014, all single-family 
homes by 2017, and multi-family and commercial buildings by 2019. It also requires sellers of 
property to disclose whether the property is in compliance with the law.  
 

Model Water Efficient Landscape Ordinance 
Water managers in the state have recognized the importance of addressing outdoor water use: in 
most of the state, more than half of a household’s water is used outdoors, mostly to water lawns 
and gardens, but also in pools and spas, and for car washing and other purposes. In our study 
sample 53% of total water use was for outdoor purposes. In 1990, the state legislature passed AB 
325, which limited the landscape ratio (the ratio of the Theoretical Irrigation Requirement to the 
Reference Requirement) to 80% of the reference crop evapotranspiration for the site. The model 
ordinance applied to large commercial and public properties and to residences with 
professionally-installed landscapes.  Even though this ordinance does not apply to most of the 
homes in our study group it is interesting to note that their landscape ratio was very close to 1.0. 
 
In 2000, an independent review of the model landscape program found several shortcomings in 
its implementation: “the legislation neither prescribed clear conservation goals, nor did it require 
meaningful levels of compliance. It also did not deal with pricing and enforcement issues. The 
most serious problem was the lack of actual irrigation monitoring: “enforcement of the 
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maximum water allowance virtually nonexistent” and “few developers and contractors were even 
aware of the Model Ordinance. This lack of awareness, in a setting where water for the most part 
is still very cheap and agency monitoring nonexistent, makes wasteful irrigation virtually 
inevitable.” 
 
The landscape ordinance, which goes by the balky acronym MWELO, was developed by the 
Department of Water Resources at the direction of the legislature. AB 1881, signed into law in 
2006, was designed to hold local agencies to tighter standards for outdoor water use.  The law 
also required the California Energy Commission to adopt performance standards for irrigation 
equipment. It also contained a provision designed to prevent “common interest developments” 
(such as condominiums) from restricting the use of low water-using plants. (This was designed 
to counter the problem of homeowner associations that require lawns, in conflict with the state’s 
water-saving goals.) 
 
Cities and counties can use the state ordinance as a model, and must have adopted a local 
ordinance at least as effective by January 2010 (although delays in the program have slowed its 
full implementation). The most important effect is on new landscapes and major renovations, and 
mostly covers large landscapes: 2,500 square feet (0.06 acres), or for homeowners 5,000 square 
feet. According to our calculations, this law will cover approximately 30% of California single-
family homes (see the section on Outdoor Water Use for details). Critics of the law contend that 
it is overly complicated for most laymen to understand and that it can unfairly burden 
homeowners: in some instances, re-landscaping will be required if a homeowner applies for a 
permit for an unrelated project such as renovating a bathroom. Supporters note that outdoor use 
comprises more than half of household water use, and a landscape ordinance is a fair approach 
that reduces waste while permitting green and attractive landscapes. 
 

Residential Water Metering 
Research by the Sacramento-based nonprofit Public Policy Institute of California has found that, 
in cities with meters, water use is about 15% less than in unmetered cities. Among cities where 
users pay volumetric rates, those with a tiered structure have water use that is 10% lower. A 
2004 study by Aquacraft demonstrated water savings of 15.3 percent when comparing 
submetered to non-submetered properties. An earlier study by Industrial Economics in 1999 
estimated savings of 18 to 39 percent. There are no reliable estimates for how many of 
California’s homes are unmetered, but our interpretation of the 2006 California Water Rate 
Survey suggests that up to 6% of the state’s water providers charge a bulk rate, which would 
imply an absence of meters. 
 
The state has recently passed three different laws that will eventually result in universal 
metering, where every household has a water meter. Since 1992, state law has required the 
installation of water meters on all new construction. For meter-less cities like Sacramento, this 
meant that new homes had meters but customers still paid a flat rate. The law required utilities to 
begin charging volumetric “commodity” rates to all customers with meters beginning on January 
1, 2010. (Before this, Sacramento customers with a meter had an option of paying an average flat 
rate or being billed according to their meter.) AB 975, signed into law in 2009, re-affirmed the 
state’s intention to move to universal metering. Before this, existing law said that private utilities 
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regulated by the Public Utilities Commission should not install meters unless they showed that 
metering will be cost effective, reduce water consumption, and not impose an unreasonable 
financial burden on customers. The new law removed this hurdle to metering by requiring meters 
for all connections, even if it resulted in increased costs to customers. 
 
The state has also mandated that all California cities must be metered by 2025 (AB 2572 passed 
in 2004). The 20x2020 taskforce has recommended that this target be accelerated to occur by 
2020. Another law states that cities that get federal water via the Central Valley Project must 
have meters installed by 2013.  
 

The Graywater Law 
Reuse of graywater water is a very powerful way to reduce demands because the act of reusing 
the water essentially eliminates the demand for fresh water equal to the amount of reuse.  There 
are a number of obstacles, howver, to fully implementing these systems.  In the summer of 2008, 
the California Senate passed SB 1258 requiring the state to revise building codes "to conserve 
water by facilitating greater reuse of gray water in California." Prior to August 2009, when 
drought prompted emergency adoption of the new codes, re-use of residential graywater from 
sinks, showers, and washing machines for irrigation, was limited. Although the systems were 
legal, they required a detailed design and permit. In fact, it is estimated that in 2009 there were 
fewer than a dozen fully-permitted systems in the state, while some residents opted to install 
unpermitted graywater systems. 
 
The revised rules have made it a great deal easier for residents to install a simple low-tech way to 
reuse water for landscape irrigation. While widespread public acceptance of graywater reuse 
appears to be low, there is a great deal of interest and enthusiasm from some quarters.  The 
ability to re-use water could have a significant impact on household water use. 

Clothes Washer Standards 
Statistics from CHAPTER 7 showed that the second biggest use of water in most homes, after 
toilets, came from washing machines. It was also noted that the water-efficient models, while 
they cost somewhat more, used around 20 gallons per wash, compared to typical models that 
averaged closer to 40 gallons per wash. For a typical household, the indoor use model shows that 
the presence of a high efficiency clothes washer translates to savings of 6,200 gallons per year.  
 
In 2002, the state legislature passed a law requiring the California Energy Commission to create 
washing machine efficiency standards. In 2006, the Department of Energy denied the state’s 
request to institute standards more stringent than the federal government. The state filed suit in 
2007, and in October of 2009, the Ninth Circuit Court of Appeals overturned DOE’s ruling, and 
ordered DOE to re-consider its ruling.  
 
As of this writing, it remains to be seen whether the federal government will allow California to 
put in place stricter clothes washer standards, or will create national standards similar to those 
proposed in the state. If such standards are allowed, they will go a long way to saving water in 
residences throughout the state. 
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Show-Me-the Water Laws and the Vineyard Decision 
Historically there has been somewhat of a lack of coordination between land use planning and 
water availability in that developments could be approved without demonstrating a firm supply 
of water.  This issue was addressed by the California legislature in 2001, when it passed SB 610 
in 2001 and SB 221, the so-called “Show Me the Water” laws. Under these laws, developers of 
large projects (usually more than 500 housing units) must demonstrate that a 20-year water 
supply is available.  
 
In 2007, the Supreme Court issued a ruling that will likely affect water planning for some time. 
In the Vineyard Area Citizens for Responsible Growth vs. City of Rancho Cordova (or the so-
called Vineyard Case). In the decision, the court laid out general principles for dealing with 
water supply under the California Environmental Quality Act. The court stated that an applicant 
for a large project must do a thorough analysis of long-term water supply for the project. They 
went on to write that “speculative sources and unrealistic allocations (e.g. “paper water”) are 
insufficient bases for decision making.” 

Water-Use of Single Family Sector 
In most cases residential water use predominates in urban systems, and single-family residences 
make up the bulk of residential use.  Consequently, savings in single-family water use, while 
small on a per unit basis are of great importance to the state as a whole due to the large numbers 
involved.  This section discusses how the results from this research project can be extrapolated to 
the state as a whole. 

Number of Single-Family Residences 
Single-family homes comprise 70-75% of the housing stock in California. In this study, no 
differentiation was made between detached houses and attached units with up to four units (i.e., 
duplex, triplex, and quadruplexes) provided each unit was individually metered. Further, no 
differentiation was made on housing tenure, i.e., whether the residents rent or own the home. 
Based on this definition of a single-family home, according to the US Census Bureau’s 
American Community Survey, in 2008 there were 9,474,895 occupied single-family residences 
in California. The stated margin of error for this estimate is ±0.1%.  
 
The number of households counted by the Census in 2000 was updated to account for population 
growth and the construction of new homes over the last 10 years. We applied a percent increase 
in the number of housing units for each county based on information from the California 
Department of Finance spreadsheet titled “Population and Housing Estimates for Cities, Counties 
and the State, 2001-2010, with 2000 Benchmark” (2010). The state’s estimates of housing 
growth do not differentiate between single-family, multi-family or other types of residences; we 
assumed that each stock of housing increased at the same overall rate. 
 
Research by the Public Policy Institute of California reveals trends in the types of housing being 
built in California. They found that the share of multi-family homes reached a peak of 58% from 
1950 to 1960, and the share has steadily declined each decade until 2000. After 2000, the trend 
began to reverse. While the construction of single-family homes still dominates with 72%, the 
share of multi-family homes began to rise after three decades of decline. In the long run, the 
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trend in housing type has important implications for urban water use, as multifamily homes 
consume less water due to lower outdoor water use per household. 
 

Table 95: Occupied housing units in California in 2008  

Units Percent Units 
1, detached 58.8% 7,160,577 
1, attached 7.0% 852,450 
2 apts 2.5% 304,446 

5.6% 681,960 3-4 apts 
5-9 apts 6.2% 755,027 
10+ apts 16.0% 1,948,456 
Mobile home or other 3.9% 474,936 
Total 100.0% 12,177,852 
Total SF    9,474,369 

Source : US Census Bureau, 2008 American Community Survey. Note shaded cells denote 
single-family 
 
We then estimated the number of single-family residences in each of the state’s 10 hydrologic 
regions. This was done using geographic information system (GIS) software to overlay 
hydrologic region boundaries with the 387 census-defined county subdivisions.  
Because the homes metered in the current study are only a subset of all the homes in the State, 
we evaluate evidence that the 733 homes in the study group are representative of single-family 
homes throughout the state. Below, we examine how the sampled households where flow traces 
and surveys were collected compare to the state as a whole. Based on their similarity, we discuss 
extrapolating the results of the survey to understand potential conservation in the state as a 
whole. 

Characteristics of Single-Family Residential Population 

Average age 
The median age in California is 33.3, according to the 2000 Census. The median age for females 
(34.4) is slightly higher than that of males (32.2). The census does not tabulate the average age 
within households of different types. They do however, report the age of the self-reported head 
of the household by household tenure (rent vs. own). Of the state’s 11.5 million occupied 
households in 2000, 57% were owned-occupied vs. 43% occupied by renters. Householders in 
owner-occupied homes tend to be somewhat older, as shown by the distributions in Figure 81. 
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Figure 81: Number of households, by age of householder and housing tenure in California in 
2000 

Average number of residents 
Overall, California households have an average of 2.87 residents (Table 8). There is some 
variance in number of residents by region, and by housing type. Owner-occupied homes are 
slightly larger on average than those occupied by renters (Table 96). Also, households appear to 
be larger in communities in the Central Valley and in Southern California (Figure 82).  
 
 
Table 96 Average household size in California 
Total   2.87 
Owner occupied   2.93 
Renter occupied   2.79 
 
We conducted a more detailed analysis of household residents using data from the US Census 
Bureau. The Bureau’s Summary File 4 data is comprised of information from a selective 
sampling of the entire census data. The table HCT19 reports household size by housing type in 
each of the state’s 387 county subdivisions, as shown in Figure 82.  
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 246 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

 
Figure 82 Average household size (shown for each of California’s county subdivisions. Data 
from US Census Bureau, Summary File 1, Table P17 Average Household Size. 
 
We compared the household size of single-family residents in the state with household sizes in 
the study, based on the 499 returned questionnaires.  The overall average occupancy for the 
sample was 2.96, while for the state as a whole it was 2.87 this represents a variance of 3%.  
Given that the number of occupants was the only continuous variable found to be significant for 
indoor use, the close agreement between the sample and state as a whole is encouraging.  Figure 
83 shows that the sample household sizes reasonably approximate those in the state, though there 
are some differences. The sample appears to have fewer 1-person households, and a greater 
preponderance of 2-person households than the state population. It is conceivable that 2-person 
households are more likely to return questionnaires than households with a single resident. 
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Figure 83 Distribution of household sizes in this study’s sample and statewide 

 

Table 97 Single Family Households, household size, and population by hydrologic region, 
estimated for 2100 

Region Number of 
SF 

Households

Household 
Size 

(residents/hh) 

Population 

North Coast 233,821 2.52 589,000 
San Francisco Bay 1,733,198 2.70 4,680,000 
Central Coast 491,323 2.85 1,400,000 
South Coast 4,751,287 3.00 14,300,000 
Sacramento River 949,212 2.62 2,490,000 
San Joaquin River 653,547 2.98 1,950,000 
Tulare Lake 582,509 3.14 1,830,000 
North Lahontan 36,908 2.54 93,600 
South Lahontan 209,449 2.89 605,000 
Colorado River 244,399 2.79 682,000 
CALIFORNIA 9,885,653 2.89 28,600,000 

 

Average lot size 
Nationally, the median lot size is 0.35 acres, or 15,000 square feet, according to data collected by 
the Census Bureau as part of the American Housing Survey in 2007.  
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Table 98 Lot size in the United States (data in thousands) for all housing units 
 

 Units Percent 
Less than 1/8 acre   13,614 15% 
1/8 to 1/4 acre   25,775 28% 
1/4  to 1/2 acre   17,703 19% 
1/2 to 1 acre   11,216 12% 
1  to 5 acres  17,713 19% 
5  to 10 acres     2,785 3% 
10 + acres     4,402 5% 
Total 93,208 100%
 
 
Reliable figures for lot sizes throughout the state are difficult to come by. Lot size is usually 
included with the property records maintained by county assessors’ offices. While this 
information is officially part of the public record, there are difficulties in accessing it and using it 
for research. Many of California’s 58 counties maintain paper records, and have not yet 
converted records to a digital format. 
 
Researchers from the Public Policy Institute of California used county assessor data to measure 
trends in single-family lot sizes (Hanak and Davis 2006). They obtained data for 22 counties via 
the housing research firm DataQuick, which compiles parcel records from the counties. The 
authors of this study broke all single-family residences into two categories: one with small lots 
under 0.25 acre, and those over a quarter acre, which they refer to as “ranchettes.” For smaller 
lots, the authors estimate the size of the yard by subtracting the building footprint area from the 
lot, and estimate irrigated area as 35% of the yard, citing a 1995 study by the East Bay Municipal 
Utility District. The average irrigated area was from 2,000 – 3,600 square feet. For the larger 
“ranchette” properties, the irrigated area is estimated as 10% of the irrigated area, averaging 
about a quarter acre, or about 11,000 square feet. 
 

The American Housing Survey 
The American Housing Survey (AHS) collects data on the Nation's housing, including 
apartments, single-family homes, mobile homes, vacant housing units, household characteristics, 
income, housing and neighborhood quality, housing costs, equipment and fuels, size of housing 
unit, and recent movers. National data are collected in odd numbered years, and data for each of 
47 selected Metropolitan Areas are collected currently about every six years. The national 
sample covers an average 55,000 housing units. Each metropolitan area sample covers 4,100 or 
more housing units. 
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The information is collected from census-designated Primary Metropolitan Statistical Areas 
(PMSAs). 
 

Median Lot Size Metropolitan Area Survey 
Year (acres) (sq. ft.) 

Anaheim-Santa Ana PMSA 2002 0.18 7,800 
Oakland PMSA 1998 0.20 8,700 
Riverside-San Bernardino-Ontario 
PMSA 

2002 0.23 10,000 

Sacramento PMSA 2004 0.23 10,000 
San Diego MSA 2002 0.21 9,100 
San Francisco-Oakland PMSA 1998 0.16 7,000 
San Jose PMSA 1998 0.19 8,300 
Los Angeles-Long Beach PMSA 2003 0.19 8,300 
 
The Department of Water Resources estimates land and water use for the California Water Plan, 
which is updated every five years. Because the distribution of lot sizes is positively skewed, with 
a minority of households on larger lots, the median is lower than the mean, or average, lot size.  
 
Here, we use a sample of single-family homes in California to determine the average irrigation 
requirement. A geographic dataset was previously developed (Gleick and other 2009) to 
represent reference crop irrigation requirements in an average year, where rainfall and 
evapotranspiration do not stray from the normal, long-term average. Irrigation requirements may 
be lower during cool or rainy years, and will be significantly higher during hot and dry years. 
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It was found that, on average, 51% of the lot is irrigated area, according to a simple linear curve 
fit based on 604 homes. Note that only 8 of the homes are on lots greater than 1 acre (43,560 sq. 
ft.), and so we follow PPIC’s assumption that the irrigated area will increase by another 10% for 
each acre after the first acre.  

 

Household Income 
The median household income for Californians in 2008 was $61,154 with a mean of $83,970. 
The stated incomes of the 417 survey respondents were higher. For example, 29% of California 
households earn less than $35,000 per year, compared to 10% of households in the study. It was 
not possible to determine the incomes of single-family households directly. However, the census 
bureau does provide tabulations of income by housing tenure (rent vs. own). This is an imperfect 
surrogate; however it may provide a better idea of single-family residents, as it excludes 
apartment renters. 
 
In general, we can conclude that the study households included a lower percentage of low-
income households, and more high-income earners than the state population as a whole. Figure 
84 shows that households earning over $150,000 were more common in our study than in the 
state as a whole.  
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Figure 84 Household incomes for the state population and surveyed households 
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Projections of Potential Statewide Water Savings 
Based on the data presented in previous chapters on the water use within the study group, and 
data collected for the statewide population of single-family homes, it is possible to make 
reasonable projections of potential water savings for single-family customers in the state as a 
whole. 

Indoor Savings 
The performance based analysis from Table 84 showed that it would be possible to reduce indoor 
water use to 120 gphd by achieving four major water conservation goals: 

 Reducing the average gallons per load of clothes washers to 20 gpl would reduce the 
average household use by 13.6 gphd. 

 Reducing faucet use by 10%  would reduce the average by 3.3 gphd 
 Limitting household leakage and continuous uses to 25 gpd would reduce the average by 

17.5 gphd 
 Reducing toilet flushes to a maximum of 1.28 gpf would reduce the average use by 20.3 

gphd 

Clotheswashers 
Modern horizontal-axis, front-loading clothes washers use significantly less water than top 
loaders, which are the most widespread in the United States. The Pacific Institute has previously 
noted that “horizontal-axis washing machines, long popular in Europe where they have captured 
over 90 percent of the market, have only recently been introduced to the United States” (Gleick 
and others 2003).  
 
Among the 735 homes sampled in this study over 97% reported having a clothes washer in the 
home. Of these 76% were top loading and 24% were front loading.  The average load of wash 
measured by the flow traces was 36 gallons. The US Department of Energy’s EnergyStar 
program, in a 2009 analysis, found an average of water use of 14.9 gpl for efficient, EnergyStar-
rated clotheswashers. Our indoor savings analysis assumes that clothes washers using 20 gpl as a 
maximum become the norm over time. It is not necessary that this transformation occur 
immediately, but could easily occur over the next 20 to 30 years.   

Faucets 
This study found that faucets accounted for 19% of all indoor water use. It has been noted that 
this category is somewhat of a catch-all: the specific water use is diverse and difficult to 
determine without intrusive investigations into the home. As the average home used the faucet 
58 times per day, for a total of 33 gallons, conservation efforts here may be fruitful. Faucet use 
can be affected both by reducing the flow rates of the fixtures and by reducing the run times. 
 
Before 1992, faucets’ rated flow rates ranged from 2.5 to 7 gpm. In 1992, California updated its 
plumbing code to set a maximum flow rate of 2.2 gpm, but this was replaced by the new federal 
standard of 2.5 gpm in 1994, which is still in place. Previous analysis by the Pacific Institute 
pointed out that a low-flow faucet will not always reduce water use: “filling a pot will require the 
same volume of water regardless of flow rate. The amount of water used for brushing teeth while 
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leaving the faucet running, however, will be larger with a faucet that flows at a higher rate. Thus, 
a low-flow faucet may or may not reduce water needs, depending on the use and individual 
behavior.” 
 
Studies in the 1990s downplayed the water savings potential of efficient faucets and aerators 
(e.g. REUWS estimated market saturation of 2.2 gpm faucet aerators would only result in 
savings of 0.3 gpcd).  Field studies have observed significant water savings however. Seattle’s 
Home Water Saver Apartment/Condominium program installed faucet aerators in 65,702 multi-
family units and found that faucet flow rates were reduced by 0.7 gpm, resulting in an 18 percent 
reduction in faucet water use (Skeel and Hill 1998). In 2003, a study conducted in Tampa tested 
bathroom and kitchen faucet aerators and hands-free electronic faucets of the type ordinarily 
found in commercial settings (Mayer et al. 2004). This study found savings of 3.2 gallons per 
day. 
 
The latest faucet aerators on the market are available in a variety of flow rates, ranging from 0.5 
gpm (for bathroom faucets) to 2.5 gpm. Newer kitchen faucet aerators are designed with a range 
of features, such as swivel action to reach every corner of the sink, fingertip controls to 
temporarily halt water flow, and dual flow mode: a higher flow for filling pots and low flow for 
washing up. It seems more attention is being paid to providing the right amount of flow and 
pressure when and where it is needed. Aerators are also inexpensive: The retail price for aerators 
ranged from $0.99 to around $4, based on a survey of online retailers. 
 
In addition to their flow rates, the other aspect of faucets that can be addressed is their duration 
of use.  In Table 43 we see that the average duration of the faucet events in the database was 37 
seconds.  Presumably, much of this was wasted time in which the faucet was running but the 
water was simply going down the drain.  Devices which allow better control of faucet through 
sensors, foot pedals, level or other hands free devices may be worth investigating as to their 
savings potential. 
 
There is strong evidence that there is untapped conservation potential to be gained from 
contemporary low-flow faucets and aerators. Because of the low cost of aerators, these savings 
could be cost-effective. Also, because faucets often use warm or hot water, residents will save 
money on their energy bills, making these more attractive. The indoor model in this study 
assumed only a reduction of 10% in faucet use.  Given the wealth of devices available to limit 
both the flow rates and durations of faucets this seems like a modest goal. 

Leaks and continuous uses 
This study has shown that homes with large volumes of leakage and continuous uses raise the 
average indoor water use for the entire group. In order to reduce the short term leaks the best 
strategy is to improve the performance of the fixtures and appliances, e.g. reduce the frequency 
of leaky toilets.  In order to eliminate the large volume leaks from continuous events a system 
that recognizes these flows and turns the water off would be needed.  These devices would act 
the way that a circuit breaker does on an electric system, and would prevent both water waste 
and damage to homes due to burst pipes and broken valves. 
 
Strategies for finding customers with leaks include: 
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 Audits – expensive, voluntary, limited reach 
 Data mining of billing records (look for sudden jumps, households with much higher 

non-seasonal water use than similar properties, or that would be expected from the size of 
the property. 

 Smart meters – real-time feedback to users, alert them of a sudden jump in water use that 
may signify a leak. 

 “Leak” detection devices – flow sensors installed in the service line that detect leaks, 
alert owners, and turn off the water. 

 Water Budgets – homes with leaks will exceed budgets and pay excess use rates, thus 
encouraging repair. 

Toilets 
Toilets are major indoor water users and there are significant differences in water use per toilet 
among models, especially models installed before new federal and state standards came into 
force. Data collected in this study revealed that there remains a great deal of savings potential for 
toilets. In flow trace data collected in 1996-1997, the Residential End Uses of Water Study 
revealed that toilets were the biggest component of indoor water use. Ten years later, it appears 
this is still the case, accounting for 20% of indoor water use. The indoor modeling showed that if 
the average flush volume were brough down to HET specifications (1.28 gpf) this would reduce 
average indoor use by 20.3 gphd, the largest projected savings of the group. 

Other Actions 
Conservation efforts do not need to be limited to the four categories identified from the 
performance based analysis.  Savings are possible from other indoor uses, which would provide 
additional savings, and thereby increase the potential of meeting or surpassing the conservation 
target of 120 gphd as the average for the group. 

Dishwashers 
The indoor modeling results for faucets, shown in Table 77, suggest that the presence of a 
dishwasher reduces daily faucet use by 14 gpd, or 500 gallons per year.  This matches the Energy 
Star website, which advises (without citing a source) that: “washing dishes by hand uses much 
more water than using a dishwashers. Using an ENERGY STAR qualified dishwashers instead 
of hand washing will save you annually 5,000 gallons of water, $40 in utility costs, and 230 
hours of your time.”  
 
According to Table 67, the survey results from this study, 82% of the homes have dishwashers.  
This suggests that if dishwashers were installed in the 18% of homes that do not have them, the 
average household water use would be reduced by approximately 1,000 gallons per year. 

Garbage Disposals 
Table 77 also suggests that the presence of a garbage disposal also saves water in the home, 
approximately 13 gphd.  This is counter intuitive since one would expect that the use of a 
garbage disposal would lead to more use of the faucet.  It is possible, however, that homes 
without garbage disposals actually use more water to clear the drains than do homes with them.  
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In any case, approximately 85% of the homes in the sample had disposals, so if the data are 
correct, then adding them to the 15% of homes that do not have them would save approximately 
700 gallons per year on average. Virtually all new homes are equipped with both dishwashers 
and disposals, so this is not an issue for new home standars. It does suggest, however, that water 
agencies should not consider disposals as water wasting appliances. 

Showers 
In this study it was not possible to detect a change in household water use based on the average 
flow rates of the showers in the homes.  The reason for this, as explained in CHAPTER 9, was 
due to the fact that there was so little variability among the average flow rates among the houses.  
We do know that the majority of showers flow at or below the 2.5 gpm standard for the 1992 
EPAct. This is due to a combination of plumbing restrictions and throttling by the users.  In the 
EPA Retrofit study replacement of existing showerheads with 2.5 gpm devices led to no 
significant reductions in daily shower use. In one of the sites, however, where the old 
showerheads were replaced with devices flowing at 1.7 gpm, which match existing WaterSense 
specifications, a reduction of 9.7 gpd was measured.  This is equivalent to to approximately 
3,500 gallons per year of potential savings. 

Water Monitors 
The faucet model results shown in Table 77 showed that three factors associated with peoples’ 
knowledge of how much water they were using were linked to reduced faucet uses.  These 
questions were whether people knew how much water they used in a year, whether they knew 
the cost of wastewater charges, and whether they felt that the cost of water was an important 
factor in their decisions about how much water to use.  All of these factors suggest that having 
more knowledge about the acual use of water and its costs tends to decrease discretionary uses 
such a faucet use.  This suggests that measures such as real time water monitors may play a role 
in reducing discretionary uses by informing people of their actual usage. 

Other Uses 
The other domestic use category includes items such as water treatment systems, humidifiers, 
swamp coolers and other uses that did not fall into any of the other categories.  There is no single 
measure for dealing with all of the miscellaneous uses, but the category does show that they 
account for nearly 4% of average indoor uses.  Knowing that these uses exist and insuring that 
they are properly operated and maintained by the users is an important step in managing them. 

Outdoor Savings 
In order to extrapolate the outdoor results from this study to the state as a whole, the regression 
models developed in CHAPTER 9 were used.  The variables were adjusted based on the best 
available information for the population of single-family homes across the state in order to derive 
adjusted estimates of outdoor household water use for the general single-family population. In 
areas where specific data were not available for adjustments we assume that patterns of outdoor 
water use from the study group are similar to those throughout the state, for example we assumed 
that the percentage of homes that practice irrigation (87%) found in this study can be applied 
across the state.  On the other hand, census data showed that the statewide household income was 
lower than the study group, so the outdoor use model was used to correct for this.   
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Table 99 shows the baseline estimate for outdoor water use in the state after correcting for 
household income and the percent of homes that are irrigating.  In this and the following tables 
the outdoor use model from Chapter 9 was used to estimate the predicted outdoor household use.  
This value equals the product of the factors in rows 1 through 8 of the table, plus the correction 
factor in row 9.  The baseline use is shown in row 10, which in this case is 87.103 kgal per 
household.  This value stays constant in the following case studies, and savings are taken as the 
difference between the baseline use and the use predicted by varying the values for the test cases.  
The savings per household are then multiplied by the estimated number of single-family 
households that are irrigating to arrive at estimates of statewide savings projections from 
conservation in outdoor use. 

Table 99 Baseline outdoor water use corrected for percent irrigators and income 

Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.960 0.979
Excess Irrigators (%) 3.130 0.505 0.505 2.076
In ground sprinkers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125              83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
Predicted Value (kgal)  87.103
savings (kgal)  0.000
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

-  
Total savings (MAF)   

-  

 
 

Using the outdoor regression model we can make projections of the likely impact on household 
water use among the 8.24 million irrigating single-family residences if various modifications are 
made to their outdoor water patterns.  In the first case we assume that the rate of over-irrigation 
can be cut in half from the current 50.5% to 25.25% of irrigating households that are over 
irrigating.   

Table 100 shows that this simple expedient would reduce average outdoor use from 87.103 kgal 
per year to 62.152 kgal, and results in statewide savings of 0.631 million acre feet of water.  
Based on our best estimate of 4.4 MAF of single-family water use from Table 89, this means that 
a savings of nearly 15% of total single-family use could be achieved simply by cutting the 
number of over-irrigators in half--not eliminating over irrigation, but just halving it. 
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Table 100: Outdoor case 1: reduction in rate of excess irrigators by 50% 

Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.960 0.979
Excess Irrigators (%) 3.130 0.505 0.253 1.538
In ground sprinkers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125             83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
Predicted Value (kgal)  62.152
savings (kgal)  24.951
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

205,660,996 
Total savings (MAF)   

0.631 
 
A second scenario supposes that a fraction of households’ high-water use plants such as grass are 
replaced with climate-adapted, low-water use plants, in effect reducing their landscape ratios. 
This type of landscaping is often referred to as “drought-tolerant” or “low-water using” 
plantings. Southern Californians sometimes promote drought-tolerant and native plants as 
“California Friendly Landscaping,” it is referred to as “Bay-Friendly” in the San Francisco Bay 
Area, and in Santa Rosa and Sacramento the term is “River Friendly.” Replacing grass with 
native plants, in particular, reduces water use and has other benefits including flowers that attract 
pollinators, more diverse habitat, lower fertilizer and pesticide use, less polluted runoff, and 
healthier lakes, streams, and coasts.  The California model landscape ordinance suggests a 
maximum landscape ratio of 0.8. 
 
This study found an average “landscape ratio” of 0.96. The landscape ratio captures the impacts 
of different plant materials since it is the ratio of the theoretical irrigation requirement to the 
reference irrigation requirement.  Landscape professionals and agronomists use the concept of a 
crop coefficient or a plant factor to describe the water demands of different types of plants. A 
plant factor, when multiplied by reference crop evapotranspiration, determines the amount of 
water needed by a plant. California’s Water Efficient Landscape Ordinance, AB 1881, reports 
plant factors for different types of landscapes. The factor for low-water-use plants is 0 to 0.3, for 
moderate water use plants 0.4 to 0.6, and for high water use plants 0.7 to 1.0. Plant factors cited 
in the ordinance are derived from the Department of Water Resources 2000 publication “Water 
Use Classification of Landscape Species.” 
 
For this scenario, we estimated the water savings that would result from reducing the average 
landscape ratio from its current average of 0.96 to 0.80, which is the suggested ratio in the model 
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landscape ordinance.  This would be done by replacing turf and high water-using trees and 
shrubs with plants having a lower water requirement. Note that this scenario does not involve 
reducing landscaped area, since creating additional hardscape could increase impervious cover 
and runoff, and may not be a recommended practice.  Making this modification to the outdoor 
water use model achieves an additional 0.16 MAF, bringing total outdoor savings potential to 
0.790 MAF, which is an equivalent savings to 18% of the total single-family demands. 
 

Table 101: Outdoor case 2: reduction in landscape ratio to 0.80 

Parameter Coefficient Study 
mean 

Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.800 0.893
Excess Irrigators (%) 3.130 0.505 0.253 1.538
In ground sprinkers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125          83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
Predicted Value (kgal)  55.872
savings (kgal)  31.231
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

257,424,478 
Total savings (MAF)   

0.790 

 
The final outdoor scenario assumes that the average irrigated area is reduced by 20% through the 
use of hardscapes, mulches, and non-irrigated areas. This would lower the average landscape 
area to 3042 sf, and would generate another 0.232 MAF of outdoor water savings.  In this case 
the total outdoor savings would amount to 1.022 MAF of water per year, as shown in Table 102. 
 

Table 102: Outdoor case 3: reduction in landscape area by 20% 

Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3042 236.503
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.800 0.893
Excess Irrigators (%) 3.130 0.505 0.253 1.538
In ground sprinklers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125              83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
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Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Predicted Value (kgal)  46.692
savings (kgal)  40.411
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

333,093,996 
Total savings (MAF)   

1.022 

 
The results of the three scenarios of outdoor water use are shown in Table 103.  The total savings 
estimated from the three outdoor conservation efforts described above range from 15% to 23% of 
the total single-family baseline water use. 
 

Table 103 Estimated outdoor water savings for single-family residences in California 

 Baseline 
Current estimate 
of SF outdoor 
water use 

Scenario 1  
Reduce rate of 
over-irrigation by 
50%  

Scenario 2  
Reduce Average 
Landscape Ratio 
to 0.8 

Scenario 3  
Reduce 
Average 
Irrigated Area 
by 20% 

Income corrected 
Water Use 
            (kgal/yr/) 87.103 62.152 55.872 46.692 
                    (MAF) 2.27 1.62 1.48  

Savings (kgal/yr)  24.95 31.23 40.41 

Savings       (MAF)  0.631 0.790 1.022 
% reduction for SF 
Outdoor use 

 
28% 35% 45% 

% Reduction of total 
SF use  

 
14% 18% 23% 

 
Finally, a note about “cash for grass” programs: these have become increasingly popular as tools 
for water savings, most notably in Las Vegas, which recently increased the incentive from $1.00 
to $1.50 per square-foot (Southern Nevada Water Authority 2010). We estimate that, in Los 
Angeles, each square-foot of grass replaced with “California-friendly” landscaping saves 12 
gallons of water in a normal year, and up to 18 gallons in a drought year. Beyond financial 
incentives, agencies are employing other strategies to give up water-thirsty lawns for more 
appropriate land cover. These include enforcement of local landscape ordinances as described in 
the above section on new regulations. 
 
Another approach seeks to use the techniques of social marketing to convince residents of the 
many benefits of dry gardens, both environmental and aesthetic. While it is more difficult to 
measure the impact of these “soft” approaches, they are important to bringing about a culture 
shift that will contribute to more sustainable use of California’s water resources.  
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Total Savings Potential from Single Family Homes 
This study showed that a range of water savings are available from single-family homes in 
California.  Most of these savings come from the elimination of waste and use of best available 
water technologies.  Additional savings are available from changes in life style such as landscape 
redesign or reduction of landscape areas. 
 
The indoor savings potential are limited by the end-point chosen for indoor household use.  In 
CHAPTER 9 we estimated a potential average savings of 20 kgal per home assuming that the 
indoor use benchmark would be 120 gphd.  In this chapter the estimate was 30 to 40 kgal per 
household assuming that benchmarks of 105 gphd could be achieved and more aggressive indoor 
technologies used.  Consequently, we can conceive of three levels of indoor water conservation 
benchmarks: a low, medium and high level at 20, 30 and 40 kgal per year per home.  Total 
indoor estimates are based on the estimate of 9.5 million single-family households in the state.   
 
Outdoor potential conservation savings have been estimated at a low of 0.631, medium of 0.790 
and high of 1.022 MAF. The savings in the low and medium ranges are deemed technically 
achievable, and do not require draconian demand restriction efforts. Furthermore, the low-end 
savings would more than achieve the desired 20% reduction in use.  The practicality of achieving 
savings in the high range is less clear, and closely related to the value placed on the saved water.   
Achieving the high range outdoor savings may be achievable if residents are willing to scale 
back on the size and water requirements of their landscapes.  Table 104 shows the summary of 
the estimated potential conservation savings derived from this study.  It is worth repeating that 
what is achievable is a function of the value being placed on the saved water.  As water becomes 
scarcer its value will rise which will make things that may not have appeared economically 
practical become so. 
 

Table 104 Summary of projected statewide savings (MAF) 

 Baseline Use Low Savings Medium Savings  High Savings 
Indoor 2.13 .58 .87 1.16 
Outdoor  2.27 .63 .79 1.02 
Total 4.4 1.21 1.66 2.18 
% of Total  27% 37% 50% 
 

Issues Concerning Potential Water Conservation in California 
There are a number of issues that need to be kept in mind when considering how water 
conservation might impact future water demands in California. 

The Post-Drought Rebound Effect 
The sampling for this study took place in the middle of a 3-year drought that struck California 
from 2006- 2009. This is reflected in the governor’s declaration of a drought in June 2008, 
followed by a more serious declaration of a state emergency in February 2009. During this time, 
a statewide public education plan was conducted encouraging people to conserve water. At the 
same time, newspapers, radio, and television carried stories on the drought, usually accompanied 
by an exhortation to conserve water. During a drought, water savings come from a combination 
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of changes to behavior and technology. As an example of behavioral change, customers may take 
shorter showers, or scale back on lawn watering or car washing. Some customers install water-
saving fixtures that they purchase or receive via a giveaway or rebate from the utility. A 
“rebound effect” is often observed following a drought when customers return to their former 
patterns of water use. However, a certain amount of savings are more lasting, partly due to the 
spread of water-efficient technologies, but perhaps also due to lasting behavioral changes. It is 
reasonable to assume that some households in the sample modified their water use based on 
these messages, suggesting that the sample may underestimate water use in a normal, non-
drought year. 
 

Skewed nature of use and savings potential 
The distribution of water use among single-family residents is heavily skewed. It seems that 
household water use like many other quantities in social science, obeys the law of the long tail: a 
small number of households use large amounts of water. This has important implications for the 
design of conservation programs, since a small number of customers hold the biggest 
conservation potential; targeting these customers may lead to the most savings at the lowest cost. 
Yet, there are some difficulties in identifying these customers and running targeted conservation 
programs.  
 
One strategy is to use the techniques of data mining of billing data to determine households 
where water use is unexpectedly high. It may be useful to look for sudden unexplained jumps in 
water use by a customer. This may help to identify leaks in the customer’s home which they may 
not be aware of.  
 
Billing data becomes even more useful when it is linked to other kinds of information. High 
water use may be explained by a large family or a house that is on a large lot. Comparing billing 
data to property information from assessors’ offices (often called cadastral data) may make these 
queries more informative. 
 
Agencies that use an allocation-based billing structure, based on the number of residents or size 
of the lot, already have this type of information about their customers. Irvine Ranch Water 
District in California is an example of an agency that has successfully used a “water budget” 
approach for over a decade.  
 

Need for price signals 
Many analysts have noted that California’s water customers do not all receive adequate price 
signals to indicate that water resources are scarce. In general, there are four kinds of rate 
structures at use in the state: flat, declining block, uniform, and increasing block rate. 
 
The California Urban Water Conservation Council has encouraged the use of “conservation 
pricing” since 1991. By their definition, conservation pricing means that customers should pay 
for each additional unit of consumption. These so-called volumetric rates can include either 
uniform or increasing block rates. 
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Economists had formerly assumed that demand for water was relatively inelastic. In other words, 
a household’s need for demand for water is relatively fixed, and does not respond to changes in 
price. Two decades worth of research stands this notion on its head. According to Tsai et al. 
(2009), “Literature on the price elasticity of water use – impact of water price on water demand – 
is so well-developed that meta-analysis is now possible (for example, see the meta-analysis of 64 
previous studies by Dalhuisen et al. 2003).” Arbués and others surveyed the literature on 
residential water demand and conclude that while conservation pricing remains an important tool 
for water managers, it will be most effective when “complemented by other instruments.” 
 
The fact remains, however, that water is fairly inexpensive, and comprises a small portion of a 
typical household’s budget. A spate of recent newspaper articles publicized the profligacy of the 
biggest water users. Relying solely on rate increases to bring about savings will be difficult. 
Most agencies face some opposition from the public for any rate increase, no matter how modest. 
Raising rates can also create an unfair burden on poor families. Some have proposed allocation-
based rate systems to alleviate these concerns, where a base allocation for a household is based 
on the number of residents. 
 
As of 2006, 93% of California water agencies charged volumetric rates to residential customers, 
according to a study of water rates by the engineering firm Black & Veatch (2006). Inclining 
tiered rates are becoming more widespread. Before 1991, tiered rates were used by only 20% of 
suppliers. Their use spread from 38% of suppliers in 2001 to 43% in 2006 ( 
Figure 85).  
 
The study also found that water rates across the state had increased by an average of 17% over 
the 3-year period from 2003 to 2006. The study’s authors did not attribute the rate increase to 
conservation efforts but rather to “increasing cost in construction materials, stringent water 
quality regulations and an aging infrastructure.” 
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Other

 
Figure 85 Water rate comparison for California water agencies in 2006 (percent change from 
2001 shown in parentheses) (based on 289 water suppliers surveyed by Black & Veatch, 2006) 
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Research by the Public Policy Institute of California reveals that water consumption by 
households subject to a uniform volumetric rate is 13% lower than by those paying a flat rate. 
Switching to a tiered rate reduces consumption by another 10%. 
 
 

571

497

447

Flat rate
(no charges per gallon)

Uniform rates
(same price per gallon)

Tiered rates
(increasing price per gallon)

 

Figure 86 Household water consumption (gallons per day) under different rate structures in 2003 
(adapted from Hanak, 2008) 

 
An increasing body of evidence shows that some customers will respond to “community norms” 
more readily than price signals. These efforts may fall under the heading of “social marketing”, 
the use of marketing techniques to achieve specific behavioral goals for a social good. Social 
marketing has been traditionally employed to promote health and safety, with notable campaigns 
against smoking, skin cancer, and drunk driving. Campaigns such as California’s “Save Our 
Water” can be considered a form of social marketing. Overall, social marketing may use other 
forms of persuasion. 
 
An article in On Tap magazine describes how the ubiquitous water conservation cards in hotel 
rooms were modified to test their effectiveness: 
 
There was about a 37 percent compliance rate when the card carried a standard “help save the 
environment” message. Altering the card’s message to say that 75 percent of the guests in the 
hotel reused their towels, compliance climbed to 44 percent. When upping the ante by indicating 
that 75 percent of the people who stay in this room re-used their towels, compliance again rose, 
to 49 percent. 
 
A limited body of social science research supports the idea that if you tell people, “You are 
consuming more than is normal in our community,” that they will respond by lowering their 
consumption. The idea goes thus: even residents for whom the price of water is inconsequential 
will react strongly to being considered in violation of normal behavior in their community. A 
study by the National Bureau of Economic Research in April 2010 indicates that these messages 
may backfire among certain segments of the population. In an electricity conservation program 
where customers were given feedback on their own and peers’ electricity usage, they found that 
“a Democratic household that pays for electricity from renewable sources, that donates to 
environmental groups, and that lives in a liberal neighborhood reduces its consumption by 3 
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percent in response to this nudge. A Republican household that does not pay for electricity from 
renewable sources and that does not donate to environmental groups increases its consumption 
by 1 percent.”  

Frequency of Billing 
Some have hypothesized that infrequent billing supports is an obstacle to conservation efforts. 
Customers who receive a water bill every three months or six months will be less likely to 
respond to price signals, or so the thinking goes. While we believe this reasoning to be sound, 
there has not been a great deal of study to back it up. In 2008, a group of researchers in 
Massachusetts studying conservation efforts in the water-stressed Ipswich River basin 
hypothesized that “more frequent water bills would enable customers to recognized sharp 
increases in water use at the beginning of the irrigation season and respond by voluntarily 
reducing outdoor uses” (Tsai 2008). They separately tracked a group of 500 customers who 
began receiving monthly bills, where others in the area received only two bills per year. The 
study failed to show that more frequent billing resulted in lower water use, perhaps because a 
drought resulted in regulatory water-use restrictions during the same summer. It is possible that 
other educational outreach efforts may be required in tandem with more frequent billing to 
trigger voluntary conservation. 
 
Real-time feedback 
Some utilities are beginning to upgrade water meters to so-called “smart meters,” which are a 
part of what goes by the terms AMR for “automated meter reading” and AMI for “advanced 
metering infrastructure.” These types of metering systems can automatically transmit usage data 
to the utility, saving the time and expense of deploying meter readers. Another advantage is 
providing customers greater knowledge and control of their water use.  
 

 
Figure 87 Prototype online user interface for a smart water meter. (Courtesy of Charles Bohlig at 
the East Bay Municipal Utility District.) 
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California’s experience with electric “smart meters” will be a useful guide as we move forward 
with smart water meters.  A key element of at least one brand of AMI meters is their ability to 
provide real-time data on water use through a monitor installed in the home, normally on the 
refrigerator with a magnet.  This system also has a “leak” detection alert. 
 
A Silicon Valley entrepreneur has launched a company called Aguacue to promote a real-time 
flow measurement technology similar to the one used in this study. The company’s product 
consists of a measurement device they call a “barnacle” that attaches to a water meter and online 
software that helps customers to monitor and better understand their water use patterns. Since 
there are no products available to measure end uses of water at home, this may help people to get 
a better idea of how much water they are using for different purposes.  
 
A study conducted by California State University, San Marcos, of households in Carlsbad near 
San Diego, revealed that customers who received real-time feedback and information about how 
much water their neighbors were using cut their water use significantly: 
 
...those who got the feedback used 20 percent less water compared with the same period the year 
before. The control group reduced its water use by only 11 percent compared with the previous 
year. The results also suggest that people who were already interested in reducing their water use 
before the study began, conserved the most once they got the devices and software. 
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CHAPTER 11 – CONCLUSIONS AND 
RECOMMENDATIONS  

 
The research team offers the following conclusions and recommendations.   

Conclusions 
Since the signing of the original Memorandum of Understanding, the water agencies in the State 
of California have made a concerted effort to implement water conservation programs.  These 
efforts have clearly paid off in the form of reduced water use.  The data collected for this study 
has shown that indoor water uses have been reduced by 13% compared to the 1997 demand 
patterns.  The penetration rates of toilets has increased to the point that 60% or more individual 
units are ULF or better models, and 30% of all homes appear to be fully equipped with toilets 
that are flushing at 2 gallons per flush or less. Similarly, 30% of homes now have clothes 
washers that use 30 gallons per load or less, and these volumes are falling continuously as newer, 
more efficient models come on the market.  Showers appear to be fully saturated with 2.5 gpm 
devices.  The areas where the most interesting challenges persists are in managing leaks (and 
continuous uses that appear to be leaks) and eliminating excess irrigation applications. 
 
The fundamental conclusion of this report is that there has been significant progress made in 
single-family water conservation.  Indoor use, normalized for a family of 3 has declined by 13% 
since the REUWS study was completed. The data show, however, that there is still a significant 
amount of remaining potential available.  This is true for both indoor and outdoor uses.  Tapping 
these potential savings could represent a major portion of the conservation savings goals for the 
State. 
 
In the most conservative case, indoor savings are estimated at approximately 20 kgal per year per 
household and outdoor savings at 25 kgal per household per year.  This equates to 45 kgal per 
household per year, or 1.2 MAF for the households in the state.  These savings represent 27% of 
the baseline single-family demand.  In the most aggressive conservation program investigated, 
the total household savings are 40 kgal per household indoors and 40 kgal per household 
outdoor.  In this case the total savings from the single-family category would amount to 2.18 
MAF per year, which equates to 50% of the baseline demand.   
 
Savings associated with the conservative estimates could probably be achieved without making 
any major adjustments to lifestyles, but they would require some technological and 
programmatic advances.  The primary indoor challenge is to develop ways to eliminate the long 
term “leakage” patterns seen in some homes.  Our assumption is that most of these are true leaks 
or mal-functions of some sort.  Some additional work needs to be done to determine if there are 
legitimate uses (such as water treatment, medical or other uses) that require a constant flow of 
water.  If these uses are avoidable they would reduce overall indoor water use significantly.  
There are devices on the market for detecting and interrupting these types of flows that should be 
investigated.  For outdoor uses the challenge is to find ways of eliminating over-irrigation for 
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customers where it is occurring, without simultaneously causing irrigation use to rise for 
customers who are under-irrigating. 
 
The more aggressive conservation scenarios would require increasingly lifestyle changes.  
Additional work needs to be done to determine how these scenarios might be accomplished 
technically, economically and from the perspective of customer acceptance.  This report did not 
deal with cost-effectiveness analyses. 
 
The savings projections made in this study are based on clearly defined assumptions and 
parameters.  They are theoretically possible to achieve, and have been demonstrated to be 
achievable in pilot studies. Only future studies and efforts by agencies working with their 
customers in practical situations will demonstrate how achievable they may be and what 
techniques are most promising.  It is clear, however, that the more valuable water becomes the 
more cost-effective the conservation efforts will prove.  
 
These average savings estimates are not evenly distributed over the population.  In most homes 
the savings potential is smaller than the average, but in a few homes it is far larger than the 
average.  The skewed nature of both water use and potential savings is another key finding of 
this report, and has important implications on how to best achieve water savings in the most 
practical manner and in program design. 
 
The water use in the study homes matched the water use of the populations from which they 
were drawn in both average and median annual water use.  While geography was not one of the 
selection criteria, in cases where it was checked, as, for example in San Francisco and Los 
Angeles, the proportion of study homes in zip codes was found to match the percentage of 
single-family customers therein.   
 
The research team believes that in general the study homes in this sample were fairly typical of 
single-family homes in the state.  Exceptions to this were found in that the average occupancy of 
the study homes was slightly larger than the statewide population and the income of the study 
homes was higher than for the state as a whole. The savings estimates in the study have been 
corrected to account for these differences. 
 
The basic sample of 60 homes per study site uniformly provided sufficient accuracy in results 
such that the 95% confidence intervals around the mean values of end uses was less than 10% of 
the mean, and provided sufficient accuracy to detect whether changes in the mean use were 
statistically significant and whether the percentage of homes complying with efficiency criteria 
were significant.  The pooled sample group provided a more than adequate data set for 
performing the indoor and outdoor modeling on a range of explanatory variables. 
 
The errors and inaccuracies in the data and analysis were unavoidable given the available data 
and the fact that water use was being disaggregated by examination of a flow trace from a single 
water meter.  The errors in the data, however, were mainly random in nature, creating plusses 
and minuses in the results, and we do not believe significant systematic errors occurred.  
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The data collected for this study reveal a wide array of details about single-family household use 
in the study homes and by extension for California, and how these uses have changed over time.  
Some of the key findings are: 
 

 The annual water use in the 1.3 million single-family customers from which the study 
sample was selected was 132 kgal (176 CCF) per year. This is equivalent to 361 gphd.  
Based on the average occupancy of 2.94 persons per home, this equates to an average per 
capita use of 123 gpcd for annual single-family use. 

 Analysis of the data on an annual and seasonal basis indicates that that 47% of the single-
family household use was for indoor uses and 53% was for outdoor uses.  This equates to 
62 kgal per year for indoor uses and 70 kgal per year for outdoor uses, averaged over all 
single-family households in the study. 

 Based on data logged consumption, the total indoor water use from data logging for the 
study homes was 175 gphd, which was statistically similar to both the indoor use for the 
entire REUWS group, which was 177 gphd, and just the California homes from the 
REUWS, which was 186 gphd.   

 The only continuous variable found to be significant with respect to predicting indoor 
water use was the number of residents living in the home. The age of the home, 
household income, number of bedrooms or bathrooms, and the size of the home were not 
significant predictors. 

 Indoor water use is not linear with respect to the number of residents, but follows a power 
curve relationship, with the exponent of the equation less than 1.0.  

 When corrected for the number of occupants by normalizing household demands for a 
family of three, the indoor water use from the current study group was 13% lower than 
for the REUWS group. 

 As an efficiency benchmark, this study used the data from the EPA Retrofit Study, which 
showed the water use in homes that had been retrofit with high efficiency fixtures and 
appliances.  The average indoor use for the Retrofit group was 107 gphd, although for 
projections of savings, we only sought to obtain savings down to the level of 120 gphd in 
order to be conservative. 

 There were eight indoor end uses identified, five of which are major end-uses:  
o toilets (20%),  
o clothes washers (18%),  
o showers (19%)  
o faucets (18%) and  
o leakage (16%).   

These account for 91% of indoor uses by volume. Baths, dishwashers and other uses make up 
the remaining 9%. 

 
 Of the eight indoor end-uses analyzed in this study,  

o Two categories: toilets and clothes washers showed unambiguous reductions in 
use compared to the REUWS sample. 

o Four categories: showers, faucets, leaks and baths showed increased usage;  
o Two categories: other (miscellaneous) uses and dishwasher uses remained 

unchanged. 
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There were 122,869 toilet flushes recorded in the flow trace database.  
 

 According the survey data 67% of all of the toilets in the study group are ULF or better 
devices.  The data show that this rate of penetration still leaves the majority of homes 
flushing above the 2.0 gpf threshold, which is due to a combination of the mixtures of 
high volume and ULF toilets in the homes, and the fact that many ULF design toilets 
clearly flush at more than 1.6 gpf. 

 In 1999 when the REUWS was published only 22% of all toilet flushes were at 2.5 gpf or 
less in this study 59% of all flushes are at 2.5 or less.  That represents a major 
improvement and demonstrates the benefits of the conservation efforts that have been 
made. 

 The household use for toilet flushing decreased from 45.2 gphd in the REUWS to 37.7 
gphd in this study.  

 The average toilet flush was 2.76 gallons per flush, which compares to an average flush 
volume of 3.48 gpf in the REUWS data.  The median flush volume was 2.45 gal.   

 It appears that 75% of all homes have at least one ULF or better toilet and 25% do not. 
 Overall, 30% of the houses had average toilet flush volumes at 2.0 gpf or less.  The 

remained 70% of homes have a mixture of toilets and would benefit from additional 
toilets upgrades or repairs.  

 The data show a clear improvement in the water use efficiency for toilet flushing, but 
they also show that there is still a considerable amount of remaining potential available. 

 The toilet flush data in this study suggest that around 30% of the homes use ULF or 
better toilets exclusively, 25% of the houses do not use ULF or better toilets to a 
significant extent, and 60% of the toilets in the population are ULF or better devices. 

 
There were 7,935 loads of clothes identified from the flow trace data during the logging study. 

 The data show clear improvements in clothes washer efficiencies. 
 In the REUWS group only 1% of the loads were washed at 30 gallons or less. The current 

data show that 29% of all homes use 30 gpl or less.  
 The household water use for clothes washing dropped from 39.3 gphd in the REUWS to 

33.2 gphd in this study. 
 The average gallons per load was 36 gpl, which compared to 40.9 gpl in the REUWS 

study. 
 If all clothes washers were high efficiency devices, which in this study was set at only 30 

gpl, the household use could be reduced to less than 20 gpd for clothes washing.  
Obviously, if lower wash volumes provided by the more recently produced machines 
with lower water factors this would drop further. 

 
There were 17,334 showers recorded during the logging study 

 The household use for showering increased from 31.9 to 35.3 gphd from the REUWS 
group to this. 

 The average flow rate for the showers was 2.14 gpm, which is less than the 2.5 gpm 
standard. 
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 The average minutes per day for showers in the homes was 17.1 minutes.  At 1.7 gpm 
this would require 29 gphd for showering, which gives an indication of the potential for 
conservation from shower heads when compared to the 35 gphd recorded use. 

 The average volume of water used for showers in the homes was 18 gallons per shower.  
This is approximately the volume required to fill up a standard bath tub with someone 
sitting in the tub. 

 
During the 9,021 days logged in the study period the average volume of events classified as leaks 
or leak-like events was 30.8 gphd.  

 Only 7% of the homes showed volumes for leaks and leak-like events at 100 gpd or 
more, but these homes were responsible for 44% of the total volume assigned to leakage.  
A few of these homes may have devices such as reverse osmosis systems that are being 
run continuously, and this needs further study. 

 The leaks in homes with 100 gpd or more of leakage tend to be of long duration, which 
would lend themselves to interruption by various devices currently on the market. 

 The regression model of leakage showed a 12.8 gphd difference in leakage between 
manual and sprinkler irrigators.  This implies that a significant percentage of the observed 
leakage was due to leaky irrigation systems. 

 Elimination of these long and large volume “leak” events should be a high priority for 
making residential water use more efficient. 

 If there are devices, such as whole house reverse osmosis systems, that create a 
continuous demand these should be documented, and criteria established for categorizing 
their use. 

 
In terms of the number of events per day, faucets rank number one.  

 There was an average of 57 faucet events per day in the homes, which lasted an average 
of 37 seconds at a flow rate of 1.1 gpm.  

 Faucet use appears to be reduced by having a dishwasher 
 The presence of a disposal also was associated with decreased faucet use, which was not 

anticipated 
 Faucet use accounts for 33 gphd, up slightly from the REUWS sample of 26.8 gphd.  
 A combination of reduced flow rates and devices to reduce flow durations are probably 

the best approach to reducing faucet use. 
 
The data show an increase in the penetration rates of water efficient devices in the homes. 

 In the REUWS group, only 1% of homes met high efficiency clothes washer criteria and 
10% met efficient toilet criteria.  

  The current data show that 29% of the California homes meet clothes washer criteria and 
30% meet toilet criteria. Nearly 80% of all homes meet shower criteria. 

 It is safe to conclude that approximately 30% of all clothes washers in the single-family 
group are high efficiency, since there is normally only one washer per home. 

 Since there are multiple toilets per home the percentage of these devices that are efficient 
would be substantially greater than the 30% percent of homes meeting the efficiency 
criteria.  The data suggest that a 30% household efficiency rate is equivalent to at least a 
60% toilet fixture rate. 
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 The quantification of the precise percentage of ULF or better toilets in the study group is 
complicated by the fact that ULF toilets often flush at more than 1.6 gpf. 

 
The average outdoor use for the group as a whole was 80.6 kgal (108 CCF) per year 

 Approximately 87% of the homes in the sample appeared to be irrigating, or using 
significant amounts of water for outdoor purposes. 

 The split between indoor and outdoor use, while variable from site to site averaged 
approximately 40% indoor to 60% outdoor for the houses that were irrigating. 

 Irrigation use is more heavily skewed by large users than is indoor use.  The top half of 
the irrigators (those using more than the median use of 67 kgal per year) account for 
approximately 75% of the total outdoor use. 

 The average irrigated area on these lots was 3,631 sf while the median area was 2,634 sf.  
 There was a fairly good relationship between lot size and irrigated area for these homes 

which were included in the outdoor analysis. 
 The actual application rate for the sites equaled 58.3 inches, compared to the average ET 

requirement of 42.1 inches, implying that the overall application ratio was 138% of the 
required irrigation amount, but this was not evenly distributed. Most homes are not over-
irrigating. 

 Roughly 50% of the irrigators, 42% of all homes are over-irrigating. 
 The average volume of over-irrigation was 27.9 kgal per year for all irrigators 
 The average excess irrigation on just the lots that were over irrigating was 60 kgal. 

 
Since most of the water agencies were following similar practices in their water conservation 
programs it was difficult to identify differences in water use patterns that could be attributed to 
individual conservation programs. 
 
Most of the survey respondents had little knowledge about how much water they use or how 
much money they spend on water. Most respondents also did not consider price when deciding 
how much water to use either indoors or outdoors.  Only 16% of respondents agreed with the 
statement “I conserve water mainly for environmental reasons”, while 80% of respondents 
disagreed with this statement. This may simply point out that there are more reasons for 
conserving water than just the environmental benefits.  
 
The factors that were found to be significant in modeling indoor water use were  

 the number of residents in the home,  
 whether there was a significant leak,  
 whether youth were present, and  
 the presence of high efficiency fixtures and appliances.  

The factors that affected outdoor use included: 
 ET,  
 irrigated area,  
 household income,  
 landscape coefficient,  
 pool,  
 sprinkler system,  
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 Whether the home is over-irrigating. 
 
The water use models derived from the study data were used to project water use and water 
savings for the general population of single-family homes across the state. As shown in Table 
104, these resulted in projected water savings ranging from a low of 1.21 MAF to a high of 2.18 
MAF of water from the single-family customers. This equates to from 27% to 50% of the 
baseline single-family demands.   
 
The data lead to the conclusion that in order to achieve maximum savings the following things 
would need to be done: 

 Reduce average indoor water use from 175 gphd to somewhere between 105 and 120 
gphd. 

o Reduce average leakage to less than 10 gphd 
o Install HET toilets over time 
o Use high efficiency clothes washers in all homes 
o Use water smart shower-heads at 1.7 gpm 
o Reduce faucet run times by >10% 

 Reduce outdoor use to an average of 46.7 kgal per year from current average of 86.1 
o Reduce rate of over-irrigation from 50% to 25% of irrigators 
o Reduce landscape ratio from 0.96 to 0.80 
o Reduce average irrigated area by 20%, from 3802 sf to 3042 sf. 

 
This study did not deal with the costs to achieve each of these savings or other issues 
surrounding economics or customer acceptance.  The main goal of this study was to quantify the 
potential savings based on an analysis of the water use patterns circa 2007. 
 
The conclusions on water savings included in this study are based on what has been shown to be 
technically feasible with respect to reducing both indoor and outdoor single-family residential 
water use.  The study, however, did not deal with the cost-effectiveness of any individual 
conservation program aimed at making these reductions.  The entire issue of cost-effectiveness 
and the economics of water conservation are topics for future studies. 
 

Recommendations 
One of the key recommendations from this study is that more attention needs to be given to the 
performance of customers measured by their water use, rather than the counting of activities such 
as rebates, audits and other conservation practices.  Accounting for activities is a necessary part 
of evaluating a conservation program, but it is not sufficient technique on its own.  The approach 
of tracking changes in measured water use is also reflected in the recent revisions to the BMP 
programs, which focus on reductions of water use by the customers.  Such performance-tracking 
could be accomplished by the creation of annual reports that are based on normalized parameters 
(e.g. gphd annual and winter use, gallons per sf of irrigated area) which can be compared and 
tracked over time.  The use of total gallons of water deliveries divided by estimated population is 
too imprecise a measure for good analysis. 
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The State of California has specified that per capita water use is to be used as the primary 
measure of water use efficiency.  The 20% reduction in water use called for by the legislature 
means that the per capita water use is to decline by 20%.  Barring a massive increase in the 
number of residents per household, a 20% reduction in single-family per capita water use is 
equivalent to a 20% reduction in household water use.  
 
 Since it is difficult to accurately determine the population served, and small errors in these 
estimates can change per-capita use estimates significantly we recommend that the procedure 
used in this study be followed, where household use is first analyzed for scientifically selected 
samples of customers, and then normalized on the basis of population.  This technique made it 
possible to identify a 13% reduction in indoor water use shown in Table 73, which was not 
evident in just the raw household use data. 
 
The number or residents per household is a highly significant factor in predicting indoor water 
use.  The fact that this relationship is non-linear has implications for the establishment of water 
budgets.  Since the water use does not rise proportionally with the number of persons in the 
home then establishing water budgets in a linear manner will results in artificially large budgets 
for larger households and inadequate budgets for small households. Some agencies, such as 
IRWD, deal with this by providing a minimum budget based on a default value for their 
residences. 
 
Use of household consumption as a primary performance indicator implies that when evaluating 
the effectiveness of a water conservation program, actual levels of household use by residential 
customers must be determined, and that a reduction of these numbers should be demonstrated 
based on a standard number of residents. This reduction in household (and per capita) use should 
be given more weight than the numerical BMP implementation numbers as is required by the 
revised MOU.  
 
The notion that water savings due to specific BMPs such as toilet and clothes washer retrofits 
will automatically carry through as household water use savings is supported by this study.  The 
study showed that there was a total reduction in toilet and clothes washer use of nearly 17 gphd, 
but that indoor water use did not decline by this amount. These data show that water savings 
from installation of higher efficiency devices tended to get obscured by increased water use 
elsewhere.  This may be an example of the rebound effect (also known as the Jeavons paradox).  
This is an area that needs additional work, and should be pursued. 
 
Water agencies should keep track of and report the number of single-family accounts, their 
average and median annual use, seasonal use and non-seasonal use.  This will allow household 
water use to be continuously compared against known efficiency benchmarks to see how well the 
conservation targets are being met.  
 
It would also be very useful if water agencies could expand their customer information systems 
to include the number of residents per home, irrigated areas, and other key parameters shown to 
be important for predicting water use in CHAPTER 9.  This would make it possible to make 
adjustments to billing data information as needed to account for changes in these key parameters 
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so that changes, say in the number of persons per house, do not mask or masquerade as changes 
in efficiency. 
 
The data in this study indicate that logical goals for indoor water conservation should be to 
achieve consumption levels of 120 gallons or less per household per day for an average home.  
Outdoor goals should be based on halving the occurrence of excess irrigation, design of 
landscapes that have landscape factors no greater than 0.8, and where more aggressive measures 
are needed, a reduction in irrigated area.  Each community will need to decide which of these it 
wishes to emphasize based on local policies. 
 
This study did not deal with the costs of achieving specific efficiency levels, only the technical 
feasibility of doing so.  Additional studies need to be done to quantify the types of measures that 
could lead to the target efficiency levels and the costs of their implementation.  It is possible that 
many of these can be developed that involve little or no cost to the customer or agency.  As the 
marginal cost of water increases, so will the value of conserved water and the cost-effectiveness 
of water conservation efforts. 
 
The fact that, according to the survey, few customers are even aware of the cost of water or how 
much water they are using suggests that there may be benefits from using rate structures that 
send strong price signals for customers that fall into the excess use category. Communication of 
this over-use (and hopefully avoiding it) could be improved by implementing improved methods 
of providing real -ime information to the customers on their water use. 
 
Even though there are problems in doing so, it would make sense to express water bills in terms 
of gallons instead of billing units (hundreds of cubic feet).  Customers find billing units or CCF 
to be highly confusing and do not know how to interpret the information.  Given that water-using 
devices in the home are measured in gallons, the basic unit of measurement in the United States, 
is seems reasonable to bill in units of gallons where practical to do so. 
 
We know of no better way of sending price signals than by developing water budgets linked to 
indoor and outdoor use.  The results of this study show clearly that the water savings available in 
the population derives from a relatively small number of users.  This is especially true for highly 
skewed categories such as leakage and excess irrigation use.  It is very inefficient and difficult to 
devise programs to be applied to the general population in order to reach a small number of 
customers.  Water budgets automatically identify the customers in need of attention, and provide 
incentives to the customers to address their water use problems in the form of price signals. 
 
To the extent that water budgets or highly tiered water rates are used, it becomes more important 
to provide the customers with real-time information on their water use.  Fortunately, there are an 
increasing number of ways to do this as more systems install AMR/AMI metering systems.  
Providing customers with targets from their water budget and feedback on their real-time 
consumption should be considered as two sides of the same coin. 
 
Even though significant progress has been made in the areas of clothes washers and toilets, just 
less than one third of the potential has been achieved for these devices.  So, continued efforts 
need to be made in upgrades to HET devices and repairs of malfunctioning units. That does not 
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mean, however, that this necessarily involves rebates.  Building codes, water budgets, retrofit on 
sale ordinances and other incentives may be a more cost-effective method of accomplishing 
upgrades and replacements of obsolete devices.   
 
Additional research should be done on the degree to which toilets that are rated as ULF models 
are actually flushing at their design levels, and on ways to correct the problem of over-flushing 
through repairs and design changes. A significant number of toilets in this study that were 
flushing between 1.6 and 3.5 gpf may be mal-functioning ULF devices. 
 
Leakage is a category that has increased as a dilemma.  Leaking water does nothing useful, and 
should be eliminated to the degree practical.  There are increasingly effective technical devices 
such as smart meters, and sensor linked valves that are capable of recognizing and interrupting 
leaks.  The issue of what types of “uses” of water may be creating continuous demands that 
mimic leaks also needs further investigation.  A water budget rate structure is effective at leak 
reduction by making the customer aware of their excess consumption through their bills. 
 
Faucet use has also been shown to decrease with the presence of dishwashers and disposals, and 
with increased knowledge about water use and costs.  One-touch faucets and hands-free faucet 
controllers could help shorten the duration of faucet events.  Clearly these are expensive devices 
which would have to be introduced on a voluntary basis and after additional investigation.  
 
The data showed a strong correlation between automatic sprinkler systems and leakage.  One 
excellent way to reduce leakage in sprinkler systems is to equip these systems with master valves 
which de-pressurize the system when active irrigation is not taking place.  When a zone valve is 
open this acts to reduce pressure in the system so most of the water goes to the actively irrigating 
zone.  When all zone valves are closed, the pressure in the system rises, and any leaks are 
exposed to the full static pressure of the system.  These leaks will continue indefinitely.  A 
master valve, however, shuts off the water at the top end of the system, and will eliminate 
leakage. Master valves should be required on all automatic sprinkler system to the extent it is 
practical to do so. 
 
Adopting more aggressive building codes provides an opportunity to ensure that new homes 
constructed in the state use the best available technologies described above.  The most practical 
time to install water conserving devices is when the home is built. The CalGreen building codes 
were adopted in California in 2010.   
 
The results of this study suggest some items that should be considered for new homes and 
retrofits of existing homes: 

 Water Sense fixtures and appliances 
 High efficiency clothes washers meeting WaterSense criteria 
 Hands free faucet controllers, or other devices for limiting run times, for kitchen and 

bathrooms should be investigated to determine their effectiveness in reducing faucet use 
and the acceptability to customers. 

 Real time feedback on water use for the customer 
 Devices that sense and interrupt continuous uses of water due to leakage 
 Master valves on irrigation systems 
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 Landscapes that have landscape factors or 0.8 or less 
 Appropriate limits on irrigated areas 
 Systems that discourage over-irrigation while allowing deficit irrigation to continue 
 Water budgets for all single-family residential customer based on WaterSense criteria for 

indoor uses and locally appropriate water conserving landscapes outdoors. 
 
The State of California has adopted a goal of reducing per capita water use by 20% by the year 
2020.  Single-family residential water use can meet or beat this goal by reducing waste and 
leakage, use of high efficiency fixtures and appliances, reducing the number of  customers who 
are over-irrigating and by making modest modifications to landscape plant material and irrigated 
area. 
 
Efforts at improving single-family residential water use efficiency should not be discontinued, 
but should be refocused on achieving measurable reductions in household water use towards the 
efficiency benchmarks described in this report.  By doing so in an aggressive manner savings 
from 1.2 to 2.2 million acre feet per year are achievable from existing single-family households. 
 
The approach of sampling scientifically selected groups of customer and collecting highly 
detailed information on their water use and other characteristics could provide a way of 
understanding baseline use and changes in water use patterns in the States single-family 
customers on a much timelier basis than reliance on reports prepared from billing data.  Small 
changes in water use can be identified using the data logging technique which are not apparent 
from billing data analysis.  Just as the comparison between this study and the 1997 REUWS 
results provided information on changes in residential water use, future studies using similar 
techniques can provide additional information on how water demands in the single-family sector 
are changing during coming years.  
 
 
 
 
 
 
 
 
 
 



 

APPENDICES 

APPENDIX A: Utility Water Conservation Program Questionnaire 
Agency Information   
Agency   
Address   
City   
State   
Zip   
Coordinator name   
Coordinator phone   
Coordinator email   
General   
Population served   
Number of Employees in 
Program 

  

Annual Budget   
O&M   
Capital   
 
Conservation Measure Code Comment 
Residential Indoor   
Toilet replacements   
Showerhead replacement   
Faucet aerators   
Dishwashers   
Clothes Washers   
Audits   
Hot Water Recirc   
Other Res. Indoor?   
Residential Outdoor   
Controller replacement   
Rotating water days   
Xeriscape   
Irrigation audits   
Other Residential?    
CII Indoor   
CII Audits   
HET toilet program   
Cooling tower inspections   
Pre rinse spray nozzles   
Waterless urinals   
Bleed controllers   
Commercial Washers   
Other CII?   
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Conservation Measure Code Comment 
Irrigation Accounts   
Irrigation audits   
Xeriscape   
Rotating water days   
Workshops   
Budget rates for Irrigation   
Controller replacement   
System Measures   
“leak” detection   
System Audits   
Tiered Billing Systems   
Water Budgets   
Revolving loans   
Water Recycling   
Public Education programs   
Other Water Cons. Measures?   
New homeowner outreach   
Advertising   
Provision of ET data   
Meter feedback devices   
Conservation Plan   
Date of last update   
Copies currently available   
How is it evaluated   
Part of an IRP?   
Drought Plan?   
Date of last update   
Drought Taskforce in place?   
Linkage with Water Cons. Plan?   
 
 
Codes for type of installation program 
0=None 
1= Direct (or Yes) 
2= Distribution  
3= rebate or owner install 
4= upgrade on sale 
 
 
 
 
 
 
 
Have any of the following ordinances been adopted by you or others over last 5 years 
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that affect your customers? 
Anti-Water Waste   
Toilet standards   
Clothes washer standards   
Water reuse ordinances   
Drought restriction enabling   
Other building codes   
Others   
 
 
Water and Sewer Rate Information  
Are your SF customers metered?   
Units of billing   
Billing period (months)   
Current SF Rate Structure type:  <---Fill in code in column B 
Block $/unit Number of units included or percent of 

budget 
Fixed charge   
Block 1   
Block 2   
Block 3   
Block 4   
Block 5   
Date Water Rates took effect   
Percent increase from old rates   
Are sewer charges included?   
If so, what rate structure  <---Fill in code in column B 
Fixed charge   
Block 1   
Block 2   
Block 3   
Block 4   
Block 5   
 
 
 
Codes to describe Water Rate Structure 
0= Flat rate (charges are not based on amount used) 
1= Uniform Rate (all water [purchased at same rate) 
2= Increasing block rate (rates jump at breakpoints) 
3= Water Budget Rates (jump points based on budget) 
4= Decreasing block rate 
5= Other (please provide description) 
 
 
 



 

APPENDIX B – UTILITY SPECIFIC INFORMATION 
 

The Redwood City  
Redwood City Utility serves the residents of Redwood City and parts of unincorporated San 
Mateo County including Emerald Lake Hills, and Cañada College.56  Redwood City is a deep 
water port, located in the Bay Area 25 miles south of San Francisco, and about 27 miles north of 
San Jose. The 14 square mile service area57 varies in elevation from sea level along the port to 
over 800 feet in the Emerald Lake Hills area. 

Demographics and Census Information58 
Redwood City is a center of high-tech industry.59  Of the population over the age of 25, 82.9% 
have a high school diploma or higher and 35.7% have a college degree or higher.  The median 
annual household income is $66,748; only 3.9% of families live below the poverty level.  The 
median home price of $517,800 is the highest of the sites in the study; 53% of the homes are 
owner occupied with a median monthly mortgage of $2,351.  Table 105 gives some additional 
information about the homes in Redwood City.  
 

Table 105: Demographic and household statistics for Redwood City 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $2,351 53% 2.61 2.8 1959 9.4 

Rental $1,014 47% 2.63 1.5 1965 4.1 

Climate 
Redwood City’s slogan is “Climate Best By Government Test” based on climate surveys and 
meteorological data gathered by the United States and German governments starting before 
World War I.60  At present there is no CIMIS weather station located near Redwood City or in 
San Mateo County, although one was in the process of being installed at the time of this report.  
 

                                                 
56 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter2.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Chapter 2 – Service Area Characteristics. 2.2 Description of Service Area. Accessed June 28, 
2006. 

57 Redwood City’s 2005 Urban Water Management Plan does not include a map of its service area. 
58 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Redwood 

City, California. Fact Sheet. Housing Characteristics. Physical Characteristics. Financial Characteristics. 
Accessed June 13, 2006 

59 http://www.redwoodcity.org/about/index.html. Redwood City, California. About the City. Accessed June 28, 
2006. 

60 http://www.rcpl.info/services/climatebesthistory.html. Redwood City Public Library. Local History. Climate Best. 
Accessed June 28, 2006.  
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Table 106 contains weather data compiled for Redwood City’s Urban Water Management Plan 
from NOAA weather station No. 047339 for the period from January 1, 1931 to July 1, 2005. 
Average annual rainfall is approximately 20 inches; most rainfall occurs from November through 
April with less than a half inch falling during the summer months.   Redwood City is located in 
Zone 8 on the CIMIS Reference ET Zone map which is described as Inland San Francisco Bay 
Area with some marine influence. 
 

Table 106:  NOAA weather data from Redwood City station No. 047339 for the period of record 
from 1/1/1931 – 7/1/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Avg 
Max 
Temp 
(F) 

58.0 61.8 65.5 69.9 74.7 79.6 82.4 82.0 80.8 74.6 65.3 58.7 71.2 

Avg 
Min 
Temp 
(F) 

39.2 41.9 43.6 45.2 48.6 52.1 54.5 54.3 52.9 48.9 43.5 40.0 47.1 

Avg 
Monthly  
Precip 
(in) 

4.3 3.6 2.8 1.2 0.4 0.1 0.0 0.1 0.2 0.9 2.3 3.8 19.7 

Avg  
Monthly 
ETo (in) 

1.7 2.1 3.4 4.6 6.0 6.6 7.0 6.3 5.0 3.5 2.1 1.5 49.8 

Customer Base 
In 2005, Redwood City water utility had 22,980 accounts. There were 18,519 single-family 
residential accounts (80.5%), 1,680 multi-family accounts (7.3%), 1,570 commercial accounts 
(6.8%), 523 irrigation accounts (2.2%) and 688 institutional accounts (3.0%).61  Figure B1 shows 
the percentages of 2005 metered accounts by sector in Redwood City.  

                                                 
61 Customer account information provided by Manny Rosas, Water Resources Superintendent for Redwood City 
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Figure B 1: Percentage of 2005 metered accounts by sector in the Redwood City 

Water Supply and Demand 
One hundred percent of the potable water supply for Redwood City is currently derived from the 
Hetch Hetchy water system supplied by the Bay Area Water Supply and Conservation Agency.  
Redwood City’s contracted supply is 12,243 AF/yr (3,988 MG/yr); however in recent years 
Redwood City has exceeded their contractual amount by 9%, or approximately 1,100 AF/yr.62  
Reducing the demands so that they fall within the city’s allocation is one of the major goals of 
the water conservation program. 
 
In 2004 the city began the design and construction of a recycled water project in an effort to 
reduce its dependence on Hetch Hetchy water.  First Step is Redwood City’s pilot project 
implemented to supply recycled water to ten landscape irrigation customers resulting in a 
reduction of demand on the Hetch Hetchy water supply of 30 acre-feet annually.  Redwood City 
plans to expand its First Step customer base to include commercial and residential landscape 
irrigation, cooling, industrial uses, and new development.63  
 
During 2005 the utility sold 5,186,660 CCF (3,880 MG) (11,911 AF) of water. Residential 
customers accounted for 69% of the total water demand (49% single-family and 19% multi-
family), commercial customers used 18%, residential and commercial irrigation accounts used an 

                                                 
62 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter3.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Redwood City Water Supply Contract. Accessed June 29, 2006. 
63 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter7.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Water Recycling. Accessed June 29, 2006. 
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additional 13%, and the remaining 1% was for other uses.64  As much as 38% of the total annual 
billed consumption is related to outdoor use.65 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers are billed bimonthly.  In addition to the basic bi-monthly service charge of 
$24 there is a 4-tiered inclining rate structure as shown in Table 107 residential single-family 
customers pay $26.27 bimonthly for sewer. 
 

Table 107: Redwood City 2006 water rate billing structure 

Tier CCF66 Kgal Cost/unit 
Tier 1 (lifeline rate)  Up to 10 units 0 – 7.48 $1.18 
Tier 2 11 – 25 units 7.49 – 18.7 $2.16 
Tier 3 26 – 50 units 18.8 – 37.4 $2.74 
Tier 4 51 – 75 units 37.5 – 56.1 $3.53 
 
The City is transitioning to a water budget rate structure as part of its water conservation and 
drought response programs.  Water budgets are being developed that provide each customer with 
an adequate amount of water for reasonable use.  Charges for water use within the budgets are 
strictly based on the cost of service, but use for water above the budgets is charged at much 
higher rates (both marginal costs for new firm supplies or penalty rates) with the intention of 
discouraging wasteful use.  The water budgets are expected to provide the necessary incentives 
for customers to implement water conservation measures and to respond to droughts by reducing 
use relative to their budgets (not their previous year’s water use). 

Water Conservation Program 
Redwood City has an active water conservation program that includes measures addressing all of 
the major water use categories.  In 2006 the program had a staff of 5, which included the 
program coordinator, a specialist, two technicians and a receptionist.  The annual O&M budget 
was just under $1 million.  Capital programs, mainly for the toilet replacement program, were 
initially funded with a $4.5 million fund, with an annual increment of $250,000 to fund ongoing 
capital expenses. 
 
The water conservation program is part of the larger urban water management plan submitted by 
Redwood City to the California Department of Water Resources.  The goal of the plan is to 
reduce demand by 800 acre feet by the year 2009.  This represents a 6.7% reduction, and will 
bring the City’s use safely under its allocation of water from the regional raw water authority. 
Copies of the plan are available in print and online.  The City evaluates its performance with 
respect to the plan by tracking monthly water use over time, and comparing actual use to the 
projections.  

                                                 
64 Historical billing data provided by Manny Rosas, Water Resources Superintendent for Redwood City 
65 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter5.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Who Uses Redwood City’s Water? Accessed June 29, 2006. 
66 One unit is 100 CCF or 748 gallons 
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Residential Conservation Program 
Redwood City is a signatory to the California Urban Water Conservation Council Memorandum 
of Understanding.  Currently a major effort is underway to upgrade residential toilets in both 
single-family and multi-family accounts.  Rather than relying on rebates or distribution, the City 
has adopted a direct install program where customers can select a toilet from several models, 
which is then installed by a licensed plumber at no cost to the customer.  To be eligible, the 
replaced toilets must be 3.5 gpf or greater, and the replacement toilets must be on the list of 
qualifying high efficiency toilets with a flush volume of 1.28 gallons or less. The City 
experimented with rebates and distribution programs, and installed 1,300 toilets through a 
distribution program in 2004-2005. They found that the rates at which customers were 
participating were too low to achieve the desired penetration rates, so, in order to accelerate the 
rate of toilet replacement the direct install approach was adopted in 2005.  A total of 5,000 toilets 
were installed in 2005-2006.  The goal is to have a total of 10,000 toilets replaced in the city, at 
which time they estimate that they should achieve their goal of 75% saturation. 
 
The City provides residential audits and as part of the program all of the showerheads and 
aerators are upgraded free of charge. The audits also include “leak” detection analysis and a 
report for the customer. The City also has a program that distributes low-flow showerheads and 
efficient faucet door-to-door. The City offers irrigation audits for residential customers.  These 
include an overall check of the irrigation system for leaks, poor coverage, damaged heads etc. 
While there is no zone-by-zone distribution uniformity analysis done, the customers are provided 
with a written schedule for their systems which tells them the appropriate durations for each zone 
of their systems on a monthly or seasonal basis. 
 
Clothes washer replacements are encouraged through rebates.  The size of the rebate increases 
with the efficiency of the machine being purchased.  A rebate of $100 is provided for washers 
that meet Tier 3a specifications of the Council on Energy Efficiency. Rebates of $200 are offered 
for machines in the more efficient Tier 3b category. There are currently no rebates offered for 
dishwashers or hot water recirculation systems. 

CII Conservation Programs 
The program for commercial and industrial customers includes audits upon request of the 
customer.  CII customers are eligible for the high efficiency toilet replacement program.  
Laundries are offered a $450 rebate for installation of high efficiency washing machines.  In co-
operation with the CUWCC a total of 237 pre-rinse spray nozzles have been installed in area 
restaurants and food preparation systems.  The City will be starting a pilot program for 
inspection of cooling towers that will include the installation of conductivity controllers for 
managing blow-down more efficiently. 
 
Large irrigation accounts are offered detailed irrigation audits. These include zone-by-zone 
determinations of application rates and distribution uniformities.  Schedules are developed for 
the systems based on the data collected as part of the audits.  Customers are provided with 
reports that include irrigation schedules and a water budget.  Follow-up meetings are normally 
arranged in order to check on how well the report recommendations are being implemented and 
the water budgets are adhered to.   
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Education programs are offered by Redwood City for irrigation contactors. These programs are 
offered twice a year and are aimed at improving the knowledge of the contractors on how to 
manage irrigation systems in a way that minimizes water waste.  An important topic that is 
covered in the education programs is how water budgets are developed, and the importance of 
staying within the budgets. The City is moving to a system where each customer will have a 
water budget, and the costs for water use over the budget limits will be much higher than costs 
for use within the budget. Water budgets, as described below, are planned to be a central element 
in the City’s water demand management and drought response programs. 
 
The City will begin a pilot program of replacing standard irrigation controllers with weather 
based controllers during 2007.  So called “smart” controllers automatically adjust the irrigation 
in response to real time weather patterns.  A properly installed and programmed smart controller 
is able to match actual irrigation applications to the theoretical requirement of the landscape.  
This offers good water conservation potential, especially in larger and commercial accounts 
where over-irrigation is more common. 
 
System measures employed by the City for water management include annual calculation of 
percentage of unmetered water use, an increasing block rate billing system, and the gradual 
conversion to a full water budget rate structure for residential and irrigation accounts.  Water 
budgets are calculated for indoor and outdoor uses.  Indoor budgets are based on 70 gallons per 
person per day. Outdoor use is based on the irrigated areas of turf and non-turf plant types within 
the landscape and local ETo.  Turf areas are allocated 100% of ETo and non-turf areas are 
allocated 80% of ETo.  Surveys were sent out to all customers asking for information needed to 
develop the budgets.  Customers have a strong incentive to return the surveys since the default 
budgets are intentionally set on the low end of the range. 
 
Currently the water budgets are provided for educational purposes and are not linked to the 
billing system.  It is the intention of the City, however, to link the rates to the budgets, starting 
with the irrigation accounts in 2008.  Residential customers will have their budgets linked to 
their rates the next time drought conditions require use restrictions to be implemented.  Water 
budgets are a key element of the City’s drought plan.  Having budgets for each customer based 
on their actual water requirement allows use restrictions to be set relative to the budget: a fair 
starting point for each customer.  This is preferable to asking customers to reduce their use as a 
percentage of their previous year’s water consumption since both conserving and wasteful 
customers would be expected to reduce their water use by the same percentage, and this may be 
much more difficult for a customer that is already using water sparingly than it is for a heavy 
user.  In a water budget system customers who are using less than their budget will have this 
accounted for during droughts, and will have a smaller or perhaps no reduction in use required. 
 
In summary, then, Redwood City has a fairly aggressive water conservation program in place.  
The most prominent feature of the plan at this time is the direct installation program for toilets.  
The City has been able to greatly increase the penetration rates of high efficiency toilets using 
this approach.  At the same time they have reported virtually no complaints or liability problems 
with the installations. Once the toilet replacements are completed they will be able to move on to 
other conservation opportunities.  The other strong feature of the Redwood City water 
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conservation program is their development of a water budget program that is closely linked to 
both long term conservation and drought response. 
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San Francisco Public Utilities Commission 
The City of San Francisco is home to 776,773 people within a 49 square mile area67; New York 
City is the only U.S. city that is more densely populated.  Fisherman’s Wharf, the Golden Gate, 
Alcatraz Island, and Coit Tower are a just a few of many landmarks for which San Francisco is 
famous.  Tourism is a leading industry in San Francisco with as many as 15 million tourists in 
2004.68 Water services are provided to the City by the San Francisco Public Utilities 
Commission. 

Demographics and Census Information69 
The residents of San Francisco have a high median age of 36.5 years which is second only to Las 
Virgenes MWD in the study group.  Of the population over the age of 25, 81.2% have a high 
school diploma or higher and 45.0% have a college degree or higher. 
 
Although the median annual household income is $55,221, 11.3% of families live below the 
poverty level.  The median home price is $396,400 and only 35% percent of the homes are 
owner occupied, with a median monthly mortgage of $1,886.  The homes in San Francisco are 
the oldest of all the sites in the study; the median year the homes were built is 1940. Table 4 
gives some additional information about the homes in San Francisco. 
 

Table 108: Demographic and household statistics for the City of San Francisco70 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes  

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,886 35% 2.73 2.5 1940 2.5 

Rental $883 65% 2.06 1.3 1941 1.8 

Climate71 
Mark Twain is attributed with describing the weather in San Francisco with the famous quote 
"The coldest winter I ever saw was the summer I spent in San Francisco."72  Whether or not 
Mark Twain actually said this, the quote aptly describes the weather in San Francisco.  Located 
on the northern tip of a peninsula, San Francisco is cooled by the Pacific Ocean to the west and 
waters in the San Francisco Bay to the east.  The moderating influence of the water means that 
there is very little variation between daytime and nighttime temperatures or between summertime 

                                                 
67 San Francisco’s 2005 Urban Water Management Plan does not contain a map of the service area. 
68 http://en.wikipedia.org/wiki/San_Francisco,_California. San Francisco, California. Accessed July 10, 2006.  
69 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Fact Sheet. 

Housing Characteristics. Physical Characteristics. Financial Characteristics. Accessed July 11, 2006. 
70 Sites are being selected within the City of San Francisco therefore demographic information is given for San 

Francisco. 
71 http://www.wrh.noaa.gov/mtr/sfd_sjc_climate/sfd/SFD_CLIMATE3.php. NOAA Technical Memorandum NWR 

WS-126. Climate of San Francisco. Jan Null. January 1995. Accessed July 10, 2006.  
72 While this quote has often been attributed to Mark Twain, the attribution has not been verified. 
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and wintertime temperatures.  Maximum daytime summer temperatures are between 60 and 
70 F and nighttime summer minimums are between 50 and 55 F.  Daytime winter 
temperatures are between 55 and 60 F and night time minimums average 45 to 50 F.  San 
Francisco receives an average of 21.5 inches of rainfall annually, most of which falls from 
October through April.  Fog is a common occurrence year round.       
 
According to the CIMIS ETo Zone Map, San Francisco is located in Zones 1 and 2.  Zone 1 is 
described as Coastal Plains Heavy Fog Belt and has the lowest ETo in all of California.  Zone 2 
is Coastal Mixed Fog Area with less fog and higher ETo than Zone 1.  Currently there is no 
CIMIS station located on the San Francisco peninsula; weather data for San Francisco is from 
three WRCC sites: Richmond Station No. 047767, Mission Delores Station No. 047772, and 
WSO Airport Station No. 047769.  The Richmond Station (Table 109) located on the northern 
end of the peninsula near the Pacific Coast, the Dolores Station is located on the bay side on the 
northern end of the peninsula and the WSO AP Station (Table 111) is centrally located on the 
peninsula at the airport.73  
 

Table 109: NOAA weather data from San Francisco – Richmond Station No. 047767 for the 
period of record from 7/1/1948 to 12/31/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Avg 
Max 
Temp 
(F)  

57.4 59.5 60.0 60.7 61.0 62.4 63.1 64.2 66.0 65.8 62.2 57.7 61.7 

Avg 
Min 
Temp 
(F)  

44.1 45.9 46.6 47.5 49.7 51.5 53.5 54.6 54.4 52.2 48.1 44.6 49.4 

Avg 
Monthly 
Precip 
(in.)  

4.2 3.5 2.8 1.2 0.5 0.2 0.0 0.1 0.2 1.0 2.7 3.7 20.0 

 

 
 
 
 

Table 110: NOAA weather data from San Francisco – Dolores Station No. 047772 for the period 
of record from 1/1/1914 to 12/31/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

                                                 
73 http://www.wrcc.dri.edu/summary/climsmsfo.html. Western Regional Climate Center. San Francisco Bay Area, 

California Climate Summaries. Accessed July 11, 2006.   
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Avg 
Max 
Temp 
(F)  

56.4 59.8 61.6 62.9 63.9 66.1 65.8 66.6 69.8 69.2 63.7 57.3 63.6 

Avg 
Min 
Temp 
(F)  

45.6 47.9 48.9 49.7 51.1 52.9 53.6 54.5 55.6 54.4 51.0 46.9 51.0 

Avg 
Monthly 
Precip 
(in.)  

4.4 3.8 2.8 1.4 0.6 0.2 0.0 0.1 0.2 1.0 2.6 4.1 21.1 

 

Table 111: NOAA weather data from San Francisco – WSO AP No. 047769 for the period of 
record from 7/1/1948 to 12/31/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp(F)  

55.7 59.1 61.3 63.9 66.8 70.0 71.4 72.1 73.4 70.2 62.9 56.4 65.3 

Ave 
Min 
Temp 
(F)  

42.4 44.9 46.1 47.6 50.2 52.6 53.9 54.9 54.7 51.8 47.3 43.2 49.1 

Ave 
Monthly 
Precip 
(in.)  

4.5 3.6 2.8 1.4 0.4 0.1 0.0 0.1 0.2 1.0 2.4 3.8 20.3 

 
The data in the three tables demonstrate clearly that there is very little difference in the weather 
at the three sites.  Average annual precipitation and average minimum temperatures are very 
nearly the same; however the coastal station of Richmond has lower average maximum 
temperatures than the other two stations due primarily to lower temperatures during the months 
from June through October.  

 

Customer Base 
 During the study period there were a total of 171,366 customer accounts billed by the San 
Francisco Public Utilities Commission. Nearly 87% of the customer accounts were residential 
(64% single-family and 23% multi-family), 12% were commercial and the remaining 1% were 
irrigation, industrial, building and contractors, and municipal.  Figure 88 is a graphical 
representation of the customer breakdown in the city of San Francisco by water use sector. 
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Figure 88: Percentage of 2005 metered accounts by sector in the City of San Francisco 

 

Water Supply and Demand 
Approximately 85% of San Francisco’s water supply is from the Hetch Hetchy watershed 
located in Yosemite National Park.  The Hetch Hetchy reservoir, the largest reservoir in the 
SFPUC system, is filled as a result of spring runoff in the Tuolumne River.  The remaining 15% 
is from the Alameda and Peninsula watersheds where surface water from rainfall and runoff, is 
captured and stored in six reservoirs mixed with groundwater from the Sunol Filter Galleries 
located near the Town of Sunol.74   
 
Table 112 is a breakdown of projected water deliveries supplied by San Francisco Public 
Utilities Commission (SPUC) to San Francisco customers for the years 2000 and 2005.  Only 
55% of the water is delivered to residential customers.  “Due to the moderate climate and the 
high density housing in San Francisco, water use within the residential sector is used almost 
entirely indoors. For multi-family units, the average outdoor water use is considered negligible. 

                                                 
74 http://sfwater.org/msc_main.cfm/MC_ID/13/MSC_ID/165. San Francisco Public Utilities Commission. Water 

Sources & Water Supply Planning. The Hetch Hetchy Source. The Alameda and Peninsula Sources. Accessed 
July 13, 2006.  
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For single-family residential units, the average, outdoor water use is less than ten percent of their 
total use.”75  Unaccounted-for water losses, services, and retail trade make up an additional 36%.   
 
Water deliveries are projected to decrease from 2000 to 2005 by 1.4%.  Although the non-
residential sector is predicted to increase slightly, the single-family and multi-family are 
predicted to decrease by 0.2% and 0.9% respectively, a decrease of 439 million gallons annually. 
 

Table 112: Annual in-city deliveries by sector to SFPUC customers for 2000 and 200576 

Sector Deliveries 

2000 (MG) 

% of Total 

Deliveries 

Deliveries 2005 

(MG) 

% of Total 

Deliveries 

Single Family1 6,8622 22.4 6,716 22.2 

Multi-Family1 10,512 34.3 10,111 33.4 

Non-Residential1,5 10,184 33.2 10,658 35.2 

Other (B&C and D&S)4 883 0.3 88 0.3 

Unaccounted for Water 

(losses) 

3,030 9.9 2,665 8.8 

Total 30,676 100 30,237 100 

1 Includes the impact of water savings due to plumbing code changes. 

2 Current water use based on FY 1999-00 billing records 

3 Current water use based on FY 1996-97 – FY 2000-01 billing records 

4 Builders & Contractors and Docks and Shipping 

5 Includes agriculture, mining, construction, manufacturing, transportation, wholesale 

 trade, retail trade, F.I.R.E. (Finance, Insurance, and Real Estate), services, and 

 government 

Water Rates, Rate Structure, and Sewer Charges77 
Residential customers in San Francisco are billed on a bi-monthly basis.  In 2005, the monthly 
base charge for water was $4.60 and then customers with a conservation affidavit were billed at a 
uniform rate of $1.71 per CCF ($2.29/kgal).  Description of the affidavit is found in Chapter 12A 
of the San Francisco Housing Code - Residential Water Conservation.  The uniform rate for 
customers without a conservation affidavit is $2.57 per ccf ($3.43/kgal).    
                                                 
75 http://sfwater.org/mto_main.cfm/MC_ID/13/MSC_ID/165/MTO_ID/286.  2005 Urban Water Management Plan 

for the City and County of San Francisco. Retail Residential Water Use. Accessed July 13, 2006. 
76 http://sfwater.org/mto_main.cfm/MC_ID/13/MSC_ID/165/MTO_ID/286.  2005 Urban Water Management Plan 

for the City and County of San Francisco. Projected Retail Demands. Accessed July 13, 2006.  
77 http://sfwater.org/detail.cfm/MC_ID/14/MSC_ID/117/C_ID/2447/Keyword/water%20rates. SFPUC Proposed 

Rates Schedules for Water and Sewer Service. July 1, 2005. Schedule W-21 and Schedule. Accessed July 13, 
2006. 
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Residential customers are charged for wastewater based on a tiered system. The first tier is $2.54 
per Discharge Unit for the first 3 discharge units, $6.36/Discharge Unit for the next 2 discharge 
units, $7.27/Discharge Unit for each additional discharge unit.  A discharge unit is based on the 
customer’s metered water use multiplied by a flow factor which represents the quantity of water 
use that is returned to the system. 

Water Conservation Programs78 
SFPUC was the recipient of the “Best Conservation Program-Large Utility” awarded by the 
California Municipal Utilities Association in March 2000. As a result of several droughts and 
ongoing conservation programs residential use is estimated to be 62 gpcd. The conservation 
program is run by five full-time employees who train and are assisted by as many as five high 
school interns throughout the year. As one of the original signatories of the 1991 Memorandum 
of Understanding Regarding Urban Water Conservation in California (MOU), SFPUC has 
incorporated the Best Management Practices (BMPs), outlined in the MOU, in their conservation 
program. 

Residential Conservation Measures 
The SFPUC conservation department provides its customers with a number of services aimed at 
reducing consumption.  Free water audits, “leak” identification, rebates, and bill reduction are 
some of the tools utilized.   
 
Since the 1990s, the SFPUC has provided programs to incentivize the replacement of older, high 
flush volume toilets with more efficient models – toilets with a flush volume of 1.6 gallons until 
2008 and since then high efficiency toilets (HETs) with a flush volume of 1.28 or lower.  As of 
2011, the SFPUC provides rebates of $125 for the replacement of tank style toilets that flush at 
3.5 or higher with HETs.   Other rebates amounts are provided for replacement of commercial 
toilets and urinals, and all rebate amounts are subject to yearly adjustment.   In 2009, the SFPUC 
launched a HET direct install program for its low-income customers.    
 
In 2009, San Francisco updated its indoor conservation ordinances to require all existing 
commercial properties to undergo leak detection and replace inefficient toilets, urinals, 
showerheads and faucets with efficient models by 2017, and that all residential properties meet 
the same requirements upon resale.   In 2011 San Francisco updated its local building code to 
reflect state CalGreen requirements, among other things, and requires the installation of HETs 
and 0.5 gpf urinals.     

The SFPUC began a clothes washer rebate program in 1999.  It currently participates in a 
regional residential clothes washer rebate program, providing combined energy/water rebates of 
$125 and runs an in-house commercial washer rebate program, providing current rebates of up to 
$200.  

 

                                                 
78 http://sfwater.org/detail.cfm/MC_ID/13/MSC_ID/165/MTO_ID/286/C_ID/2776. 2005 Urban Water Management 

Plan for the City and County of San Francisco. Water Resources Planning. Published: 12/23/2005.   Updated: 
04/27/2009. Accessed December 18, 2009. 
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To satisfy BMP 6, High Efficiency Washing Machine Rebate, San Francisco began a rebate 
program for high efficiency clothes washers in 1999. Customers were provided rebates of $75; 
current rebates range from $100 to $200 per clothes washer and are based on the efficiency and 
size of the clothes washer. The utility has provided over 3,000 rebates for high efficiency clothes 
washers.  

Commercial, Industrial and Institutional Conservation Measures 
As with its residential customers, SFPUC also provides auditing services for its CII customers. 
The goal of these audits it to reduce water wasted from cooling towers, large landscapes, and 
leakage while making customers aware of the potential savings available to them through rebates 
and lower water bills. The City has had a program of replacing inefficient showerheads and 
toilets in all of its municipal buildings and since 1999 has replaced 9,900 toilets and 1,000 
showerheads. Before receiving a certificate of occupancy, all new commercial and industrial 
buildings must be inspected and the installation of water-efficient fixtures and other devices must 
be verified.  

Additional Conservation Measures 
Water pricing and pricing structure were limited by Proposition H which expired in 2006.  As a 
way to encourage conservation SFPUC implemented a three-tiered rate structure for wastewater 
and is in the process of developing a tiered rate structure for water.  
 
Although only three percent of the City’s water is used for irrigation SFPUC’s landscape 
conservation program targets customers with landscaped areas of 1,000 sf or more. Water 
intensive landscape (such as turf) is restricted to 25% of the total landscaped area on all new 
landscapes and renovated landscapes involving between 1,000 and 2,500 sf of area.  All large, 
irrigated areas must be separately metered and irrigation is limited to times between 5 p.m. and 
10 a.m. Landscaping of slopes and narrow strips is limited; soil analysis is required and 
deficiencies must be rectified.  
 
The City has an extensive public education program that includes many “how-to” brochures, 
some of which are printed in multiple languages. School presentations and calendar contests help 
teachers, children, and their families learn about conservation, the water supply, and even 
possible careers in the Water Department.    
 
In addition to toilet rebates the SFPUC provides rebates for both commercial and residential 
horizontal axis clothes washers.  Four hundred rebates were provided for clothes washers in 1999 
alone. Over 2,000 pre-rinse spray valves have been distributed through a free replacement 
program. 
 
SFPUC continues to seek opportunities to reduce water consumption and evaluate the 
effectiveness as well as the cost of implementing new programs.  Although demand in the 
residential sector is expected to remain stable in the future, projected growth in the non-
residential sector requires continued attention to reducing demand and providing adequate supply 
for its customers.   
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City of San Diego79  
San Diego is California’s second largest city and home to 1,305,736 people. The City’s 330 
square mile service area is located in the south central portion of San Diego County.80  
  
San Diego is known for its good weather year round, miles of beaches and tourist attractions 
such as Sea World, Legoland, and San Diego Wild Animal Park.81  In 2005, there were 
10,000,000 visitors from June through August, alone.82   In addition, it is home to the University 
of California, San Diego, as well as numerous high-tech and biotech companies.83   
 

Demographics and Census Information 
2000 U.S. Census data reveals that the median age of the residents of San Diego is 32.5 years.  
Eighty-three percent of those over the age of 25 have a high school diploma or higher and 35% 
have a college degree or higher.  The median home price is $233,100 and the median household 
income is $45,733.  Nine percent of families live below poverty level.  The median monthly 
mortgage is $1,543 and 51.3% of the homes are owner occupied.  Table 113 gives some 
additional information about the homes in San Diego.    
 

Table 113:  Demographic and household statistics for San Diego 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,546 51.3% 2.71 2.9 1975 6.7 

Rental $714 48.7% 2.52 1.6 1975 4.5 

Climate 
San Diego has mild weather year-round with cool summers and warm winters due to the 
modifying influence of the Pacific Ocean.  The hottest temperatures are most likely to occur in 
September and October when hot dry winds, known as the Santa Ana winds, blow in off the 
desert from the east.  Typically, San Diego receives only 10 inches of precipitation annually 
most of which occurs between November and April.84  However, it is clear from, Figure 89, a 
35-year rainfall graph, located at Lindbergh Field in San Diego, that there can be tremendous 
variation in annual precipitation ranging from a low of 3 inches to a high of 22 inches. 

                                                 
79http://www.sdcwa.org/manage/pdf/2005UWMP/Sections_1-9.pdf  
80 The 2005 Urban Water Management Plan for the City of San Diego does not have a map of its service area. 
81 http://www.sandiego.org/nav/Visitors/VisitorInformation/AboutSanDiego. Convention and Visitor’s Bureau. 

Visitor Information. About San Diego, Weather. Accessed June 29, 2006.  
82 http://www.sandiegomag.com/issues/july06/business0706.asp. San Diego Magazine. Business. Keep ‘Em Coming 

Back.  Accessed July 6, 2006. 
83 http://en.wikipedia.org/wiki/San_Diego,_California. San Diego, California. Accessed June 29, 2006.  
84 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. City of San Diego. 2005 Urban Water Management Plan. City 

of San Diego Water Department. Climate Data. Accessed July 6, 2006 
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Figure 89: City of San Diego Annual Rainfall measured at Lindbergh Field Station85 

 
 
 
There is also considerable variability in the climate from the coastal regions to the inland regions 
of the city. The areas located along the coast are subject to fog in the morning and daily 
temperatures rarely fluctuate more than 15 degrees; inland neighborhoods have more sunshine, 
warmer temperatures and can experience daily temperatures fluctuations of 30 degrees.86  
According to the CIMIS Reference Evapotranspiration Zones map there are three ETo zones in 
San Diego; Zone 1 is described as Coastal Plains Heavy Fog Belt, Zone 4 is South Coast Inland 
Plains, and Zone 6 along the eastern edge of San Diego is Upland Central Coast and Los Angeles 
Basin.   
 
Table 114 shows some of the variation in the weather as a result of the location of the weather 
station.  Table 114 contains CIMIS data for South Coast Valleys Station #150, located in 
Miramar, which is in northern San Diego and inland approximately six miles.  Although average 
annual rainfall is nearly identical to that of South Coast Valley, San Diego II, Station #184, 
shown in  
 
 
Table 116, the average annual ETo at the Miramar Station is nearly 2 inches higher.  The 
Miramar and San Diego II stations are located at nearly the same longitude; however the 
Miramar Station is located approximately 11 miles north of the San Diego station (based on 
                                                 
85 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. City of San Diego. 2005 Urban Water Management Plan. City 

of San Diego Water Department. Figure 1-1 (Lindbergh Field Station). Accessed July 3, 2006. 
86http://www.wrh.noaa.gov/sgx/climate/san-san.htm.National Weather Service Forecast Office. Unique Local 

Climate Data. San Diego (Lingbergh Field).  Climate Summaries for Area Cities. ISMCS Station Climatic 
Narrative for San Diego. Accessed June 30, 2006. 
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latitude and longitude measurements of the station locations from CIMIS).  South Coast Valley 
Station #173 is a coastal station located approximately six miles east of Stations #150 and #184, 
just north of Miramar Station #150, in Torrey Pines, near the Pacific Ocean.  The ocean 
influence at the Torrey Pines station (located in ETo Zone 1) is apparent with an 8-inch annual 
decrease in ETo compared to inland stations Miramar and San Diego, which is most dramatic 
July through September.  It is important to note that there has not been long-term monitoring at 
many of the CIMIS stations; the period of record for these three stations is less than six years and 
in fact Station #184 has only been active since April 2002.  
 

Table 114: South Coast Valleys – Miramar #150   Lat 3253’09” Long 11708’31” – period of 
record April 1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

66.3 64.8 65.9 66.3 70.7 72.2 77.2 78.4 77.5 73.8 69.3 66.6 70.7 

Ave 
Max 
Temp 
2005 
(F) 

65.9 63.7 65.2 67.9 71.5 70.7 78.0 78.3 76.6 72.9 72.8 66.7 70.9 

Ave 
Min 
Temp 
(F) 

43.9 44.8 48.1 47.7 53.2 58.1 61.6 62.7 60.4 55.5 47.7 42.7 52.2 

Ave 
Min 
Temp 
2005 
(F) 

47.4 49.2 51.2 47.6 54.7 58.5 63.1 63.5 58.5 54.8 48.5 45.1 53.5 

Ave 
Monthly 
Precip 
(in) 

1.9 3.4 1.2 0.7 0.2 0.0 0.2 0.0 0.1 1.0 0.6 1.1 10.4 

Monthly 
Precip 
2005 
(in) 

6.4 5.9 2.0 ----- 0.2 0.0 0.3 0.0 0.2 0.0 0.2 0.4 15.6 

Ave 
Monthly 
ETo (in) 

2.2 2.4 3.7 4.0 5.2 5.2 6.1 5.8 4.5 3.3 2.4 2.1 46.9 

Monthly 
ETo 
2005 

1.9 1.9 3.6 4.7 5.6 5.0 6.3 5.7 4.6 3.3 2.6 1.9 47.0 
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(in) 

 
 

Table 115: South Coast Valleys – Torrey Pines #173   Lat 3254’04” Long 11715’00” – period 
of record November 2000 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

61.8 60.9 60.0 58.7 60.6 64.9 68.1 69.7 70.1 66.1 63.9 61.7 63.9 

Ave 
Max 
Temp 
2005 
(F) 

61.8 61.6 61.7 62.2 65.2 65.6 68.0 70.1 69.9 66.9 66.4 61.6 65.1 

Ave 
Min 
Temp 
(F) 

48.3 48.0 48.1 47.9 51.1 58.0 61.0 62.0 60.8 56.5 51.8 48.2 53.5 

Ave 
Min 
Temp 
2005 
(F) 

50.6 51.1 52.4 50.4 56.9 58.4 61.7 62.8 59.6 56.8 54.6 49.5 55.4 

Ave 
Monthly 
Precip 
(in) 

1.3 2.7 1.2 0.9 0.4 0.3 0.2 0.2 0.1 1.2 0.5 1.0 10.1 

Monthly 
Precip 
2005 
(in) 

4.5 6.1 2.1 0.9 0.4 0.4 0.4 0.3 0.3 0.9 0.3 0.5 17.1 

Ave 
Monthly 
ETo (in) 

2.1 2.3 3.2 4.0 3.9 4.0 4.5 4.5 3.6 2.5 1.9 1.9 38.3 

Monthly 
ETo 
2005 
(in) 

1.8 2.0 3.2 4.3 4.8 4.2 4.5 4.2 4.0 2.9 2.4 1.8 39.9 
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Table 116: South Coast Valleys – San Diego II #184   Lat 3243’47” Long 11708’22” – period 
of record March 2002 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

67.5 65.0 65.5 66.3 68.2 68.7 75.0 76.2 76.9 71.7 69.9 65.7 69.7 

Ave 
Max 
Temp 
2005 
(F) 

65.9 64.5 65.3 67.2 69.6 69.6 75.0 77.2 76.2 72.2 71.9 67.1 70.1 

Ave 
Min 
Temp 
(F) 

47.5 47.6 50.5 51.8 56.0 58.7 62.6 63.4 62.1 57.9 50.8 47.4 54.7 

Ave 
Min 
Temp 
2005 
(F) 

49.1 49.6 52.2 51.4 56.8 59.1 62.7 63.4 59.4 56.6 52.0 49.2 55.1 

Ave 
Monthly 
Precip 
(in) 

0.9 3.5 1.5 2.3 0.3 0.1 0.1 0.1 0.1 1.4 1.0 1.4 12.6 

Monthly 
Precip 
2005 
(in) 

2.6 3.3 2.9 0.7 0.1 0.1 0.1 0.0 0.1 0.4 0.2 0.3 10.7 

Ave 
Monthly 
ETo (in) 

2.4 2.5 3.7 4.0 5.0 4.6 5.6 5.5 4.5 2.9 2.5 2.0 44.9 

Monthly 
ETo 
2005 
(in) 

2.0 2.1 3.6 4.8 5.4 4.8 5.9 5.5 4.6 3.1 2.7 2.1 46.6 
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Customer Base  
Table 117 shows that as of 2005, there were a total of 270,526 customer accounts served by San 
Diego Water Department. These consisted of 245,995 residential connections (217,893 single-
family and 28,102 multi-family), 15,300 commercial, 247 industrial, 1,845 Institutional 1 
(military, university, and school), 1,822 Institutional 2 (city, public, and government), 5,524 
landscape, and 1,383 other (outside city).  Figure 90 shows the percentage of 2005 metered 
accounts by sector in the City of San Diego. 

 

Multi-Family
20%

Commercial
18%

Industrial
2%

Institutional 1 (Military, 
University, and School)

5%

Institutional 2 (City, 
Public, and 

Government)
6%

Landscape
10%

Other (outside city 
1%)

Single Family
38%

 

Figure 90: Percentage of 2005 metered accounts by sector in the City of San Diego  

Water Supply and Demand 
The City of San Diego purchases between 75 and 90 percent of its water from the San Diego 
County Water Authority (SDCWA). The remaining 10 to 25 percent is collected as runoff in 
various city reservoirs.  SDCWA purchases Colorado River water from Lake Havasu from 
Metropolitan Water District of Southern California. This water is transferred via aqueduct to a 
facility in Riverside County where it is blended with water from the State Water Project and then 
transferred, stored, and treated at various facilities throughout the city.  During the last twenty 
years the amount of water the City of San Diego has purchased annually has ranged from 
100,000 AF to 228,000 AF.87    
 
Table 117 shows the number of 2000 and 2005 metered water accounts and the amount of water 
delivered in each sector annually in both acre-feet and gallons.  In 2005, the City of San Diego 
supplied 200,460 acre-feet (65,320 MG) of water to 270,526 accounts.  Residential customers 
accounted for 58% of the water deliveries (38% single-family and 20% multi-family), 

                                                 
87 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. City of San Diego. 2005 Urban Water Management Plan. City 

of San Diego Water Department. Water Sources. Imported Supplies. Accessed July 7, 2006.  
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commercial customers received 18%, landscape customers used 10% and industrial, institutional 
and other accounted for the remaining 14%.   
 
It is interesting to note that while the number of accounts increased in five of the sectors from 
2000 to 2005 by 10,860 (4.2%), water deliveries decreased by 4,101 MG (5.9%) in those same 
sectors during that same time period.  The most significant change was in the Institutional 1 
sector where the number of accounts increased 33% while water use decreased by 25%.  The 
number of landscape accounts increased by 15% during this time period and yet water use 
supplied for landscape accounts decreased by 2%.  
 

Table 117: Annual water delivery to accounts by sector for 2000 and 2005 in the City of San 
Diego88 

Sector Number 
of 
Connect
ions  
2000 

Deliveri
es (AF) 

Deliver
ies 
(MG) 

% of 
Total 
Deliveri
es 

Number 
of 
Connect
ions 
2005 

Deliveri
es (AF) 

Deliveri
es (MG) 

% of 
Total 
Deliveri
es 

Single 
Family 

208,377 77,801 25,351 36.5 217,893 76,529 24,937 38.2 

Multi Family 27,832 41,729 13,597 19.6 28,102 40,271 13,121 20.1 
Commercial 15,381 38,694 12,608 18.2 15,300 35,277 11,495 17.6 
Industrial 356 4,350 1,417 2.04 247 3,617 1,179 1.8 
Institutional 
1* 

1,392 14,487 4,721 6.80 1,845 10,905 3,553 5.4 

Institutional 
2** 

1,715 13,528 4,408 6.34 1,822 11,596 3,779 5.8 

Landscape 4,550 21,334 6,952 10.0 5,254 20,882 6,804 10.4 
Other 
(outside city) 

57 1,124 366 0.53 57 1,383 451 0.69 

Total 259,666 213,047 69,420 100% 270,526 200,460 65,319 100% 
*Military, University, and School 

** City, Public, and Government 

Water Rates, Rate Structure, and Sewer Charges 
The City of San Diego bills its residential water and sewer customers monthly.  The base rate for 
water is $15.87 per month; in addition there is a 3-tiered rate structure.  Customers pay $1.73 per 
CCF 89 for use between 0 and 7 CCF, $2.16 per CCF for use between 7 and 14 CCF, and $2.37 
per CCF for use over 14 CCF.90  The monthly base rate for sewer is $11.32.  In addition 

                                                 
88 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. . City of San Diego. 2005 Urban Water Management Plan. 

City of San Diego Water Department. Water Use By Customer-Type. Table 2-5 Past, Current, and Projected 
Water Deliveries. Accessed July 6, 2006. 

89 One CCF is equivalent to 748 gallons  
90 http://www.sandiego.gov/water/rates/rates.shtml. The City of San Diego. Water and Sewer Bill/Rates. Single 

Family Domestic Customers. Accessed July 7, 2006.   
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customers pay $3.218 per CCF based on average winter consumption up to a maximum of 14 
CCF.91 

Water Conservation Programs92 
The City of San Diego’s Water Conservation Program has developed and implemented 
innovative approaches to water conservation that have resulted in savings of 30,000 acre-feet of 
potable water annually since its inception in 1985.  The City has created policies, ordinances, 
education campaigns and other tools to reduce its use of potable water. The City’s Water 
Department recently received Community Service/Resource Efficiency Award from the 
California Municipal Utilities Association for its conservation efforts in public outreach and 
education. They received another award from the EPA for developing the Landscape Watering 
Calculator a tool that can be used by their customers to determine appropriate irrigation durations 
and amounts. The tool reduces over-watering of landscapes by providing weekly irrigation 
schedules based on the weather data, plants and soil in San Diego. Other innovative programs 
include Ms. Frizzle’s World of Water, an educational program for young children and the 
Rinse n’ Save Program for restaurants whereby nearly 1,400 water saving pre-rinse spray valves 
were installed in restaurants around the city. 
 
The City continues to find innovative methods to reduce water use with a goal of reducing use by 
60,000 AF by 2030. These include satellite imagery for developing water budgets for existing 
landscape, landscape requirements for new development including water budgets and irrigation 
schedules developed with the City’s Watering Calculator and incentives for the installation of 
“smart” irrigation controllers. 

Residential Conservation Programs 
The City of San Diego’s free Residential Water Survey Program is available for its entire single-
family and small, multi-family customer base. Customers can schedule an appointment for a 
survey with a water conservation specialist. These surveys provide customers with information 
that will help them to reduce their household and irrigation water use. Where needed, customers 
will be provided with free faucet aerators, showerheads, hose nozzles, drip gauge as well as 
literature and information that will reduce water use and water waste. Beginning in September 
2009, residents of the City of San Diego can apply for rebates through the “Be WaterWise” 
program (http://www.bewaterwise.com/rebates01.html). Rebates are provided on a first-come 
first-served basis for high efficiency clothes washers, high efficiency toilets, weather-based 
irrigation controllers, rotating nozzles, and synthetic turf. 

Commercial Conservation Programs 
Commercial customers are eligible to receive rebates through the Save Water Save a Buck 
program. Funding for this program is used to provide conservation products such as cooling 
tower pH and conductivity controllers, central and weather-based irrigation controllers, water 
brooms, rotary nozzles, high efficiency toilets and urinals, water brooms and air-cooled 
icemakers.  The estimated annual savings from this program is 3,400 acre-feet of water.   
                                                 
91 http://www.sandiego.gov/mwwd/residential/rates.shtml. Metropolitan Wastewater. Residential Concerns. Sewer 

Rates. Accessed July 7, 2006. 
92 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. The 2005 City of San Diego Urban Water Management Plan. 

2005. Accessed December 18, 2009.   
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Builders are also provided with financial incentives to install water-conserving devices as part of 
the California Friendly Home Program (http://www.bewaterwise.com/CAF_brochure.pdf). 
High-efficiency clothes washers and toilets, rotating nozzles, and synthetic turf are among the 
items eligible for rebates.   
 
Long-term drought has resulted in permanent, mandatory restrictions that prohibit water waste 
from excess irrigation, hosing down impermeable surfaces, leakage, and single-pass cooling 
systems.    
 
The City of San Diego began a commercial landscape survey program in 2003 that has provided 
landscape analyses to commercial accounts in the City’s service area. 
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Las Virgenes Municipal Water District 
Las Virgenes Municipal Water District (LVMWD) provides water service to a population of 
71,000 over a 122 square mile service area. LVMWD is located in western Los Angeles County 
and includes portions of the Ventura County/Los Angeles boundary on the west and the north 
and the City of Los Angeles to the east.  The service area (see Figure 91) includes the cities of 
Calabasas, Agoura Hills, Hidden Hills, and Westlake Village as well as unincorporated areas of 
Los Angeles County.93  

 

Figure 91: Graphic of Las Virgenes Municipal Water District service area94 

Demographics and Census Information95 
Agoura Hills and Calabasas are the two largest water providers in the LVMWD service area. 
Demographic information is supplied for Agoura Hills, however, which seems to be the most 
typical of the demographics in the rest of the service area.  The median age for Agoura Hills is 
37.6 years.  Of the population over the age of 25, 94.8% have a high school diploma or higher 

                                                 
93 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. LVMWD Water Service Area. Location. Accessed July 24, 2006. 
94 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Las Virgenes Municipal Water District 2005 Urban Water Management Plan. Location. Accessed 
July 24, 2006.  

95 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Agoura Hills 
City, California. Fact Sheet. Housing Characteristics. Physical Characteristics. Financial Characteristics. 
Accessed July 24, 2006. 
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and 48.4% have a college degree or higher.  The median annual household income of $87,000 is 
the highest in the study group, and only 3.5% of families live below the poverty level.  The 
median home price is $366,600 and 86% of the homes are owner occupied with a median 
monthly mortgage of $2,138. Table 118 gives some additional information about the homes in 
Agoura Hills from the 2000 census. 
 

Table 118: Demographic and household statistics for Agoura Hills 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $2,784 84.2 2.9 3.6 1981 7.0 

Rental $1,167 15.8 2.3 1.9 1985 4.5 

Climate 
The climate in the Las Virgenes MWD service area is described as semi-arid, with mild winters 
and warm summers.  Most rainfall occurs between November and April; annual rainfall averages 
16.5 inches and average annual ETo is 46.6 inches.96  Currently, the closest CIMIS station is 
located in Camarillo which is further west than any of the sites in LVMWD and experiences 
cooler temperatures lower ETo, and higher precipitation.  The weather data provided in Table 
119 were obtained from the LVMWD 2005 Urban Water Management Plan.  
 

Table 119: Las Virgenes Municipal Water District weather data 

 Average High 
Temperature (F) 

Average Low 
Temperature (F) 

Average Precipitation 
(in) 

January 68 38 3.3 

February 71 40 2.9 

March 72 42 2.9 

April 77 44 1.0 

May 81 48 0.3 

June 87 54 0.0 

July 95 57 0.0 

August 95 58 0.3 

September 91 55 0.3 

October 84 48 0.5 

                                                 
96 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Las Virgenes Municipal Water District 2005 Urban Water Management Plan. LVMWD Water 
Service Area. Climate. Accessed July 26, 2006.  
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November 74 44 2.5 

December 68 38 2.1 

  Total Rainfall 16.5 

Source: [on-line] http://countrystudies.us/united-states/weather/ 

Customer Base 
 Table 120 shows that as of 2005, there were a total of 20,324 customer accounts served 
by LVMWD.  These consisted of 18,282 residential connections (17,728 single-family and 554 
multi-family), 676 commercial and industrial accounts, 247 landscape, 34 agricultural, 572 
recycled and non-domestic, 336 detector check, and 177 temporary or other accounts.97  Figure 
92 shows the percentage of 2005 metered accounts by sector in LVMWD.   Although residential 
customers make up 90% of the accounts in the water district they receive only 65% of total 
deliveries. 

Single Family
87.2%

Temporary/Other
0.9%

Detector Check
1.7%

Landscape/Irrigation
1.2%

Multi-Family
2.7%

Recycled & Non-Domestic
2.8%

Agricultural
0.2%

Commercial & Industrial
3.3%

Single Family

Multi-Family

Commercial & Industrial

Landscape/Irrigation

Agricultural

Recycled & Non-Domestic

Detector Check

Temporary/Other

 

Figure 92: Percentage of 2005 metered accounts by sector in Las Virgenes Municipal Water 
District 

Water Supply and Demand 
Las Virgenes MWD stores potable water in the Las Virgenes Reservoir located in Los Angeles 
County. This 160 acre reservoir holds 9,600 acre-feet of water. This is a six month supply of 
water (at winter use levels) which provides a degree of protection against emergencies or in the 
event of service interruption by Metropolitan. The stored water is imported from the State Water 

                                                 
97 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Las Virgenes Municipal Water District 2005 Urban Water Management Plan.  
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Project and the Colorado River and purchased wholesale from Metropolitan Water District. 
Recycled water from Tapia Water Reclamation Facility meets nearly 20 percent of the City’s 
water supply and is used primarily for summertime irrigation. 
 
Table 120 shows the number of metered water accounts in 2000 and 2005 and the amount of 
water delivered in each sector annually in both acre-feet and gallons.  In 2005, the Las Virgenes 
Municipal Water District supplied 27,734 acre-feet (9,037 MG) of water to 20,324 accounts.  
Residential customers accounted for 65% of the water deliveries (60% single-family and 5% 
multi-family), commercial and industrial customers received 6%, landscape customers used 4%, 
recycled and non-domestic customers received 17%; all other categories receive 8%.  
 
It is interesting to note that while the number of connections increased between the years 2000 to 
2005, the volume of deliveries decreased during the interval.  The most notable change is in the 
recycled and non-domestic accounts sector which increased by 2% from 2000 to 2005 while 
water use decreased by 16%.  

 

Table 120: Annual water delivery to accounts by sector for 2000 and 2005 in LVMWD98 

Sector Number 
of 
Connect
ions  
2000 

Deliveri
es (AF) 

Delive
ries 
(MG) 

% of 
Total 
Delive
ries 

Numb
er of 
Conne
ctions  
2005 

Deliveri
es (AF) 

Deliveries 

(MG) 

% of Total 

Deliveries 

Single 
Family 

17,512 16,716 5,447 58.7 17,728 16,575 5,401 59.7 

Multi 
Family 

529 1,603 522 5.6 554 1,380 450 5.0 

Commercia
l & 
Industrial 

658 1,964 640 6.9 676 1,700 554 6.1 

Landscape/ 
Irrigation 

240 1,054 343 3.7 247 1,060 345 3.8 

Agricultura
l 

23 NA NA  34 195 63 0.70 

Recycled & 
Non-
Domestic 

561 5,437 1,772 19.1 572 4,587 1,495 16.5 

Detector 
Check 

NA NA NA  336 32 10 0.11 

Temporary/ 
Other 

354 410 134 1.4 177 885 288 3.2 

Unaccounte
d for Water 

 1,298 423 4.6  1,320 430 4.8 

                                                 
98 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Water Use Provisions. Past, Current and Projected Water Use Among Sectors. Accessed July 24, 
2006.  
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Total 19,877 28,482 9,281 100 20,324 27,734 9,037 100 

 

Water Rates, Rate Structure, and Sewer Charges99 
The bi-monthly service charge for single-family residential customers in LVMWD is $14.05.  In 
addition, customers pay a potable water charge that is based both on their consumption and their 
elevation above the pumping station.  Customers live in one of five service zones defined by 
their elevation or hydraulic gradient; ninety-five percent of customers live in zones 1 and 2.   
Table 121 shows the effect of both the elevation and water use on the cost per unit of water as of 
2006100.  Sewer rates range from $57.19 to $60.26 bi-monthly depending on where the sewage is 
treated and if it is necessary to pump the sewage to the treatment plant. 
 

Table 121: Water rate table for customers in LVMWD by hydraulic gradient 

 Tier 1                
(first 12 units) 

Tier 2 
(next 12 units)

Tier 3 
(next 91 units)

Tier 4 
(over 115 units) 

Zone 1 $ 1.18 per unit $ 1.31 per unit $ 1.91 per unit $ 2.48 per unit 
Zone 2 $ 1.49 per unit $ 1.62 per unit $ 2.22 per unit $ 2.79 per unit 
Zone 3 $ 1.70 per unit $ 1.83 per unit $ 2.43 per unit $ 3.00 per unit 
Zone 4 $ 2.10 per unit $ 2.23 per unit $ 2.83 per unit $ 3.40 per unit 
Zone 5 $ 3.03 per unit $ 3.16 per unit $ 3.76 per unit $ 4.33 per unit 

Water Conservation Programs 
Las Virgenes Municipal Water District is a signatory to the CUWCC’s MOU and continues to 
implement the BMP program where economically feasible. Many of its conservation programs 
have been active since the early 90’s. LVMWD relies on imported water and as a result 
conservation plays an important role in reducing demand. 

Residential Conservation Programs 
LVMWD has been offering free residential surveys since 1991. These surveys provide customers 
with information that will help them to reduce their household and irrigation water use. Where 
needed, customers are provided with free low-flow showerheads and water-saving faucet 
aerators. Customers are given rebates of $60 for the replacement of one toilet with a ULF toilet 
and $40 for each additional toilet. By 1998 there had been 4,892 single-family and 1,657 multi-
family toilet retrofits. To date LVMWD has provided rebates for as many as 8,000 ULF toilets. 
  
LVMWD also has a rebate program for the purchase of high efficiency clothes washers with a 
water factor of 9.5 or better. Rebates were $100 in 2002 and 2004 and $300 in 2003. As a result 
of this program rebates have been provided for 1,402 high efficiency clothes washers.  A four-
tiered rate structure further encourages customers to reduce their water use and the City is very 
active in providing education in schools and for its water customers. 
  

                                                 
99 http://www.lvmwd.dst.ca.us/cust/cust3rates.html#rates. Rates. Potable Water Charge ~ Single Family Residential, 

Sewer Rates. Accessed July 24, 2006.  
100 A unit of water is defined as 1 CCF or 748 gallons.  
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Customers can request free irrigation audits with recommendations on improving the efficiency 
of the irrigation system and a personalized irrigation schedule. Homeowners can request weekly 
phone calls from any of several local weather stations to further assist them in adjusting their 
irrigation schedule. 

CII Conservation Programs   
LVMWD provides free survey services for its large landscape customers. Surveys include a 
system check, distribution uniformity, measurement of irrigated area, irrigation scheduling, and 
follow-up. Many irrigation customers have dedicated irrigation meters and some are using 
voluntary water budgets to manage their water use. Customers with mixed use accounts can 
request ETo-based landscape budgets in lieu of a survey. 
 
All large, non-residential landscapes that are located along the district’s reclaimed water 
distribution lines are required to use reclaimed water for landscape irrigation. Currently 70% of 
dedicated irrigation accounts use reclaimed water.  
 
Free water surveys are available to CII customers.  Surveys provide customers with 
recommendations of ways to improve the efficiency of process water use, fixtures and 
appliances, any agency incentives, and the payback period. Rebates are provided to CII 
customers for the installation of ULF toilets.  
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City of Davis  
The City of Davis Utility is located in Yolo County in the Central Valley of Northern California 
70 miles northeast of San Francisco and 15 miles west of Sacramento. The utility supplies water 
to approximately 66,000 customers in the City of Davis, El Macero, and additional areas to the 
north, south, east and west of the City.  The Davis service area and its relationship to West 
Sacramento and the University of California at Davis are shown in Figure 93. 

 

Figure 93: Graphic of City of Davis Utility service area. Provided courtesy of West Yost 
Associates for City of Davis 2005 Urban Water Conservation Plan101 

Demographics and Census Information102 
The City of Davis is a very young community with a median age of 25.2 years.  Of the 
population over the age of 25, 96.4% have a high school diploma or higher and 68.6% have a 
college degree or higher.  “Davis is a university-oriented city with a progressive, vigorous 
community noted for its small-town style, energy conservation, environmental programs, parks, 
preservation of trees, red double-decker London buses, bicycles, and the quality of its 
educational institutions.”103  

                                                 
101 http://www.city.davis.ca.us/pw/water/watersupply/index.cfm?topic=4. 2002 Water Supply Feasibility Study. 

Davis Water System. Figure A Water Service Areas.  
102 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Fact Sheet. 

Housing Characteristics. Physical Characteristics. Financial Characteristics. Accessed June 13, 2006 
103 http://www.city.davis.ca.us/aboutdavis/cityprofile/. Davis, California. Profile Welcome. City of Davis Profile. 

Accessed June 27, 2006. 
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The median annual household income is $42,457; only 5.4% of families live below the poverty 
level.  The median home price is $238,500 and only 44.6 percent of the homes are owner 
occupied with a median monthly mortgage of $1,897.  Table 122 gives some additional 
characteristics about the homes in the City of Davis.  
 

Table 122: Demographic and household statistics for the City of Davis104  

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,547 44.6 2.64 3.3 1978 18.5 
Rental $775 55.4 2.39 1.9 1976 8.3 

Climate 
The City of Davis is characterized as having a Mediterranean climate because of its hot dry 
summers and mild wet winters105; it receives approximately 16” of precipitation annually with 
most of the precipitation falling between November and April. The average annual maximum 
temperature is 75.1 degrees and the average annual minimum temperature is 47.1 degrees. 
Snowfall in Davis is rare.  The hottest month of the year is July with an average maximum 
temperature of 91.5 degrees and precipitation of 0.1 inches.  According to the CIMIS ETo Zone 
Map, Davis is located in Zone 14, described as Mid-Central Valley, Southern Sierra Nevada, 
Tehachapi and High Desert Mountains with high summer sunshine and wind in some locations. 
 
Weather and ETo information was obtained from CIMIS Station #6 located at the University of 
California, Davis campus.  Table 123 compares the average monthly minimum and maximum 
temperatures, average monthly rainfall, and average monthly ETo from January 1987 to 
December 2005, with the same data from 2005.  The table shows that although maximum and 
minimum temperatures in 2005 were very similar to the 20-year average, ETo was lower in 2005 
than the 20-year average (56.37 inches vs. 59.02 inches) and rainfall was 3 inches above the 20-
year average.  
 
 
 
 
 
 
  

                                                 
104 The City of Davis is the largest urban area serviced by the utility.  Therefore census information and weather data 

is given for the City of Davis. 
105 http://www.city.davis.ca.us/aboutdavis/cityprofile/index.cfm?topic=weather. Davis. California. City of Davis 

Profile. Weather. Accessed June 27, 2006. 
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Table 123: Davis – #6   Lat 3832’09” Long 12142’32” – period of record July 1982 to 
December 2005106 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

54.4 59.9 67.0 72.5 79.5 86.3 91.5 90.8 87.7 79.0 64.3 54.7 74.0 

Ave 
Max 
Temp 
2005 
(F) 

50.5 60.5 67.1 69.7 77.6 81.9 95.2 93.2 83.7 77.0 66.4 56.4 73.3 

Ave 
Min 
Temp 
(F) 

38.1 39.9 43.0 45.2 50.4 54.7 56.6 55.7 53.4 49.0 41.7 37.4 47.1 

Ave 
Min 
Temp 
2005 
(F) 

37.8 42.4 43.6 42.7 50.2 53.4 58.4 55.8 50.5 48.4 41.3 40.9 47.1 

Ave 
Monthly 
Precip 
(in) 

1.1 4.1 2.4 0.9 0.7 0.3 0.1 0.1 0.2 0.7 1.7 3.6 15.9 

Monthly 
Precip 
2005 
(in) 

0.7 3.1 2.6 0.8 0.8 0.4 0.0 0.0 0.0 0.0 1.4 9.2 19.0 

Ave 
Monthly 
ETo (in) 

3.5 1.9 3.7 5.4 7.0 8.2 8.5 7.5 5.9 4.2 2.0 1.2 59.0 

Monthly 
ETo 
2005 
(in) 

3.5 1.6 3.6 4.9 5.9 7.5 8.5 7.8 5.7 4.3 2.3 0.9 56.4 

 

Customer Base 
Table 124 shows that in 2005, there were approximately 16,680 customer accounts served by 
The City of Davis Water Department. These consisted of 15,062 residential connections (14,514 

                                                 
106 http://wwwcimis.water.ca.gov/cimis/monthlyReport.do. California Irrigation Management Information System. 

Department of Water Resources. Office of Water Use Efficiency. Monthly Report. Sacramento – Davis – #6. 
Accessed June 27, 2006.  
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single-family and 548 multi-family), 646 commercial/industrial, 254 irrigation, 480 city 
facilities, and 238 for El Macero for a total of 16,680 connections.  During the study period the 
number of connections is expected to increase by 1.57% annually.107 This estimate was reduced 
to between 0.5% and 1% in 2010. 

Water Supply and Demand 
As of 2000, groundwater from the Sacramento Valley groundwater basin was the sole source of 
water for the City of Davis. Water was pumped from 22 wells (19 intermediate wells, depth 300-
600 feet and 3 deep wells (700-1,500 feet) which supply 14,000 acre-feet of water annually.108   
 
The utility sold 14,095 acre-feet (4,591 MG) of water in 2000 (Table 124); residential customers 
accounted for 66% of the total water demand (46% single-family and 20% multi-family), 
commercial and industrial customers used 11%, irrigation deliveries used 2.2%, water for 
construction 4.6%, deliveries to the El Macero service area 3.7% and unaccounted losses in the 
system an additional 5%.  Unconstrained water use is expected to increase to 15,236 acre-feet 
(4,965 MG) in 2005 based on a projected increase of 1.57% annually.109 

 
107 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. San Diego County Water Authority. 2005 

Urban Water Management Plan. History and Description of the Water Authority. Service Area. Accessed July 27, 
2006. 

108 http://www.city.davis.ca.us/pw/water/pdfs/2000_sample_plan1.pdf. City of Davis, California. July 2001. 2000 
Urban Water Management Plan. Groundwater. Accessed July 7, 2006. 

109 http://www.city.davis.ca.us/pw/water/pdfs/2000_sample_plan1.pdf. City of Davis, California. July 2001. 2000 
Urban Water Management Plan. Past Current and Projected Water Use. Accessed July 10, 2006. 



 

 

Table 124: Actual and projected number of connections and deliveries in the City of Davis for 2000 and 2005 110  

Sector Number 
of 
Connectio
ns 2000 

Deliveries 
(AF) 

Deliveri
es (MG) 

% of Total 
Deliveries 

Number 
of 
Connectio
ns 2005* 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single Family 13,427 6,472 2,109 45.9 14,514 6,996 2,280 45.9 
Multi Family 507 2,805 914 19.9 548 3,033 988 19.9 

Commercial/ 
Industrial** 

602 1,604 523 11.4 646 1,734 565 11.4 

Irrigation 235 310 101 2.2 254 335 109 2.2 
City Facility 234 980 319 6.9 480 1,059 345 6.9 

El Macero 480 564 184 3.7 238 564 184 3.7 

Construction 
Water 

 655 213 4.6  708 231 4.7 

Unaccounted 
Losses 

 704 229 5.0  807 263 5.3 

Total 15,485 14,095 4,593 100 16,680 15,236 4,965 100 
*Projected accounts and water use 
** 535 connections are small Commercial/Industrial and 67 are large Commercial/Industrial 

                                                 
110 http://www.city.davis.ca.us/pw/water/pdfs/2000_sample_plan1.pdf. City of Davis, California. July 2001. 2000 Urban Water Management Plan. Past Current 

and Projected Water Use. Accessed July 10, 2006. 
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Water Rates, Rate Structure, and Sewer Charges 
The City of Davis customers are billed on a bi-monthly interval.  The base rate for single-family, 
residential customers is $6.22 per month and there is a two-tiered rate structure.  The first tier is 
$0.77 per CCF for consumption from 0-36 CCF, $0.86 per CCF for consumption over 36 CCF.  
The base rate for sewer is $26.69 per month.  

Water Conservation Programs111 
The City of Davis has been a signatory to CUWCC’s MOU since 1994. All BMPs have been 
implemented with the exception of BMP 2, the replacement of faucets and showerheads and 
BMP 14 which provides rebates for the ULF toilets. The City has filed a request for exemption 
for these BMPs since they are no longer considered cost effective to implement. 

Residential Conservation Programs 
The City of Davis had a toilet rebate program that ended in 2001. In 1993, rebates of $75 were 
funded jointly by the City and Pacific Gas and Electric. The City provided rebates of $50 for 
toilet rebates from 1993-99 and then for the next few years increased the rebate to $100. Most of 
the rebates were distributed to single-family residential customers and were issued as a credit on 
the utility bill. Toilet rebates were discontinued at the end of 2001 because of the City’s concern 
about free-ridership. The number of rebates being distributed was less than the expected number 
of toilet replacements that should occur through natural replacement.  
 
The City provides rebates for high efficiency clothes washers and plans to continue this program 
until funding runs out. Rebates of $150 and $225 were reported in the BMPs in 2003 and $100 
and $150 in 2004.  Matching rebates of $75 are being funded with grant funds through the 
Department of Water Resources Water Use Efficiency Program. This grant has been in place 
since 2002. Nearly 2,400 clothes washer rebates have been distributed since the beginning of the 
rebate program. 
 
The City offers free residential surveys to its single-family and multi-family customers. As part 
of the survey the City provides toilet “leak” detection tablets and keeps customers informed of 
the rebate programs available to them.  Currently showerheads and aerators are no longer 
provided through the survey program because these items are widely available and very 
affordable. 
 
The City provides gpd usage for the current billing period which is compared to the same period 
the year before. The bill contains one year water-use history as well. There is a two-tiered rate 
structure for residential customers. 

CII Conservation Programs 
The City has water budgets for its parks. Large irrigation customers have dedicated water meters 
and the City has developed water budgets for some of their large irrigation customers. The City 

                                                 
111 http://cityofdavis.org/pw/water/uwmp/pdfs/uwmp/10-Urban_Water_Management_Plan.pdf. City of Davis Urban 

Water Management Plan 2005 Update. Final Draft. Brown and Caldwell. March 2006. Accessed January 26, 
2010. 
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assumes water budgets apply to accounts that are effectively ET controlled via a central 
irrigation control station, such that budgeted use equals actual use. (3) It is assumed accounts 
with water budgets use approximately 15% less water than non-budgeted accounts. Therefore, 
irrigation meter accounts with water budgets use approximately is 85% of the proportion of 
budgeted irrigation meter accounts to total irrigation meter accounts.112  
 
CII audits are provided at the request of the customer. However, many of the City’s CII 
customers already have low water use and most are billed using a two-tier rate structure.  
 
The City has high efficiency clothes washer rebate program known as LightWash for its CII 
customers. At this time there are no industrial accounts in the City of Davis. The ULF toilet 
rebate program for CII customers was discontinued in 2001 because so few customers had taken 
advantage of the program.  
The City will continue to investigate the effectiveness of programs that are aimed at reducing 
water use including: 
 
Regional ET Controller Pilot Program 
Regional Clothes Washer Rebate Program 
California SFR Water Use Efficiency Study 
Pre-rinse Spray Valve Program 
Water Loss “leak” Detection Survey  
Parks Water Budget Program 
Landscape Water Conservation Ordinance Update 
 

                                                 
112 http://cityofdavis.org/pw/water/uwmp/pdfs/uwmp/10-Urban_Water_Management_Plan.pdf. City of Davis Urban 

Water Management Plan 2005 Update. Appendix D. BMP 05: Large Landscape Conservation Programs and 
Updates.  Comments. Accessed January 26, 2010. 
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San Diego County  
San Diego County is the third most populous county in California behind Los Angeles and 
Orange County.  The San Diego County Water Authority (SDCWA) is a wholesale water 
provider for 24 member agencies and one military base in San Diego County serving nearly three 
million people. The population, and number and type of accounts served by each agency are 
shown in Table 125113. The member agencies include six cities, five water districts, three 
irrigation districts, eight municipal water districts, one public utility district, and one federal 
agency (military base).  Figure 94 shows the area served by SDCWA, bordered by Riverside and 
Orange County to the north, the Pacific Ocean to the west and the Mexico border on the south.  
The service area encompasses 1,438 square miles in the western third of San Diego County.114 
 

 

Figure 94: Graphic of San Diego County Water Authority service area115 

 
 
 
 

                                                 
113 http://www.sdcwa.org/about/pdf/member-2005-rate-survey.pdf. San Diego County Water Authority, May 2006. 

Prepared by the Water Resources Department. Accessed December 16, 2009. 
114 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. History and Description of the Service 

Area. Service Area. Accessed August 23, 2006.  
115http://sandiegodialogue.org/pdfs/Water_Paper_Sept01.pdf#search=%22water%20agencies%20serving%20San%

20Diego%20County%22. Briefing Paper prepared for San Diego Dialogue’s Forum Fronterizo program on: 
Providing a Reliable Water Supply in the San Diego/Imperial Valley/Baja California. September 2001. Accessed 
August 23, 2006.  
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Table 125: Population and accounts served by San Diego County Water Authority in 2005 

Water 
Provider 

Population 
Served 

Residential
Accts 

Agriculture 
Accts 

Indus & 
Com 
Accts 

Reclaimed 
Accts 

Irrig 
Accts 

Pub & 
Other 
Accts 

Carlsbad 
MWD 

80,874 22,790 40 1,422 209 1,105 229 

City of Del 
Mar 

4,555 1,567 0 106 0 128 17 

City of 
Escondido 

141,000 22,717 251 1,598 10 513 123 

Fallbrook 
PUD 

32,000 7,373 742 498 23 0 38 

Helix WD 260,158 60,656 0 3,369 0 468 496 

City of 
Oceanside 

175,805 39,313 111 1,501 1 1,040 277 

Olivenhain 
MWD 

56,000 18,498 352 427 62 635 40 

Otay Water 
District 

186,000 43,220 33 1,225 549 1,137 222 

Padre Dam 
MWD 

130,199 20,512 11 888 172 237 112 

City of 
Poway 

50,675 12,632 77 563 195 237 179 

Rainbow 
MWD 

17,825 3,832 866 560 0 0 0 

Ramona 
MWD 

40,000 8,437 256 328 3 81 65 

Rincon Del 
Diablo MWD 

28,200 6,530 62 550 42 145 0 

City of San 
Diego 

1,305,736 246,482 NA 15,377 366 7,399 2,669 

San Dieguito 
WD 

38,295 10,103 169 510 50 193 112 

Santa Fe Irrig 20,958 5,880 38 325 43 143 30 
Sweetwater 
Auth 

177,000 29,401 8 2,570 0 652 281 

Vallecitos 
WD 

80,650 17457 212 912 0 690 84 

Valley Center 
MWD 

25,040 6,665 1,682 222 1 0 29 

Vista 
Irrigation 

119,916 23,098 721 1,431 0 663 68 

Yuima MWD 1870 65 24 0 0 0 0 

Total 2,972,756 607,228 5,655 34,382 1,726 15,466 5,071 
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Demographics and Census Information 
The median annual household income is $47,064; 8.9% of families live below the poverty level.  
The median age of the population is 33.2 years.  The median monthly mortgage is $1,541. Of the 
population over the age of 25, 82.6% have a high school diploma or higher and 29.5% have a 
college degree or higher. Table 126 gives some additional characteristics about the homes in San 
Diego County.  
 

Table 126: Demographic and household statistics for San Diego County 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,541 55.4 2.78 3.0 1975 8.1 

Rental $710 44.6 2.68 1.7 1974 4.0 

Climate 
The climate along the coast of San Diego County is typically Mediterranean with mild year-
round temperatures and low average rainfall (average 10 inches).  Further inland weather is more 
variable with greater variation in temperatures; summer temperatures can exceed 90 degrees 
Fahrenheit and winter temperatures occasionally drop below freezing.  Rainfall can exceed 33 
inches in the inland mountain areas.116    Currently there are five active CIMIS stations in San 
Diego County, three of which provide weather data for the City of San Diego.  Weather data 
from three of the CIMIS stations is provided in Table 114, Table 115, and  
 
 
Table 116.  Weather data for the additional two CIMIS stations in San Diego County can be 
found in Table 127 and 
 
 
 
Table 128.  Both of these sites are inland sites and it is clear from the tables that the weather at 
these sites tends to be hotter and drier than the City of San Diego. This is reflected in the 
significantly higher annual ETo of 50.36 inches in Otay and 53.71 inches in Escondido. 
 
 
 
 
 
 
 
 
 

                                                 
116 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. San Diego County Water Authority. 2005 

Urban Water Management Plan. Service Area Characteristics. Climate. Accessed July 27, 2006. 
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Table 127: South Coast Valleys – Otay #147   Lat 3237’48” Long11656’18” – period of 
record April 1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

68.2 66.3 67.7 69.4 71.7 74.2 78.9 80.2 80.1 75.6 69.4 66.8 72.4 

Ave 
Max 
Temp 
2005 
(F) 

68.3 65.1 67.4 69.6 72.7 72.8 79.9 80.8 79.2 74.8 74.6 68.8 72.8 

Ave 
Min 
Temp 
(F) 

44.7 45.8 47.7 48.7 53.3 56.6 59.8 60.6 58.8 55.1 48.2 44.4 52.0 

Ave 
Min 
Temp 
2005 
(F) 

48.0 48.9 49.9 49.0 54.9 57.4 60.8 61.7 57.6 55.5 50.8 46.0 53.4 

Ave 
Monthly 
Precip 
(in) 

0.4 2.4 1.1 0.5 2.4 0.3 0.1 0.0 0.2 0.3 0.5 0.4 8.6 

Monthly 
Precip 
2005 
(in) 

0.3 4.2 1.6 0.5 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.2 7.2 

Ave 
Monthly 
ETo (in) 

2.3 2.6 3.9 4.4 5.7 5.8 6.3 6.1 4.7 3.6 2.5 2.2 50.1 

Monthly 
ETo 
2005 
(in) 

1.9 2.0 3.7 4.7 5.9 5.4 6.5 5.9 5.0 3.5 3.0 2.2 49.7 
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Table 128: South Coast Valleys – Escondido SPV#147   Lat 3237’48” Long11656’18” – 
period of record February 1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

68.8 66.8 69.3 71.0 76.5 79.9 86.0 87.4 85.3 79.0 72.8 68.9 76.0 

Ave 
Max 
Temp 
2005 
(F) 

67.2 65.2 69.0 72.4 77.4 78.5 88.3 88.4 84.7 77.8 76.0 70.7 76.3 

Ave 
Min 
Temp 
(F) 

37.0 39.4 42.3 43.9 49.5 53.2 56.4 56.6 53.4 48.8 40.1 36.2 46.4 

Ave 
Min 
Temp 
2005 
(F) 

41.3 43.4 45.6 42.4 50.5 53.8 57.8 57.6 49.2 47.9 40.6 36.9 47.3 

Ave 
Monthly 
Precip 
(in) 

1.4 2.5 1.1 1.1 0.7 0.1 0.0 0.0 0.0 1.0 0.6 0.9 9.4 

Monthly 
Precip 
2005 
(in) 

6.3 5.1 1.6 1.3 0.7 0.0 0.0 0.0 0.0 1.1 0.0 0.2 16.2 

Ave 
Monthly 
ETo (in) 

2.3 2.6 3.9 4.8 5.9 6.4 7.1 6.7 5.2 3.8 2.7 2.3 53.7 

Monthly 
ETo 
2005 
(in) 

1.9 1.9 3.7 5.0 6.0 6.0 7.3 6.7 5.3 3.7 2.9 2.1 52.5 
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Customer Base 
Figure 95 shows the distribution of customers by sector served by San Diego County Water 
Authority in 2005.  Just over half of the customers served are residential; industrial and 
commercial customers comprise 24% of the customer base, 13% are agricultural, and 8% are all 
other types of customers.  
 
 

Residential
55%

Indus/Com 
24%

Agricultural
13%

Other
8%

Residential

Industrial/Commercial 

Agricultural

Other

 

Figure 95: Water use by sector in San Diego County 

Water Supply and Demand 
As of 2005 as much as 90% of SDCWA water supply came from the Colorado River and the 
State Water Project, under contract with the Metropolitan Water District. “The rest comes from 
local water sources including groundwater, local surface water, recycled water, seawater 
desalination and conservation.”117  In addition to the water supplied by SDCWA, increasingly 
member agencies are developing and managing local sources of water to improve the diversity 
and reliability of their supply.  Groundwater, surface water, and recycled water help to drought-
proof supplies and reduce demand on imported water.118   
 
San Diego County Water Authority sold 589,062 acre-feet (191,896 MG) of water in 2000 
(Table 129) as shown in Table 113. Residential customers accounted for 57% of the total water 
demand, commercial and industrial customers used 21%, agricultural deliveries accounted for 
16.1%, of the demand and water for public and other uses 6.4%.  Water sales decreased by more 
than 36,000 acre-feet between 2000 and 2005 nearly all of which was in the residential sector.  

                                                 
117 http://www.sdcwa.org/about/faqs.phtml#watercomefrom. About Us. Frequently Asked Questions. Where does 

San Diego County’s water come from? Accessed July 27, 2006.   

118 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. San Diego County Water Authority. 2005 
Urban Water Management Plan. Section 5 - Member Agency Supplies. 
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Table 129: Annual water use by sector to SDCWA customers for 2000 and 2005 

Sector Water 
Use  
(AF) 
2000* 

Water 
Use 
(AF) 
2000 

% of 
Total  

Water Use 
(AF) 
2005** 

Water Use 
(MG) 
2005 

% of Total 
Water Use 

Single Family 396,311 129,139 57 355,799 115,938 55 
Commercial/ 
Industrial 

142,445 46,416 20.5 151,492 49,364 24 

Agricultural 111,653 36,382 16.1 85,662 27,913 13 
Public & Other 44,586 14,528 6.4 51,893 16,909 8 

Total 694,995 226,465 100 644,846 210,125 100 
*[on-line source] http://www.sdcwa.org/about/annual-2000ar.pdf 

** [on-line source] http://www.sdcwa.org/about/annual_2005.pdf.  

 

Projected Demand 
The population served by SDCWA is projected to increase by 33,700 people per year (1.1 
percent annually) resulting in a projected population of 3.7 million people by 2030.119  As of 
2005, water use was 642,152 AF eighty-seven percent of which is municipal and industrial. It is 
anticipated that by 2030 the demand will increase to 829,030 AF despite ongoing conservation 
measures. While conservation is expected to reduce demand by 108,396 AF much of this savings 
is offset by the increase in population and by the demands of various pending annexations to San 
Diego County.  

Water Rates, Rate Structure, and Sewer Charges 
Because SDCWA is a wholesale water provider, water rates, rate structures, and sewer charges 
are determined by each of the individual service providers. In order to comply with the CUWCC 
MOU, SDCWA and most of its member agencies must comply with BMP 11 which requires 
implementation of a conservation rate structure.     

Water Conservation Programs120 
SDCWA is a signatory to the CUWCC MOU and most of its member agencies are signatories to 
the MOU as well. SDCWA manages most of the BMP programs for its member agencies and 

                                                 
119 http://www.sdcwa.org/manage/pdf/2005UWMP/Sections_1-9.pdf. Updated 2005 Urban Water Management 

Plan. San Diego County Water Authority. 1.6.3 Population. April 2007. Accessed January 15, 2010. 
120 http://www.sdcwa.org/manage/pdf/2005UWMP/Sections_1-9.pdf. Updated 2005 Urban Water Management 

Plan. San Diego County Water Authority. 3.2 Demand Management. April 2007. Accessed January 26, 2010. 
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provides approximately 20 percent of all of the conservation funding. To date, SDCWA has 
invested more than $12 million dollars towards conservation programs. During the 2005 fiscal 
year SDCWA and its member agencies budgeted nearly $6 million towards various conservation 
programs which are expected to save approximately 68,000 AF over the useful life of the 
conservation measures.  

Residential Conservation Programs 
Many SDCWA providers offer free indoor and outdoor residential surveys to their customers. 
Residential conservation programs include rebates for installation high efficiency clothes 
washers and various irrigation products. Since the inception of these programs SDCWA and 
member agencies have provided incentives for more than 90,000 high efficiency residential 
clothes washers and installation of 528,000 ULF toilets. During this same time period more than 
500,000 showerheads have been distributed as well. 
 
Beginning in 2004, residential customers were provided with financial incentives for installing 
weather-based irrigation controllers to replace an existing controller. In order to qualify for the 
incentive, customers must have an irrigated area and an in-ground irrigation controller.  
Incentives are also provided for irrigation devices that improved the efficiency of residential 
irrigation. Funding was also provided for a demonstration Water Conservation Garden, 
conservation literature, and efficient irrigation training programs. 

CII Conservation Programs 
SDCWA provides conservation incentives for its commercial customers as well. To date, CII 
customers have installed 355 cooling tower conductivity controllers, 3,200 pre-rinse sprayers, 
and 7,600 coin-operated high efficiency clothes washers.  
 
CII customers are provided incentives for installing weather-based irrigation controllers. 
Irrigation customers, with dedicated irrigation meters, can request free water budgets.   
  

Free surveys are also available with water-saving tips for both indoor and outdoor water use, 
provide an optimal watering schedule and review existing landscapes for irrigation system 
improvements. Availability of home surveys varies by water district. 

Water budgets are also provided as a free service to water district customers, property managers 
and landscape contractors for commercial sites. Water budgets compare the amount of water 
used to the optimal amount of water that sites need. Water budgets are available as a stand-alone 
service upon request, for sites with dedicated irrigation meters. 
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East Bay Municipal Utility District 

Demographics 
East Bay Municipal Utility District comprises a large geographical area made up of several urban 
areas that lie both east and west of a range of hills running north to south from East Richmond 
down to the Castro Valley.  The climate varies significantly from the east to west.  The areas 
west of the hills: Walnut Creek, Lafayette, San Ramon and Dublin are warmer and drier than the 
areas west of the hills: Richmond, Berkeley, and Oakland.  In estimating the irrigation demands 
for the logging sample weather data were used from a range of weather stations.  For this section 
climate and demographic information will be provided for Oakland, the largest of the Cities in 
the service area.  Because there are so many diverse communities in the EBMUD service area it 
was impossible to provide a properly weighted set of demographic and economic statistics for 
the area, and rather than provide misleading data, it was elected not to attempt to make a 
summary. 
  

Climate121 
  Located across the bay from San Francisco, Oakland too has cool, mild weather year-round 
with very little fluctuation between summer and winter, or daytime and nighttime temperatures.  
Weather and ETo information were obtained from CIMIS Station #149 located on the campus of 
Mills College adjacent to a densely urbanized area.  Table 130 compares the average monthly 
minimum and maximum temperatures, average monthly rainfall, and average monthly ETo from 
March 1999 to December 2005, with the same data provided for 2005.  The table shows that 
although maximum and minimum temperatures in 2005 were very similar to the 6-year average, 
ETo was lower in 2005 than the 6-year average (36.06 inches vs. 39.18 inches) and rainfall was 6 
inches above the 6-year average (30.81 inches vs. 24.75 inches).  Most precipitation falls 
between October and May; precipitation in the summer months is rare.  Oakland is in CIMIS 
Reference ETo Zone 1, described as Coastal Plains Heavy Fog Belt.   
 

Table 130: Oakland Foothills #149 Lat 3746’51” Long 12210’44” – period of record March 
1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp(F) 

59.7 62.2 66.8 66.8 71.1 73.9 74.9 76.1 77.5 73.5 65.9 60.6 69.1 

Ave 
Max 
Temp 
2005(F) 

58.4 62.8 67.5 67.1 70.6 72.1 77.9 77.1 73.2 72.9 69.1 60.6 69.1 

                                                 
121 http://wwwcimis.water.ca.gov/cimis/frontMonthlyReport.do. California Irrigation Management Information 

System. Department of Water Resources. Office of Water Use Efficiency. Monthly Report. Oakland Foothills 
#149. Accessed July 17, 2006.  
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Ave 
Min 
Temp 
(F) 

41.9 43.5 44.5 45.5 49.7 52.2 55.0 55.6 53.6 50.2 45.4 43.1 48.4 

Ave 
Min 
Temp 
2005 (F) 

41.1 46.6 46.9 45.2 51.2 51.6 55.6 53.9 52.7 48.3 45.6 45.2 48.7 

Ave 
Monthly 
Precip 
(in) 

3.2 5.4 2.2 2.2 0.9 0.3 0.0 0.0 0.3 1.3 2.4 6.7 24.8 

Monthly 
Precip 
2005 
(in) 

2.0 4.9 5.3 2.1 1.9 1.6 0.0 0.0 0.0 0.3 1.9 10.9 30.8 

Ave 
Monthly 
ETo (in) 

1.0 1.4 2.7 3.9 5.1 5.6 5.8 4.9 3.8 2.6 1.4 1.0 39.2 

Monthly 
ETo 
2005 
(in) 

0.9 1.1 2.4 3.4 3.9 4.7 6.3 4.9 3.5 2.7 1.6 0.8 36.1 

 

Customer Base 
Residential customers make up 83% of EBMUD’s customer accounts (81% single-family and 
2% multi-family), commercial customers make up 13%, while industrial, institutional and 
irrigation customers are only 1% each of the billed accounts from the utility.   Figure 96 shows 
the projected percentage of metered accounts by sector in East Bay MUD for 2005. 
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Figure 96: Percentage of 2005 metered accounts by sector in the East Bay MUD service area 

 

Water Supply and Demand 
East Bay Municipal Utility District supplies water to 1.3 million people in a 331 square mile 
service area (shown in Figure 97).  The Mokelumne River in the Sierra Nevada provides 90% of 
the water supply for East Bay Municipal Utility District up to a maximum of 325 million gallons 
per day.  There are two large reservoirs on the river: Comanche and Pardee.  The remaining 10% 
of East Bay’s water supply comes from runoff in the East Bay watershed area that fills San Pablo 
system on the North of State Highway 24 and San Leandro reservoir system on the south of the 
highway.  The annual variability of rainfall and snowmelt, and the senior water rights of other 
users can adversely affect the supply.122  
 

                                                 
122www.ebmud.com/water_&_environment/water_supply/urban_water_management_plan/2005_uwmp/UWMP%20

2005%20Final%20Book.pdf. Water Supply and Water Supply Planning. Water Supply System. Accessed July 14, 
2006. 

 
 326



 

 

Figure 97: Graphic of East Bay MUD service area123  

 
East Bay MUD sold 648.3 million acre-feet or 211MG of water in 2005 (Table 131); residential 
customers accounted for 42 % of the total water demand, commercial and industrial customers 
used 41%, irrigation deliveries accounted for nearly 5%, of the demand and water for 
institutional uses is less than 1%.  
 

Table 131: Number of connections and deliveries in EBMUD for 2005124 

Sector Number of Accounts Deliveries 2005 (MG) % of Total Deliveries 

Single Family 319,151 89.4 42.3% 

Multi-Family 9,686 23.7 11.2% 

Commercial 51,334 62.0 29.2% 

Industrial 4,743 25.1 11.9% 

Institutional 4,606 0.87 0.4% 

Irrigation 4,950 10.0 4.7% 

Total 391,216 211,251,539 100% 

                                                 
123 

http://www.ebmud.com/water_&_environment/water_supply/urban_water_management_plan/2005_uwmp/UWM
P%202005%20Final%20Book.pdf. East Bay Municipal Utility District. 2005 Urban Water Management Plan. 
Chapter 1: General Information. EBMUD Service Area. Accessed September 1, 2006.  

124 Data provided by David Wallenstein, Associate Civil Engineer for East Bay Municipal Utility District 
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Water Rates, Rate Structure, and Sewer Charges 
East Bay MUD single-family, residential customers pay a base rate of $8.45 plus a $0.80 seismic 
improvement surcharge per month.  Additionally, there is a three-tiered rate structure; customers 
are charged $1.65 per unit up to 172 gallons per day (a unit is one CCF or 748 gallons – 172 gpd 
is approximately 7 units per month), $2.05 per unit for 173 gpd to 393 gpd, and $2.51 per unit 
for use in excess of 393 gpd.125   
 
The minimum monthly service charge for wastewater for residential customers is $4.54.  In 
addition there is a monthly San Francisco Bay Residential Pollution Prevention Fee of $0.07, a 
strength charge of $4.72, and a flow charge of $0.472 per unit of flow up to a maximum of 10 
units of wastewater discharge per month.126 

Water Conservation Programs127 
EBMUD has been a signatory to the CUWCC MOU since 1993. They have implemented all 14 
best management practices with a goal of saving 33 MGD in the year 2020. The savings goal 
will result from natural replacement, financial incentives, educational programs, water surveys, 
and fixture replacement. 

Residential Conservation Programs 
Residential customers are offered free water use surveys that provide recommendations on ways 
that customers can reduce both their indoor and outdoor demand. Surveys can be provided by the 
utility or can be “self-guided”. In an effort to make surveys cost effective, the utility targets high 
water use customers and customers with a significantly different summer and winter usage. The 
utility distributes free showerheads and faucet aerators to its customers primarily through its free 
water survey program. A study conducted in 2002 showed that the residential market has been 
saturated with efficient showerheads and faucet aerators. 
 
Since the inception of the high efficiency clothes washer rebate program in 1996, the utility has 
provided 32,500 rebates for high efficiency clothes washers. Rebates are tiered to encourage 
customers to purchase clothes washers that meet efficiency standards expected to be released in 
2007. Rebates of $50, $75, and $100 are provided depending on the efficiency rating of the 
clothes washer purchased. As a way to increase visibility of the clothes washer rebate program to 
both customers and retailers the utility partnered with other Bay Area water agencies to procure 
grant funding from the state. 
 
Toilet rebates have been available to utility customers since the mid 1990’s. The current, two-
tiered rebate program, WaterSmart Toilet Replacement Program, provides rebates for ULF and 

                                                 
125 http://www.ebmud.com/services/account_information/understanding_my_account/rates_&_charges/water_rates/. 

Water Rates and Service Charges. Effective July 1, 2006. Accessed July 14, 2006. 
126 http://www.ebmud.com/wastewater/wastewater_rates/default.htm. Wastewater Rates, Charges and Fees. 

Effective July 1, 2005. Single Family Monthly Charges (BCC 8800). Accessed July 14, 2006.    
127 http://www.ebmud.com/sites/default/files/pdfs/20080412%20-%20UWMP%202005%20Final%20Book.pdf. East 

Bay Municipal Utility District Urban Water Management Plan. November 2005. Chapter 6 Water Conservation. 
Accessed February 1, 2010.  
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high efficiency toilets (HET). During the 2004 fiscal year twenty-two percent of the rebates 
provided were for HETs. In 2005, toilet rebates were provided for 1,030 single-family and 176 
multi-family customers.  
 
The utility promotes conservation by using a 3-tiered inclining billing structure for water. There 
are several wastewater providers within the utility; not all wastewater providers use conservation 
billing rates.  

CII Conservation Programs 
The utility has provided a variety of water saving devices, primarily through surveys, to its CII 
customers including faucet aerators, showerheads, and toilet retrofit kits. In some cases CII 
customers could borrow devices to test in their business prior to purchasing them. As with 
residential customers, CII customers can be provided with a self-survey to improve their water 
efficiency. CII customers can also borrow water metering devices to determine the 
characteristics of their water use and allows the customer to implement the most cost-effective 
conservation measures. 
 
There are nearly 5,000 irrigation accounts in the utility and water budgets have been established 
for more than 1,200 dedicated irrigation accounts. The utility uses presentations and targeting to 
encourage HOAs and irrigation accounts to reduce their water demand. Customers are provided 
with rebates that cover 50 – 100% of the cost of installing efficient irrigation equipment.  
 
Rebates are provided as an incentive to CII customers who invest in equipment upgrades for 
processes such as cooling, water treatment, and washing. Rebates may cover as much as half of 
the cost of installing new hardware or changes processes and are based on an estimate of the 
savings. Rebates are also provided for high efficiency clothes washers, HETs, ice machines, and 
x-ray machines. As with their residential customers, the utility has distributed free low flow 
faucet aerators and showerheads.  
 
EBMUD is on the CUWCC task force designed to evaluate measures to improve the water use 
efficiency of both new and existing landscapes. The utility provides free landscape reviews to all 
of the cities and counties in their service area. The irrigation system efficiency and schedule, 
plant design and plant selection are included in the review. 

Additional Conservation Programs    
EBMUD is committed to ongoing conservation efforts and has participated in numerous 
conservation studies including: 
National Multi-Family Residential Sub-Meter Study 
Residential End-Use Study 
Market Penetration Study  
Water Closet Performance Testing 
Recycling Feasibility Study 
Oakland Zoo Conservation Study 
Irrigation Controller Pilot Study 
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Sonoma County Water Agency 
The Sonoma County Water Agency was established in 1949 and currently provides “a 
functioning infrastructure and financial organization for regional water supply, wastewater 
management and flood control.”128  Sonoma County Water Agency manages and maintains a 
water transmission system that provides naturally filtered Russian River water to nine cities and 
special districts that in turn delivers drinking water to more than 600,000 residents in portions of 
Sonoma and Marin counties, including City of Cotati, Marin Municipal Water District, North 
Marin Water District, City of Petaluma, City of Rohnert Park, City of Santa Rosa, City of 
Sonoma, Valley of the Moon Water District, and Town of Windsor..129 

Rohnert Park 
Rohnert Park130 is one of the earliest planned communities in the United States with each 
neighborhood designed around a park and elementary school.  Located between Petaluma and 
Santa Rosa in the center of Sonoma County’s business corridor, Rohnert Park is home to 
Sonoma State University; as a result education is one of Rohnert Park’s largest industries and 
employers.   

Demographics and Census Information 
Rohnert Park is a relatively young community with a median age of 31.5 years.  The median 
annual household income in Rohnert Park is $51,942. Of the population over the age of 25, 
88.0% have a high school diploma or higher and 24.7% have a college degree or higher. Table 
132 gives some additional characteristics about the homes in Rohnert Park. 
 

Table 132: Demographic and household statistics for Rohnert Park 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes  

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,520 58.4 2.83 3.1 1979 5.8 
Rental $841 41.6 2.40 1.8 1980 6.2 

 

Customer Base 
Rohnert Park has 8,717 customer accounts, 92% of which are residential accounts (87% single-
family and 5% multi-family) 5% are commercial accounts, and 3% are irrigation and industrial 
accounts.  Single-family customer used 54% of the annual water deliveries in 2005 – the 

                                                 
128 http://www.envirocentersoco.org/SCWA/structure.htm. Sonoma County Water Agency Structure. Accessed 

August 22, 2006.  
129 http://www.envirocentersoco.org/SCWA/structure.htm. Sonoma County Water Agency Structure. Accessed 

August 22, 2006. 
130 http://www.rohnertparkchamber.org/. Welcome to Rohnert Park Chamber of Commerce. A Community for 

Families. Accessed July 21, 2006. 
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remaining 46% was used by commercial customers (multi-family, industrial, and irrigation were 
grouped in this category). 
 

Table 133: Number of connections and deliveries in Rohnert Park for 2005131 

Sector Number of 
Accounts 

Deliveries 2005 
(MG) 

% of Total 
Deliveries 

Single Family 7,590 652.2 53.8 

Multi-Family 413 Included in 
commercial 

 

Commercial 462 559.3 46.2 

Industrial 2 Included in 
commercial 

 

Irrigation 250 Included in 
commercial 

 

Total 8,717  100 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers of Rohnert Park are billed for water and sewer on a bi-monthly basis.  The 
base monthly charge for water is $15.71.   Customers are charged a uniform rate for water at 
$2.57 per kgal.  Customers pay a base rate of $1.35 per month for sewer as well as $9.15 per 
kgal.    

North Marin Water District 
North Marin Water District (NMWD) serves the City of Novato in Marin County as well as 
several small districts in the West Marin area near the coast.  In addition, service is also provided 
to Point Reyes Station, Olema, Bear Valley, Inverness Park, and Paradise Ranch Estates.132  
Since Novato is the largest community in the North Marin WD service area, demographic and 
census information are provided for Novato. 

Demographics and Census Information 
The median annual household income in Novato is $71,306.  The median age of the population 
of 41.3 years is the highest of the study group.  Of the population over the age of 25, 91.2% have 
a high school diploma or higher and 51.3% have a college degree or higher. Table 134 gives 
some additional characteristics about the homes in Novato.  
 
 
 
 

                                                 
131 Data provided by Carrie Pollard, Water Conservation Specialist for SCWA 
132 http://www.nmwd.com/index.html. About North Marin Water District. Water Service. Accessed August 22, 

2005. 
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Table 134: Demographic and household statistics for Novato in North Marin Water District 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $2,344 65.7 2.42 2.8 1964 5.0 
Rental $1,105 34.3 2.21 1.7 1965 3.1 
 

Climate 
There are three climate zones in Marin County; the western half of the county is located in 
CIMIS Zone 1 known as Coastal Plains Heavy Fog Belt, the central section of the county is 
located in CIMIS Zone 4 known as South Coast Inland Plains and Mountains North of San 
Francisco and the eastern portion of the county is located in CIMIS Zone 5 known as Northern 
Inland Valleys.133  Novato is located in Zone 5 and the weather data for the station that serves 
the Novato area is shown in Table 135.  The comparison of 2005 weather data with historic data 
shows that 2005 was slightly cooler and wetter, with lower ET than previous years.  It is 
important to note however that the station is very new and weather data has only been recorded 
since June 2003.  The website for The City of Novato indicates that the weather is slightly 
warmer and drier that that found at the CIMIS station where the “mean annual temperature is 67 
degrees, with an average minimum of 46 degrees and an average maximum of 71 degrees. 
Rainfall averages approximately 27.5 inches per year.”134 
 
 

Table 135: Black Point #187   Lat 3805’28” Long 12231’36” – period of record June 2003 to 
December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

51.5 57.9 67.7 68.3 71.9 77.1 80.2 79.6 78.9 72.6 61.9 54.0 68.5 

Ave 
Max 
Temp 
2005 
(F) 

49.6 58.7 64.5 65.8 70.7 74.2 81.1 79.6 75.0 71.9 65.2 56.0 67.7 

Ave 
Min 
Temp 

36.7 40.2 41.0 39.8 44.7 47.8 50.8 50.8 47.5 43.5 38.6 36.5 43.2 

                                                 
133 http://wwwcimis.water.ca.gov/cimis/info.jsp. California Irrigation Management System. Info Center. ETo Zones 

Map. Accessed August 31, 2006.  
134 http://www.cityofnovato.org/about_nov.cfm. City of Novato. Government and Utilities. Accessed August 31, 

2006. 
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(F) 

Ave 
Min 
Temp 
2005 
(F) 

35.8 40.4 41.4 39.2 45.6 47.6 51.3 49.6 45.3 44.0 39.9 36.0 43.0 

Ave 
Monthly 
Precip 
(in) 

3.9 5.9 2.7 1.5 1.8 0.4 0.7 0.3 0.3 1.7 2.0 6.9 27.9 

Monthly 
Precip 
2005 
(in) 

5.5 5.0 4.8 2.0 3.0 0.3 1.8 0.4 0.0 0.4 1.8 6.7 31.6 

Ave 
Monthly 
ETo (in) 

1.0 1.5 3.6 4.9 5.9 6.0 7.1 6.1 4.9 3.5 1.8 1.0 47.3 

Monthly 
ETo 
2005 
(in) 

0.9 1.4 3.2 4.7 5.4 6.4 7.2 5.9 4.4 3.4 2.0 1.0 45.8 

 

Water Supply and Demand 
The North Marin WD service area, shown in Figure 98, covers approximately 100 square miles.  
NMWD receives approximately 80% of its water supply from the Russian River provided by the 
Sonoma County Water Agency.  The remaining 20% is from Stafford Lake which is used from 
late spring to early fall to supplement the supply from the Russian River.135 
 
Table 136 is a breakdown of water deliveries supplied by North Marin Water District to it’s 
customers in 2000.  Seventy-five percent of the deliveries were to residential customers (68.3% 
single-family and 6.9% multi-family).  Commercial and irrigation customers each used 
approximately 11% and the remaining 2.3% was delivered to institutional and other customers. 

 

                                                 
135 http://www.nmwd.com/novatowhere.html. North Marin Water District. Where Does My Water Come From And 

How Is It Treated? Russian River Water. Stafford Treatment Plant. Accessed August 22, 2006. 
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Figure 98: North Marin Water District Service Area136 

 

Table 136: Annual water delivery to accounts by sector for North Marin WD for 2005137 

Sector Number of Accounts 
2005 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single Family 17,706 6,946 2,263 68.3 
Multi-Family 647 704 229 6.9 
Commercial 1,022 1,117 364 10.9 
Irrigation 293 1,159 378 11.4 
Institutional 102 231 75 2.2 
Other 162 11 3.7 0.1 
Total 19,932 10,168 3,313 100 
 
 

 

                                                 
136 http://www.nmwd.com/images/Boundary%20Map.jpg. About North Marin Water District. Territory. Boundary 

Map. Accessed August 22, 2006.  
137 Data provided by Ryan Grisso, Water Conservation Coordinator for North Marin Water District, California 
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Figure 99: Percentage of 2005 metered accounts by sector in North Marin WD 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers in North Marin WD are billed for water and sewer on a bi-monthly basis.  
The base monthly charge for water is $5.00.  Customer rates are based on their elevation above 
the pumping station as well and an additional charge if they are located outside the improvement 
district as shown in Table 137.  Customers who use water in excess of 15,000 gallons within the 
two month billing period are charged an additional conservation fee of $3.00 per 100 cubic feet.  
Customers pay a base rate of $21.83 per month for sewer.138  
 

Table 137: Residential commodity charge for customers in North Marin Water District139 

Rate Zone Elevation Within Improvement 
District (per CCF) 

Outside Improvement 
District (per CCF) 

Zone A 0’ – 60’ $1.70 $1.85 

Zone B 61’ – 200’ $1.90 $2.05 

Zone C 201’ – 400’ $2.35 $2.50 

Zone D 401’ + $2.86 $3.01 

 

                                                 
138 http://www.studioefx.com/nsd/qanda.htm#generalrates. Novato Sanitary District. Rates – General. Accessed 

August 24, 2006.  
139 http://www.nmwd.com/novrates.html. North Marin Water District. Novato Water Charges. Accessed August 24, 

2005.  
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Petaluma 
Located on the Petaluma River, the City of Petaluma140 is one of the oldest cities in California 
and on the National Register of Historic Places.  “American Demographics magazine found this 
area to be America's number one choice among baby boomers in their mid-30s to mid-40s, who 
are affluent enough to choose where they settle.”141 

Demographics and Census Information 
The median annual household income of Petaluma is $61,679.  The median age of the population 
is one of the highest of the study groups at 37.1 years and is second only to the residents of North 
Marin Water District.  Of the population over the age of 25, 85.9% have a high school diploma 
or higher and 30.1% have a college degree or higher.  Table 138 gives some additional 
characteristics about the homes in Petaluma. 
 

Table 138: Demographic and household statistics for Petaluma 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,622 70.1 2.75 3.2 1976 11.3 
Rental $870 29.9 2.59 2 1972 6 
 

Climate 
The Petaluma Chamber of Commerce describes Petaluma's “temperate climate is as close to 
perfect as possible without boredom.”142  Summers are dry and warm with temperatures ranging 
from the mid-60s to mid-80s and nighttime cooling from ocean breezes. Winter temperatures 
range from the mid-30’s to 60 degrees. Average rainfall is 25 inches annually. 

 

Table 139: Petaluma East #144 Lat 3816’02” Long 12236’58” – period of record August 1999 
to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

54.2 58.2 64.6 64.8 69.6 74.4 77.2 78.0 78.7 73.3 62.1 56.8 67.7 

Ave 
Max 

48.3 57.3 60.8 62.4 63.8 68.8 75.8 73.4 75.6 72.9 67.1 58.0 65.4 

                                                 
140 http://www.visitpetaluma.com/. Visit Petaluma. Get Here. Accessed July 21, 2006.  
141 http://www.petalumachamber.com/pages/livework.shtml. Petaluma Area Chamber of Commerce. Affluent Baby 

Boomer Magnet. Accessed July 21, 2006. 
142 http://www.petalumachamber.com/pages/aboutpetaluma.shtml. Petaluma Area Chamber of Commerce. 

Petaluma’s Voice for Business. Climate. Accessed September 1, 2006.  
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Temp 
2005 
(F) 
Ave 
Min 
Temp 
(F) 

33.5 37.4 38.3 39.4 41.9 46.4 48.0 47.6 48.1 43.9 38.5 36.4 41.6 

Ave 
Min 
Temp 
2005 
(F) 

30.7 35.0 35.8 35.1 38.9 42.6 42.4 40.4 47.4 44.9 39.6 39.7 39.4 

Ave 
Monthly 
Rainfall 
(in) 

3.1 5.2 1.7 1.3 1.1 0.5 0.2 0.1 0.1 1.1 1.9 5.1 21.4 

Monthly 
Rainfall 
2005 
(in) 

3.9 4.2 3.0 1.9 3.1 0.3 0.0 0.0 0.0 0.3 1.9 12.1 30.6 

Ave 
Monthly 
ETo (in) 

1.1 1.5 3.3 4.5 4.8 6.3 6.4 5.0 4.6 3.2 1.6 1.1 43.4 

Monthly 
ETo 
2005 
(in) 

0.9 1.4 2.9 4.4 4.7 5.6 6.4 5.1 4.1 3.1 1.8 0.8 41.2 

 
 

Table 140:  Annual water delivery to accounts by sector for Petaluma for 2005143 

Sector Number of Accounts 
2005 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single Family 17,014 5,614 1,829 58.5 
Multi-Family 304 749 244 7.8 
Commercial 1,330 1,982 646 20.8 
Irrigation 2 457 149 4.8 
Industrial 25 346 113 3.6 
Institutional 280 417 136 4.3 
Other 1 38 12 0.38 
Total 18,956 9,603 3,129 100 
 

                                                 
143 Data provided by Brian Lee, SCWA 

 
 337



 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers of Petaluma are billed for water and sewer on a bi-monthly basis.  The 
base monthly charge for water is $3.79.   Additionally, there is a three-tiered rate structure; 
customers are charged $2.16 per CCF for usage from 0-20 CCF, $2.37 per CCF for usage from 
21-52 CCF and $2.61 per CCF for usage of 53 CCF or more on a bi-monthly basis.  Customers 
pay $18.22 bi-monthly for sewer charges. 

Santa Rosa 
Located in the heart of Sonoma County wine country, Santa Rosa was called ‘the chosen spot of 
all the earth’ by well know botanist and horticulturalist Luther Burbank (March 7, 1849 – April 
11, 1926).  It was also home to cartoonist Charles M. Schultz, the creator of Peanuts and over the 
years numerous movies have been filmed there including Hitchcock’s Shadow of a Doubt.144 

 Demographics and Census Information 
The median annual household income in Santa Rosa is $50,931.  The median age of the 
population is 36.2 years.  Of the population over the age of 25, 85.2% have a high school 
diploma or higher and 27.6% have a college degree or higher.  Table 141 gives some additional 
characteristics about the homes in Santa Rosa. 
 

Table 141: Demographic and household statistics for Santa Rosa 

 Median 
Monthly 
Payment 
($)` 

Percent of 
Occupied 
Homes  

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,490 48.5 2.56 2.9 1976 8.5 
Rental $862 51.5 2.57 1.8 1974 4.8 
 
 
 

                                                 
144 http://www.visitsantarosa.com/didyouknow_all.asp. Santa Rosa Chamber of Congress. About Santa Rosa. Did 

You Know? Accessed August 21, 2006.   
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Figure 100: Service area for the City of Santa Rosa Utility from the 2005 Urban Water 
Management Plan145 

Climate 
Santa Rosa is located in Zone 5 on the CIMIS Reference Evapotranspiration Zones Map, 
described as Northern Inland Valleys (valleys north of San Francisco).  It is clear from the data 
in Table 142 that 2005 had higher than average rainfall and lower than average temperatures 
resulting in ETo that was lower than average.  Most of the rainfall occurs between November 
through the end of March and ETo is highest during the month of July.  The average annual 
rainfall recorded from 1990 – 2005 is higher than that recorded for Santa Rosa during the period 
of 1952 – 2005.  During that 52 year period the average annual precipitation was 29.63 inches.146 
  

Table 142: Santa Rosa #83 Lat 3824’04” Long 12247’56” – period of record January 1990 to 
December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

56.8 60.6 64.6 67.2 71.5 76.6 79.7 83.9 79.7 75.6 65.0 57.0 71.0 

                                                 
145 http://ci.santa-rosa.ca.us/wc/pdf%20files/2005UWMPComplete.pdf. City of Santa Rosa. 2005 Urban Water 

Management Plan. Accessed June 30, 2006.  
146 http://ci.santa-rosa.ca.us/wc/pdf%20files/2005UWMPComplete.pdf. 2005 Urban Water Management Plan. City 

of Santa Rosa. Description of Existing Water System. Climate. Accessed August 21, 2006.  
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Ave 
Max 
Temp 
2005 
(F) 

54.0 61.1 65.6 66.1 70.1 73.2 79.1 77.8 75.3 74.1 67.8 57.4 69.5 

Ave 
Min 
Temp 
(F) 

37.1 38.1 39.2 39.1 43.3 46.7 49.1 49.0 46.6 42.2 38.5 35.8 42.6 

Ave 
Min 
Temp 
2005 
(F) 

36.1 39.8 40.5 36.9 43.8 46.1 50.0 48.5 43.8 40.1 36.7 39.1 42.0 

Ave 
Monthly 
Rainfall 
(in) 

6.8 6.5 4.1 1.9 1.7 1.3 0.5 0.7 0.3 1.6 3.7 7.4 36.6 

Monthly 
Rainfall 
2005 
(in) 

4.0 4.0 6.2 1.9 4.7 0.4 0.0 0.4 0.0 1.6 3.2 14.5 40.8 

Ave 
Monthly 
ETo (in) 

1.0 1.6 3.2 4.4 5.6 6.2 6.5 5.9 4.6 3.2 1.5 1.0 44.6 

Monthly 
ETo 
2005 
(in) 

1.0 1.5 3.1 4.4 5.1 5.8 6.7 5.4 4.2 3.4 1.8 0.8 42.9 

 

Customer Base 
The City of Santa Rosa has 50,352 customers (connections).  There are 41,839 single-family 
residential customers, 3,085 multi-family customers, 2,768 commercial customers and 939 
accounts classified as other.  Figure 101 is a graph of the percentages of each utility customer 
category.  Single-family connections make up 84% of the customer connections – clearly the 
largest category.  When combined with multi-family accounts, residential customers make up 
90% of the customer base for Santa Rosa. 
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Figure 101: Percentage of 2005 connections by customer category in Santa Rosa 

 

Water Supply and Demand 
The City of Santa Rosa purchases water from Sonoma County Water Agency.  Most of the water 
is surface water that is diverted from the Russian River, supplemented by groundwater from the 
Santa Rosa Plain.147  Table 143 shows the number of accounts, by sector, in 2005 as well as the 
water deliveries to each sector.  Single-family customers make up 84% of the customer accounts 
and 57% of the water delivered.  
 

Table 143: Annual water delivery to accounts by sector for 2005148 

Sector Number of 
Accounts 2005* 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single-Family 41,839 12,420 4,047 57.0 
Multi-Family 3,085 3,345 1,090 15.4 
Commercial 2,768 3,455 1,126 15.9 
Irrigation 1,729 2,553 832 11.7 
Other* 931    
Total 50,352  7,095 100 
*These are fire accounts and don’t have ongoing water use associated with them 

                                                 
147 http://ci.santa-rosa.ca.us/wc/pdf%20files/2005UWMPComplete.pdf. 2005 Urban Water Management Plan. City 

of Santa Rosa. Water System Facilities Source Waters. Surface Water System Facilities. Accessed August 21, 
2006. 

148 Information provided by Jennifer Burke, Senior Water/Wastewater Planner for the City of Santa Rosa, CA  

 
 341



 

Water Rates, Rate Structure, and Sewer Charges 
Santa Rosa customers are billed monthly for water and sewer use. At the time of the study 
customers paid a fixed monthly charge of $5.53 for water and $12.82 for wastewater. In addition 
customers were charged $3.15 per kgal for water and $7.85 per kgal for sewer up to their “sewer 
cap”.  The “sewer cap” is the indoor allotment or average winter consumption calculated from 
average winter water usage in the months of December, January, and February where it is 
assumed that all usage during that period of time is indoors. In 2007 Santa Rosa implemented a 
3-tier rate structure. Details can be found on the City’s website at http://ci.santa-
rosa.ca.us/departments/finance/revenue/utilbill/Pages/CurrentResRates.aspx.  

Water Conservation Programs149 
The Cities of Rohnert Park, Petaluma, Santa Rosa and North Marin Water District are retail 
providers for Sonoma County Water Agency (SCWA). SCWA signed the CUWCC MOU in 
1998 and is the first wholesale agency in California to have all of its water contractor’s sign the 
MOU. The Agency works with its retail providers to implement all economically feasible 
wholesale BMPs as well as some of the retail BMPs. In some cases contractors have 
implemented conservation measures that exceed the requirements of the BMP or have developed 
conservation measures in addition to the BMPs which SCWA has identified as Tier 2 BMPs. 
SCWA has developed a model of savings projections and future water demand from four levels 
of conservation measures that include projected savings from implementing the current BMPs, 
projected savings from implementing Tier 2 BMPs, adoption of new development standards, and 
savings from future plumbing retrofits and required by plumbing code.  

 Residential Conservation Programs 
In addition to the current BMPs, SCWA has developed a more aggressive list of BMPs which 
will be implemented in the future. These Tier 2 BMPs will require high efficiency toilets, clothes 
washers, faucets and showerheads, a Cash for Grass program, rebates for irrigation upgrades, 
synthetic turf and Smart Irrigation Controllers, and financial incentives for water use below 
water budget allotment. The BMPs will encourage increased water efficiency in new 
development with products such as Smart irrigation controllers and hot water on demand 
systems. Toilet replacement programs have been in place for more than ten years through 
rebates, direct installation and community-based organizations (CBOs).   
 

                                                 
149 http://www.scwa.ca.gov/files/2005_uwmp_report.pdf. Sonoma County Water Agency 2005 Urban Water 

Management Plan. December 2006. Section 6.1 BMP Implementation. Accessed February 24, 2010. 
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Irvine Ranch Water District 
The Irvine Ranch Water District is a special district formed in 1961 to provide potable water, 
wastewater service and recycled water.  IRWD is located in the south-central portion of Orange 
County, and encompasses an area of approximately 181 square miles.  Figure 102 is a map of 
Irvine Ranch Water District and it’s location within Orange County.  Irvine Ranch Water District 
provides service to 316,287 customers in the City of Irvine, and portions of Tustin, Newport 
Beach, Costa Mesa, and Orange, Lake Forest and unincorporated areas of Orange County.150   

 

Figure 102: Map of Irvine Ranch Water District151 

 

Demographics and Census Information 
The following information on IRWD comes from the 2000 U.S. Census Bureau.152  IRWD 
serves an affluent community with an average median household income of $72,057.  Only 5% 
of families live below the poverty level.  The median home price is $316,800 and sixty percent 
of the homes are owner occupied with an average monthly mortgage of $1,897.  Table 144 gives 
some additional characteristics about the homes in Irvine. The median age of the residents in 

                                                 
150 http://www.irwd.com/AboutIRWD/servicearea.php. About IRWD. Service Area. Accessed June 26, 2006. 
151 http://www.irwd.com/BusinessCenter/UWMP-2005-F.pdf. Irvine Ranch Water District. 2005 Urban Water 

Management Plan. Section II-5: Contents of UWMP.  Accessed June 14, 2006. 
152 http://factfinder.census.gov/home/saff/main.html?_lang=en. 2000 Census Data. Fact Sheet. Housing 

Characteristics. Physical Characteristics. Financial Characteristics. Accessed June 13, 2006. 
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IRWD is 33 years. Of the population over the age of 25, 95.3% have a high school diploma or 
higher and 58.4% have a college degree or higher.153  
 

Table 144: Demographic and household statistics for City of Irvine154  

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,897 60% 2.78 3.1 1980 16.1% 
Rental $1,177 40% 2.46 1.8 1985 16.1% 

Climate 
There are three distinct climates or zones in the IRWD service area as defined by CIMIS 
(California Irrigation Management Information System).  Zone 2 is described as a Coastal Mixed 
Fog Area and has an average annual ETo of 39 inches, Zone 4 is South Coast Inland Plains and 
Mountains North of San Francisco with an average annual ETo of 46.6 inches and Zone 6 is 
Upland Central Coast and Los Angeles Basin with an average annual ETo of 49.7 inches.   
 
Weather and ETo information was obtained from CIMIS Station #75 located at the University of 
California Field Station near Irvine.  Station #75 is located in ETo Zone 6.  Table 145 compares 
the average monthly minimum and maximum temperatures, average monthly rainfall, and 
average monthly ETo from October 1987 to December 2005, with the same data from 2005.  The 
table shows that although maximum temperatures in 2005 were slightly cooler than average, 
minimum temperatures were warmer than the 20-year average.  However, ETo was slightly 
lower in 2005 than the 20-year average (48.12 inches vs. 49.12 inches) and rainfall was more 
than 5 inches above the 20-year average.  
 

Table 145: Irvine #75 Lat 3341’19” Long 11743’14” – period of record October 1987 to 
December 2005155  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

66.6 66.3 68.2 70.6 73.3 75.8 80.8 82.6 81.5 76.4 71.2 66.3 73.3 

Ave 
Max 
Temp 

65.7 65.3 67.4 70.4 74.2 73.7 81.8 81.5 79.1 74.7 73.5 66.9 72.9 

                                                 
 
 
154 The City Irvine makes up approximately 45% of the homes in the IRWD service area. Therefore weather and 

census information are given for Irvine. 
155 http://wwwcimis.water.ca.gov/cimis/monthlyReport.do. California Irrigation Management Information System. 

Department of Water Resources. Office of Water Use Efficiency. Monthly Report. South Coast Valleys – Irvine – 
#75. Accessed June 26, 2006.  
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2005 
(F) 
Ave 
Min 
Temp 
(F) 

44.5 45.6 47.2 49.2 54.0 56.2 59.7 59.8 58.4 54.6 48.1 44.0 51.8 

Ave 
Min 
Temp 
2005 
(F) 

47.2 49.4 48.9 47.8 54.8 56.5 61.8 60.9 56.0 54.4 49.9 46.8 52.9 

Ave 
Monthly 
Precip 
(in) 

2.5 5.0 2.2 0.9 0.3 0.2 0.1 0.1 0.2 0.6 0.8 2.0 14.9 

Monthly 
Precip 
2005 
(in) 

7.3 8.7 1.1 1.2 0.5 0.1 0 0 0.0 0.6 0.1 0.7 20.1 

Ave 
Monthly 
ETo (in) 

2.3 2.5 3.7 4.7 5.2 5.7 6.4 6.1 4.6 3.4 2.6 2.2 49.4 

Monthly 
ETo 
2005 
(in) 

2.0 2.1 3.6 5.0 5.7 5.0 6.6 5.7 4.5 3.4 2.8 1.9 48.1 

 

Customer Base 
As of 2006 there were a total of 91,733 accounts served by the IRWD. These consist of 77,797 
residential connections (47,650 single-family and 30,147 multi-family), 3,973 commercial, 223 
industrial, 1,757 landscape irrigation, 21 agricultural, 192 public authority, and 3,958 
construction and temporary.  In addition, IRWD provides recycled water to 3,812 connections.  
Based on overall water deliveries of 26,820 MG to 92,235 accounts average water delivery 
equates to 291 kgal/account.156 

Water Supply and Demand157 
Irvine Ranch Water District (IRWD) receives water from the State Water Project (California 
Aqueduct) and the Colorado River water imported by the Metropolitan Water District.  
Additional supply comes from the Dyer Road Wellfield which pumps water from the Orange 
County Groundwater Basin. Annually, IRWD supplies approximately 53,572 acre-feet (17,464 
MG) of treated or potable water, 6,301 acre-feet (2,053 MG) of untreated (non-potable) water, 

                                                 
156 http://www.irwd.com/AboutIRWD/facts_figures.php. About Irvine Ranch Water District. Facts and Figures. 

Accessed June 26, 2006. 
157 http://www.irwd.com/BusinessCenter/UWMP-2005-F.pdf.  Irvine Ranch Water District. 2005 Urban Water 

Management Plan. Accessed June 14, 2006. 
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and 22,434 acre-feet (7,310 MG) of recycled wastewater, totaling 82,307 acre-feet or 26,827 
MG. Residential water use is the largest sector and makes up 39% of the total use (33% single-
family and 6% multi-family).  This is followed by landscape accounts (29%), agriculture (11%), 
commercial (10%), industrial (7%), and institutional/government (4%). 158 

Water Rates, Rate Structure, and Sewer Charges 
The IRWD uses a water budget based rate structure for all of its customers.  Details can be found 
on the District web site.159 

Residential Conservation Programs 
IRWD has a 5-tiered rate structure which is designed to encourage conservation and discourage 
water waste. Residential customers receive an individualized allocation of water based on the 
number of residents, landscape area, and local weather data. Water use with this allocation is 
billed at lower rates than water use that is deemed inefficient, excessive, or wasteful. The price 
of each tier doubles which provides a strong incentive for customers to conserve. IRWD has 
shown the water allocation billing system to be “at least as effective as” surveys at reducing 
water use (landscape use in particular). Customers whose water use exceeds their allocation are 
encouraged to call IRWD. During a home survey customers are provided with free low-flow 
showerheads and faucet aerators, toilet displacement devices160, “leak” checks, and information 
on irrigation scheduling. IRWD customers can request faucet aerators and showerheads that are 
provided free of charge. IRWD provides a rebate of $100 towards the purchase of a high 
efficiency clothes washer. In 2004 the utility provided 1,084 customer rebates for clothes 
washers. Historically IRWD provided rebates on ULFT’s, but these were discontinued. 

CII Conservation Programs 
All CII customers are given a water allocation budget based on each business’s unique demand 
for water. Water use above these tailored budgets sends a significant price signal to alert 
customers to potential water waste such as a leak or excessive irrigation. Water use in this sector 
decreased by only 2.3% from 1997 to 2004 however the number of accounts has increased by 
55%. The per-account reduction during that same time period is 36%.  
 
IRWD does not have a program in place to market surveys to large landscape customers. 
However, 84% of all dedicated irrigation meter accounts have water budgets in place. 
Conservation pricing has been an effective tool in reducing wasteful water use practices at these 
sites. In addition, IRWD offers landscape irrigation training and several hundred CII customers 
with mixed-use meters have been provided with water budgets for their landscape. A notice of 
water use is provided to accounts with water budgets each billing cycle. 

                                                 
158 http://www.irwd.com/AboutIRWD/facts_figures.php. About IRWD. Facts and Figures. Accessed June 14, 2006. 
159 http://www.irwd.com/customer-care/rates-charges/residential-rates.html  
160 Toilet displacement devices were no longer distributed after 1995. 
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Los Angeles Department of Water and Power 
Los Angeles Department of Water and Power (LADWP) provides water service to the nearly 4 
million residents of the City of Los Angeles and surrounding areas.  The City of Los Angeles is 
the 10th largest economy in the world and the second most populous city in the United States 
covering an area of 224 square miles. The residents of Los Angeles are ethnically diverse with 
140 countries represented and 86 languages spoken.  Los Angeles has one of the world’s largest 
ports with exports that include aircraft and space craft, integrated circuitry, and computers. Los 
Angeles is also a leader in the fashion industry and is home to many institutions of higher 
learning.161 

Demographics and Census Information 
The following information on Los Angeles comes from the 2000 U.S. Census Bureau. The 
median annual household income in Los Angeles of $36,687 is the lowest of all the study sites 
and 9.2% of families live below the poverty level.  The median home price is $221,600 and only 
39% percent of the homes are owner occupied.  The median monthly mortgage is $1,598.  Table 
146 gives some additional characteristics about the homes in Los Angeles. The median age of the 
residents in Los Angeles is 32 years. Of the population over the age of 25, 66.6% have a high 
school diploma or higher and 25.5% have a college degree or higher. 
 
 

Table 146: Demographic and Household Statistics for the City of Los Angeles162 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,598 38.6 2.99 2.7 1956 0.4 
Rental $612 61.4 2.73 1.2 1964 0.5 

Climate 
Los Angeles has a Mediterranean climate due to its mild weather and 329 days of sunshine.  The 
center of Los Angeles is located in CIMIS Zone 6 known as the Upland Central Coast and Los 
Angeles Basin described as a higher elevation coastal region. The western portion of Los 
Angeles is in Zone 4 known as the South Coast Inland Plains and Mountains North of San 
Francisco and described as having more sunlight and higher ETo than Zone 3. There are six 
CIMIS stations located in various areas around LA County; ET, temperature and precipitation 
data used in the 2005 Urban Water Management Report are shown in Table 147 and averages the 
weather data from an inland CIMIS station (Glendale) and a station located closer to the coast 
(Santa Monica). The data for these two stations are given in Table 148 and Table 149 
respectively.       
 
                                                 
161 http://www.lachamber.org/. Los Angeles Area Chamber of Commerce. Facts About LA. Accessed August 23, 

2006.  
162 http://factfinder.census.gov/home/saff/main.html?_lang=en. 2000 Census Data. Fact Sheet. Housing 

Characteristics. Physical Characteristics. Financial Characteristics. Accessed August 23, 2006 
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Table 147: Summary table of temperatures, rainfall and ETo for Los Angeles from the LADWP 
2005 Urban Water Management Plan163 

 Jan Feb Mar April May Jun Jul Aug Sept Oct Nov Dec Annual
Standard 
Ave 
ETo 
(in)1 

2.0 2.3 3.5 4.6 5.0 5.6 6.1 6.0 4.48 3.7 2.6 2.3 48.1 

Ave 
Rainfall 
(in)2 

3.4 3.2 2.5 1.0 0.3 0.1 0.0 0.1 0.3 0.3 1.5 1.9 14.5 

Ave 
Max 
Temp 
(F)2 

67.0 68.5 69.3 72.0 74.0 78.2 83.6 84.4 83.0 78.5 72.9 67.9 74.9 

1 Average of Glendale and Santa Monica ETo stations, as there are no active stations in Los 
Angeles 
2 Downtown Los Angeles (1948-2003) 
 
 
 

Table 148: Los Angeles – Santa Monica #99 Lat 3402’28” Long 11828’34” – period of record 
December 1992 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

65.7 64.2 65.9 67.1 68.2 70.7 73.5 75.7 75.6 72.6 69.0 66.0 69.5 

Ave 
Max 
Temp 
2005 
(F) 

65.4 65.2 65.3 67.4 69.8 69.7 74.1 74.8 73.9 71.6 72.0 66.5 69.6 

Ave 
Min 
Temp 
(F) 

48.8 48.4 50.0 50.7 54.6 57.4 60.2 60.7 60.0 56.2 51.4 48.7 53.9 

Ave 
Min 
Temp 
2005 
(F) 

51.2 51.4 51.8 51.4 56.0 56.3 61.3 61.2 57.2 55.8 55.2 50.3 54.9 

Ave 
Monthly 

4.6 6.8 2.1 0.8 0.5 0.4 0.2 0.1 0.2 0.5 1.2 1.8 19.1 

                                                 
163 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf.  
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Rainfall 
(in) 
Monthly 
Rainfall 
2005 
(in) 

8.9 9.4 2.3 1.0 0.3 0.4 0.3 0.0 0.0 0.0 0.0 0.0 22.5 

Ave 
Monthly 
ETo (in) 

2.1 2.3 3.6 4.7 5.1 5.3 5.6 5.6 4.2 3.3 2.5 2.2 46.7 

Monthly 
ETo 
2005 
(in) 

2.0 2.2 3.4 4.9 5.3 5.3 5.6 5.3 4.3 3.0 2.6 1.9 45.8 

 

Table 149: Los Angeles – Glendale #133 Lat 3411’59” Long 11813’56” – period of record 
August 1996 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

64.9 63.3 67.3 68.0 73.0 75.4 82.0 84.0 81.7 75.4 69.1 65.1 72.4 

Ave 
Max 
Temp 
2005 
(F) 

63.7 62.8 65.8 69.2 73.9 74.5 83.6 83.5 79.2 73.8 72.8 66.3 72.4 

Ave 
Min 
Temp 
(F) 

43.7 43.0 45.3 46.3 51.7 54.8 58.5 59.5 58.1 52.7 46.3 42.8 50.2 

Ave 
Min 
Temp 
2005 
(F) 

45.0 46.4 45.9 46.4 52.0 53.4 60.2 59.6 54.7 53.1 48.9 44.7 50.9 

Ave 
Monthly 
Rainfall 
(in) 

3.7 5.8 1.9 1.3 0.9 0.4 0.1 0.2 0.3 0.8 1.0 3.2 19.6 

Ave 
Monthly 
ETo (in) 

2.0 2.1 3.3 4.0 4.7 4.8 5.7 5.7 4.4 3.3 2.2 1.8 43.9 
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Water Supply and Demand 
LADWP provides water to the city of Los Angeles as well as parts of West Hollywood, Culver 
City, and minor portions adjacent to the city. The primary water supply for the 295,000 acre 
service area is a gravity-feed system that reaches Los Angeles via an aqueduct which extends 
340 miles from Mono Basin to Los Angeles.  The aqueduct is fed by late spring and early 
summer runoff from the eastern Sierra Nevada’s.  Local groundwater is another source of water 
for the city and during dry years may provide and much as 30% of the water supply.  When 
supplies of water from the aqueduct and groundwater are inadequate Los Angeles can purchase 
water from Metropolitan Water District to supplement its supply.164  
 
Table 150 shows the amount of water delivered by sector to Los Angeles in 2000 and projected 
water deliveries for 2005.  In 2000, LADWP delivered 677 million gallons of water; single-
family customers used 240 MG, multi-family customers 199 MG, commercial 112 MG 
governmental customers 41 MG, industrial 24 MG and non-revenue 60.  Projected water use for 
2005 was 661 million gallons; the most noticeable decreases were in the residential, industrial, 
and non-revenue sectors. 
 

Table 150: Actual and projected annual water delivery to accounts by sector for 2000 and 2005 
in Los Angeles165 

Sector Deliveries 2000 
(MG) 

% of Total 
Deliveries 

Deliveries 2005 
(MG) 

% of Total 
Deliveries 

Single-Family 240 35 231 35 
Multi-Family 199 29 198 30 
Commercial 112 17 119 18 
Governmental 41 6 43 7 
Industrial 24 4 20 3 
Non-Revenue 60 9 48 7 
Total 677 100 661 100 
 

Water Rates, Rate Structure and Sewer Charges  
LADWP rate structure is unique among the utilities in the study; the complete rate structure is 
shown in Appendix A of this report. Customers are billed bi-monthly using a 2-tier rate structure; 
Tier 1 is based on the number of residents in the home, the lot size, the zip code, and the ETo 
zone (low, medium, high).  Tier 1 rates vary from low season to high season from $2.14 per CCF 
in the high season to $2.18 per CCF in the low season.  The high season is from June 1 – October 
31 and low season is from November 1 – May 31.  Tier 2 is for any water use that exceeds the 
allotment and is $3.18 per CCF.166 

                                                 
164 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf. 2005 Urban Water Management Plan for Los Angeles 

Department of Water and Power. Executive Summary. Current Water Supply. Accessed August 24, 2006.  
165 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf. 2005 Urban Water Management Plan for Los Angeles 

Department of Water and Power. Executive Summary. Water Demand. Water Demand Projections. Accessed 
August 25, 2006. 

166 http://www.ladwp.com/ladwp/cms/ladwp001068.jsp. Understanding the LADWP Water Bill. Schedule A – 
Single Dwelling Unit Residential Customer. Accessed August 25, 2006. 
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Sewer charges are based on the customers average daily winter consumption from the previous 
year, which is then multiplied by the number of days in the billing period to determine the 
number of CCF used in the billing period. Customers are charged $2.85 per CCF.167 

Conservation168 
LADWP’s conservation program is designed to increase awareness of and support for 
conservation from its customers. Demand-side management, infrastructure improvement, and 
conservation pricing serve to increase system reliability and efficiency. Despite a population 
increase of 750,000 residents in the past 20 years water usage has remained the same. Los 
Angeles consistently ranks among the lowest in per person water consumption when compared 
with California’s largest cities.  

Residential Conservation 
In the early 1990’s residents of Los Angeles reduced their water consumption by 30 percent in 
response to severe drought conditions and mandatory conservation measures. Because of 
ongoing conservation programs and measures LADWP customers have maintained much of the 
water savings achieved during the drought. Many of the conservation measures promoted by the 
city are designed to provide long-term savings through replacement of fixtures and appliances 
with more efficient models. Rebates, community-based organizations, and direct installation 
programs have resulted in the replacement of more than 1.24 million toilets through the Ultra-
Low Flush Toilet Rebate Program since its inception in 1990. A Retrofit on Resale ordinance 
requires the installation of ULF toilets and efficient showerheads of all single and multi-family 
residences prior to the close of escrow. In 2003, the ULF toilet distribution program was 
supplemented with free installation of toilet flappers, showerheads, and faucet aerators. 
 
The clothes washer rebate program has been popular with residential customers; 32,000 high 
efficiency clothes washer were installed between 1998 and 2005. The minimum efficiency 
standards for high efficiency clothes washers were increased in 2004 and will increase again in 
2007.  
 
More than a million water conservation kits have been distributed to customers since the drought 
and include toilet “leak” detection, toilet displacement bags, and conserving showerheads, all of 
which are provided to customers free of charge. Community involvement, customer education, 
and school programs are integral to LADWP’s conservation efforts as is ongoing research to 
determine the effectiveness of various conservation programs. Pilot programs are currently 
underway to examine the effectiveness of toilet flapper replacement and the use of weather-
based irrigation controlers.  

                                                 
167 http://www.lacitysan.org/fmd/sscbill.pdf. City of Los Angeles Bureau of Sanitation. Financial Management 

Division. Sample Bill. Accessed August 25, 2006. 
168 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf. City of Los Angeles Department of Power and Water. 2005 

Urban Water Management Plan. Chapter 2 Water Conservation. Accessed January 8, 2010. 
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Commercial Conservation 
LADWP has partnered with Metropolitan Water District to promote conservation in its 
commercial customer sector. These customers, as well as industrial and institutional customers 
place some of the highest volume users served by LADWP. Financial incentives, packaged water 
efficiency measures, and rebates are available to the CII sector. Many conservation measures are 
tailored for specific businesses.     
 
The Commercial Rebate Program began in 2001 and includes rebates for high efficiency 
commercial clothes washers, ultra-low flow toilets and urinals, and cooling tower conductivity 
controllers. By 2005 rebates had been provided for 15,500 toilets and 5,600 clothes washers. 
Retrofits of water intensive equipment has been funded through TAP (Technical Assistance 
Program). Site-by-site incentives are based on the water savings achieved through retrofits of 
water-intensive equipment such as cooling towers and x-ray processors.  
 
Improving efficient landscape irrigation has significant potential for water conservation. 
Guidebooks, free training courses, demonstration gardens and surcharges are among the many 
tools used by LADWP to reduce demand. Other measures include examination of savings from 
weather-based irrigation controllers, irrigation system maintenance and upgrades, appropriate 
plant selection, and irrigation using storm water capture, cisterns, and other non-potable water 
sources. 
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 APPENDIX D: Complete End-Use Model Results 
 
Terms used in this Appendix: 
 
r² is the Pearson correlation coefficient squared. This is commonly described as the fraction of 
variance explained by a given model, and is the most common indicator of goodness-of-fit. 
Values observed in these models range from 0.29 – 0.46 and the only end-use without an r² is 
leakage, which has no regression model.  
 
p-value is the test probability for a given statistical procedure. To test the independent effect of a 
given factor, if the p-value is lower than 0.10, then the model assures a less than 10% chance that 
the effect occurred by chance alone. For each model, the p-value is calculated from the observed 
variable against the model prediction for each data point. For categorical factors, the p-value 
reported is calculated from the sample size and properties of the effect itself. More frequently, an 
arbitrary p=0.05 value is used. A p-value of 0.10 is reported here with the assumption that, if 
more samples are added to the dataset, the direction of each effect will probably not change, 
while the size of the effect will likely change.  
 
Log-Log regression coefficients are used as exponents in the log-log regression prediction 
equation: 

 
 
 
 
Where: 

Predicted y is often compared to observed y 
Constants a1…an are the output of regression, labeled Unstandardized Coefficients in SPSS 
output 
Variables x1 … xn are quantities for which log is defined; 0 cannot be a meaningful value for 
these variables.  
Constant a0 can be considered a scale or unit conversion scalar. The constant (a0) and any 
coefficients for categorical variables are calculated using the antilog of coefficients determined 
through regression.  
 
One of the properties of log-log regression versus linear regression is that the regression equation 
is forced to intercept 0. All regression models detailed in this report use water use as the 
dependent variable, so an intercept of 0 is more intuitive than a nonzero intercept.  

Clotheswasher 
r²: 0.30   
Factor coeff p-value Base-10 coeff 
(Constant)  0.60 1.31 
log_Res_No 0.58 

359

0.00  
Log_CW_GPL 0.70 0.00  

na
n

a xxa 1

10y Predicted   
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q45A_agree 0.80 0.73 370 92 
q45B_agree 4.19 0.04 372 164 
q45C_agree -1.07 0.60 374 137 
q45D_agree -2.46 0.27 371 99 
q45E_agree 2.98 0.25 368 61 
q45F_agree 3.57 0.08 367 148 
survey_leaks 2.20 0.44 383 53 
Survey_ULF 0.50 0.83 349 251 
Youth 4.59 0.02 426 162 
At Home -1.39 0.50 421 297 
significant_leak 1.31 0.74 426 25 
renter 5.52 0.13 421 31 
Pay4Wtr -18.73 0.05 421 417 
Survey Softener 1.57 0.61 392 44 
Survey Cooler 13.21 0.16 387 4 
CW_Front -2.13 0.35 343 105 
renovations 3.79 0.11 379 289 
Survey Plumbing Renovated 3.53 0.10 364 144 
Survey Bathroom Renovated 3.52 0.09 374 235 
Survey Kitchen Renovated 1.64 0.43 372 236 
Survey Other Leaks -1.40 0.86 371 6 
Survey wastewater included in bill 4.30 0.32 279 258 
 

Faucet 
r²: 0.29   
Factor coeff p-value Base-10 coeff 
(Constant)  0.00 5.54 
Log_FlushesPerDay 0.46 0.00  
log_Res_No 0.44 0.00  

 
 
 
 

APPENDIX D: Complete End-Use Model Results  

    

360



 

F
ac

to
r 

C
ha

ng
e 

in
 

M
ea

n 
D

ai
ly

 
U

se
 (

gp
hd

) 

p-
va

lu
e 

T
ot

al
 

R
es

po
ns

es
 

T
ot

al
 

P
os

it
iv

e 
R

es
po

ns
es

 

q45A_agree -1.65 0.53 389 99 
q45B_agree -7.85 0.00 391 174 
q45C_agree -6.34 0.01 392 143 
q45D_agree -3.21 0.22 389 104 
q45E_agree 2.03 0.49 386 61 
q45F_agree -7.16 0.00 386 158 
survey_leaks -1.44 0.66 402 56 
Youth -4.11 0.06 448 168 
At Home 1.34 0.56 441 313 
significant_leak 0.64 † 448 25 
renter 1.97 0.61 443 35 
Pay4Wtr -9.33 0.40 442 438 
wait -2.16 0.35 382 163 
Survey Softener -5.93 0.10 412 45 
renovations 1.99 0.46 397 305 
Survey Plumbing Renovated 1.99 0.40 379 150 
Survey Bathroom Renovated 3.16 0.18 392 250 
Survey Toilet Leaking 3.19 0.51 402 23 
Survey Faucet Drips 4.41 0.46 400 15 
Survey Pool Leaks -7.38 0.43 377 6 
Survey Irrigation Leaks -3.85 0.43 390 23 
Survey Other Leaks 28.50 0.00 389 6 
Q10 0.78 0.83 370 41 
pool -5.35 0.07 385 75 
Survey Indoor Spa -1.95 0.76 372 13 
Spa_out -7.71 0.00 444 89 
Survey Garbage Disposal -13.08 0.00 403 347 
Survey Dishwasher -14.17 0.00 398 330 
Survey Cooler 8.78 0.31 407 7 
† Significant “leak” is determined from Trace Wizard, and shown only for reference.  
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pool 17.51 0.086 396 78 
Spa_out 4.15 0.795 456 91 
Survey Indoor Spa -1.08 0.834 382 13 
wait -1.23 0.577 394 165 
Survey Garbage Disposal 2.51 0.109 416 356 
Survey Cooler 24.77 0.452 419 7 
Survey Water Feature -15.05 0.146 383 11 
Survey Softener 7.47 0.011 425 47 
Survey Plumbing Renovated 1.54 0.797 391 157 
Survey Bathroom Renovated -0.79 0.770 405 261 
Survey Kitchen Renovated 5.91 0.586 401 256 
Survey Toilet Leaking 10.58 0.064 415 23 
Survey Faucet Drips -13.74 0.980 413 15 
Survey Pool Leaks 10.10 0.111 389 6 
Survey Irrigation Leaks 0.33 0.457 403 23 
Survey Other Leaks -7.57 0.610 402 6 
Q10 12.11 0.048 380 42 
Q14 19.69 0.915 394 * 
Survey Irrigator 13.34 0.269 410 396 
Survey Landscaping Contractor 10.31 0.218 394 174 
Survey Landscaping Contractor Responsible for 
Watering 0.42 0.896 215 31 
Pay4Wtr 8.46 0.590 451 447 
renter -9.90 0.531 451 35 
other_sources 3.88 0.684 461 * 
Survey Manual Irrigation -4.29 0.070 393 284 
in-ground -4.82 0.614 438 303 
Q35 22.73 0.834 225 9 
outdoor_pool_automatic 55.35 0.499 76 17 
pool_cover_months * 0.255 18 * 
renovations 8.77 0.522 410 317 
survey_number_leaks * 0.224 415 * 
survey_leaks 2.27 0.040 415 56 
Income_Hi -2.26 0.377 379 141 
Income_Low -10.76 0.388 379 35 
Youth -8.67 0.356 461 170 
At Home -0.28 0.394 
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444 316 
OwnHome 9.90 0.531 451 416 
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Fount_Out 8.18 0.247 733 59 
Fount_In -16.03 0.124 733 11 
significant_leak 188.13 † 733 48 
IrrigationController -4.51 0.977 733 51 
SprinklerSystem 8.35 0.009 733 246 
* Multiple-choice question with more than one distinct affirmative answer 
† Significant “leak” is determined from Trace Wizard, and shown only for reference.  

Shower 
r²: 0.29   
Factor coeff p-value Base-10 coeff 
(Constant)  0.01 3.49 
log_Res_No 0.84 0.00  
Log_household_income 0.27 0.01  
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q45A_agree -0.31 0.91 329 84 
q45B_agree -1.82 0.44 331 150 
q45C_agree -1.39 0.57 333 126 
q45D_agree -3.10 0.24 331 90 
q45E_agree -2.51 0.44 326 52 
q45F_agree -0.02 0.99 327 135 
survey_leaks -0.86 0.79 338 49 
Youth -0.72 0.76 372 145 
At Home -4.51 0.08 371 256 
significant_leak 0.71 0.90 372 18 
renter 13.35 0.00 369 29 
Pay4Wtr -14.39 0.27 367 364 
wait -0.69 0.78 320 139 
Survey Softener -4.00 0.30 343 39 
renovations 5.20 0.07 335 259 
Survey Plumbing 
Renovated 2.05 0.41 321 130 
Survey Bathroom 
Renovated 3.97 0.12 330 214 
Survey Other Leaks 9.75 0.32 327 5 
Survey Whirlpool -3.68 0.31 312 43 
pool -4.43 0.15 322 62 
Survey Indoor Spa -0.50 0.94 312 12 
Spa_out -5.52 0.06 368 72 
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hydra -0.96 0.84 372 23 
Survey Shower Wands * 0.67 406 * 

* Multiple-choice question with more than one distinct affirmative answer. Survey Shower 
Wands represents the number of shower wands. It is included in this analysis as a multiple-
choice answer.  
 

Toilet 
r²: 0.46   
Factor Coeff p-value Base 10 Coeff 
(Constant)  0.69 0.69 
log_Res_No 0.61 0.00  
Log_Toilet_GPF 0.86 0.00  
Log_IndoorSQFT 0.32 0.01  
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q45A_agree 5.53 0.11 186 44 
q45B_agree 2.96 0.32 187 92 
q45C_agree -1.07 0.73 187 70 
q45D_agree -0.24 0.95 185 41 
q45E_agree 9.59 0.01 186 34 
q45F_agree -0.23 0.94 187 74 
survey_leaks -3.04 0.47 194 26 
Survey_ULF -3.12 0.32 178 114 
Youth -6.79 0.02 212 93 
At Home 7.06 0.02 208 137 
significant_leak -2.55 0.81 212 4 
renter 1.22 0.79 212 22 
Pay4Wtr -1.49 0.90 209 206 
renovations 4.43 0.18 191 142 
Survey Plumbing Renovated 2.62 0.43 183 54 
Survey Bathroom Renovated 5.46 0.07 188 115 
Survey Toilet Leaking -0.98 0.87 194 12 
Survey Other Leaks -4.39 0.83 187 1 
Survey septic -6.31 0.50 185 5 
 



 

  

APPENDIX E: Results of Independent Landscape Area Verification 
 
As mentioned in CHAPTER 5, the IRWD and EBMUD independently measured the irrigated 
areas for the study lots within their service areas, and performed field verifications of these 
measurements.  The results of the analysis for IRWD are shown in Table 151.  The top portion of 
the table shows the original irrigated area measurements performed by Aquacraft from the 
photos we were able to obtain from around 2005.  These were relatively poor quality and low 
resolution.  The average irrigated area for the 102 lots measured was 1816 sf.  When IRWD did 
their verification using newer, higher resolution photos they produced an estimated irrigated area 
of 2209 sf. Since the Aquacraft estimate was 18% lower than the IRWD estimate it was decided 
that Aquacraft would repeat the measurements using copies of the new photos provided by 
IRWD.  The issue with the analysis was that IRWD believed that Aquacraft had not counted all 
of the areas as irrigated that should have been.  The middle portion of the Table 151 shows that 
when the analysis was repeated by different individuals using the new photos and copies of the 
field notes, but without reference to the IRWD results, the Aquacraft results were within 2% of 
the IRWD results.   
 
Similar results were obtained from the reassessment of the EBMUD irrigated areas.  Table 152 
compares the EBMUD estimates of irrigated area for their study group to the revised assessment 
done by Aquacraft. There were large variation for the categories with small areas, but for the 
three large categories, turf, non-turf and total irrigated areas the differences between the two 
estimates was 5% or less.  For the final analysis the Aquacraft V2 areas were used. 

Table 151: Comparison of independent assessment of irrigated areas in IRWD 

COMPARISON OF IRRIGATED AREA ASSESSMENTS     

Aquacraft Irrigated area assessment based on original photos ~2005   

  turf  non‐turf  non‐irrigated  Xeriscape  pool  Irri g.Area 

Total  70668  86760  0 27817 4645 185245 

Count  87  98  0 9 14 102 

Average  812  885  0 3091 332 1816 

Percent of IRWD Assessment  82% 

Aquacraft Irrigated area assessment based on 2010 Photos from IRWD   

  turf  non‐turf  non‐irrigated  Xeriscape  pool  Irri g. Area 

Total  78661  146822  6803 4533 3976 230015 

Count  101  102  97 98 11 102 

Average  779  1439  70 46 361 2255 

Percent of IRWD Assessment  102% 

IRWD Assessment from 2010 Photos       

      Total  223135 

      Count  101 

      Average  2209 

NOTE: Irrigated area equals turf + non‐turf + Xeriscape only 
Averages are based on totals/count of lots with category present 
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Table 152: Comparison of EBMUD Irrigated areas estimates 

 Aquacraft Areas V2 EBMUD 
Area 

Diff Diff as % of 
Aquacraft 

Non-Turf Plants 108992 114860 5868 5% 
Pool or Fountain 2643 4104 1461 55% 

Turf 64335 67219 2884 4% 
Veggie 288 875 587 204% 

Xeriscape 36985 19820 -17165 -46% 
Total Irrigated Area 210600 206878 -3722 -2% 

 
In response to comments from the Las Virgenes staff, Aquacraft inspected each of the aerial 
photos for the study group customers in their service area to double check that no irrigated areas 
were excluded from the calculations.  After careful review of the Las Virgenes photos, Aquacraft 
could not see significant areas that should have been included as irrigated, but were not. 
 
The City of San Diego performed an estimate of the landscape areas using photos in their GIS 
system. When comparing these to the original Aquacraft estimate we noticed that our original 
tabulation of areas had incorrectly listed non-irrigated areas as xeriscape.  This led us to review 
all of the photos for the City of San Diego and San Diego County and make appropriate 
adjustments, which have been include in the final version of the report. 
 
The fact that the averages of irrigated areas for IRWD and EBMUD agreed closely gives 
confidence about the overall agreement of the data.   There were still some substantial 
differences, however, in estimates of irrigated areas on individual lots.  This was due to to the 
fact that the two sets of photos were taken in different years, there were differences in resolutions 
and exposures, and the analysts who reviewed them, and visited them in the field had differences 
in opinions about how plant covers should be classified.  To demonstrate this, the irrigated area 
data for the lots were plotted as a scatter diagram in Figure 103.  In this diagram the X co-
ordinate of each point is the irrigated area estimated by EBMUD and the Y co-ordinate is the 
area for the same lot estimated by Aquacraft.  If both estimates agreed perfectly the points would 
all lie along a straight line with a slope of 1.0 going through the origin.  The best fit line of the 
actual data, in fact, do lie along this line, but the data points are scattered around the line with 
significant variances.  This scatter in the data leads one to apply the relationships with caution.  
When a large number of lots are involved the estimates will tend to agree well, but as the number 
decreases the chances of errors between the actual area and the estimates increases.  As is the 
case with all similar analyses the data should not be used for purposes for which they are not 
intended, and should be confined to analyses of populations and general trends rather than 
making predictions for individual sites.  Additional work needs to be done to determine why 
there is so much variance in the analysis of aerial photos for the same lots and see how this can 
be reduced. 
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Figure 103: Comparisons of estimates of irrigated areas between EBMUD and Aquacraft 
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Energy Efficiency Resources

The Database for Energy Efficient Resources (DEER) contains information on selected energyefficient technologies

and measures. The DEER provides estimates of the energysavings potential for these technologies in residential

and nonresidential applications. The database contains information on typical measures  those commonly installed

in the marketplace  and data on the costs and benefits of more energyefficient measures. Energyefficient

measures provide the same energy services using less energy, but they usually cost slightly more.

Updates to the Database for Energy Efficiency Resources (DEER) have been developed by the California Public

Utilities Commission (CPUC) with funding provided by California ratepayers.

What's Happening

A DEER update based on new Federal Energy Efficiency standards that begin in 2015 is now available under

the DEER2015 Code Update menu.For more information, see the READI "About" page.

The recent DEER database versions (DEER2011, DEER2014 and the combined DEER1314) have been

updated to the ex ante format published on 1 April 2014.  A new version of READI is available to access

these databases.

Pursuant to Decision (D.) 1309023, Commission staff scored the utilities on their annual ex ante review

performance as part of the Efficiency Savings and Performance Incentive.  The final 2013 ESPI memos are

published under the new "ESPI  EAR Performance Scoring" section under the main menu.  Commission

staff will be holding meetings with each utility to discuss the final scores.

Measure Energy Impact tables for DEER2014 were added to the "Document and Resources" section of the

DEER2014 page. One compressed file for each IOU contains the "New" and "Existing" building vintage

energy impact records from the DEER2014 database.  (updated 352014)

Documentation on the DEER2014 EUL table update (updated on 252014) and a guidance document on

"Requirements for Selection of Effective Useful Life for Lighting Measures" have been added to the

DEER2014 Code Update page.

Two additional documentation support workbooks were added to the DEER2014 page; one workbook

documents the weights used in DEER2014 (updated 3/18/2014) to create the weighted energy impacts and

one lists the building types used for each measure when creating the sectorwide building types.

http://eestats.cpuc.ca.gov/StandardTables/GuidanceDocument.aspx
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-MeasureID_and_BldgType_Matrix.xlsx
http://www.deeresources.com/files/DEER2013codeUpdate/download/EUL-RUL_CalculatingDEERValuesForLighting_2014-02-05.pdf
ftp://deeresources.com/DEER/READI_ABOUT.html
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xlsx
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EnergyImpact-Weights-Tables-v2.xlsx


MF In‐door water efficiency Metrics (From PAYS)

Core Multifamily Per Project/Per Dwelling Unit Savings (see Key Savings Assumption Per Project/Dwelling Unit below)

Assumed Project: 5 unit multifamily residence; "PAYS no-up 
front cost, immediately cash positive offer"

Measure # installed
Adjusted Household 

Size1
Value usage type Value usage type Value usage type Value usage type

Per 
property

Per dwelling 
unit average

Per 
property

Per dwelling 
unit average

1.06 gpf toilet (reduced from 3.5 gpf) 5 2.19 3.50 gal/flush 1.06 gal/flush 10.41 gal/person/day/fixture 3.15 gal/person/day/fixture 28,953       5,791                ‐          ‐                 

1.06 gpf toilet (reduced from 1.6 gpf) 1 2.19 1.60 gal/flush 1.06 gal/flush 4.76 gal/person/day/fixture 3.15 gal/person/day/fixture 1,282         256                    ‐          ‐                 

1.5 gpm wall‐mounted showerhead (reduced from ≥2.5 gpm) 1 2.19 4.17 gal/minute 1.50 gal/minute 19.70 gal/person/day/fixture 7.09 gal/person/day/fixture 10,064       2,013                46           9                     

1.5 gpm wall‐mounted showerhead (reduced from <2.5 gpm) 4 2.19 2.13 gal/minute 1.50 gal/minute 10.06 gal/person/day/fixture 7.09 gal/person/day/fixture 9,498         1,900                43           9                     

Bathroom faucet aerator 6 2.19 ‐ ‐ ‐ ‐ 2.33 gal/person/day/fixture 1.86 gal/person/day/fixture 2,226         445                    13           3                     

Kitchen faucet aerator 5 2.19 ‐ ‐ ‐ ‐ 5.18 gal/person/day/fixture 4.14 gal/person/day/fixture 4,128         826                    25           5                     

TOTAL 56,150       11,230              127        25                   

Core Multifamily Total Water Savings
Target Project Volume; All 8 Partner Utilities 20,000                    MF  units
TOTAL SAVINGS DELIVERED 224,600,131          GALLONS WATER

509,881                  Therms Natural Gas

2,705                      MTCO2 0.005306 metric tons CO2/therms; from http://www.epa.gov/cleanenergy/energy‐resources/refs.html

Key Savings Assumptions Per Project/Dwelling Unit
1Vacancy Rate 7.0%
Flushes/person/day 4.76
Shower minutes/person/day 6.30

Bathroom faucet gallons/person/day 3.10

Kitchen faucet gallons/person/day 6.90

Faucet aerator savings rate 20.0% per review of De Oreo's work

Total Savings 
(Therms)

ACS 2012 3‐Year Estimates Table DP04
California Single Family Water Use Efficiency Study (2011), p. 136
California Single Family Water Use Efficiency Study (2011), p. 89

Aquacraft analysis of bathroom faucet use (letter report to Barnacle Water Saver, LLC, dated March 17, 2005)

http://library.conservefloridawater.org/publications/4594025.pdf (May 2008), and Aquacraft analysis of bathroom faucet use (letter report to Barnacle Water Saver, LLC, dated
March 17, 2005)

Pre-upgrade water units
Post-upgrade water 

units
Pre-upgrade usage Post-upgrade usage Total Savings (Gallons)
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3900 Wisconsin Avenue, NW 

Washington, DC 20016-2892 
 

INSTRUCTIONS FOR PERFORMING A 
MULTIFAMILY PROPERTY CONDITION ASSESSMENT 

(Version 2.0) 
 
 

APPENDIX F 
 

ESTIMATED USEFUL LIFE TABLES 
 
 

These Estimated Useful Life Tables for multifamily property systems and components 
are intended to represent standardized average estimated useful life (“EUL”) values and are not 
intended to replace the professional judgment of the PCA Consultant in determining the 
Effective Age and Remaining Useful Life of the systems and components at the Property.  The 
PCA Consultant should consider preventive maintenance practices, as well as environment, 
geographic, resident, and other factors when determining Effective Age and Remaining Useful 
Life of the systems and components of a multifamily Property.  In addition to providing guidance 
on EUL values typically considered capital expenditure items, the EUL tables may include items 
that are typically considered general maintenance and repair items to be handled by in-house 
maintenance staff. 
 

 

 

Estimated Useful Life (EUL) Tables 
 

FLATWORK, PARKING AREAS AND WALKWAYS 
Multifamily / 

Coop 
Seniors Students 

Asphalt pavement 25 25 25 

Asphalt seal coat 5 5 5 

Concrete pavement 50 50 50 

Curbing, asphalt 25 25 25 

Curbing, concrete 50 50 50 

Parking, stall striping 5 5 5 

Parking, gravel surfaced 15 15 15 

Security gate (site ingress/egress)  - rolling gate / lift arm 10 10 10 

Sidewalk, asphalt 25 25 25 

Sidewalk, brick paver 30 30 30 

Sidewalk, concrete 50 50 50 
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SITE LIGHTING 
Multifamily / 

Coop 
Seniors Student 

Building mounted exterior lighting 10 10 10 

Building mounted High Intensity Discharge (HID) lighting 10 20 10 

Lighting (pole mounted) 25 25 25 

SITE FENCING AND RETAINING WALLS 
Multifamily / 

Coop 
Seniors Students 

Bulkhead (barrier) / partition wall /embankment 10 20 10 

Fencing, chain-link (4' height) 40 40 40 

Fencing, concrete masonry unit (CMU) 30 30 30 

Fencing, dumpster enclosure (wood) 12 15 10 

Fencing, PVC (6' height) 25 25 25 

Fencing, Tennis Court (10' height)-Chain link 40 40 40 

Fencing, wood privacy (6' height) 15 20 10 

Fencing, wrought iron (4-6' height and decorative) 50 50 50 

Retaining walls, 80 lb block type 50 50 50 

Retaining walls, concrete masonry unit  (CMU) with brick face 40 40 40 

Retaining walls, timber (railroad tie) 25 25 25 
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STRUCTURAL FRAME AND BUILDING ENVELOPE 

BUILDING STRUCTURES 
Multifamily / 

Coop 
Seniors Students 

Carports 40 40 40 

Canopy, concrete 50 50 50 

Canopy, wood / metal 40 40 40 

Garages 50 50 50 

Storage Sheds 30 30 30 

Penthouse (mechanical room) 50 50 50 

FOUNDATIONS 
Multifamily / 

Coop 
Seniors Students 

Foundations 50+ 50+ 50+ 

Waterproofing (foundations) 50+ 50+ 50+ 

FRAMING 
Multifamily / 

Coop 
Seniors Students 

Brick or block 40 40 40 

Precast concrete panel (tilt-up) 40 40 40 

Wood floor frame 50+ 50+ 50+ 
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BUILDING ENVELOPE / CLADDING / EXTERIOR WALL 
FINISHES 

Multifamily / 
Coop 

Seniors Students 

Aluminum Siding 40 40 40 

Brownstone 40 40 40 

Brick or Stone Veneer 50+ 50+ 50+ 

Cement-board siding (Hardi-plank)/  Cementitious (mfgr) siding 45 45 45 

Exterior Insulation Finishing Systems (EIFS) 20 20 20 

Glass block 40 40 40 

Granite block 40 40 40 

Insulation, wall 50+ 50+ 50+ 

Metal/ glass curtain wall 30 30 30 

Painting, Exterior 5-10 5-10 5-10 

Pre-cast concrete panel 45 45 45 

Stucco systems 50+ 50+ 50+ 

Vinyl siding 25 25 25 

Wood shingle/ clapboard/ plywood, stucco,  composite wood 20 20 20 
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ROOF SYSTEMS 
Multifamily / 

Coop 
Seniors Students 

Asphalt shingle (3-tab) 20 20 20 

Built-up roof - Ethylene Propylene Diene Monomer (EPDM) / 
Thermoplastic Polyolefin (TPO) 

20 20 20 

Metal 40 40 40 

Parapet wall 50+ 50+ 50+ 

Caps, copings (aluminum/ terra-cotta) - Parapet 25 25 25 

Roof drainage exterior (gutter/ downspout) 10 10 10 

Roof drainage interior (drain covers) 30 30 30 

Roof railing 25 25 25 

Roof structure 50+ 50+ 50+ 

Roof hatch 30 30 30 

Roof skylight 30 30 30 

Slab 50+ 50+ 50+ 

Slate, clay, concrete tile 40 40 40 

Soffits (wood/ stucco) 20 20 20 

Soffits (aluminum or vinyl) 25 25 25 

Wood shingles (cedar shake) 25 25 25 



 
Instructions For Performing a Multifamily PCA Form 4099.F Page 6 

Estimated Useful Life Tables 10/14 © 2014 Fannie Mae 
 

 
 

 
 

APPURTENANCES: 
Multifamily / 

Coop 
Seniors Students 

Chimney 40 40 40 

Exterior stairs, wood 15 20 15 

Exterior stairs, metal pan- concrete filled 30 30 30 

Exterior stairs, concrete 50 50 50 

Fire Escapes 40 40 40 

Porches, concrete 50 50 50 

Wood Decks 20 20 20 

DOORS AND WINDOWS 
Multifamily / 

Coop 
Seniors Students 

Exterior common door, aluminum and glass 30 30 30 

Exterior common door, solid core wood or metal clad 25 25 25 

Exterior unit door, solid wood/ metal clad 25 30 20 

Residential Sliding Glass Doors 25 30 20 

Residential French Glass Doors 25 30 20 

Ceilings, open or exterior 30 30 30 

Service door (roof) 25 30 20 

Storm/ screen doors 7 10 5 

Storm/ screen windows 10 15 7 

Windows (frames and glazing), vinyl or aluminum 30 30 30 
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AMENITIES 
Multifamily / 

Coop 
Senior Student 

Basketball court 25 25 25 

Mail kiosk 10 15 10 

Mail facility, interior 20 25 20 

Pool deck 15 15 15 

Pool/ spa plaster liner 8 8 8 

Tennis court / basketball court surface (paint markings) 5 7 5 

Tennis court Surface (acrylic emulsion) 10 12 10 

Tot-lot (playground equipment) 10 15 10 

Tot-lot, uncompressed ground cover 2+ 3+ 2+ 
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MECHANICAL/ELECTRIC/ PLUMBING SYSTEMS 

WATER DISTRIBUTION AND DOMESTIC HOT WATER 
SYSTEMS 

Multifamily / 
Coop 

Seniors Students 

Feedwater only (hydronic) 10 10 10 

Condensate and feedwater (steam) 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

Cooling Tower 25 25 25 

DHW Circulating Pumps by size by size by size 

Domestic Hot Water (DHW) - supply / return 30 30 30 

Tank only, dedicated fuel 10 10 10 

Exchanger in storage tank 15 15 15 

Exchanger in boiler 15 15 15 

External tankless 15 15 15 

Instantaneous (tankless type) 10 10 10 

Domestic Hot Water Storage Tanks, Small (up to 150 gallons) 15 15 15 

Domestic Hot Water Storage Tanks, Large (over 150 gallons) 15 15 15 

Domestic Cold Water Pumps 15 15 15 

Heating Water Circulating Pumps by size by size by size 

Heating Water Controller 15 15 15 

Hot and Cold Water Distribution 50 50 50 

Solar Hot Water 20 20 20 

Water Softening and Filtration 15 15 15 
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SANITARY WASTE AND VENT 
Multifamily / 

Coop 
Seniors Students 

Purchased Steam Supply Station 50+ 50+ 50+ 

Sanitary Waste and Vent System 50+ 50+ 50+ 

Sewage Ejectors 50 50 50 

SUMP PUMP 
Multifamily / 

Coop 
Seniors Students 

Residential Sump Pump 7 7 7 

Commercial Sump Pump 15 15 15 

HEATING/COOLING SYSTEM AND CONTROLS 
Multifamily / 

Coop 
Senior Student 

Pad/ roof condenser 20 20 20 

A/C window unit or through wall 10 10 10 

Evaporative Cooler 15 15 15 

Fan coil unit, electric 20 20 20 

Fan coil unit, hydronic 30 30 30 

Furnace (electric heat with A/C) 20 20 20 

Furnace (electric heat with A/C) 20 20 20 

Furnace (gas heat with A/C) 20 20 20 

Packaged terminal air conditioner ( PTAC) 15 15 15 

Packaged HVAC (roof top units) 20 20 20 

Heat pump condensing component 20 20 20 

Heater, electric baseboard 25 25 25 

Heater, wall mounted electric or gas 20 20 20 

Hydronic heat/ electric A/C 20 20 20 

Line Dryers 15 15 15 

Master TV System 10 10 10 

Motorized Valves 12 12 12 

Outdoor Temperature Sensor 10 10 10 

Pneumatic lines and Controls 30 30 30 
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BUILDING HEATING WATER TEMPERATURE 
CONTROLS 

Multifamily / 
Coop 

Seniors Students 

Chilled Water Distribution 50+ 50+ 50+ 

Chilling Plant 15 15 15 

Cooling Tower 25 25 25 

Fuel Oil Storage 25 25 25 

Fuel Transfer System 25 25 25 

Gas Distribution 50+ 50+ 50+ 

Heat Sensors 15 15 15 

Heat Exchanger 35 35 35 

Heating Risers and Distribution 50+ 50+ 50+ 

VENTILATION SYSTEMS 
Multifamily / 

Coop 
Seniors Students 

Combustion Air, Duct with fixed louvers 30 30 30 

Combustion Air, Motor louver and duct 25 25 25 

Flue Exhaust w/boiler w/boiler w/boiler 

Free Standing Chimney 50+ 50+ 50+ 

ELECTRICAL SYSTEMS 
Multifamily / 

Coop 
Seniors Students 

Common area 15 15 15 

Buzzer/Intercom, central panel 20 20 20 

Central Unit Exhaust, roof mounted 15 15 15 

Compactors 15 15 15 

Dumpsters 10 10 10 

Electrical distribution center 40 40 40 

Electric main 40 40 40 

Emergency Generator 25 25 25 

Gas lines 40 40 40 

Gas main 40 40 40 

Heating supply/ return 40 40 40 

Power distribution 40 40 40 

Transformer 30 30 30 



 
Instructions For Performing a Multifamily PCA Form 4099.F Page 11 

Estimated Useful Life Tables 10/14 © 2014 Fannie Mae 
 

 
 
 
 

 
 

VERTICAL TRANSPORTATION - ELEVATORS 
Multifamily / 

Coop 
Senior Student 

Electrical Switchgear 50+ 50+ 50+ 

Electrical Wiring 30 30 30 

Elevator, Controller, dispatcher 15 20 10 

Elevator, Cab 15 20 10 

Elevator, Machinery  30 30 30 

Elevator, Shaft-way Doors 20 20 20 

Elevator, Shaft-way Hoist rails, cables, traveling 25 25 25 

 Elevator, Shaft-way Hydraulic piston and leveling 25 25 25 

    

BOILER ROOM EQUIPMENT 
Multifamily / 

Coop 
Seniors Students 

Blowdown and Water Treatment 25 25 25 

Boiler Room Pipe Insulation 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

Boiler Room Piping 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

Boiler Room Valves 15 15 15 

Boiler Temperature Controls 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

BOILERS 
Multifamily / 

Coop 
Seniors Students 

Oil-fired, sectional 22 22 22 

Gas/ dual fuel, sectional 25 25 25 

Oil/ gas/ dual fired, low MBH 30 30 30 

Oil/ gas/ dual fired, high MBH 40 40 40 

Gas fired atmospheric 25 25 25 

Electric 20 20 20 
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FIRE SAFETY AND FIRE PROTECTION SYSTEMS 
Multifamily / 

Coop 
Senior Student 

Call station 10 15 10 

Emergency Generator 25 25 25 

Emergency Lights 8 10 5 

Fire Extinguisher 10 15 5 

Fire Pumps 20 20 20 

Fire Suppression 50+ 50+ 50+ 

Smoke and Fire Detection System, central panel 15 15 15 
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INTERIOR ELEMENTS (COMMON AREA / DWELLING UNIT) 

INTERIOR / COMMON AREA FINISHES 
Multifamily / 

Coop 
Seniors Students 

Common area doors, interior (solid wood/ metal clad) 20 20 20 

Common area floors, ceramic / quarry tile, terrazzo 50+ 50+ 50+ 

Common area floors, wood (strip or parquet) 30 30 30 

Common area floors, resilient tile or sheet 15 15 15 

Common area floors, carpet 5 5 5 

Common area floors, concrete 50+ 50+ 50+ 

Common area railing 20 20 20 

Common area ceiling, concrete 50+ 50+ 50+ 

Common area ceiling, acoustic tile (drop ceiling), drywall / plaster 10 10 10 

Common area countertop and sink 20 20 20 

Common area, refrigerator 10 10 10 

Common area dishwasher 15 15 10 

Common area disposal 5 7 3 

Common area kitchen cabinets, wood  15 20 10 

Common area walls 15 25 10 

Interior railings 20 25 15 

Interior lighting 15 20 10 

Public bathroom accessories 7 12 5 

Public bathroom fixtures 15 20 10 
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*Tested annually, batteries changed annually. 
 
 

 
 
 
 

DWELLING UNIT FIXTURES 
Multifamily / 

Coop 
Senior Student 

Bathroom:  Vanity 10 15 10 

Bathroom:  Fixtures / Faucets 15-20 20+ 15-20 

Bathroom:  Fiberglass Bath / Shower 20 25 18 

Bathroom:  Toilet 50+ 50+ 40 

Bathroom:  Toilet Tank Components 5 5 5 

Bathroom:  Vent / Exhaust 10 10 10 

Interior Doors 15 30 10 

Kitchen:   Cabinets (wood construction) 20 25 15 

Kitchen:  Cabinets (particle board) 15 20+ 13 

Kitchen:  Dishwasher 5-10 10-12 5-8 

Kitchen:  Microwave 10 12 8 

Kitchen:  Range 15 25 15 

Kitchen:  Range-hood 10 20 10 

Kitchen:  Refrigerator 10 20 10 

Window covering 3 5 1+ 

DWELLING FIRE, SAFETY AND SECURITY 
Multifamily / 

Coop 
Seniors Students 

Unit Smoke/Fire Detectors * 5 5 5 

Unit Carbon Monoxide Detectors * 5 5 5 

Unit Buzzer/Intercom 20 20 20 

DWELLING UNIT CEILINGS 
Multifamily / 

Coop 
Seniors Students 

Concrete 50+ 50+ 50+ 

Acoustic Tile / Drywall / Plaster 10 15 10 
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DWELLING UNIT FLOORS 
Multifamily / 

Coop 
Senior Student 

Ceramic /  Tile /  Terrazzo 20 25 20 

Wood (strip/ parquet) 15 20 20 

Resilient Flooring 10 15 7 

Carpet 7 10 3+ 

Concrete 50+ 50+ 50+ 

DWELLING UNIT HVAC AND MECHANICAL 
EQUIPMENT 

Multifamily / 
Coop 

Senior Student 

A/C window unit or through wall 10 10 10 

Evaporative cooler 15 15 15 

Fan coil unit, electric 20 20 20 

Fan coil unit, hydronic 30 30 30 

Furnace (electric heat with A/C) 20 20 20 

Furnace (gas heat with A/C) 20 20 20 

Packaged terminal air conditioner (PTAC) 15 15 15 

Packaged HVAC (roof top unit) 15 15 15 

Heat pump condensing component 15 15 15 

Heater, electric baseboard 25 25 25 

Heater, wall mounted electric or gas 20 20 20 

Hydronic heat/ electric AC 20 20 20 

Unit Electric Panel 50+ 50+ 50+ 

Unit Level Boiler 25 25 25 

Unit Level Domestic Hot Water 10 15 10 

Unit Level Hot Air Furnace 25 25 25 

Unit  Radiation - Steam/ Hydronic (baseboard or freestanding) 30 30 30 

Unit Wiring 30 30 30 
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Allison Chan

From: Heather Larson <hlarson@stopwaste.org>
Sent: Wednesday, November 19, 2014 7:43 AM
To: Nick Dirr
Subject: FW: WE Landscape measures

  
 
  
 
From: Kelly Schoonmaker  
Sent: Wednesday, November 19, 2014 6:25 AM 
To: Heather Larson 
Subject: Re: WE Landscape measures 
 
  
 
Hi Heather, 
 
  
 
Unfortunately no. The baseline is highly variable due to differences in reference ET and human factors in irrigation 
scheduling. However, you could pick an arbitrary baseline gal/SF for your calcs (say 50 gal/SF which is high but not 
unreasonable) and compare typical irrigation efficiencies. Spray (not stream) IE is  anywhere  from .4‐.6. Drip is more like 
.8‐.9.   
 
  
 
Hope this helps, 
 
  
 
Kelly  
 
 
Sent from my iPhone 
 
 
On Nov 18, 2014, at 9:34 PM, Heather Larson <hlarson@stopwaste.org> wrote: 
 
  Hi Kelly,  
 
  See Nick's email below. Can you help? 
 
  Thanks,  
 
  Heather  
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  On Nov 18, 2014, at 8:57 PM, "Nick Dirr" <ndirr@aea.us.org> wrote: 
 
    Hi Heather, 
 
      
 
    Can you ask the Bay Friendly Landscaping folks if they have estimates gallons to be saved on sq ft of 
landscaping being irrigated? Mainly looking at upgrade from spray to drip irrigation. It’s difficult to use the % savings in 
what they sent over since we don’t know what their baseline water consumption for landscaping only (only have whole 
building water consumption).  
 
      
 
    The turf removal was in gallons/sf, so I can use that no problem.  
 
      
 
    Thanks! 
 
    Nick 
 
      
 
    Nick Dirr 
 
    Association for Energy Affordability 
 
    5900 Hollis Street, Suite R2 
 
    Emeryville, CA 94608 
 
    510.431.1792 | ndirr@aea.us.org 
 
      
 
    From: Heather Larson [mailto:hlarson@stopwaste.org]  
    Sent: Tuesday, November 04, 2014 8:50 PM 
    To: Nick Dirr 
    Subject: WE Landscape measures 
 
      
 
    Hi Nick‐ Sorry for the slew of e‐mails. Here is the landscape WE measure information I got from our Bay 
Friendly Landscaping program. 
     
     
     
 
    <WE Landscape measures.xlsx> 
 
________________________________ 
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Total Control Panel   Login <https://asp.reflexion.net/login?domain=aea.us.org>     
To: ndirr@aea.us.org <https://asp.reflexion.net/address‐properties?aID=732789048&domain=aea.us.org>     
From: hlarson@stopwaste.org <https://asp.reflexion.net/address‐properties?aID=2443765727&domain=aea.us.org>  
Remove <https://asp.reflexion.net/FooterAction?ver=2&un‐wl‐sender‐
address=1&rID=732789048&aID=2443765727&domain=aea.us.org>  this sender from my allow list    
You received this message because the sender is on your allow list.    



Hismen Hin‐Nu Apartments, Family Housing, 92 apts, 2555 International Blvd Oakland 94601 *note 102 bathrooms

Baseline Whole Building Water Consumption 6,980,635 gal/yr Based on actual EBMUD bills provided by EBALDC. 

EBALDC

Measure
Site Gallons/ Yr 
Water Savings

Site Therms/ Yr 
Savings

Site kWh/ Yr 
Savings

Estimated 
Material 
Cost

Estimated 
Labor Cost

Estimated 
Cost (before 
incentives)

Estimated 
Incentive

Apartment Low Flow Showerheads and Faucet 
Aerators

55,998 4,692 0 $1,224 $1,836 $3,060 $204

p , g / p , / p g / p , / p , g / p , / p
$25/showerhead installed, $10/kitchen installed, $5/bathroom installed. (based on bulk purchase estimates and previous experience).  Fixture Count based on feedback from buildign staff which is 
existing bathroom aerators are 2.2 gpm and all showerheads are 2.5 gpm. Existing kitchen areators are 1.8 gpm. Assumes new bathroom aerators are less than or equal to 1.5 gpm and 
showerheads are 1.5 gpm. Assumes EBMUD will provide free aerators, and assume aerators material is 40% of the installed cost. Cannot use EBMUD showerhead incentive, as they only provide 2.0 
GPM.

Apartment ≤ 1.28 GPF Toilets

26,112 0 0 $12,240 $18,360 $30,600 $0
Use PAYS spreadsheet, 1.6 to 1.06 GPF = 256 gal/apt ($300 avg cost for Stealth 0.84 gpf, PAYS negotiated down to $250). EBMUD does not provide incentives for incentives for 1.6 GPF existing. 
EBALDC states all current toilets are 1.6 GPF. 

Building Plumbing Leak Repair

29,937 88 0 $2,944 $4,416 $7,360 $0
Estimated cost at $50 per apartment for survey, and $300 per apt to repair (10% of apartments have leaks at 1 drip per second). Assuming 3254 gallon per year for leak, and 25% of that leak is hot 
water = 6.4/year. Assume 10% of apts have leaks. Assumes 1 drip per second leaks. Calcs from AWWA

Lawn Conversion to drought tolerant 
Landscaping with efficient irrigation system

82,560 0 0 $23,032 $34,549 $57,581 $2,064
43 planters, assume 64 sq ft each. Current irrigation has no controls and is standard spray irrigation. Baseline consumption of 50 gal/SF per Kelly. Drip irrigation saves 60% per their spreadsheet. 
Cost was $57,581 from GC (irrigation and drought tolerent). EBMUD provides incentives of up to $20,000.

High Efficiency Condensing Central Water Heater 
Upgrade

0 4,716 0 $40,000 $60,000 $100,000 $62,100
Existing is standard efficiency 80% Small Commercial tank type boilers, and proposed replaced is condensing water heaters with 90% thermal efficiency or greater. Used Deemed savings values from 

the California Public Utilities Commission. Cost is based on General Contractor Pricing. Incentive assumes that the project will be eligible for BAMBE. 
Demand Controls on Central Water Heating 
Recirculation System

0 2,208 2,576 $4,800 $7,200 $12,000 $6,900
Current recirculation pumps operate continulatly, and replacement is a demand controlled recircualtion pump. Energy savings are based ont eh California Public Utilities Commision deemed 
savings.  Assumes $3000/control. Incentive assumes that the project will be eligible for BAMBE. 

TOTAL

194,607 11,704 2,576 $84,240 $126,361 $210,601 $71,268

$139,333 Grant Amt
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English (International)

Home > Engineering Calculator > Water Flow Rate through an Orifice

Learn more

TLV ToolBox 
For iOS and Android

Water Flow Rate through an Orifice

Primary Pressure 0

Secondary Pressure 0

Diameter of Orifice 0

Input Data Units SI(bar)

Show Advanced Options

p1 : Primary Pressure (kPa abs)
p2 : Secondary Pressure (kPa abs)
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DP04 SELECTED HOUSING CHARACTERISTICS

2010-2012 American Community Survey 3-Year Estimates

Supporting documentation on code lists, subject definitions, data accuracy, and statistical testing can be found on the American Community Survey
website in the Data and Documentation section.

Sample size and data quality measures (including coverage rates, allocation rates, and response rates) can be found on the American Community
Survey website in the Methodology section.

Although the American Community Survey (ACS) produces population, demographic and housing unit estimates, it is the Census Bureau's Population
Estimates Program that produces and disseminates the official estimates of the population for the nation, states, counties, cities and towns and
estimates of housing units for states and counties.

Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

HOUSING OCCUPANCY

    Total housing units 43,611 +/-785 43,611 (X)
  Occupied housing units 35,216 +/-648 80.8% +/-1.5
  Vacant housing units 8,395 +/-723 19.2% +/-1.5

  Homeowner vacancy rate 1.6 +/-0.9 (X) (X)
  Rental vacancy rate 6.1 +/-3.8 (X) (X)

UNITS IN STRUCTURE

    Total housing units 43,611 +/-785 43,611 (X)
  1-unit, detached 35,054 +/-893 80.4% +/-1.5
  1-unit, attached 2,208 +/-350 5.1% +/-0.8
  2 units 463 +/-205 1.1% +/-0.5
  3 or 4 units 366 +/-160 0.8% +/-0.4
  5 to 9 units 1,097 +/-315 2.5% +/-0.7
  10 to 19 units 1,855 +/-331 4.3% +/-0.8
  20 or more units 1,295 +/-308 3.0% +/-0.7
  Mobile home 1,273 +/-300 2.9% +/-0.7
  Boat, RV, van, etc. 0 +/-115 0.0% +/-0.1

YEAR STRUCTURE BUILT

    Total housing units 43,611 +/-785 43,611 (X)
  Built 2010 or later 101 +/-75 0.2% +/-0.2
  Built 2000 to 2009 4,169 +/-516 9.6% +/-1.2
  Built 1990 to 1999 5,431 +/-518 12.5% +/-1.2
  Built 1980 to 1989 6,282 +/-660 14.4% +/-1.5
  Built 1970 to 1979 8,356 +/-676 19.2% +/-1.5
  Built 1960 to 1969 8,632 +/-673 19.8% +/-1.6
  Built 1950 to 1959 6,714 +/-711 15.4% +/-1.6
  Built 1940 to 1949 2,398 +/-474 5.5% +/-1.1
  Built 1939 or earlier 1,528 +/-353 3.5% +/-0.8

ROOMS

    Total housing units 43,611 +/-785 43,611 (X)
  1 room 99 +/-134 0.2% +/-0.3
  2 rooms 557 +/-186 1.3% +/-0.4
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Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

  3 rooms 2,573 +/-446 5.9% +/-1.0
  4 rooms 7,122 +/-675 16.3% +/-1.5
  5 rooms 8,023 +/-677 18.4% +/-1.5
  6 rooms 8,333 +/-700 19.1% +/-1.6
  7 rooms 6,332 +/-605 14.5% +/-1.4
  8 rooms 5,070 +/-620 11.6% +/-1.4
  9 rooms or more 5,502 +/-478 12.6% +/-1.1
  Median rooms 5.9 +/-0.1 (X) (X)

BEDROOMS

    Total housing units 43,611 +/-785 43,611 (X)
  No bedroom 145 +/-144 0.3% +/-0.3
  1 bedroom 2,845 +/-479 6.5% +/-1.1
  2 bedrooms 13,338 +/-952 30.6% +/-2.0
  3 bedrooms 15,528 +/-777 35.6% +/-1.8
  4 bedrooms 9,559 +/-782 21.9% +/-1.7
  5 or more bedrooms 2,196 +/-323 5.0% +/-0.8

HOUSING TENURE

    Occupied housing units 35,216 +/-648 35,216 (X)
  Owner-occupied 28,481 +/-859 80.9% +/-1.8
  Renter-occupied 6,735 +/-640 19.1% +/-1.8

  Average household size of owner-occupied unit 2.59 +/-0.06 (X) (X)
  Average household size of renter-occupied unit 2.45 +/-0.16 (X) (X)

YEAR HOUSEHOLDER MOVED INTO UNIT

    Occupied housing units 35,216 +/-648 35,216 (X)
  Moved in 2010 or later 3,567 +/-597 10.1% +/-1.7
  Moved in 2000 to 2009 15,700 +/-870 44.6% +/-2.3
  Moved in 1990 to 1999 8,549 +/-623 24.3% +/-1.7
  Moved in 1980 to 1989 3,900 +/-470 11.1% +/-1.3
  Moved in 1970 to 1979 2,344 +/-338 6.7% +/-0.9
  Moved in 1969 or earlier 1,156 +/-235 3.3% +/-0.7

VEHICLES AVAILABLE

    Occupied housing units 35,216 +/-648 35,216 (X)
  No vehicles available 1,962 +/-371 5.6% +/-1.0
  1 vehicle available 11,454 +/-774 32.5% +/-2.0
  2 vehicles available 13,978 +/-884 39.7% +/-2.5
  3 or more vehicles available 7,822 +/-628 22.2% +/-1.8

HOUSE HEATING FUEL

    Occupied housing units 35,216 +/-648 35,216 (X)
  Utility gas 29,400 +/-799 83.5% +/-1.7
  Bottled, tank, or LP gas 136 +/-75 0.4% +/-0.2
  Electricity 2,705 +/-443 7.7% +/-1.3
  Fuel oil, kerosene, etc. 2,786 +/-363 7.9% +/-1.0
  Coal or coke 0 +/-115 0.0% +/-0.2
  Wood 80 +/-48 0.2% +/-0.1
  Solar energy 0 +/-115 0.0% +/-0.2
  Other fuel 35 +/-42 0.1% +/-0.1
  No fuel used 74 +/-81 0.2% +/-0.2

SELECTED CHARACTERISTICS

    Occupied housing units 35,216 +/-648 35,216 (X)
  Lacking complete plumbing facilities 73 +/-69 0.2% +/-0.2
  Lacking complete kitchen facilities 197 +/-142 0.6% +/-0.4
  No telephone service available 502 +/-179 1.4% +/-0.5

2  of 5 12/11/2014



Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

OCCUPANTS PER ROOM

    Occupied housing units 35,216 +/-648 35,216 (X)
  1.00 or less 34,947 +/-645 99.2% +/-0.4
  1.01 to 1.50 248 +/-152 0.7% +/-0.4
  1.51 or more 21 +/-34 0.1% +/-0.1

VALUE

    Owner-occupied units 28,481 +/-859 28,481 (X)
  Less than $50,000 815 +/-212 2.9% +/-0.7
  $50,000 to $99,999 1,249 +/-318 4.4% +/-1.1
  $100,000 to $149,999 1,414 +/-307 5.0% +/-1.1
  $150,000 to $199,999 1,759 +/-340 6.2% +/-1.2
  $200,000 to $299,999 9,476 +/-636 33.3% +/-2.0
  $300,000 to $499,999 10,071 +/-695 35.4% +/-2.0
  $500,000 to $999,999 3,488 +/-392 12.2% +/-1.4
  $1,000,000 or more 209 +/-93 0.7% +/-0.3
  Median (dollars) 295,400 +/-5,642 (X) (X)

MORTGAGE STATUS

    Owner-occupied units 28,481 +/-859 28,481 (X)
  Housing units with a mortgage 19,291 +/-735 67.7% +/-2.0
  Housing units without a mortgage 9,190 +/-662 32.3% +/-2.0

SELECTED MONTHLY OWNER COSTS (SMOC)

    Housing units with a mortgage 19,291 +/-735 19,291 (X)
  Less than $300 0 +/-115 0.0% +/-0.3
  $300 to $499 91 +/-63 0.5% +/-0.3
  $500 to $699 218 +/-97 1.1% +/-0.5
  $700 to $999 916 +/-209 4.7% +/-1.0
  $1,000 to $1,499 2,751 +/-455 14.3% +/-2.3
  $1,500 to $1,999 4,447 +/-558 23.1% +/-2.7
  $2,000 or more 10,868 +/-655 56.3% +/-2.8
  Median (dollars) 2,144 +/-61 (X) (X)

    Housing units without a mortgage 9,190 +/-662 9,190 (X)
  Less than $100 0 +/-115 0.0% +/-0.6
  $100 to $199 99 +/-73 1.1% +/-0.8
  $200 to $299 214 +/-135 2.3% +/-1.4
  $300 to $399 487 +/-147 5.3% +/-1.5
  $400 or more 8,390 +/-601 91.3% +/-2.1
  Median (dollars) 714 +/-27 (X) (X)

SELECTED MONTHLY OWNER COSTS AS A
PERCENTAGE OF HOUSEHOLD INCOME (SMOCAPI)
    Housing units with a mortgage (excluding units where
SMOCAPI cannot be computed)

19,237 +/-736 19,237 (X)

  Less than 20.0 percent 5,097 +/-559 26.5% +/-2.7
  20.0 to 24.9 percent 2,544 +/-408 13.2% +/-2.1
  25.0 to 29.9 percent 3,245 +/-443 16.9% +/-2.3
  30.0 to 34.9 percent 1,872 +/-387 9.7% +/-2.0
  35.0 percent or more 6,479 +/-643 33.7% +/-3.0

  Not computed 54 +/-44 (X) (X)

    Housing unit without a mortgage (excluding units
where SMOCAPI cannot be computed)

9,140 +/-664 9,140 (X)

  Less than 10.0 percent 1,983 +/-372 21.7% +/-3.4
  10.0 to 14.9 percent 1,735 +/-246 19.0% +/-2.8
  15.0 to 19.9 percent 1,385 +/-301 15.2% +/-2.9
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Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

  20.0 to 24.9 percent 1,048 +/-251 11.5% +/-2.6
  25.0 to 29.9 percent 482 +/-144 5.3% +/-1.5
  30.0 to 34.9 percent 499 +/-154 5.5% +/-1.7
  35.0 percent or more 2,008 +/-336 22.0% +/-3.5

  Not computed 50 +/-40 (X) (X)

GROSS RENT

    Occupied units paying rent 6,339 +/-615 6,339 (X)
  Less than $200 99 +/-83 1.6% +/-1.3
  $200 to $299 154 +/-112 2.4% +/-1.7
  $300 to $499 196 +/-75 3.1% +/-1.2
  $500 to $749 261 +/-170 4.1% +/-2.6
  $750 to $999 834 +/-237 13.2% +/-3.8
  $1,000 to $1,499 2,437 +/-364 38.4% +/-5.2
  $1,500 or more 2,358 +/-475 37.2% +/-5.8
  Median (dollars) 1,290 +/-93 (X) (X)

  No rent paid 396 +/-138 (X) (X)

GROSS RENT AS A PERCENTAGE OF HOUSEHOLD
INCOME (GRAPI)
    Occupied units paying rent (excluding units where
GRAPI cannot be computed)

6,261 +/-607 6,261 (X)

  Less than 15.0 percent 597 +/-268 9.5% +/-4.1
  15.0 to 19.9 percent 569 +/-252 9.1% +/-3.9
  20.0 to 24.9 percent 703 +/-212 11.2% +/-3.3
  25.0 to 29.9 percent 494 +/-194 7.9% +/-3.0
  30.0 to 34.9 percent 750 +/-303 12.0% +/-4.4
  35.0 percent or more 3,148 +/-500 50.3% +/-7.3

  Not computed 474 +/-182 (X) (X)

Data are based on a sample and are subject to sampling variability. The degree of uncertainty for an estimate arising from sampling variability is
represented through the use of a margin of error. The value shown here is the 90 percent margin of error. The margin of error can be interpreted
roughly as providing a 90 percent probability that the interval defined by the estimate minus the margin of error and the estimate plus the margin of
error (the lower and upper confidence bounds) contains the true value. In addition to sampling variability, the ACS estimates are subject to
nonsampling error (for a discussion of nonsampling variability, see Accuracy of the Data). The effect of nonsampling error is not represented in these
tables.

The median gross rent excludes no cash renters.

In prior years, the universe included all owner-occupied units with a mortgage. It is now restricted to include only those units where SMOCAPI is
computed, that is, SMOC and household income are valid values.

In prior years, the universe included all owner-occupied units without a mortgage. It is now restricted to include only those units where SMOCAPI is
computed, that is, SMOC and household income are valid values.

In prior years, the universe included all renter-occupied units. It is now restricted to include only those units where GRAPI is computed, that is, gross
rent and household Income are valid values.

The 2009, 2010, 2011, and 2012 plumbing data for Puerto Rico will not be shown. Research indicates that the questions on plumbing facilities that
were introduced in 2008 in the stateside American Community Survey and the 2008 Puerto Rico Community Survey may not have been appropriate
for Puerto Rico.

Median calculations for base table sourcing VAL, MHC, SMOC, and TAX should exclude zero values.

Telephone service data are not available for certain geographic areas due to problems with data collection. See Errata Note #93 for details.
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While the 2010-2012 American Community Survey (ACS) data generally reflect the December 2009 Office of Management and Budget (OMB)
definitions of metropolitan and micropolitan statistical areas; in certain instances the names, codes, and boundaries of the principal cities shown in
ACS tables may differ from the OMB definitions due to differences in the effective dates of the geographic entities.

Estimates of urban and rural population, housing units, and characteristics reflect boundaries of urban areas defined based on Census 2000 data.
Boundaries for urban areas have not been updated since Census 2000. As a result, data for urban and rural areas from the ACS do not necessarily
reflect the results of ongoing urbanization.

Source: U.S. Census Bureau, 2010-2012 American Community Survey

Explanation of Symbols:

    1.  An '**' entry in the margin of error column indicates that either no sample observations or too few sample observations were available to
compute a standard error and thus the margin of error. A statistical test is not appropriate.
    2.  An '-' entry in the estimate column indicates that either no sample observations or too few sample observations were available to compute an
estimate, or a ratio of medians cannot be calculated because one or both of the median estimates falls in the lowest interval or upper interval of an
open-ended distribution.
    3.  An '-' following a median estimate means the median falls in the lowest interval of an open-ended distribution.
    4.  An '+' following a median estimate means the median falls in the upper interval of an open-ended distribution.
    5.  An '***' entry in the margin of error column indicates that the median falls in the lowest interval or upper interval of an open-ended distribution. A
statistical test is not appropriate.
    6.  An '*****' entry in the margin of error column indicates that the estimate is controlled. A statistical test for sampling variability is not appropriate.
    7.  An 'N' entry in the estimate and margin of error columns indicates that data for this geographic area cannot be displayed because the number of
sample cases is too small.
    8.  An '(X)' means that the estimate is not applicable or not available.
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Subject:  PHYSICAL NEEDS ASSESSMENT 

Hismen Hin-Nu Terrace Apartments 
2501-2599 International Boulevard 
Oakland, California 94601 

 
Dear Judy,  
 
Attached please find Basis Architecture & Consulting Inc.’s (BASIS), Physical Needs Assessment (the 
Report) for the above-mentioned asset (the Property). During the property investigation and research, 
BASIS’ property surveyor met with agents representing the Property, or agents of the owner, and 
reviewed the property and its history. The Report was completed according to the terms and conditions 
authorized by you.  
 
This Report is addressed to EBALDC, such other persons and/or entities as may be designated by 
EBALDC and their respective successor or assigns. There are no third party beneficiaries (intended or 
unintended) to this Report, except as expressly stated herein.  
 
BASIS is an independent contractor, not an employee of either the issuer or the borrower, and its 
compensation was not based on the findings or recommendations made in the Report or on the closing 
of any business transaction.  
 
Thank you for the opportunity to prepare this Report, and assist you with this project. Please call us if 
you have any questions or if BASIS may be of further assistance. 
 
Respectfully Submitted, 
BASIS ARCHITECTURE AND CONSULTING, INC. 
 

    
Matt Bolado 
Project Manager 

Charles Pick, Architect 
President 
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1.0 EXECUTIVE SUMMARY 
 

Property Name Hismen Hin-Nu Terrace Apartments 

Property Address 
2501-2599 International Boulevard 
Oakland, California 94601 

Site Improvements 

Poured-in-place concrete paved walkways, limited landscaping including CMU 
planter boxes, two (2) paved courtyards and one tot-lot are provided at the 
Property. 

Site Configuration 
“L” shaped parcel. The site area was reported to be approximately 1.6 acres. The 
assessors parcel number is 25-745-1. 

Built Improvements 
Two four-story structures; three residential floors above ground floor commercial 
and parking. 

Parking 
A total of one hundred thirteen (113) parking stalls, including six (6) accessible 
parking spaces are provided at the Property. 

Rentable Units Ninety-two (92) apartments. 

Age 1995 date of construction; effective age of 19 years. 

Overall Condition Good to Fair 
 

PROPERTY BUILDINGS & SQUARE FOOTAGES 

ADDRESS OR NAME NO. OF FLOORS 
APPROXIMATE 

SQUARE FOOTAGE 
2555 International Boulevard, Residential 3 99,956 
2555 International Boulevard, Commercial 1 14,824 

Garage 1 25,040 
Total: *139,820 

 
UNIT TYPES AND MIX 

TYPE QUANTITY VACANT UNITS DOWN UNITS 
APPROX. UNIT AREA 

(SF) 
One Bedroom / One Bathroom 17 0 0 550-585 
Two Bedroom / One Bathroom 35 1 0 800-830 

Three Bedroom / One Bathroom 30 1 0 1,050-1,090 
Four Bedroom / Two Bathrooms 10 1 1 1,025-1,250 

Total   92 3 1 99,956* 

*Square footage obtained from management; commercial space is not considered part of the Property 
 
Estimated Costs 
 

IMMEDIATE REPAIRS $101,200

SHORT TERM  REPAIRS $2,025,300

TOTAL $2,126,500

PHYSICAL NEEDS OVER 20 YEARS

Un-inflated $1,395,650

Per Unit Per Year $759

Inflated $1,774,277

Per Unit Per Year $964  
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History 
The Property, known as Hismen Hin-Nu Terrace, is located at 2501-2599 International Boulevard in the 
City of Oakland, County of Alameda, and State of California. The Property was constructed in 1995 and 
consists of a 92-unit, 99,956-net rentable square foot apartment complex with two (2), three-story 
apartment buildings and parking. The buildings contain five commercial spaces at the ground floor that 
are not considered part of the Property. 
 
According to the Property contact, recent capital improvements include; laundry room completion, 
common area flooring replacements, exterior painting, damaged siding replacements, and energy 
efficiency upgrades including partial unit lighting replacements with compact fluorescent lighting, 
installation of low flow toilets in a portion of the units, and roofing replacements and sealing. 
 
Life Safety Issues and Code Compliance 
There is no retroactive requirement for code based building upgrades; therefore, the applicable building 
code for a particular structure is the one that was in force at the time of original construction (or 
subsequent remodel in the affected spaces only).  
 
COMMENTS 
Building Department No outstanding code violations were reported to exist on the Property. 

Flood Zone 
The Property is located in Flood Zone X – Areas outside 100- and 500-year 
floodplains. Community Panel #06001C0086G, dated: August 3, 2009. 

Zoning 
The Property is located in Zone R-70, Use Code 7700. High Density 
Residential. Multi family residences are a permitted use. 

Fire Department No outstanding fire code violations were reported to exist on the Property. 
 
Conclusions 
The Property appears to be in good to fair condition. It is BASIS’s professional opinion that the 
Remaining Useful Life (RUL) of the Property is estimated to be not less than 40 years, based on its 
current condition and maintenance status, assuming the recommended Immediate Repairs and 
Physical Needs are completed, and appropriate routine maintenance and replacement items are 
performed on an annual or as-needed basis.  
 
The following hazards are neither usual nor anticipated in the region that the Property occupies: 
landslides, sinkholes and excessively expansive soils. 
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2.0 OBJECTIVES  
 
The purpose of our observation and resulting report is to assess the general condition of the buildings 
and site in general accordance with ASTM E2018-08 and Fannie Mae guidelines. The specific objectives 
are to: 

 
 Identify and locate significant defects, deficiencies and items of deferred maintenance. 
 
 Identify obvious and significant deficiencies concerning common building and safety code 

compliance. 
 
 Establish a conservative cost estimate to correct such defects, deficiencies, deferred 

maintenance and violations. 
 
 Establish a conservative replacement reserve sufficient to address physical needs at the 

Property during the term of 20 years. 
 
 Provide a summary of the physical attributes of the Property. 

 
At the Property we met with and interviewed the following individuals who provided access to the various 
Property areas: 
 
Ms. Judy Graboyes, Senior Asset Manager    (510) 606-1834 
Ms. Janice Yan, Associate Director of Property Management  (510) 287-5353 
Ms. Shanel Yates, Property Manager, Hismin Hin-Nu Terrace  (510) 261-3626 
Ms. Marcela Escoto, Assistant Manager, Hismin Hin-Nu Terrace  (510) 261-3626 
 
Management did not report any violations and no obvious code violations were observed Basis’s survey. 
Due to excessive fees and turnaround times, it was not possible to obtain code violations from the City of 
Oakland Building and Fire Departments within the time restraints of the report. 
 
City of Oakland Building Department      (510) 238-6402 
Oakland Fire Department, Fire Prevention Bureau    (510) 238-3851 
Alameda County Assessor’s Department     (510) 272-3787 



 
 

HISMEN HIN-NU TERRACE  Page 4 

3.0 PROCEDURES AND LIMITATIONS  
 
Mr. Matt Bolado of BASIS surveyed the Property on April 21, 28 & 29, 2014 and was accompanied by 
Ms. Yates and Ms. Escoto. At the time of the survey, the weather was sunny and approximately 75º 
Fahrenheit. During the survey, all areas of the site, buildings, common areas, commercial areas, 
mechanical spaces, and mechanical equipment and building components were observed, and 100 
percent of the apartment units were surveyed.  
 
Significant damage may be present at hidden conditions that cannot be discovered without destructive 
testing which is beyond the scope of this evaluation. The observations and resulting report are, 
therefore, not intended to warrant or guarantee the performance of any building components or 
systems. 
  
This report does not confirm the presence or absence of asbestos, PCB'S, or toxic soils on this 
Property. 
 
Documents and data provided by the EBALDC (the Client), designated representatives of the Client, or 
interested parties consulted in the preparation of this report have been reviewed with the 
understanding that consultant assumes no responsibility or liability for their accuracy. 
 
This evaluation is based on the evaluator's judgment of the physical condition of the improvements and 
estimated expected remaining useful life of those improvements. The actual performance of individual 
components may vary from a reasonably expected standard and may be affected by circumstances, 
which occur after the date of evaluation. The evaluation is based solely on visual observations. 
 
Repairs and improvement cost estimates are based on approximate quantities and costs or furnished 
information that is assumed to be accurate. A detailed survey of quantities for cost estimating is not 
included. Statements of the estimated costs to repair, replace, or upgrade the improvements are those 
which BASIS considers to be probable for the current local market. Such statements do not constitute 
a warranty or a representation that all items, which may need repair or attention, are included, nor that 
the actual cost of performing repairs will not vary from the estimate. Overhead and profit for possible 
contractor installations are not included. 
 
BASIS bears no control over the cost of labor, material, equipment or services furnished by others, over 
contractor's methods of determining prices, or over competitive bidding and marketing conditions. 
 
No blue prints, geotechnical reports, construction documents, or other related material were available 
for review. No representation is made as to the status of title, legality of lots or zoning of the project, 
nor is any representation made as to the advisability or inadvisability of the purchase of, investment in, 
or financing of the subject. 
 
Although it is assumed that the noted improvements were constructed in compliance with 
contemporary building codes and standard building practices at the time of construction, and while the 
Property remains adequate for present day use, the survey does not include a detailed review to 
determine compliance with local Building Department codes, Fire Department requirements, or 
Planning Department ordinances. 
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This report does not constitute a structural or pest control inspection. However, if termite damage or 
other pest control problems were observed, it has been noted in the report. 
 
Due to the limitation of the survey and investigation process, and the necessary use of unverified data 
furnished by others, BASIS cannot assume liability if actual conditions vary from the information 
contained herein. 
 
The staff of BASIS has prepared this report for the Client under the professional supervision of the 
principal and/or senior staff whose seal(s) and signatures appear hereon. Neither Charles Pick, nor any 
staff member assigned to this investigation has any interest or contemplated interest, financial or 
otherwise, in the subject or surrounding properties, or in any entity which owns, leases, or occupies the 
subject or surrounding properties or which may be responsible for issues identified during the course 
of this investigation, and has no personal bias with respect to the parties involved.  
 
The information contained in this report has received appropriate technical review and approval. The 
conclusions represent professional judgments and are founded upon the findings of the investigations 
identified in the report and the interpretation of such data based on experience and expertise 
according to the existing standard of care. 
 
The investigation was prepared in accordance with the Client’s scope of work for the use and benefit of 
the Client, its successors, and assignees. It is based, in part, upon documents, writings, and 
information owned, possessed, or secured by the Client. Neither this report, nor any information 
contained herein shall be used or relied upon for any purpose by any other person or entity without the 
express written permission of the Client.  
 
The consultant understands that the Client may wish to transfer its interest in this site to others and 
hereby grants express permission for participating lenders, rating agencies and future holders of the 
secured interest to rely upon the results of this investigation to the full extent provided under its 
contractual agreement with the Client.  
 
The consultant hereby acknowledges that this statement of limitations supersedes any other warranty 
or limitation, either expressed or implied. 
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4.0 PROPERTY DESCRIPTION 

SITE 
Topography 
The site is surrounded by residential and commercial properties. The parcel is “L” shaped and is 1.6 
acres in area. The site and the surrounding areas are generally flat in topography. 
 
Storm Water Drainage  
Storm water runs to subsurface drain structures provided at the parking and the landscape areas connect 
to the municipal storm system.  
 
Access and Egress 
Access to the parking areas is provided from 25th and 26th Avenues. The Property is located in the 
Lower San Antonio District of Oakland and is approximately one quarter mile from the 880 freeway. 
Pedestrian access is via City-owned sidewalks through the main pedestrian entrance gate. 
 
Paving, Curbing, and Parking 
Parking is provided for (83) parking vehicles.  There are six accessible stalls provided. All parking is 
provided in the ground-floor garages. The parking areas are concrete paved and pre-cast concrete 
wheel stops are provided.  
 
Flatwork 
Poured-in-place concrete walkways connect the buildings, amenities, and the parking areas. City owned 
walkways are located along the front (east) and sides (north and south) of the building. There are two 
ground level courtyards that provide access to the parking garages, the ground floor spaces, and to the 
two concrete stairways. The courtyards are concrete paved with stamped concrete accents.  
 
Landscaping and Appurtenances 
Limited landscaping consists of city owned and maintained street trees and concrete masonry unit 
(CMU) planters that contain mature landscaping consisting of trees and bushes. An automatic irrigation 
system is provided.  
 
The parking garages are concrete masonry unit (CMU) framed with concrete column supports and 
concrete slabs. Four metal roll-down gates secure the garages. The ceilings of the garages form the 
podium level for the apartment buildings. 
 
There are two trash rooms located inside the garages, each with a trash compactor. Trash is dumped 
through trash chutes located on each floor. Refuse is stored in rolling metal dumpsters that are 
provided by the solid waste hauler.  
 
Site fencing consists of wrought iron fencing around the ground level sitting area and tot lot. Chain link 
fencing at the parking garage interiors separates the residential parking areas from the commercial 
areas that are not part of the site. 
 
Signage consists of a decorative metal arch over the pedestrian entrance and building mounted signage 
at the commercial storefronts.  
 
Wall mounted, locking metal mailboxes are provided inside the main entry gate.  
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Recreational Facilities / Other Amenities 
One tot-lot with a padded ground cover system and metal and plastic equipment is provided at the 
courtyard. 
 
Utilities 
Potable water, sanitary waste, and storm water discharge are provided by the East Bay Municipal Utility 
District (EBMUD). Natural gas and electrical service are provided by Pacific Gas and Electric (PG&E). 
 
Site Lighting 
Site lighting is provided by building mounted fixtures.  
 
Site Security Systems 
A keypad call button system that connects to each apartment is provided at the pedestrian entrance. A 
television security system is provided at the building exterior and in limited building interior areas. A 
keycard entry system is provided to enter the Property at the front pedestrian entrance, and designated 
east/west garages and areas within the inner sanctum/exterior portions of the Property. 
 
Other Site Systems 
There are no other utility systems at the Property. 

Overall Condition: Good to Fair 

Immediate and Short Term Repairs:  

 Landscaping at the planter boxes and in surface beds is non-existent, neglected and/or sparse 
of plant materials. Replace landscaping with water efficient plantings. The addition of new 
plantings may upgrade the overall general appeal of the complex. Lastly, the sprinkler system 
should be checked for proper operation and even water dispersion. Adjust and replace 
irrigation as needed with drip system where feasible. 

 Management indicated that children use the planters at the exterior stairs to the podium level and 
jump off of down to the ground level on both exterior stairwells.  This is considered a safety 
concern.  Install barrier to prevent children from accessing these areas. 

 Six accessible parking stalls are provided at the Property. The existing stalls are non-conforming 
due to excessive slope or obstruction by columns. Locations, striping, signage and concrete paving 
slope should be adjusted to bring this accessibility feature into conformance. 

 Management has safety and vandalism concerns with the lack of surveillance in elevators, 
stairwells, and other property areas. Additional security cameras should be provided in trouble 
areas for increased security and preservation of the Property. 

 Management indicated that the inner sanctum keycard entry systems are constantly vandalized 
and in non-working order. It is recommended that the keycard entry systems are replaced or 
protected with a more durable system of security.  

Physical Needs: Based on the estimated Remaining Useful Life (RUL), replacement of the tot lot, 
site lighting, and refurbishment of the patio fencing and trellises are anticipated during the 20-year 
term. 
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STRUCTURAL FRAME AND BUILDING ENVELOPE 

Foundations  
The foundation is presumed to consist of deep footings with a post tensioned reinforced concrete slab 
at the first floor. Concrete support pads and columns located throughout the garage interior provide 
support for the first floor of the apartment buildings (podium deck).  
 
Floor and Frame System 
The apartment buildings are wood framed structures.  The garages are cast-in-place concrete and CMU 
framed.  The ground floor is a reinforced concrete slab and the upper floors are wood framed, with the 
exception of the podium level which is cast in place concrete.  No evidence of termite infestation was 
observed in the areas accessed by BASIS.  
 
Crawl Spaces and Penetrations 
The structures are not provided with crawl spaces.  
 
Roof Frame and Sheathing System, Including Truss Connectors 
The roof structures are wood framed with oriented strand board (OSB) decking reported.  
 
Flashing and Moisture Protection 
Galvanized metal flashings were observed throughout the roofs. Roof penetrations are sealed with mastic. 
 
Attic Spaces, Draft Stops, Roof Vents and Penetrations 
The buildings are not provided with attic spaces.  
 
Insulation 
No insulation information was available.  It is presumed that minimum R22 rolled insulation is provided at 
walls and roofs. 
  
Stairs, Railings and Balconies 
Exterior stairs are poured-in-place concrete with stucco finished sidewalls and steel pipe or painted 
wood handrails.  
 
The podium deck is concrete and sealed with an elastomeric waterproof coating system. Patios at the 
townhouse units are concrete and have wood fencing and trellises. The balconies are either inset or 
provided with wood trellises, are wood framed with concrete decks finished with an elastomeric 
coating, and are partially enclosed with stucco-finished wood framed walls with metal guardrails. 
 
Interior common area stairs are steel framed with precast concrete treads and risers and painted metal 
handrails. Townhouse stairs are wood framed with carpeted treads and risers and painted wood 
handrails. 
 
Doors and Entry Systems 
A wrought iron gate with a keycard access is provided for pedestrian entry at the Property’s front entrance.  
A wrought iron keyed entry gate is provided at the stairwell to the “west tower” roof access. The garages 
feature mechanical overhead roll up gates. Unit entry doors and service doors are insulated hollow metal in 
painted wood frames.  Balcony and patio access doors are dual glazed sliding glass doors in anodized 
aluminum frames or wood and glass doors in wood frames. Interior unit doors are painted hollow wood in 
wood frames.  
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Facades or Curtain Walls 
The building exteriors consist of painted stucco, wood lap siding, and wood trim. Architectural details 
include; decorative cornices, painted wood trellises, and ceramic tile accents. Reportedly, the building 
exteriors were painted in 2011 including sealant replacements. 
 
Fenestration (Window) System 
Exterior windows are dual glazed, single hung and horizontal sliding assemblies in anodized aluminum 
frames. 
 
Parapets 
The parapet walls are extensions of the exterior wall system and are finished with roofing materials and 
have metal coping. 
 
Roofing and Roof Drainage 
The low-sloped roofs are covered with either a rubberized membrane or sealed built-up membrane 
system.  The pitched roofs are finished with concrete “S” tiles or asphalt composition shingles.  Roof 
drainage is facilitated by interior drains that connect to the subsurface drainage system and gutters 
and downspouts that discharge to the building perimeters.   
 
According to information provided by the client, all of the built-up roofs have been replaced with a 
rubberized membrane in the last four years.  However, building A and B roofs were not replaced, yet 
were sealed and received preventative maintenance to extend the life.   

Overall Condition: Good 

Immediate and Short Term Repairs:  
 The upper landing at the “east tower” roof access is a gathering area for undesignated persons, 

such as the homeless. Management has requested that a wrought iron, keyed entry gate be 

installed to provide control of and security for this area. 

 

 Evidence of active water intrusion was observed at the electrical room.  Investigate the cause 

of this leaking and repair. 

 

 Several units surveyed were noted with bird droppings on exterior balcony areas.  Installation 

of bird barriers or other restrictive features is recommended. 

 The original windows are dual glazed, aluminum framed assemblies. Some windows were 
observed with broken or missing hardware, and condensation between the panes, 
indicating sealant failures.  Due to the intent to improve energy efficiency for the Property, 
it is recommended that the windows be removed and replaced with dual glazed vinyl 
framed Low E assemblies throughout. 

 The original sliding doors are dual glazed, aluminum framed assemblies.  Due to the intent 
to improve energy efficiency for the Property, it is recommended that the sliding doors be 
removed and replaced with dual glazed vinyl framed Low E assemblies throughout. 

 During the survey a damaged section of gutter was observed.  Replace the damage located 
in the upper west courtyard at the roof at the expansion joint. 
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Physical Needs: Based on the age of the system and the estimated RUL, exterior painting, partial 
siding replacements, waterproofing replacements at the podium and balconies, replacement of 
exterior sealants and expansion joints, replacement of unit entry doors, replacement of the 
overhead garage gates and motors, and built-up roofing replacements are anticipated during the 
20-year term. 
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MECHANICAL AND ELECTRICAL SYSTEMS 

Plumbing - Supply and Waste Piping 
The sanitary sewers were observed to consist of cast iron materials. The sanitary system flows to 
connections with the municipal system. Domestic water supply plumbing was observed and reported to be 
copper piping.  
 
Domestic Hot Water Production 
The community area and apartments are serviced by four (4) 100-gallon, A.O. Smith central gas-fired 
water heaters.  The equipment has an output rating of 133,000 BTU.   The observed water heaters are at 
least six years in age and are not high efficiency equipment. 
 
Heating Generation Equipment / Distribution 
Heating for the apartment units is provided by the original individual Carrier, Weathermaker 9200 gas-fired 
furnaces.   
 
Air Conditioning and Ventilation / Distribution 
Air conditioning is not provided to the apartment units. Air handlers are provided to cool the elevator 
equipment rooms. 
  
Air Filtration and Air Quality Control Devices 
Air filtration and quality control devices are not installed. 
 
Exhaust Systems 
The bathrooms and kitchens are provided with ceiling-mounted ventilation fans. Roof-mounted fresh air 
intake and exhaust fans are provided for the interior common area corridors. 
 
Compressors, Heat Exchangers, Air Handlers 
Not applicable. 
 
Control Systems 
The HVAC systems are provided with programmable thermostats at the unit interiors.  
 
Electrical 
The units are individually metered and provided with 60-amp 120 volt, three-wire service. Copper 
branch wiring was reported. Circuit breakers are provided for overload protection. GFCI outlets were 
observed in a portion of the units surveyed.  
 
Distribution Panels 
A central electrical panel is provided at the ground floor of each building. Each main is rated at 1,600 
amperes and provides 120/240-volt service to the individual meter banks.  
 
Lighting 
The interior lighting throughout the residential unit interiors consists of ceiling and wall mounted 
compact florescent and incandescent fixtures. It was reported that approximately 20% of the interior 
lighting fixtures have been replaced with compact fluorescent light (CFL) fixtures.  
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Telecommunication Systems 
The units are wired with coaxial cable connections in the living areas and bedrooms that provide 
televisions and telephone connections. 
 
Inspections/Recommendations for Aluminum Wiring 
Not applicable. 
 
Vertical Transit - Elevators 
Two (2) hydraulic elevators are provided for access to the upper levels of the building. The elevators 
are manufactured by National Elevator Company and are maintained under a full service contract with 
Otis.  The systems were last serviced on August 14, 2013. The cabs have a 2,500-pound and 16 person 
capacity. The last cab certification inspection was completed on January 31, 2014. The cab interiors 
are finished with ceramic tile flooring, laminated and stainless steel walls, and a lighted ceiling.  
 
Life Safety/Fire Protection - Sprinklers and Standpipes 
A fully automatic, wet-pipe fire sprinkler system is provided. The system is provided with tamper flow and 
flow alarms. Fire hose connections are provided at the exterior and roof of the structure.  A five year flow 
test was completed November 2009. The next five year flow test will need to be completed November 
2014. 
 
Alarm Systems 
Hardwired smoke detectors are provided in each unit hallway, bedroom and in common areas. Carbon 
monoxide detectors are installed in the units.  A central alarm system and audible/visual alarms are 
provided. Lighted exit signs, emergency light packs, and fire extinguishers with current certification (March 
6, 2014), are provided.  
 
Other Systems 
The apartment unit interiors are not provided with any other life/safety systems.  

Overall Condition: Good to Fair 

Immediate and Short Term Repairs:  

 As it is the goal of the Property to reduce energy usage, replace the central water heaters with 
high efficiency systems, or a central high efficiency boiler system as feasible.  Though the 
water heaters have been replaced in the last 10 years, they are not the most efficient system 
that is available. 

 As it is the goal of the Property to reduce energy and water consumption, some of the 
apartment unit water closets (20%) have been replaced with low-flow models.  To provide 
improved water conservation and efficiency, installation of low-flow toilets (1.6 gallon per 
minute) is recommended in the 80% remaining units.  In addition, replace all faucets and 
shower heads with low flow or Water Sense plumbing fixtures throughout the Property. 

 The original gas fired furnaces in the units are not efficient. In addition, a minimum of 20 
control boards are replaced at the beginning of each winter season. In an effort to improve the 
energy efficiency for the Property, replace the furnaces with new equipment. Insure return air 
cavity is fitted with a plenum and return air grill is equipped to house a filter. Provide 
programmable thermostats for all furnaces. 
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 Moisture was observed at some of the apartment windows. Install humidistat controlled bath 
fans to mitigate the potential for future mildew growth. This equipment should also improve 
overall air quality for the units. 

 GFCI outlets are provided at some, but not all, wet areas of unit bathrooms and kitchens.  As a 
health and safety issue, installation of GFCI outlets at all wet areas is recommended. 

 The interior light fixtures have been replaced with CFL fixtures at some of the apartments 
(20%). As the goal of the Property is to improve energy efficiency, replacement of the remaining 
80% interior unit light fixtures with high efficiency florescent fixtures is recommended. 

 Install lighting timers at common areas to reduce energy costs during daylight hours. 

 Due to the goal of reducing energy usage at the Property, installation of a solar electric 
(photovoltaic) system should be considered.  This system will require design and feasibility 
analysis prior to installation.  

 The elevator cab interiors are showing signs of wear as the finishes are original.  Replacement 
of the damaged finishes and upgrades of the cab interiors is recommended in the near future.  

 To better conform to accessibility guidelines, install audible/visual strobe alarms in each 
accessible unit and in the common restrooms. 

 Management reported that rainy weather causes the central fire alarm system to short and 
activate a call to the fire department. Repair or replace central fire alarm panel/system to 
eliminate false alarms to the Oakland Fire Department. 

Physical Needs: Based on the age of the system and the estimated RUL, elevator equipment 
upgrades, elevator cab refurbishments, exhaust fan refurbishments, and fire alarm control panel 
replacements are anticipated during the 20-year term. 
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INTERIOR ELEMENTS 

COMMON AREAS 
Offices 
The interior finishes at the leasing office consist of painted drywall walls and ceilings and ceramic tile 
flooring. The leasing office contains standard office furnishings and equipment.  
 
Access-ways, Corridors, Vestibules, Meeting Places 
The interior finishes consist of painted drywall walls and ceilings with the exception of the community 
room that contains a suspended ceiling system with drop-in acoustical tiles and wood wainscot with 
painted drywall above. Flooring consists of ceramic tile and vinyl flooring.  
 
The community room includes a small kitchen that has ceramic tile flooring, painted drywall walls and 
ceiling, stained wood cabinets, a laminated counter, a gas-fired range with vented range hood, stainless 
steel sink and a refrigerator.  
 
The two common restrooms are finished with ceramic tile floors and wainscoting with painted drywall 
upper walls and ceilings.  Wall-mounted porcelain sinks, floor mounted water closets, and commercial 
grade finishes. 
 
Interior corridors are finished with ceramic tile flooring and painted drywall walls and ceilings. 
 
Laundry Facilities and Equipment 
The laundry equipment is owned and maintained by Webb, a third party service company. Ten washers 
and twelve dryers are provided. The common area laundry room is finished with painted drywall walls, a 
suspended ceiling system with drop in acoustical tiles, and ceramic tile flooring. A wash sink is also 
provided. 
 
Indoor Recreation and Equipment 
No indoor recreation area or equipment is provided. 
 
Maintenance and Storage 
Maintenance and storage room are presumed to be provided in the garage. 
 
TENANT SPACES 
Finishes, Walls, Floors 
The unit floor covering consists of ceramic tile, vinyl tiles, or sheet vinyl at entries, kitchens and 
bathrooms, and carpet over pad in all other living areas.  The walls and ceilings are painted drywall with 
an orange peel texture. Spray applied texture over drywall or an orange peel textured drywall is 
provided at living areas, hallways and bedroom ceilings. 
 
Appliances 
Appliances include electric or gas-fired oven/range, vented range hood, refrigerator, dishwasher, and 
garbage disposal.  
 
Bath Fixtures and Specialties 
Porcelain glazed cast iron tubs with cultured marble surrounds and shower curtains are provided. 
Residential grade plumbing fixtures are provided.  
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Bathroom counters are cultured marble with integral sinks or surface mounted ceramic bowls in laminate 
counters. Accessible units have wall-mounted, porcelain fixtures. Bathroom vanities are constructed of 
stained, wood. 
 
Kitchen Fixtures and Specialties 
Kitchen sinks are drop-in, single basin stainless steel fixtures. Kitchen cabinets are stained wood. Kitchen 
counters are preformed laminate materials or granite.  
 
Closet Systems 
The closets are double door capacity with painted bypass type door assemblies. Wood shelving is 
featured. 
 
Window Treatments 
Mini-blinds and vertical blinds are provided in each unit.  

Overall Condition: Good to Fair 

Immediate and Short Term Repairs:  

 In order to improve energy efficiency for the Property, replace the common area refrigerator 
and range hood with Energy Star rated appliances. Provide rigid ductwork as opposed to 
flexible at range hood vent. 

 Three doors were observed to be damaged beyond repair in units 227 (2) and 205 (1). Replace 
destroyed doors with doors of similar style and construction. 

 Carpet was observed to be worn, stained and stretched in a majority of units. Replace carpet to 
enhance unit cleanliness, comfort and aesthetic appeal. 

 Vinyl flooring in half of the Property's kitchens and bathrooms are original to the construction 
of the Property or is worn and/or damaged. Replace older or damaged vinyl flooring with 
ceramic tile to match units with this similar upgrade in flooring material.  

 A portion of ranges and range hoods are older, worn, and damaged. Replace range and range 
hoods with Energy Star rated appliances in an attempt to reduce energy usage for the 
Property.  Add rigid metal ductwork at range hoods in conjunction with these replacements.  

 A portion of refrigerators are older, worn, and damaged. Replace refrigerators with Energy Star 
rated appliances in an attempt to reduce energy usage for the Property.     

 A portion of dishwashers are older, worn and damaged. Replace dishwashers with Energy Star 
rated appliances in an attempt to reduce energy usage for the Property.     

 A majority of kitchen counters are original to the construction of the Property and are worn 
and damaged. Replace older kitchen counters with granite to match units with this similar 
upgrade in counter material.   
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 Older bathroom sinks were observed to have spider-webbed cracks at the drains of the 
cultured marble sinks. Counters have exceeded their EUL and vanities are in need of 
refurbishment. It is recommended that improvements be made in those units with un-
refurbished vanities.   

 Caulking at the tubs was observed to be worn or failed and the tubs are reaching the end of 
their useful lives. Resurface tubs and refurbish the surrounds as needed to extend the useful 
life of fixtures. 

 Five accessible units are provided; however, certain features such as 30" base-free cabinets 
are not provided.  Some alterations for conformance are required. Reconfigure kitchens, 
doorways and bathrooms with compliant counter heights, cabinets, storage shelf heights, 
hardware, plumbing fixtures and switch heights. 

 A flashing doorbell and other minor changes should be provided at one unit designated for 
sight/hearing impaired. 

Physical Needs: Based on the age of the system and the estimated RUL, common area 
refurbishments, flooring replacements, kitchen and bathroom cabinet refurbishments, kitchen and 
bathroom counter replacement, and appliance replacements are anticipated during the 20-year 
term. 
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5.0 IMMEDIATE AND SHORT TERM REPAIRS  



TABLE 1 - IMMEDIATE AND SHORT TERM REPAIRS

Property Name: Hismen Hin-Nu Terrace Apartments

Address: 2501-2599 International Boulevard Number of Floors: 4

City, State, Zip: Oakland, CA 94601 Building Area: 139,820

Survey Date: 4/28 & 29/2014 Number of Units: 92

Report Date: 5/28/2014 Property Age: 19

Property Type: Multi-family Loan Term: 20

Number of Buildings: 2 20

ITEM QUANTITY COST UNIT
IMMEDIATE 

REPAIRS
SHORT TERM 

REPAIRS RECOMMENDATIONS

SITE

Amenities Landscape replacement 1 $20,000 LS $20,000

Amenities Landscape replacement 1 $5,000 LS $5,000

Site Security Security upgrades 20 $1,500 Each $30,000

Site Security Security upgrades 1 $30,000 Allow $30,000

ARCHITECTURE

Doors Install gate 1 $3,000 Each $3,000

Facades Water intrusion 1 $2,500 Allow $2,500

Facades Replace windows 375 $700 Each $262,500

Facades Replace sliding doors 92 $1,400 Units $128,800

Facades Pest control 92 $300 Units $27,600

Roof drainage Gutter repairs 1 $1,500 Allow $1,500

MECHANICAL / ELECTRICAL

Plumbing Large gas fired water heater replacement 4 $30,000 Each $120,000

Plumbing Install low-flow fixtures 92 $900 Units $82,800

Several units surveyed were noted with bird droppings on exterior balcony areas.  Installation of bird barriers or 
other restrictive features is recommended.

Evidence of active water intrusion was observed at the electrical room.  It appears that the leak is from the 
planter above. Repair damage water proofing at the planter above this room to prevent  additional leaks.

The original sliding doors are dual glazed, aluminum framed (non Low E) assemblies.  Due to the intent to 
improve energy efficiency for the Property, it is recommended that the sliding doors be removed and replaced 
with dual glazed vinyl framed Low E assemblies throughout. 

The original windows are dual glazed, aluminum framed (non Low E) assemblies. Some windows were observed 
with condensation between the panes, indicating sealant failures.  Due to the intent to improve energy efficiency 
for the Property, it is recommended that the windows be removed and replaced with dual glazed vinyl framed 
Low E assemblies throughout.

The upper landing at the “east tower” roof access is a gathering area for undesignated persons, such as the 
homeless. Management has requested that a wrought iron, keyed entry gate be installed to provide control of 
and security for this area.

Analysis Term:

Landscape at the planter boxes and in surface beds is non-existent, neglected and/or sparse of plant materials. 
Replace landscaping with water efficient plantings and covers. In addition, the addition of new plantings may 
upgrade the overall general appeal of the complex. Before replanting, consultation with a Landscape Architect or 
a nursery for plant selection and location is recommended. Lastly, the sprinkler system should be checked for 
proper operation and even water dispersion. Adjust and replace irrigation as needed with drip system where 
feasible.

As it is the goal of the Property to reduce energy usage, replace the central water heaters with high efficiency 
systems, or a central high efficiency boiler system as feasible.  Though the water heaters have been replaced in 
the last 10 years, they are not the most efficient system that is available.

During the survey a damaged section of gutter was observed.  Replace the damage located in the upper west 
courtyard at the roof at the expansion joint.

As it is the goal of the Property to reduce energy and water consumptions, some of the apartment unit water 
closets have been replaced with low-flow models.  To provide improved water conservation and efficiency, 
installation of low-flow toilets (1.6 gallon per minute) is recommended in the remaining units.  In addition, 
replace all faucets and shower heads with low flow or Water Sense plumbing fixtures throughout the Property.

Management indicated that the interior keycard entry systems are constantly vandalized and in non-working 
order. It is recommended that the keycard entry systems are replaced or protected with a more durable system 
of security. 

Management has safety and vandalism concerns with the lack of surveillance in elevators, stairwells and other 
key areas. Additional security cameras should be provided in trouble areas for increased security and 
preservation of the Property.

Management indicated that children use the planters at the exterior stairs to the podium level to jump off of 
down to the ground on both exterior stairwells. A native, thorny bush may be a good solution to deter children 
from accessing these areas.



TABLE 1 - IMMEDIATE AND SHORT TERM REPAIRS

Property Name: Hismen Hin-Nu Terrace Apartments

Address: 2501-2599 International Boulevard Number of Floors: 4

City, State, Zip: Oakland, CA 94601 Building Area: 139,820

Survey Date: 4/28 & 29/2014 Number of Units: 92

Report Date: 5/28/2014 Property Age: 19

Property Type: Multi-family Loan Term: 20

Number of Buildings: 2 20

ITEM QUANTITY COST UNIT
IMMEDIATE 

REPAIRS
SHORT TERM 

REPAIRS RECOMMENDATIONS

Analysis Term:

HVAC Replace unit furnaces 92 $3,000 Each $276,000

HVAC Bathroom exhaust 102 $600 Each $61,200

Electric Install GFI outlets 1 $5,000 Allow $5,000

Electric Replace lighting fixtures 46 $1,500 Units $69,000

Electric Install lighting controls 4 $6,000 Floors $24,000

Electric Photovoltaic electric 92 $3,000 Units $276,000

Elevators Renovations to elevator cab 2 $20,000 Each $40,000

Accessibility Strobe alarm 1 $5,000 Allow $5,000

Alarm Systems Central fire alarm panel/system repair 1 $30,000 Allow $30,000

INTERIORS

Common Area Kitchen appliances 1 $2,000 Allow $2,000

Finishes Replace doors 3 $800 Each $2,400

Flooring Replace carpet 72 $2,000 Units $144,000

Flooring Replace Vinyl 36 $800 Units $28,800

Appliances Replace range and range hoods 25 $1,100 Units $27,500

Appliances Replace refrigerators 72 $850 Units $61,200

Appliances Replace dishwashers 72 $400 Units $28,800

Appliances Replace kitchen counters 59 $1,300 Units $76,700

Install lighting timers at common areas to reduce energy costs during daylight hours.

Due to the goal of reducing energy usage at the Property, installation of a solar electric (photovoltaic) system 
should be considered.  This system will require design and feasibility analysis prior to planned installation. 

The elevator cab interiors are showing signs of wear as the finishes are original.  Replacement of the damaged 
finishes and upgrades of the cab interiors is recommended in the near future. Obtain current elevator cab 
certification in conjunction with these repairs.

A majority of kitchen counters are original to the construction of the Property and are worn and damaged. 
Replace older kitchen counters with granite to match units with this similar upgrade in counter material. 

Vinyl flooring to the half the Property's kitchens and bathrooms are original to the construction of the Property or 
are worn and/or damaged. Replace older/damaged vinyl flooring with similar flooring material as in upgraded 
units (ceramic tile).

Carpet was observed to be worn, stained and stretched in a majority of units. Replace carpet to enhance unit 
cleanliness, comfort and aesthetic appeal. 

A portion of ranges and range hoods are older, worn and damaged. Replace range and range hoods with Energy 
Star rated appliances in an attempt to reduce energy usage for the Property.  Add rigid metal ductwork at range 
hoods in conjunction with these replacements.

Three doors were observed to be damaged beyond repair in units 227 (2) and 205 (1). Replace destroyed doors 
with doors of similar style and construction.

A portion of refrigerators are older, worn and damaged. Replace refrigerators with Energy Star rated appliances 
in an attempt to reduce energy usage for the Property.  

A portion of dishwashers are older, worn and damaged. Replace dishwashers with Energy Star rated appliances 
in an attempt to reduce energy usage for the Property.  

GFCI outlets are provided at some, but not all, wet areas of unit bathrooms and kitchens.  As a health and safety 
issue, installation of GFCI outlets at all wet areas is recommended.

Management reported that rainy weather causes the central fire alarm system to short and activate a call to the 
fire department. Repair or replace the central fire alarm panel/system to eliminate false alarms to the Oakland 
Fire Department.

Moisture was observed at some of the apartment windows. Install humidistat controlled bath fans to mitigate the 
potential for future mildew growth. This equipment should also improve overall air quality for the units.

To better conform with accessibility guidelines, install audible/visual strobe alarms in each accessible unit and in 
the common restrooms. 

In order to improve energy efficiency for the Property, replace the common area refrigerator and range hood with 
Energy Star rated appliances. Provide rigid ductwork as opposed to flexible at range hood vent. 

The interior light fixtures have been replaced with CFL fixtures at some of the apartments. As the goal of the 
Property is to improve energy efficiency, replacement of the remaining interior unit light fixtures with high 
efficiency florescent fixtures is recommended.

The original gas fired furnaces in the units are not the most efficient systems available. In addition, a minimum of 
20 control boards are replaced at the beginning of each winter season. In an effort to improve the energy 
efficiency for the Property, replace the furnaces with new equipment. Insure return air cavity is fitted with a 
plenum and return air grill is equipped to house a filter. Provide programmable thermostats for all furnaces.



TABLE 1 - IMMEDIATE AND SHORT TERM REPAIRS

Property Name: Hismen Hin-Nu Terrace Apartments

Address: 2501-2599 International Boulevard Number of Floors: 4

City, State, Zip: Oakland, CA 94601 Building Area: 139,820

Survey Date: 4/28 & 29/2014 Number of Units: 92

Report Date: 5/28/2014 Property Age: 19

Property Type: Multi-family Loan Term: 20

Number of Buildings: 2 20

ITEM QUANTITY COST UNIT
IMMEDIATE 

REPAIRS
SHORT TERM 

REPAIRS RECOMMENDATIONS

Analysis Term:

Finishes Bathroom sink, counter, vanity 52 $1,200 Units $62,400

Finishes Tubs and surrounds 92 $1,000 Units $92,000

Accessibility Accessibility upgrades 5 $20,000 Units $100,000

Accessibility Install flashing doorbell 1 $800 Unit $800

TOTAL $101,200 $2,025,300

A flashing doorbell and other minor changes should be provided at one unit designated for sight/hearing 
impaired.

Older bathroom sinks were observed to have spider-webbed cracks at the drains of the cultured marble sinks. 
Counters have exceeded their EUL and vanities are in need of refurbishment. It is recommended that 
improvements be made in those units with un-refurbished vanities.

Five accessible units are provided; however, certain features such as 30" base-free cabinets are not provided.  
Some alterations for conformance are required. Reconfigure kitchens, doorways and bathrooms with compliant 
counter heights, cabinets, storage shelf heights, hardware, plumbing fixtures and switch heights.

Caulking at the tubs was observed to be worn or failed and the tubs are reaching the end of their useful lives. 
Resurface tubs and refurbish the surrounds as needed to extend the useful life of fixtures.
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6.0 PHYSICAL NEEDS OVER THE TERM 
 



TABLE 2 - PHYSICAL NEEDS OVER THE TERM

Property Name: Hismen Hin-Nu Terrace

Address: 2555 International Boulevard Number of Floors: 4

City, State, Zip: Oakland, California 94601 Building Area: 139,820

Survey Date: 4/28 & 29/2014 Number of Units: 92

Report Date: 4/30/2014 Property Age: 19

Property Type: Multi-family Loan Term: 20

Number of Buildings: 2 20

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034

YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 YEAR 6 YEAR 7 YEAR 8 YEAR 9 YEAR 10 YEAR 11 YEAR 12 YEAR 13 YEAR 14 YEAR 15 YEAR 16 YEAR 17 YEAR 18 YEAR 19 YEAR 20

SITE

Amenities Replace tot lot 20 19 1 1 $20,000 Each $20,000 1 20,000 $20,000

Amenities Replacement of site lighting 20 19 1 1 $8,000 Allow $8,000 1 8,000 $8,000

Amenities Patio fencing/trellis repairs 25 19 6 23 $650 Each $14,950 23 14,950 $14,950

ARCHITECTURE

Façades Exterior painting, per unit 7 3 4 92 $1,600 Units $147,200 276 147,200 147,200 147,200 $441,600

Façades Replace sealants / expansion joint 20 3 17 1 $50,000 Allow $50,000 1 50,000 $50,000

Façades Replace/repair siding 7 3 4 1 $5,000 Allow $5,000 3 5,000 5,000 5,000 $15,000

Façades Podium deck and balcony waterproofing 25 19 6 1 $50,000 Allow $50,000 1 50,000 $50,000

Façades Garage doors and equipment 25 19 6 4 $4,000 Each $16,000 4 16,000 $16,000

Façades Unit entry doors 30 19 11 92 $800 Each $73,600 92 73,600 $73,600

Roof* Built up roof replacement 18 8 10 10,000 $8.00 SF $80,000 10,000 80,000 $80,000

MECHANICAL/ELECTRICAL

Electric Repair solar electric panels 20 0 Varies 1 $3,000 Allow $3,000 1 3,000 $3,000

HVAC Refurbish common area exhaust fans 25 19 6 1 $3,000 Allow $3,000 1 3,000 $3,000

Fire, Life/Safety Replace fire alarm control panel 20 0 20 1 $25,000 LS $25,000 1 25,000 $25,000

Elevators Renovations to elevator cab 20 0 20 2 $15,000 Each $30,000 2 30,000 $30,000

Elevators Refurbish elevator machinery and controls 30 19 11 2 $50,000 Each $100,000 2 100,000 $100,000

INTERIORS

Common Area Common area refurbishment - lump sum 10 6 4 1 $20,000 Allow $20,000 2 20,000 20,000 $40,000

Flooring Carpet replacement 7 Varies Varies 7 $1,400 Each $9,800 140 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 9,800 $196,000

Finishes Cabinet refurbishments 20 19 Varies 18 $1,000 Units $18,300 92 18,300 18,300 18,300 18,300 18,300 $91,500

Appliance Dishwasher replacement 15 Varies Varies 4 $400 Each $1,600 80 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 1,600 $32,000

Appliance Stove replacement 15 Varies Varies 4 $625 Each $2,500 80 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 2,500 $50,000

Appliance Refrigerator replacement 15 Varies Varies 4 $700 Each $2,800 80 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 2,800 $56,000

ANNUAL RECOMMENDATIONS, UNINFLATED 63,000 35,000 35,000 207,200 35,000 100,650 16,700 16,700 16,700 96,700 342,500 16,700 16,700 36,700 16,700 16,700 66,700 168,900 16,700 74,700 $1,395,650

100.00% 102.50% 105.06% 107.69% 110.38% 113.14% 115.97% 118.87% 121.84% 124.89% 128.01% 131.21% 134.49% 137.85% 141.30% 144.83% 148.45% 152.16% 155.97% 159.87%

63,000 35,875 36,772 223,132 38,633 113,876 19,367 19,851 20,347 120,765 438,429 21,912 22,460 50,591 23,597 24,187 99,017 257,001 26,046 119,419 $1,774,277
* Though the built up membrane was recently sealed, this procedure will only extend the life of the roofing by approximately 10 years

PER UNIT

$759

$964

Analysis Term:

Total Capital Improvements Inflated $1,774,277

INFLATION FACTOR, IN PERCENTAGE 1.025

UNIT
COST PER 

YEAR

TOTAL 
QUANTITY 
OVER THE 

TERM

TOTAL

TOTALRUL
QUANTITY 
PER YEAR COST

Total Capital Improvements Uninflated

ANNUAL RECOMMENDATIONS, INFLATED @ 2.50% AFTER YEAR ONE

RECOMMENDATIONS EUL AGE

$1,395,650
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7.0 ACCESSIBILITY  
 
A screening for compliance with the American with Disability Act (ADA), Fair Housing Act Amended 
(FHAA), was performed. This screening is intended to identify basic compliance issues and is not 
intended to provide a detailed analysis of compliance. Please note that a screening for UFAS/Section 
504 of the Rehabilitation Act of 1973 compliance was provided due to the Section 8 funding at the site. 
 
Americans With Disabilities Act Guidelines (ADA) 
Title III of the ADA prohibits discrimination on the basis of disability by private entities in places of public 
accommodation and requires that places of public accommodation and commercial facilities be designed, 
constructed and/or altered so as to be readily accessible to and usable to persons with disabilities. 
 
Portions of the property may be subject to the ADA compliance in accordance with Appendix A to Part 
36 - standards for accessible design included in the American Disabilities Act, Public Law 101-336, Title 
III Part Department of Justice, 28 CFR Part 36, nondiscrimination on the basis of disability by public 
accommodations and in commercial facilities; final rule, as published on the Federal Register, Dated 
July 26, 1991. 
 
The ADA requires a place of public accommodation to remove architectural and communication barriers 
that are structural in nature in existing facilities, where such removal is readily achievable. Readily 
achievable is defined as easily accomplishable and able to be carried out without much difficulty or 
expense. Readily achievable is determined on an individual basis. No numerical formula or threshold of 
any kind has been set by the Justice Department. Items that are currently not readily achievable may 
become so in the future. No periodic assessment or self-assessment is required by the ADA. However, 
the Justice Department urges public accommodations to establish procedures for ongoing assessment 
of their compliance with the barrier removal requirements. 
 
Title III of ADA divides covered buildings and facilities into two (2) categories: public accommodation 
and commercial facilities. The Property’s public accommodation areas consist of the commercial 
spaces, leasing office, common restrooms, corridors, community room, tot lot, parking garages, 
courtyards, and laundry room. Repair or upgrade recommendations are included on Table 1.  
 
The Owner of the Property is responsible for deciding what building modifications for compliance are 
“readily achievable” based on financial constraints through consultation with legal and financial 
advisors. BASIS recommends that any specific questions about compliance with ADA should be 
directed to an attorney. 
 
Uniform Federal Accessibility Standard (UFAS)/Section 504 
At some government funded or assisted properties, common, non-leased areas of the building(s), such 
as walkways, parking areas, bathrooms, and other common areas and facilities may be subject to 
accessibility requirements. Projects subject to this regulation constructed after August 10, 1982 are 
required to have 5% of the units are fully accessible. Common areas must be accessible. Projects 
constructed before that are “encouraged” to provide 5% fully accessible units during 
renovation/rehabilitation/repair.  
 
The Property is not subject to Section 504/UFAS requirements; however, as some units are designated 
as accessible, a cost has been provided to bring these units into compliance.  Refer to Table 1 for 
details. 
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Fair Housing Act Amended 
The scope of this report is limited to a very general overview of the Property improvements based upon 
the requirements of the Fair Housing Act (FHA) Guidelines in an attempt to identify clear and 
unequivocal violations of the Act. It is not intended for use or reliance as an audit for purposes of 
determining strict compliance, but is a tool to identify whether or not a full compliance audit may be 
appropriate.  
 
Applicability 
The Fair Housing Act Amended (FHAA) is a civil rights law that forbids discrimination on the basis of 
race, color, religion, sex, national origin, familial status and disability. The Fair Housing Act does not 
require any renovations to existing buildings. The Fair Housing Act design and construction 
requirements apply to "covered multifamily dwellings" designed and constructed "for first occupancy" 
after March 13, 1991. A building was not designed or constructed for first occupancy if:  

 It was occupied by March 13, 1991 

 If the last building permit or renewal of a building permit was issued on or before June 15, 
1990 

 Buildings where the last building permit was issued on or before June 15, 1990 are not covered 
by the design and construction requirements. Even if the last building permit was issued after 
June 15, 1990, if the property was occupied before March 13, 1991, it is not covered. HUD 
adopted these dates to allow time for the requirements to be considered during the design and 
construction phase of new properties.  

 The "first occupancy" language in the statute has been defined in HUD's Fair Housing Act 
regulations as "a building that has never before been used for any purpose." This means 
buildings that are rehabilitated are not covered by the design and construction requirements 
even if the rehabilitation occurs after March 13, 1991 and even if it is substantial rehabilitation.  

 
Construction Requirements 
In order to be in compliance with the Fair Housing Act, there are seven basic design and construction 
requirements that must be met. For the purpose of performing this assessment, BASIS has separated 
the requirements of FHA compliance into eight (8) compliance requirements/questions as follows: 
 
Requirement 1 - An accessible building entrance on an accessible route. 
All covered multifamily dwellings must have at least one building entrance on an accessible route 
unless it is impractical to do so because of the terrain or unusual characteristics of the site.  

 An accessible route means a continuous, unobstructed path connecting accessible elements 
and spaces within a building or site that can be negotiated by a person with a disability who 
uses a wheelchair, and that is also safe for and usable by people with other disabilities.  

 An accessible entrance is a building entrance connected by an accessible route to public transit 
stops, accessible parking and passenger loading zones, or public streets and sidewalks.  

Requirement 2 - Accessible common and public use areas. 
Covered housing must have accessible and usable public and common-use areas. Public and common-
use areas cover all parts of the housing outside individual units. They include -- for example -- building-
wide fire alarms, parking lots, storage areas, indoor and outdoor recreational areas, lobbies, mailrooms 
and mailboxes, and laundry areas.  
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Requirement 3 - Usable doors (usable by a person in a wheelchair). 
All doors that allow passage into and within all premises must be wide enough to allow passage by 
persons using wheelchairs.  
 
Requirement 4 - Accessible route into and through the dwelling unit. 
There must be an accessible route into and through each covered unit.  
 
Requirement 5 - Light switches, electrical outlets, thermostats and other environmental controls in 
accessible locations.  
 
Requirement 6 - Reinforced walls in bathrooms for later installation of grab bars. 
Reinforcements in bathroom walls must be installed, so that grab bars can be added when needed. The 
law does not require installation of grab bars in bathrooms.  
 
Requirement 7 - Usable kitchens and bathrooms. 
Kitchens and bathrooms must be usable - that is, designed and constructed so an individual in a 
wheelchair can maneuver in the space provided.  
 
Requirement 8 – Complaints 
There can be no complaints regarding access by occupants of the property. If there are any known 
complaints, action is required to mitigate tenant needs regarding access if deemed feasible and 
reasonable. 
 
Observations 
Based on the 1995 date of construction, FHAA applies to the Property. The Property appears to 
conform to FHAA guidelines. 
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Photographs 
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1. Northeast perimeter of Property on International 
Boulevard. 

 2. Southeast perimeter of Property on 26th Avenue. 

3. View of southwest perimeter of Property from East 
12th Street.  

 4. Northwestern perimeter of Property on 25th 
Avenue.  

5. View looking southeast along International 
Boulevard.  

 6. Pedestrian entrance at International Boulevard. 
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7. Garage entrance on 26th Avenue.  8. Motorized, overhead roll-up security gate provided 
at parking garage. 

9. Storm drain inlet at parking garage.  10. Accessible parking stall, aisle, and signage at 
garage. 

11. View of ground level courtyard.   12. Concrete and stamped concrete paving, and wall 
mounted mailboxes at ground level. 
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13. Typical landscape area; note drainage and 
irrigation system. 

 14. Landscape planters at second floor courtyard; note
dead trees and typical weeds. 

15. Repaired landscape planter at second floor sits 
empty. 

 16. Tight-line drainage provided at upper courtyards 

17. Water stains at electrical room ceiling due to 
leaking when it rains. 

 18. Metal trash dumpsters at ground floor garage. 
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19. Entry signage at pedestrian entrance  20. Tot lot at ground floor courtyard 

21. Keypad at second level courtyard entrance.  22. Security camera mounted at building interior. 

23. Ground level parking garage supports podium 
level courtyard. 

 24. Recently sealed flat roof, interior roof drains, roof 
penetrations and parapet walls. 
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25. Expansion joint and planter above electrical room  26. Concrete tiles at pitched roofs  

27. Poured in place concrete stairs provide access to 
upper levels 

 28. Precast concrete stairs with painted metal picket 
railings at building interior 

29. Carpeted stairs at townhouse interior; note 
handrail at one side only 

 30. Typical apartment balcony at upper levels 
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31. Patios are provided at first floor units at podium 
level 

 32. Service door at ground level 

 
33. Typical painted insulated metal unit entry door  34. Wood framed, glass door at unit balcony  

35. Sliding glass, aluminum framed door  36. Typical building finishes; note trellis 
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37. Window arrangement at apartment building  38. Mildew observed at some apartment windows 

 
39. Central, gas-fired water heater; note copper piping 

and seismic straps  
 40. Fresh air intake and exhaust assumed to service 

common area corridors 

 
41. Individual forced air furnaces supply heat at 

apartment units 
 42. Ceiling mounted ventilation fan at unit bathroom 
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43. Units are individually metered  44. Circuit breakers are provided for overload 
protection 

45. Compact fluorescent lighting fixture (CFL) and 
visual/audible alarm at unit interior 

 46. Recessed lighting at community room ceiling 

47. GFCI outlets not provided at some locations  48. Elevator finishes  
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49. Damaged flooring and walls observed at elevator 
cab 

 50. Elevator equipment 

51. Fire door at elevator   52. Fire hose connections at building exterior 

53. Main fire sprinkler standpipe and flow alarm  54. Fire alarm notification system in lobby of building
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55. Sprinkler head at apartment ceiling  56. Smoke detector at unit 

57. Carbon monoxide detector   58. Hand-held fire extinguishers are provided 
throughout the buildings 

59. Typical fire/life safety signage at common corridor  60. Typical fire/safety equipment in garage 
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61. Community room finishes  62. Finishes and appliances at community room 
kitchen; note accessibility features 

63. Common area restrooms are provided with 
accessibility features 

 64. Common corridor/lobby finishes at first floor 

65. Leasing office finishes   66. Laundry room finishes and equipment 
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67. Interior corridor finishes  68. Interior finishes, window coverings at ready to rent 
apartment 

69. New vinyl flooring at apartment unit  70. Damaged original sheet vinyl observed at some 
units surveyed 

71. Typical kitchen finishes  72. Granite counter and refurbished cabinet  
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73. Accessible unit kitchen with a new stove  74. Bathroom at accessible unit 

75. Hand held shower head in accessible bathtub  76. Bathroom finishes  

77. Older tub and surround observed  78. Typical closet at apartment bedroom 
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LOW HIGH LOW HIGH LOW HIGH LOW HIGH
Total $0.75 $1.25 $0.96 $1.25 $1.05 $5.50 $9.25 $16.50
Labor $0.34 $0.56 $0.40 $0.53 $0.44 $2.31 $4.81 $5.12

Materials $0.41 $0.69 $0.56 $0.73 $0.61 $3.19 $4.44 $11.39

Total $1.25 $1.75 $1.25 $2.50 $1.50 $7.50 $14.00 $21.50
Labor $0.84 $1.06 $0.69 $1.78 $1.12 $6.93 $9.56 $10.11

Materials $0.41 $0.69 $0.56 $0.73 $0.38 $0.57 $4.44 $11.39

Total $0.87 $1.46 $1.11 $1.44 $1.21 $6.35 $11.03 $18.40
Labor $0.46 $0.77 $0.55 $0.72 $0.60 $3.16 $6.59 $7.01

Materials $0.41 $0.69 $0.56 $0.73 $0.61 $3.19 $4.44 $11.39

Total $1.56 $2.14 $1.51 $3.16 $1.92 $10.06 $17.54 $25.24
Labor $1.15 $1.46 $0.95 $2.43 $1.54 $9.50 $13.10 $13.85

Materials $0.41 $0.69 $0.56 $0.73 $0.38 $0.57 $4.44 $11.39

PUBLIC (P-Wage varies by County) - 
Large (22,000 SF or more)

PUBLIC (P-Wage varies by County) - 
Small (+/- 800 SF)

Updated:  4/29/14

By:  Aaron Majors & Gary Nicolson

Range - 4" x 3/16" to 12" x 1/4"

PRIVATE - Large (22,000 SF or more)

PRIVATE - Small (+/-800 sf)

Pricing for Sheet Mulching, Irrigation & Planting 
are per square foot.  Metal Edging is per lineal 
foot.

Cut turf perimeter, 1-2 layers 
cardboard overlapped, 2"-3" 
organic compost and 2"-3" 
recycled mulch

Cap heads, tie into existing 
laterals with inline drip, add PR & 
Filter to exist valve -TO- New 
inline drip system.

Plant material range - 1 gal at 
48" OC to 5 gal at 36" OC

SHEET MULCHING IRRIGATION TO DRIP PLANTING METAL EDGING

SHEET MULCHING - PRICING ANALYSIS



Eden Lodge, Senior Housing, 143 apts, 400 Springlake Dr. San Leandro 94578 Methodology

Baseline Whole Building Water Consumption 3,155,041 gal/yr Based on accounting records of EBMUD invoices. As only billed dollar amount was available, so assume $0.010 per gal to quantify the gallons of consumption.  (which was the rate for Hismen). 

Measure
Site Gallons/ Yr 
Water Savings

Site Therms/ Yr 
Savings

Site kWh/ Yr 
Savings

Estimated 
Material Cost

Estimated 
Labor Cost

Estimated 
Total Cost 
(before 

incentives)

Estimated 
Incentive

Apartment Low Flow Showerheads and Faucet 
Aerators

67,203 4,011 0 $1,562 $2,343 $3,905 $1,064

Use PAYS spreadsheet, 2.5 to 1.5 showerhead = 475 gal/apt, 43 therms/apt. Bath Aerator = 74 gal/apt, 3 therms/apt, Kitchen Aerator = 165 gal/apt, 5 therms/apt. Assumed costs are $25/showerhead installed, $10/kitchen 
installed, $5/bathroom installed. based on bulk purchase estimates and previous experience).   Uses actual fixture survey from Eden of existing flow rates, which is existing aerators are 2.2 gpm and 65 showerheads are 2.5 gpm. 
Assumes new aerators are less than or equal to 1.5 gpm and showerheads are 1.5 gpm.  Assumes EBMUD will provide free aerators, and assume aerators is 40% of the cost. Cannot use EBMUD showerhead incentive, as they only 
provide 2.0 GPM

Apartment ≤ 1.28 GPF Toilets
36,608 0 0 $17,160 $25,740 $42,900 $0

Use PAYS spreadsheet, 1.6 to 1.06 GPF = 256 gal/apt ($300 avg cost for Stealth 0.84 gpf, PAYS negotiated down to $250). EBMUD does not provide incentives for incentives for 1.6 GPF existing. Uses actual fixture survey from 

Eden of existing flow rates

Building Plumbing Leak Repair
46,532 137 0 $4,576 $6,864 $11,440 $0

Estimated cost at $50 per apartment for survey, and $300 per apt to repair (10% of apartments have leaks at 1 drip per second). Assuming 3254 gallon per year for leak, and 25% of that leak is hot water = 6.4/year. Assume 10% 
of apts have leaks. Assumes 1 drip per second leaks. Calcs from AWWA

Lawn Conversion to drought tolerant landscaping 
with efficient irrigation system 952,500 0 0 $64,598 $96,896 $161,494 $20,000

50k sq ft of landscaping being irrigated per Eden, 2100 sq ft of sod. Following calcs from Kelly: Baseline consumption of 50 gal/SF (derated to 30 gal to be conservative). Current irrigation has no controls and is standard spray 
irrigation. Drip irrigation saves 60% per their spreadsheet. Cost is 3.14/sf.  Sod conversion saves 25 gal/q ft sft. Cost is 2.14/sf. EBMUD provides incentives of up to $20,000.

 Demand Controls on Central Water Heating 
Recirculation System 0 3,432 4,004 $3,600 $5,400 $9,000 Current recirculation pumps operate continulatly, and replacement is a demand controlled recircualtion pump. Energy savings are based ont eh California Public Utilities Commision deemed savings.  Assumes $3000/control

TOTAL 1,102,843 7,580 4,004 $91,496 $137,243 $228,739 $21,064

Hismen Hin‐Nu Apartments, Family Housing, 92 apts, 2555 International Blvd Oakland 94601 *note 102 bathrooms

Baseline Whole Building Water Consumption 6,980,635 gal/yr Based on actual EBMUD bills provided by EBALDC. 

Measure
Site Gallons/ Yr 
Water Savings

Site Therms/ Yr 
Savings

Site kWh/ Yr 
Savings

Estimated 
Material Cost

Estimated 
Labor Cost

Estimated 
Cost (before 
incentives)

Estimated 
Incentive

Apartment Low Flow Showerheads and Faucet 
Aerators

55,998 4,692 0 $1,224 $1,836 $3,060 $204

Use PAYS spreadsheet, 2.5 to 1.5 showerhead = 475 gal/apt, 43 therms/apt. Bath Aerator = 74 gal/apt, 3 therms/apt, Kitchen Aerator = 165 gal/apt, 5 therms/apt. Assumed costs are $25/showerhead installed, $10/kitchen 
installed, $5/bathroom installed. (based on bulk purchase estimates and previous experience).  Fixture Count based on feedback from buildign staff which is existing bathroom aerators are 2.2 gpm and all showerheads are 2.5 
gpm. Existing kitchen areators are 1.8 gpm. Assumes new bathroom aerators are less than or equal to 1.5 gpm and showerheads are 1.5 gpm. Assumes EBMUD will provide free aerators, and assume aerators material is 40% of 
the installed cost. Cannot use EBMUD showerhead incentive, as they only provide 2.0 GPM.

Apartment ≤ 1.28 GPF Toilets
26,112 0 0 $12,240 $18,360 $30,600 $0

Use PAYS spreadsheet, 1.6 to 1.06 GPF = 256 gal/apt ($300 avg cost for Stealth 0.84 gpf, PAYS negotiated down to $250). EBMUD does not provide incentives for incentives for 1.6 GPF existing. EBALDC states all current toilets are
1.6 GPF. 

Building Plumbing Leak Repair
29,937 88 0 $2,944 $4,416 $7,360 $0

Estimated cost at $50 per apartment for survey, and $300 per apt to repair (10% of apartments have leaks at 1 drip per second). Assuming 3254 gallon per year for leak, and 25% of that leak is hot water = 6.4/year. Assume 10% 
of apts have leaks. Assumes 1 drip per second leaks. Calcs from AWWA

Lawn Conversion to drought tolerant Landscaping 
with efficient irrigation system 82,560 0 0 $23,032 $34,549 $57,581 $20,000

43 planters, assume 64 sq ft each. Current irrigation has no controls and is standard spray irrigation. Baseline consumption of 50 gal/SF per Kelly. Drip irrigation saves 60% per their spreadsheet. Cost was $57,581 from GC 
(irrigation and drought tolerent). EBMUD provides incentives of up to $20,000.

High Efficiency Condensing Central Water Heater 
Upgrade 0 4,716 0 $40,000 $60,000 $100,000 $62,100

Existing is standard efficiency 80% Small Commercial tank type boilers, and proposed replaced is condensing water heaters with 90% thermal efficiency or greater. Used Deemed savings values from the California Public Utilities 
Commission. Cost is based on General Contractor Pricing. Incentive assumes that the project will be eligible for BAMBE. 

Demand Controls on Central Water Heating 
Recirculation System 0 2,208 2,576 $4,800 $7,200 $12,000 $6,900

Current recirculation pumps operate continulatly, and replacement is a demand controlled recircualtion pump. Energy savings are based ont eh California Public Utilities Commision deemed savings.  Assumes $3000/control. 
Incentive assumes that the project will be eligible for BAMBE. 

TOTAL 194,607 11,704 2,576 $84,240 $126,361 $210,601 $89,204
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Allison Chan

From: Jasleen Kaur <jkaur@ebaldc.org>
Sent: Tuesday, November 18, 2014 4:08 PM
To: Nick Dirr
Subject: Plumbing video scoping of 8 units - 101, 102, 103, 104, 105, 106, 201, 225

Nick,  
 
Below is a message sent by our GC, who conducted a video scoping of 8 
units early in their preparation of the scope.  She refers to the items saved in 
the Box, so I will attempt to send those over to you.  I also have the flash 
drive as she refers to, here, which we will save until later.   
 
The costs as earmarked by the GC are:   
 
 PLUMBING:  Video scoping   $3,387 
 Clean out sewer piping    $ 3,226 
 Plumbing repairs and Maintenance    $13,226 
 Replace 100 gallon existing boilers with high efficiency type.    $96,781 
 Replace hot water recirculation pumps with demand control type   $ 

10,323 
 Reprogram Planters and Landscaping :  recondition planters-remove 

soil, waterproof, import soil and install irrigation for 
landscaping  $280,887 

 Provide new drip irrigation and drought resistant plants at all 
landscaped areas  - $ 57,581 

 Interior plumbing.  Add aerators to faucets-Kitchen--$ 25,968 
 Add aerator to faucets-Bathroom--$ 32,081 
 New low flow aerators at showers--$18,548 
 New 1.28 gpf toilets 
 Tubs & surrounds cleaning & recaulking --$ 51,935. Total interior 

plumbing --$247,806.   
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Hello Team, 
You should have received a notification from Box today, which would allow 
you to review the (rather large) files I have uploaded with the outcome of our 
plumbing research.  I put a few sample videos (smallest of 15 total clips) on 
Box for you to view to get an idea of what the piping is like internally.  I also 
included the photos that were taken, the written synopsis, the As-Built 
drawings showing the units and areas surveyed (with my hand written notes 
on them) and a Preventative Maintenance pricing sheet from Therma (the 
plumber who did the review/videos).  It was over 398 MB to upload all the 
videos so I'd like to give you the memory stick Therma provided me which 
contains all of the videos rather than upload them all to Box.   
 
Essentially we did not find any issues with the main lines and only about 1/2 
the units we investigated had concentrated build up.  In the photo's you'll 
note two that are specifically titled.  Those are photos of obstructions we 
found in the pipes.  We are unable to identify exactly what the items are, but 
wanted you to note their existence.  Although we did not snake or video the 
individual lines in 101 - 106 we reviewed the main lines that each of them 
dumps into and they were clear with little or no build up.  As a result, the 
general feeling is that more preventative maintenance is needed.  As the 
building ages we suggest you perform preventative maintenance more 
frequently to keep the clogging and back ups at bay.  I would be happy to 
discuss this in more detail at our next meeting.  Do not hesitate to give me a 
call with any questions or comments. 
 
I am still awaiting the elevator consultants write up and will forward that to 
you as soon as it is received. 
Best Regards,  
 
 

This email has been scanned for email related threats and delivered safely by Mimecast. 
For more information please visit http://www.mimecast.com  

Total Control Panel Login 

 

To: ndirr@aea.us.org Remove this sender from my allow list
 



From To Account Gallons Cost Account Gallons Cost
4/16/2014 6/13/2014 478.76 5362530001 1116764 11495
2/13/2014 4/16/2014 3929940001 0 478.76 5362530001 1230460 12628
12/15/2013 2/13/2014 0 478.76 5362530001 1098812 11187
10/14/2013 12/15/2013 485.48 5362530001 1165384 11466
8/14/2014 10/14/2014 486.666 1163439.2 11943.6 average
6/13/2014 8/13/2014 0 511.57 5362530001 1205776 12942

Avg Cost per Gal
TOTAL 6,980,635 71,662 0.010266



Eden Lodge, Senior Housing, 143 apts, 400 Springlake Dr. San Leandro 94578

EDEN Baseline Whole Building Water Consumption 3,155,041 gal/yr

Measure
Site Gallons/ Yr 
Water Savings

Site Therms/ Yr 
Savings

Site kWh/ Yr 
Savings

Estimated 
Material 
Cost

Estimated 
Labor Cost

Estimated 
Total Cost 
(before 

incentives)

Estimated 
Incentive

Apartment Low Flow Showerheads and Faucet 
Aerators

67,203 4,011 0 $1,562 $2,343 $3,905 $1,064

Apartment ≤ 1.28 GPF Toilets
36,608 0 0 $17,160 $25,740 $42,900 $0

Building Plumbing Leak Repair
46,532 137 0 $4,576 $6,864 $11,440 $0

Lawn Conversion to drought tolerant landscaping 
with efficient irrigation system 952,500 0 0 $64,598 $96,896 $161,494 $13,550
 Demand Controls on Central Water Heating 
Recirculation System 0 3,432 4,004 $3,600 $5,400 $9,000

TOTAL 1,102,843 7,580 4,004 $91,496 $137,243 $228,739 $14,614

$214,125 Grant Amt



Methodology

Based on accounting records of EBMUD invoices. As only billed dollar amount was available, so assume $0.010 per gal to quantify the gallons of consumption.  (which was the rate for Hismen). 

Use PAYS spreadsheet, 2.5 to 1.5 showerhead = 475 gal/apt, 43 therms/apt. Bath Aerator = 74 gal/apt, 3 therms/apt, Kitchen Aerator = 165 gal/apt, 5 therms/apt. Assumed costs are $25/showerhead installed, $10/kitchen 
installed, $5/bathroom installed. based on bulk purchase estimates and previous experience).   Uses actual fixture survey from Eden of existing flow rates, which is existing aerators are 2.2 gpm and 65 showerheads are 2.5 gpm. 
Assumes new aerators are less than or equal to 1.5 gpm and showerheads are 1.5 gpm.  Assumes EBMUD will provide free aerators, and assume aerators is 40% of the cost. Cannot use EBMUD showerhead incentive, as they only 
provide 2.0 GPM
Use PAYS spreadsheet, 1.6 to 1.06 GPF = 256 gal/apt ($300 avg cost for Stealth 0.84 gpf, PAYS negotiated down to $250). EBMUD does not provide incentives for incentives for 1.6 GPF existing. Uses actual fixture survey from 

Eden of existing flow rates
Estimated cost at $50 per apartment for survey, and $300 per apt to repair (10% of apartments have leaks at 1 drip per second). Assuming 3254 gallon per year for leak, and 25% of that leak is hot water = 6.4/year. Assume 10% 
of apts have leaks. Assumes 1 drip per second leaks. Calcs from AWWA
50k sq ft of landscaping being irrigated per Eden, 2100 sq ft of sod. Following calcs from Kelly: Baseline consumption of 50 gal/SF (derated to 30 gal to be conservative). Current irrigation has no controls and is standard spray 
irrigation. Drip irrigation saves 60% per their spreadsheet. Cost is 3.14/sf.  Sod conversion saves 25 gal/q ft sft. Cost is 2.14/sf. EBMUD provides incentives of up to $20,000.

Current recirculation pumps operate continulatly, and replacement is a demand controlled recircualtion pump. Energy savings are based ont eh California Public Utilities Commision deemed savings.  Assumes $3000/control



Project 2 Eden Lodge Existing Fixture Survey and Replacement Costs 2014

Unit Number
Kitchen Faucet 
Flow in GPM.

Toilet flow in 
GPF.

Bathroom 

Faucet Flow in 
GPM.

Regular 
Shower Head 
Flow In GPM.

Handheald 
Shower Head 
Flow In GPM.

Second 
Bathroom 

Faucet Flow In 
GPM.

Second Toilet 
Flow In GPF.

Third Bathroom 

Faucet Flow In 
GPM.

100 2.2 1.5 2.2 1.5
101 2.2 1.5 2.2 1.5
102 2.2 1.5 2.2 1.5
103 2.2 1.5 2.2 1.5
104 2.2 1.5 2.2 2.5
105 2.2 1.5 2.2 1.5
106 2.2 1.5 2.2 2.5
107 2.2 1.5 2.2 1.5
108 2.2 1.5 2.2 2.5
109 2.2 1.5 2.2 1.5
110 2.2 1.5 2.2 1.5
111 2.2 1.5 2.2 2.5
112 2.2 1.5 2.2 1.5
113 2.2 1.5 2.2 2.5
114 2.2 1.5 2.2 1.5
115 2.2 1.5 2.2 1.5
116 2.2 1.5 2.2 1.5
117 2.2 1.5 2.2 1.5
118 2.2 1.5 2.2 2.5
119 2.2 1.5 2.2 1.5
120 2.2 1.5 2.2 2.5
121 2.2 1.5 2.2 1.5
122 2.2 1.5 2.2 1.5
123 2.2 1.5 2.2 1.5
124 2.2 1.5 2.2 2.5
125 2.2 1.5 2.2 1.5
126 2.2 1.5 2.2 1.5
127 2.2 1.5 2.2 2.5
128 2.2 1.5 2.2 1.5
129 2.2 1.5 2.2 1.5
130 2.2 1.5 2.2 2.5
131 2.2 1.5 2.2 1.5
132 2.2 1.5 2.2 1.5
133 2.2 1.5 2.2 1.5
134 2.2 1.5 2.2 1.5
135 2.2 1.5 2.2 2.5
136 2.2 1.5 2.2 1.5
137 2.2 1.5 2.2 1.5
138 2.2 1.5 2.2 1.5
139 2.2 1.5 2.2 2.5
140 2.2 1.5 2.2 1.5
141 2.2 1.5 2.2 1.5
142 2.2 1.5 2.2 1.5
143 2.2 1.5 2.2 1.5
144 2.2 1.5 2.2 1.5
145 2.2 1.5 2.2 1.5
146 2.2 1.5 2.2 1.5
200 2.2 1.5 2.2 1.5
201 2.2 1.5 2.2 2.5
202 2.2 1.5 2.2 2.5
203 2.2 1.5 2.2 1.5
204 2.2 1.5 2.2 2.5
205 2.2 1.5 2.2 1.5
206 2.2 1.5 2.2 1.5
207 2.2 1.5 2.2 1.5
208 2.2 1.5 2.2 1.5
209 2.2 1.5 2.2 2.5
300 2.2 1.5 2.2 1.5
301 2.2 1.5 2.2 1.5
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Project 2 Eden Lodge Existing Fixture Survey and Replacement Costs 2014

Unit Number
Kitchen Faucet 
Flow in GPM.

Toilet flow in 
GPF.

Bathroom 

Faucet Flow in 
GPM.

Regular 
Shower Head 
Flow In GPM.

Handheald 
Shower Head 
Flow In GPM.

Second 
Bathroom 

Faucet Flow In 
GPM.

Second Toilet 
Flow In GPF.

Third Bathroom 

Faucet Flow In 
GPM.

302 2.2 1.5 2.2 1.5
303 2.2 1.5 2.2 1.5
304 2.2 1.5 2.2 1.5
305 2.2 1.5 2.2 1.5
306 2.2 1.5 2.2 1.5
307 2.2 1.5 2.2 1.5
208 2.2 1.5 2.2 1.5
209 2.2 1.5 2.2 1.5
210 2.2 1.5 2.2 1.5
211 2.2 1.5 2.2 2.5
212 2.2 1.5 2.2 1.5
213 2.2 1.5 2.2 2.5
214 2.2 1.5 2.2 1.5
215 2.2 1.5 2.2 1.5
216 2.2 1.5 2.2 1.5
217 2.2 1.5 2.2 2.5
218 2.2 1.5 2.2 1.5
219 2.2 1.5 2.2 1.5
220 2.2 1.5 2.2 2.5
221 2.2 1.5 2.2 1.5
222 2.2 1.5 2.2 1.5
223 2.2 1.5 2.2 1.5
224 2.2 1.5 2.2 1.5
225 2.2 1.5 2.2 1.5
226 2.2 1.5 2.2 1.5
227 2.2 1.5 2.2 1.5
228 2.2 1.5 2.2 1.5
229 2.2 1.5 2.2 1.5
230 2.2 1.5 2.2 1.5
231 2.2 1.5 2.2 1.5
232 2.2 1.5 2.2 1.5
233 2.2 1.5 2.2 1.5
234 2.2 1.5 2.2 1.5
235 2.2 1.5 2.2 1.5
236 2.2 1.5 2.2 1.5
237 2.2 1.5 2.2 1.5
238 2.2 1.5 2.2 1.5
239 2.2 1.5 2.2 1.5
240 2.2 1.5 2.2 1.5
241 2.2 1.5 2.2 1.5
242 2.2 1.5 2.2 1.5
243 2.2 1.5 2.2 1.5
244 2.2 1.5 2.2 1.5
245 2.2 1.5 2.2 1.5
246 2.2 1.5 2.2 1.5
247 2.2 1.5 2.2 1.5
248 2.2 1.5 2.2 1.5
249 2.2 1.5 2.2 1.5
250 2.2 1.5 2.2 1.5
251 2.2 1.5 2.2 1.5
252 2.2 1.5 2.2 2.5
253 2.2 1.5 2.2 2.5
254 2.2 1.5 2.2 1.5
300 2.2 1.5 2.2 1.5
301 2.2 1.5 2.2 2.5
302 2.2 1.5 2.2 2.5
303 2.2 1.5 2.2 1.5
304 2.2 1.5 2.2 2.5
305 2.2 1.5 2.2 1.5

Page 2 of 3



Project 2 Eden Lodge Existing Fixture Survey and Replacement Costs 2014

Unit Number
Kitchen Faucet 
Flow in GPM.

Toilet flow in 
GPF.

Bathroom 

Faucet Flow in 
GPM.

Regular 
Shower Head 
Flow In GPM.

Handheald 
Shower Head 
Flow In GPM.

Second 
Bathroom 

Faucet Flow In 
GPM.

Second Toilet 
Flow In GPF.

Third Bathroom 

Faucet Flow In 
GPM.

306 2.2 1.5 2.2 ?
307 2.2 1.5 2.2 1.5
308 2.2 1.5 2.2 1.5
309 2.2 1.5 2.2 1.5
310 2.2 1.5 2.2 1.5
311 2.2 1.5 2.2 1.5
312 2.2 1.5 2.2 1.5
313 2.2 1.5 2.2 1.5
314 2.2 1.5 2.2 1.5
315 2.2 1.5 2.2 1.5
316 2.2 1.5 2.2 1.5
317 2.2 1.5 2.2 1.5
318 2.2 1.5 2.2 ?
319 2.2 1.5 2.2 ?
320 2.2 1.5 2.2 1.5
321 2.2 1.5 2.2 ?
322 2.2 1.5 2.2 ?
323 2.2 1.5 2.2 ?
324 2.2 1.5 2.2 ?
326 2.2 1.5 2.2 1.5
327 2.2 1.5 2.2 1.5
328 2.2 1.5 2.2 2.5
329 2.2 1.5 2.2 1.5
330 2.2 1.5 2.2 2.5
331 2.2 1.5 2.2 1.5
332 2.2 1.5 2.2 1.5
333 2.2 1.5 2.2 ?
334 2.2 1.5 2.2 1.5
335 2.2 1.5 2.2 2.5
336 2.2 1.5 2.2 ?
337 2.2 1.5 2.2 1.5
338 2.2 1.5 2.2 1.5
339 2.2 1.5 2.2 ?
340 2.2 1.5 2.2 1.5

Total: 152 0 152 0 28 0 0 0
Cost To Replace

104.88$             ‐$                    104.88$           ‐$                  1,142.12$      ‐$                  ‐$                   ‐$                   

Toilet
Handheld 
Showerhead

Regular 
Showerhead

Faucet Areator

Part Number
HDS# 189814 HDS# 402576 HDS# 402545 HDS# 412002

Price 349.99$              40.79$                32.89$            0.69$              
Total 
Replacement 
Cost ‐$                    1,142.12$          ‐$                 209.76$           1,351.88$     

Eden Approved Part numbers and prices as of 2‐11‐14
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Supporting Documentation for Project #2 

Eden Housing Multifamily Upgrades 
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Disclaimer 
All opinions, conclusions and recommendations in this report are those of the principal 
investigator and research team, and do not necessarily reflect the opinions of any of the sponsors, 
state officials, participating agencies, reviewers or other persons who may have assisted or 
participated in this study.  The authors apologize and take full responsibility for all mathematical 
errors, misspellings and grammatical blunders within these pages.  Readers are encouraged to 
point out any of the above to the author by email to bill@aquacraft.com for corrections in later 
editions of this study or publication of errata.  

Author’s Preface 
This report deals with a simple subject: how water is used in single-family homes in California.  
Nonetheless, the topic has important consequences for the future of the State of California.  The 
official goal of the State is to reduce per capita water use by 20% by 2020.  This report provides 
useful information and insights as to the technical potential to achieve these goals within the 
single-family residential water use sector.  
 
The overall period covered by our investigation ranges from 2005 to 2010, and the bulk of the 
water use data were collected from 2005 through 2008.  This study is a bottom-up approach to 
the subject.  Rather than trying to infer customers’ water use patterns from gross production data 
and various other sources such as surveys and census information conducted on whole 
populations of customers, we have collected highly detailed information at the water meter on 
random samples of customers chosen from billing databases, with the goal of projecting patterns 
in the populations from these samples.   
 
We believe that the results of the study shed light both on how California single-family 
customers are currently using water, how their water use patterns have changed over the ten year 
period since the Residential End Uses of Water Study, and how future water use patterns might 
be modified in order to increase the efficiency of use and modify demands to moderate the need 
for raw water withdrawals form increasingly over-extended supplies.  We hope that readers of 
this report find it of use, and that over time it assists in the common efforts to better manage our 
natural resources. 
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Glossary and Conversion Factors 
The following table provides the definitions of terms as they are used in this report.  These 
definitions may vary from common usage based on specific terminology for the study. 
 

A  

actual irrigation 
application 

The volume of water estimated as outdoor or irrigation use. 
Calculated as total annual billed consumption minus best estimate 
of indoor use (kgal). 

AF Acre-foot - a volume of water that would cover one acre to a depth 
of one foot, or 325,850 gallons of water. See conversion table 
below. 

AFY A unit of volumetric rate: acre-feet per year. 

ANOVA, Analysis 
of variance 

A mathematical process for separating the variability of a group of 
observations into assignable causes and setting up various 
significance tests.i 

application ratio The ratio of the actual irrigation application to the theoretical 
irrigation requirement... Application ratios are key parameters in 
assessing irrigation use because they indicate at a glance whether a 
given site is over or under-irrigating. 

AWC, average 
winter consumption 

Average winter consumption is an estimate of indoor water use. It 
can be calculated from average winter water usage in the months of 
December, January, and February where it is assumed that all usage 
during that period of time is indoors. 

AWWA, American 
Water Works 
Association  

AWWA provides knowledge, information and advocacy on water 
resource development, water and wastewater treatment technology, 
water storage and distribution, and utility management and 
operations. AWWA is an international nonprofit and educational 
society and the largest and oldest organization of water 
professionals in the world. Members represent the full spectrum of 
the water community: treatment plant operators and managers, 
scientists, environmentalists, manufacturers, academicians, 
regulators, and others who hold genuine interest in water supply and 
public health. 
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AWWARF, 
American Water 
Works Research 
Foundation  

Changed to Water Research Foundation in 2008. The Water 
Research Foundation is a member-supported, international, 
nonprofit organization that sponsors research to enable water 
utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers.  

B  

BMP, Best 
Management 
Practices. 

A set of water conservation practices identified, supported and in 
some cases required by the California Urban Water Conservation 
Council. 

C  

CALFED Members of the California Water Policy Council and the California 
Federal Ecosystem Directorate (CALFED) signed the Framework 
Agreement in 1994.  By signing this agreement, participants were 
committed to processes for: setting water quality standards for the 
Bay-Delta estuary, developing long-term solutions for the Bay-
Delta, and coordinating CVP and SWP operations with endangered 
species, water quality, and CVPIA requirements.  CALFED Ops 
group is charged with coordinating the operation of the water 
projects with these requirements.   

CCF A measure of volume: one hundred cubic feet or 748 gallons.  Also 
HCF. See conversion table below. 

ccf/yr An annual measure of volume: one hundred cubic feet, or 748 
gallons, per year. 

CII Commercial, institutional and industrial customers. 

CIMIS,   
California Irrigation 
Management 
Information System  

A network of 120 weather stations found throughout California. 
Managed by DWR. 

confidence interval For a given statistic calculated for a sample of observations (e.g. the 
mean), the confidence interval is a range of values around that 
statistic that are believed to contain, with a certain probability (e.g. 
95%) the true value of that statistic (i.e. the population value). This 
report typically uses a confidence interval of 95%.   
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Coverage 
Requirements 

Requirements detailing level of implementation of CUWCC BMPs. 
Coverage requirements may be expressed either in terms of activity 
levels by water suppliers or as water savings achieved. 

Current The word “current” refers to the study period for this project, which 
was around 2007. All references to “current” demands or “current” 
data refer to the study period not the date of reading. 

CUWCC, 
California Urban 
Water Conservation 
Council   

The California Urban Water Conservation Council was created to 
increase efficient water use statewide through partnerships among 
urban water agencies, public interest organizations, and private 
entities.  The Council’s goal is to integrate urban water conservation 
Best Management Practices into the planning and management of 
California’s water resources. 

D  

data logging Collection of flow data from a water meter by use of a portable 
electronic device that records the number of magnetic pulses 
generated by the meter on a ten second interval. 

DWR,  Department 
of Water Resources 

State of California’s agency charged with managing water resources 
and use.  

E  

EBMUD, East Bay 
Municipal Utility 
District 

EBMUD provides drinking water for 1.3 million customers in 
Alameda and Contra Costa counties. The District’s wastewater 
treatment protects San Francisco Bay and services 640,000 
customers. 

EnergyStar ENERGY STAR is a joint program of the U.S. Environmental 
Protection Agency and the U.S. Department of Energy. The goals of 
the program are saving money and protecting the environment 
through energy-efficient products and practices. 

EPAct, The Energy 
Policy Act of 1992 

An Act of Congress passed in 1992 with the goal of improving 
energy efficiency. It also included changes mandating 1.6 gpf 
toilets. 
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EPA, 
Environmental 
Protection Agency  

EPA leads the nation’s environmental science, research, education 
and assessment efforts. The mission of the Environmental 
Protection Agency is to protect human health and the environment. 
Since 1970, EPA has been working for a cleaner, healthier 
environment for the American people. 

EPA Retrofit homes A group of 96 homes selected from existing single-family homes in 
Seattle, East Bay MUD and Tampa. Each home was data-logged 
and surveyed for baseline use, and then retrofit with high-efficiency 
fixtures and appliance.  Post-retrofit data were collected so that the 
impacts of the retrofits could be determined.  These homes are used 
as benchmarks for high efficincy homes. 

ET, 
Evapo-transpiration 

Evapotranspiration (ET), as used in this study, is a measurement of 
the water requirement of plants. According to CIMIS, 
Evapotranspiration (ET) is the loss of water to the atmosphere by 
the combined processes of evaporation (from soil and plant 
surfaces) and transpiration (from plant tissues). It is an indicator of 
how much water your crops, lawn, garden, and trees need for 
healthy growth and productivity. See reference ET and net ET. 

excess use 
 

When the application ratio is greater than 1 there is excess irrigation 
occurring.  Excess irrigation as used in this report is the difference 
between the actual volume of water applied to the landscape and the 
theoretical irrigation requirement, with all values less than one set to 
zero.   This represents the sum of all excess use without netting out 
the deficit use. 

Exlanatory variable A variable used as part of a regression analysis as a parameter to 
attempt to predict or model another variable.  One or more 
explanatory variabled are commonly used in attempted to predict 
the value of a single dependent or objective variable.  For example 
household water use was an important dedendent variable in this 
study, which was related to changes in several explanatory variables 
such as persons per home, size of home, cost of water, presence of 
high efficniency fixtures and appliances. 

F  

flapper leak In trace analysis, a periodic leak, often with a flow rate similar to a 
toilet’s flow rate at a given site.  

flow trace data 
analysis 

Process of disaggregating end uses of water for a given meter.  
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FPD Flushes per day 

FS field study 

G  

gal. Gallon, a measure of volume. See conversion table below. 

GIS analysis Geographic Information System. GIS is a system of capturing, 
storing, analyzing and presenting geographic data.  

gpd gallons per day. 

gpcd gallons per capita per day 

gpf gallons per flush. 

gph gallons per hour. 

gphd gallons per household per day 

gpm gallons per minute. 

gpsf gallons per square foot. 

gtd gallons per toilet per day. 

H  

HCF, hundred cubic 
feet 

A measure of volume: one hundred cubic feet or 748 gallons. Also 
CCF. See conversion table. 

HET, High 
Efficiency Toilet 

The term refers to toilets designed to flush at 1.28 gpf or less. 

High volume, High 
water use toilet 

Toilets designed to flush at volumes greater than 1.6 gpf.  Pre-1992 
toilets. 
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I  

irrigated area Portion of a lot’s area that is irrigated. Does not include house 
footprint, hardscape, etc. Irrigated area is a critical parameter for 
irrigation analysis.  There was a very strong correlation between 
irrigated area and total lot size demonstrated by the data. 

IRWD, Irvine 
Ranch Water 
District 

Irvine Ranch Water District (IRWD) encompasses approximately 
179 square miles and serves the city of Irvine and portions of Costa 
Mesa, Lake Forest, Newport Beach, Tustin, Santa Ana, Orange and 
unincorporated Orange County. It is an independent public agency 
governed by a publicly elected board of directors.  Core Services 
include water treatment and delivery, sewer collection and 
treatment, water recycling and urban runoff treatment. 

K  

Kc (crop co-
efficient) 

The relative amount of water cool-season turf needs at various times 
of the year. 

keycode The unique code used to identify each study home. The first two 
digits of the code identified the agency in which the residence was 
located.  The last three digits identified the specific home.   

kgal Unit of volume equal to 1,000 gallons. See conversion table below.  

L  

l, liter A measure of volume, equal to 0.264 gallons. 

LA, landscape area Portion of a lot area that includes vegetation, ground cover or water 
surface.  May include vegetated areas that are not irrigated.  Does 
not include house footprint, hardscape, etc.  

LADWP. Los 
Angeles 
Department of 
Water and Power 

Public agency that supplies electricity and water to the City of Los 
Angeles.  Water sources include recycled, imported (MWD) and 
ground water. 

landscape aerial 
analyses 
 

Utilizing aerial imagery and GIS analysis to identify landscaping 
features such as likely plant types and corresponding area. 
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landscape 
coefficient 

The weighted average of crop coefficient for landscape (Kc). 
Represents the aggregate landscape for a given site. Lower values 
imply more xeric landscape, while higher values higher water-using 
landscape. 
 

landscape ratio 
(LRatio) 

This is the ratio of the theoretical irrigation requirement to the 
reference requirement based on ETo 

“leaks” Whenever the term “leak” is enclosed in quotes this is intended to 
remind the reader that these events may include uses that are not 
actually leaks, but which give the appearance of leaks based on the 
flow rates, durations and timing patterns. 

Leaks and 
continuous events 

Events that are identified as leaks during flow trace analysis.  These 
fall into two categories: small and random events that do not appear 
to be faucet use due to there small volume, timing and often 
repetitious nature, and long continuous events that appear to be due 
to broken valves or leaking toilets.  Note that some continuous uses 
may be due to devices like reverse osmosis systems that are being 
operated on a continuous basis. 

LF, Low flow Describes toilets, faucets and showerheads that meet the 1992 
EPAct requirements 

logging Practice of installing data loggers on customer water meters. Same 
as data logging. 

lot size  Lot size is a measure of the total area attributed to a given study 
site. Often found from parcel data.  

lpf,  liters per flush 

LVMWD,  
Las Virgenes 
Municipal Water 
District 

Las Virgenes Municipal Water District provides potable water and 
wastewater treatment to more than 65,000 residents in the cities of 
Agoura Hills, Calabasas, Hidden Hills, Westlake Village, and 
unincorporated areas of western Los Angeles County. 

M  

mean A hypothetical estimate of the typical value. For a set of n numbers, 
add the numbers in the set and divide the sum by n. 
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median The middle number in an ordered set of observations. Less 
influenced by outliers than the mean. 

MG Unit of volume equal to 1,000,000 gallons. See conversion table 
below. 

mgd millions of gallons per day. 

MGY A unit of volume: million gallons per year. 

MOU Memorandum of Understanding. Especially with respect to the 
memorandum of understanding that led to the formation of the 
California Urban Water Conservation Council. 

N  

n number of observations or sample members. 

net ET 
 

Equal to Reference ET less effective precipitation. Net ET is a key 
parameter in analysis and prediction of water use.  

NOAA,  National 
Oceanic and 
Atmospheric 
Administration 

An agency within the Department of Commerce. Focus is on oceans 
and atmosphere, including weather. Maintains weather stations 
throughout the United States.  

R  

R2 , coefficient of 
determination 

The proportion of variance in one variable explained by a second 
variable. It is the square of the correlation coefficient, which is a 
measure of the strength of association or relationship between two 
variables. 

reference evapo-
transpiration (ETo) 

ETo measures the moisture lost from a reference crop (normally 
cool season grass for urban purposes (inches)) and the soil due to 
temperature, solar radiation, wind speed, and relative humidity. 
Precipitation is not included in the measurement of ETo although it 
does affect several of the parameters in the ET equation such as 
solar radiation and relative humidity.   

Reference 
requirement 

The volume of irrigation water required for a landscape planted 
exclusively with cool season turf and a 100% efficient irrigation  
system. 
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regression A method for fitting a curve (not necessarily a straight line) through 
a set of points using some goodness-of-fit criterion. 

REUWS homes,  
Residential End 
Uses of Water 
Study homes 

This refers to the sample of approximately 1200 single-family 
homes chosen randomly from the service areas of 12 water 
providers in 1997.  These are considered representative of existing 
single-family homes from the 1996 time period, prior to widespread  
implementation of the 1992 Energy Policy Act requirements. 

S  

sf A measure of area, square feet. 

single-family home For purposes of this study, a single-family home refers to a single 
meter feeding single dwelling unit. Generally detached, but may be 
attached as in the case of duplexes, triplexes etc, but each unit must 
be individually metered. Apartements are not included. 

standard deviation An estimate of the average variability (spread) of a set of data 
measured in the same units of measurement as the original data. It is 
the square root of the sum of squares divided by the number of 
values on which the sum of squares is based minus 1. ii 

standard error This is the standard deviation of the sampling distribution of a 
statistic. For a given statistic (e.g. the mean) it tells how much 
variability there is in this statistic across samples from the same 
population. Large values, therefore, indicate that a statistic from a 
given sample may not be an accurate reflection of the population 
from which the sample came.  

T  

Theoretical 
Irrigation 
Requirement (TIR) 

The volume of water (kgal) needed to meet the calculate 
requirements of the landscape for a given lot. It is a function of 
irrigated area, net Eto, landscape ratio, irrigation efficiency. 
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U  

ULF toilets Ultra-Low-Flow/ultra-low-flush toilets, which 1992 represented the 
best efficiency toilets available.  When used in this report the term 
ULF refers to toilets designed for flushing at 1.6 gpf. Currently, 
ULF toilets are the standard, and HET, or High Efficiency Toilets 
are the best available devices. The term is clearly out of date, but 
since it is so widely used and understood to represent 1.6 gpf toilets 
we continue to use it.  

W  

water factor For clothes washers, this is the ratio of the total average gallons per 
load to the capacity of the machine in cubic feet. The lower the 
number the more efficient the machine. 

Water Research 
Foundation 

The American Water Works Association research arm. The Water 
Research Foundation is a member-supported, international, 
nonprofit organization that sponsors research to enable water 
utilities, public health agencies, and other professionals to provide 
safe and affordable drinking water to consumers. 

WaterSense An EPA Partnership Program created to aid water conservation 
through labeling of water efficient products, services and buildings. 

 
 

Table of Unit Conversion multipliers 

 GAL CF CCF KGAL AF MG 
GAL 1 0.1337 1.337 x 10-3 1.0 x 10-3 3.069 x 10-6 1.0 x 10-6 
CF 7.48 1 0.01 7.48 x 10-3 2.296 x 10-5 7.48 x 10-6 
CCF 748 100 1 0.748 2.296 x 10-3 7.48 x 10-4 
KGAL 1000 133.7 1.337 1 3.069 x 10-3 1.00 x 10-3 
AF 325,851 43,560 435.6 325.852 1 0.326 
MG 1,000,000 13,370 133.7 1000 3.069 1 

 
Note: multiply number of units in column 1 by the number in the body of the table to 

convert to units shown in row 1, for example: 10 MG x 3.069 = 30.69 AF. 
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CHAPTER 1 – EXECUTIVE SUMMARY 
 
The California Single Family Home Water Use Efficiency Study includes data from many 
traditional sources such as billing data, survey data, weather data and aerial photo information to 
analyze the water use patterns of a sample of over 700 single-family homes across ten water 
agencies throughout the State of California.  Detailed flow trace data was obtained from portable 
data loggers which were attached to the water meters of each of the study homes.  These flow 
traces provided flow readings at ten second intervals from the magnetic pickup, which generate 
80-100 pulses per gallon.  These highly detailed flow data make it possible to identify individual 
water use events and to categorize them by their end-use.  The flow trace data tell not just how 
many gallons per day the home used, but how many gallons per day were used for individual end 
uses such as toilet flushing, clothes washing, dishwashers, showers, irrigation, faucets and leaks.  
Detailed use information can be pulled from the trace, giving for example, a count of toilet 
flushes and toilet flush volumes during a logging period. Researchers used flow trace data to 
determine levels of daily use in the homes and the efficiency of that use. Although the flow trace 
technique contains marginal error, such as from the mis-categorization of some events, it 
provides information on end uses-that is not available from any other source. This report 
summarizes the results of the study which began in 2005 and was completed in 2010.  Water use 
patterns found during the 2007 logging period were analyzed to show how much potential 
remains for conservation savings from both indoor and outdoor efforts.  
 
The executive summary covers the eight key goals as outlined in the 2004 proposal.  This 
provides readers with a review of the most salient information that covers each of the key project 
goals.  Readers wishing to obtain background information and to learn more about the research 
methods are referred to Chapters 2, 3 and 5. 

Goal 1: To provide information on current water use efficiency by 
Single Family customers 
 
Assessing the efficiency of water use in single-family homes implies having a standard upon 
which to base the comparison.  The efficiency of the homes can then be described as a numerical 
value based on the chosen standard.  For the single-family homes it is necessary to have two 
standards: one for indoor use and one for outdoor use. 

Determining Efficiency Standards 
The standard used in this study for indoor use was the household water use for a home 
employing best available technology for all fixtures and appliances and with less than 25 gphd of 
leakage.  In effect, the indoor standard was based on the EPA WaterSense specifications for 
indoor devices.  In the report the data from the 2000 study of a group of 100 homes that had been 
retrofit with high efficiency devices, the EPA Post Retrofit Group, was used as the benchmark 
for what we referred to as efficient homes.  For indoor uses it was possible to have a single 
number that represented the number of gallons per day of use expected for efficient homes. 
 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 25 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

While indoor uses are relatively consistent from home to home, outdoor uses are much more 
variable, and it is really not possible to have a single number that tells how many gallons per 
year should be used for outdoor purposes.  What served the purpose for an outdoor standard were 
two values referred to in the study as the “application ratio” and the volume of excess use.  The 
application ratio is equal to the ratio of the actual outdoor water use to the theoretical 
requirement for outdoor use based on the size and type of landscape, the local ET and whether 
there is a swimming pool present.  An application ratio of 1.0 indicates that precisely the correct 
amount of water is being used outdoors at the home.  The volume of excess use is the difference 
between the actual outdoor use and the theoretical requirement (in Kgal).  Using these 
parameters, an efficient home will have an application ratio of 1.0 or less, and will not have any 
excess outdoor use. 
 
There were ten water agenies that participated in this study.  Together they served a total of 1.3 
million single-family customers during the study period.  The weighted average annual water use 
of these homes was 132 Kgal per year or 362 gallons per household per day (gphd).  There were 
a total of 735 homes included in the indoor analysis for this study.  Their weighted average 
indoor water use 134 Kgal/year (367 gphd). Approximately 53% of the annual use appears to be 
for outdoor use and 47% for indoor uses, based on billing data analysis. Figure 1 shows the 
indoor outoor split for the homes in the study group. 
 

Indoor/Outdoor Split 
(Kgal and %)

Indoor, 62.4, 
47%Outdoor, 69.5, 

53%

 

Figure 1: Approximate indoor/outdoor split in logging study group 

 

Indoor Efficiencies 
When the indoor use (plus leakage) was analyzed from the flow trace data it showed that the 
indoor use for the households appears to be declining compared to the data obtained from the 
RUEWS group from 1997, but it is still significantly greater than the benchmark EPA Retrofit 
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Group.  Table 1 shows a comparison of the indoor use of the study group to the two benchmark 
groups.  Figure 1 compares the distribution of indoor use for the three groups.  The current 
California use patterns are much closer to the REUWS benchmark than the EPA Retrofit 
benchmark. 

Table 1: Comparison of average indoor use to benchmarks 

Group Average Indoor Use (gphd) Percent of REUWS  
REUWS (California) 186 ± 10.2 100 % 
California SF Home Study 175 ± 8 94% 
EPA Post Retrofit Group 107 ± 10.3 57% 
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Figure 2:  Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit Homes 

When the indoor uses are disaggregated the results are more revealing.  The disaggregated data, 
shown in Figure 3 show that as one would expect that there have been significant reductions in 
indoor use for toilets and clothes washers in California since 1997.  At the same time, the indoor 
uses attributed to the other categories have stayed the same or increased in a way that has 
masked the savings from the toilets and clothes washers.  This pattern is especially true for 
events classified as leaks.  The analysis showed significantly more long duration or continuous 
flows that get classified as leaks.  These continuous events, which are found in a small number of 
homes, raise the average volume of water attributed to leaks for the study group from around 22 
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gphd to 31 gphd. This finding needs further investigation to determine whether these truly are 
leaks or may be due to devices that actually create a continuous demand for water.  This 
information is important because if the leakage, faucet and shower use were brought down to the 
levels shown in the REUWS study the average indoor use for the group would have been around 
150 gphd, which would have been a significant improvement from the 1997 data. 
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Figure 3: Comparison of household end-uses 

 
The data show a major improvement in the water use efficiency of toilets.  There were a total of 
122,869 flushes recorded during the data logging period.  The aveage flush volume was 2.76 
gallons, and 64% of all flushes were less than 2.75 gallons.  The one negative finding on toilets 
was that apparently many toilets that are designed to meet the ULF standard of 1.6 gpf are 
flushing at significantly larger volumes.  This helps explain why the study found that only 30% 
of the homes were at average flush volumes of 2 gpf or less, while all of the program data, 
confirmed by survey data from this study suggest that over 60% of the toilets in the population 
are ULF or better models.   
 
Figure 4 shows the comparison of the distribution of toilet flush volumes in the California Single 
Family Homes study and the 1997 REUWS study.  This shows a dramatic shift in the bins 
containing the largest percentage of flushes.  In the 1997 sample these were between 3.75 and 
4.25 gpf, but as of 2007 they were between 1.25 and 2.25 gpf.  As more of the toilets on the right 
side of the distribution are replaced with high efficiency models the overall demands for toilet 
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flushing will drop well below the current levels, and the percentage of homes meeting the 2.0 gpf 
efficiency criteria used for this study will increase. 
 

Cal + REUWS 

0%

2%

4%

6%

8%

10%

12%

14%

Gallons per Flush

F
re

qu
en

ci
e

s 

Cal_SF

REUWS

Cal_SF 0% 0% 1% 2% 9% 13% 12% 9% 8% 6% 5% 5% 4% 4% 4% 4% 3% 2% 2% 1% 1% 1% 1% 0% 0% 0% 1% 0%

REUWS 0% 0% 0% 0% 1% 3% 5% 5% 4% 4% 5% 6% 7% 8% 8% 8% 8% 6% 5% 4% 3% 3% 2% 1% 1% 1% 3%

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75 5.00 5.25 5.50 5.75 6.00 6.25 6.50 6.75

 

Figure 4: Comparison of toilet flush histograms of California SF Study to REUWS 

 
The distribution of clothes washer load volumes from the data is shown in Figure 5. As of 2007 
approximately 30% of homes were using 30 gallons per load or less for clothes washing.  At the 
time of the REUWS only around 1% of the clothes washers used less than 30 gallons per load, so 
the current data represents a major advance, but the data also show that there is still significant 
potential for savings in clothes washer use.  
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Figure 5: Distribution of clothes washer volumes. 

 
There was little change in shower use between 1997 and 2007. The average gallons per shower 
was just over 18 gallons (around the same volume that is required to fill up an occupied bath 
tub), and the duration of showers was just under 9 minutes.  Nearly 80% of all showers were 
flowing at 2.5 gpm or less.  Reducing flow rates and durations of showers remain the methods 
available for conservation in showers.  These are the kinds of things that people can do during 
drought times to gain savings from behavioral changes.  
 
The average leakage rate in the study homes was 31 gphd, while the median rate was 12 gphd.  
The wide disparity between these values shows that a small group of homes are leaking at very 
large rates, and this increases the average for the entire study group.  By inspection of Figure 45 
and Figure 46, one can see how the small number of homes in the larger leakage bins contributes 
a disproportionate amount of the total leakage in the group.  Leakage is complicated by the fact 
that some events that Trace Wizard categorizes as leaks may be due to devices such as water 
treatment systems that create a continuous demand for water.  The research team does not 
believe that this occurs very frequently, and that the majority of the long duration events which 
contribute to the bulk of the leak volumes are in fact due to broken valves or leakage from pools 
and irrigation systems.  Leaks from very short duration event, such as drips or occasional toilet 
flapper problems usually amount to 10 gpd or less of household demand.  The leaks which 
contribute very large volumes are those that continue for many hours or days.  These are the 
continuous events that need to be better understood so that they can be dealt with appropriately. 
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The sample group used 33 gpd of water for miscellaneous faucet use.  These uses average less 
than one gallon per use and have average durations of 37 seconds. The average home recorded 
over 57 faucet events per day.   Faucet use represents a category of growing importance as toilets 
and clothes washers become more efficient.  The key to improving the efficiency of faucet use is 
to decrease the flow rates and the duration of the events.  Ideally, one could control faucets 
without touching the handles, and new devices are coming onto the market which can 
accommodate this.  The easier it is for people to turn faucets on and off the less water will go to 
waste during tooth brushing, shaving and dish washing. 

Outdoor Use Efficiencies  
In the study group, only 87% of the homes appeared to be irrigating.  This was based on the fact 
that their lots had no irrigable area, or that their water use showed little or no seasonal use.  Only 
around 54% of the homes which irrigate are doing so to excess.  So, overall, the degree of 
outdoor use efficiency is fairly good.  Figure 6 shows the distribution of application ratios in the 
study homes.  
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Figure 6: Distribution of application ratios in study homes. 

 
If we look all of the irrigating homes and compare their average outdoor use volumes to the 
average theoretical requirement we see that the two values are close to each other.  The average 
annual outdoor use for the group as a whole is 92.7 kgal.  The average theoretical irrigation 
requirement for the group is 89.9 kgal.  So, taken as a whole, there is only 2.8 kgal of excess use 
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per lot occurring in the group.  Another way of looking at this is that the under-irrigation in the 
less-than-TIR group just about balances the over-irrigation in the more-than-TIR group.  If all 
irrigators were brought into compliance with their theoretical requirements, then the data indicate 
that the net result would be little change in overall use.   
 
The fact that the difference between the average outdoor use and the average TIR is small does 
not mean that there is no potential for irrigation savings.  The savings potential is there, but it 
exists mainly on the lots of customers who are over-irrigating.  From the perspective of water 
conservation the customers who are deficit irrigating need to be set aside and attention needs to 
be targeted toward the over-irrigators. 
 
The excess use statistics shown in Table 49, in Chapter 7, shows that the average excess use on 
the lots that are irrigating is approximately 30 kgal per year.  Since only 87% of the lots were 
irrigators, the average excess use for all single-family accounts is estimated at 26.2 kgal per year.  
Approximately 62% of this excess use is occurring on 18% of the irrigating lots or 15% of all 
lots.  This is critical for water management because it shows that in a typical system the majority 
of savings from outdoor use will be found from around 15% of the customers. 
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Figure 7: Distribution of excess irrigation by number of accounts 
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Figure 8: Percent of excess volume attributed to excess use bin 

Goal 2:  To provide a basis for estimating remaining conservation 
potential in single-family homes 
This question is closely related to determination of the levels of efficiencies.  The study used 
models of indoor and outdoor water use developed from the data collected in the study homes to 
predict the impact of making specific changes in indoor and outdoor parameters on household 
water use.  These models allow corrections to be made for the variables in the study and present 
the findings in a normalized manner, and were the chief method for predicting conservation 
potential in the study homes, and by inference in the state.  
 
For indoor use the data and models (see Table 83, Chapter 9) show that average indoor 
household water use could be reduced from the 2007 level of 175 gphd to 120 gphd if the 
following four things could be accomplished: 

 The maximum clothes washer volume was 20 gpl 
 The volume of water used by miscellaneous faucets could be reduced by 10% (from 2007 

levels) 
 Leakage could be reduced to a maximum of 25 gphd 
 The maximum toilet flush volume could be set at 1.25 gpf 
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This amounts to a potential of 55 gphd of indoor savings or 20 kgal per year.  The report did not 
discuss precisely how these goals are to be met, and there is no reason that these changes could 
not be allowed to occur gradually over many years.  The key thing is for building codes and 
regulations to remain in place that require the standards be met in new and remodeled 
construction.  As mentioned elsewhere, the study did not touch on the cost-effectiveness of 
specific programs aimed at accomplishing these goals. 
 
The study showed that the conservation potential remaining in the system from outdoor uses is 
significant, and larger than the potential from indoor uses.  The data from this study showed that 
there are three key parameters for modifying outdoor use: the irrigated area, the water demands 
of plants in the landscape and the percentage of homes in the population that are over-irrigating.  
Table 87, Chapter 9, shows that according to the outdoor use relationships observed in this study 
if the average irrigated areas were decreased by 15%, the landscape ratio decreased by 35%, and 
the percent of over-irrigators reduced from 50% to 20% of the homes it would be possible to 
reduce outdoor use to an average of 40 kgal per household from its 2007 level of 90 kgal.  The 
low-end estimate is that by simply reducing the rate of over-irrigators and leaving all of the other 
parameters as is, the outdoor use could be reduced by 28%, saving approximately 0.6 MAF. 

 
In Chapter 10 three levels of potential conservation savings are identified for the single-family 
sector.  The indoor savings potential are based on the end point chosen for indoor household use.  
In CHAPTER 9, a potential average savings of 20 kgal per home was estimated assuming an 
indoor use benchmark of 120 gphd. The estimate could be rasied to 30 to 40 kgal per household 
assuming that benchmarks of 105 gphd could be achieved and more aggressive indoor 
technologies used.  Consequently, we can conceive of three levels of indoor water conservation 
benchmarks: a low, medium and high level at 20, 30 and 40 kgal per year per home.  Total 
indoor estimates statewide are based on the estimate of 9.5 million single-family households in 
the state.   
 
Outdoor potential conservation savings have been estimated at a low of 0.6, medium of 0.80 and 
high of 1.0 MAF. The savings in all three ranges are deemed techically achievable, but would 
require significant and increasing work over time and innovations in preventing over-irrigation 
and changes to both irrigated areas and plant types.  It is encouraging, however, that the low-end 
savings would more than achive the desired 20% reduction in use.  The practicality of achieving 
savings in the high range is less clear, and is closely related to the value placed on the saved 
water (or costs for agencies to develop new supplies as alternatives).   Table 2 shows the 
summary of the estimated potential conservation savings derived from this study.  It is worth 
repeating that what is achievable is a function of the value being placed on the saved water and 
the costs for program implementation.  As water supplies become more constrained, prices 
typically increase, which may make strategies that are either not or only marginally cost-
effective become cost-effective to implement.   
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Table 2: Summary of projected statewide savings (MAF) 

 Baseline Low Medium  High 
Indoor 2.13 .58 .87 1.16 
Outdoor  2.27 .63 .79 1.02 
Total 4.4 1.21 1.66 2.18 
% of Total  27% 37% 50% 

Goal 3: To provide information on the current market penetration of 
high efficiency fixtures and appliances in single-family homes 
There are two aspects of the penetration rates of efficient fixtures and appliances.  The first, 
which was the primary interest of this study, was to determine what percentage of households 
were operating at levels that are consistent with their being equipped with efficient devices, and 
the second, which was also of interest, was the actual percentage of devices in the market that are 
rated as efficient. 
 
The matter was further complicated by what criteria should be used to classify a fixture as 
meeting efficiency standards.  In the study we looked at the actual performance of the fixtures 
and appliances in the homes as revealed by their water use on the flow traces.  From this 
perspective a toilet, for example, that flushes at more than a specific level would not be classified 
as an efficient device irrespective of the actual model installed. For this study we used a cut-off 
point of 2.0 gpf as the average household flush volume for a home that is totally equipped with 
1.6 gpf (ULF) or better design toilets.  This represented at 25% margin of error for the toilets.   
The parameters used for classification of households are shown in Table 3. 
 

Table 3: Metrics used for efficiency determination 

Device Efficiency Criteria 
Toilets Ave gallons per flush < 2.0 gpf 
Showers Ave shower flow rate < 2.5 gpm 
Clothes washers Ave load uses < 30 gal 
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Figure 9 Percentages of homes meeting efficiency criteria for toilets, showers and clothes 
washers 

The results for clothes washers can be interpreted from the perspective of both households and 
appliances because it is exceedingly rare for a home to have more than one clothes washer. For 
showers and toilets, however, where there is more than one unit per household the situation is 
less clear.  The efficiency criteria used for the study are set close to the target level for the 
devices, and therefore a house would need to have exclusively 1.6 gpf toilets or better, and 2.5 
gpm showerheads for it to satisfy the criteria. For example, a house with one high volume toilet 
and one 1.6 gpf toilet would have an average flush volume of more than 2 gpf. There is a 
considerable amount of discussion of this in Chapter 7 because most agencies believe that they 
have replaced more than 60% of the toilets in their service areas, yet only 30% of the homes are 
meeting the efficient toilet criteria.  The report concludes that these results are consistent with 
each other because of two facts: many homes contain mixtures of high volume and ULF or better 
toilets, and many ULF toilets are flushing at more than 1.6 gallons per flush.  The conclusion on 
toilet penetration was that somewhere between 60% and 70% of the toilets in the single-family 
residences are probably ULF models or better, and at the same time approximately 30% of the 
homes have average flush volumes of 2.0 gpf or less. 

Goal 4: To provide information on the rate of adoption of high 
efficiency fixtures and appliances by California homeowners 
In 1997, when the REUWS study was published, approximately 1% of the homes had 
clotheswasher volumes of 30 gallons per load or less, and 10% of the homes had average toilet 
flushes of 2.0 gpf or less.  As of 2007, both devices are showing approximately a 30% household 
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adoption rate.  The percent of households with showers at 2.5 gpm was 70% in 1997, and is 
approximately 80% in 2007. 
 
Device % of HH in 1997 % of HH in 2007 Change/year 
Showers 70 80 1% 
Clothes washers 1% 30% 3% 
Toilets 10% 30% 2% 
 
The outdoor data from the REUWS study is difficult to compare to that from the California 
Single Family study since it was from a much broader geographical area.  In the REUWS sample 
17% of the homes were applying more than the theoretical irrigation requirement, whereas 54% 
of the homes in this study were.  This is simply an interesting comparison, but does not mean 
that the rate of over-irrigation is going up.  The REUWS areas were based on the estimated 
irrigable areas on the lots rather than the irrigated areas, and they were not based on comparable 
aerial photos.  As such, we can not make any statements about rates of change of irrigation 
application ratios or excess irrigation amounts from the data obtained for this report.  

Goal 5: To provide information in how the BMP’s have impacted water 
use 
It is clear that the BMP’s have been the major driving force behind water conservation efforts in 
the State of California since they were adopted in 1991.  Most of the agencies in this study are 
approaching their implementation in a similar manner.  It was not possible to detect differences 
in penetration rates of toilets or clothes washers among agencies with more or less aggressive 
rebate programs.  For example, one agency had a program where toilets woule be replaced on 
demand for free with just a phone call from the customer.  The percentage of homes meeting the 
toilet criteria in that agency was not significantly different than in the others.  All we are able to 
say from the data in this study is that whatever changes in single-family water use identified in 
this study have been the results of the combined application of the BMP’s.  It was not possible to 
single out individual BMP measures and quantify their impacts separately. 
 
The other fact that the study demonstrated was that water savings obtained in individual 
categories such as toilets and clothes washers, where there has been measurable reductions, do 
not necessarily show up on the bottom line as overall household savings because changes in 
other categories may obscure them.  In our case, if the analysis was limited to just billing data it 
would not have been possible to identify any statistically significant change in the household 
water use of the homes.  It was the analysis of the disaggregated data that showed how individual 
categories of use had changed that showed that there were in fact significant changes occurring. 

Goal 6: To provide baseline demand data for future studies 
This study provides a wealth of data on single-family water use circa 2007 which can be used as 
a baseline for future studies provided those studies collect similar data on end uses.  The study 
showed the annual water use for the single-family customers in the ten participating agencies.  It 
showed the seasonal and non-seasonal water use patterns for each and the broke the indoor uses 
into individual end uses, which were shown on a household basis.  Models of indoor water use 
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were developed that showed which factors affected water use and the relationships between total 
indoor use and indoor use by category, to each of the key variables.  Future studies can compare 
water use as it was reported in this study to water use from their own time period.  A good 
example of this type of comparison is found in  
Figure 71, Chapter 9, which shows the relationships between indoor use and the number of 
residents.  
 
The same situation occurs for outdoor use, where information on lot size, irrigated area, 
landscape coefficienct, application rates and volumes of excess irrigation was tabulated.  Models 
of outdoor use, similar to the indoor use models were developed, which can be used to make 
meaningful comparisons against future samples of customers. 
 
A key assumption for making future comparisons is that the sample of homes used for this 
analysis is representative of the single-family homes in the agencies and in the State.  We know 
that the samples chosen from each agency match the water use patterns for their respective 
populations.  We also know that the agencies included in this study represent some of the largest 
in the state. There is no reason that future analyses in these agencies, using new samples of 
homes chosen in the same manner, can not provide excellent data on changes in indoor and 
outdoor use patterns. 

Goal 7: To provide information that can be used by California water 
agencies in updating their Urban Water Management Plans 
The degree to which the information presented in this report is useful for preparation of future 
urban water management plans is a function of how those plans are organized, and how the water 
use data in them are presented.  Water management plans that are based on more disaggregated 
demand data and which employ estimates of end uses of water will find the information in the 
report of greatest use.  Plans that are based on aggregated demands and overall population 
estimates will not derive as much benefit. 
 
The types of water management plans that will derive the greatest benefit from the data collected 
in this report, and from the data collection techniques use for the report, would track at least the 
following items in their single-family water use accounting: 

 Total annual deliveries to single-family accounts 
 Winter deliveries (December or January) as a proxy for indoor use 
 Number of single-family accounts in system 
 Total seasonal and non-seasonal use (derived from annual and winter use) 
 Best estimate of population of single-family accounts 
 Best estimate of irrigated area in single-family accounts (from samples and GIS data) 

 
These data could be used to generate unit use reports that can be tracked over time and compared 
to benchmark data. The following unit tracking parameters could be used: 

 Annual water use per SF account 
 Non-seasonal water use (proxy for indoor use)  

o Annual use 
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o Gallons per household per day 
o Per capita use  

 Seasonal use (proxy for outdoor use) 
o Annual use 
o Average application rate (gpsf) 
o Average application depth (in) 
o Application ratio (applied inches/f(ET)) 

 
These water management plans are based on measurement and tracking of actual water use that 
has been normalized in a way that allows it to be compared to efficiency benchmarks.  For 
example, by determining single-family winter water use, one can obtain a fairly good proxy for 
indoor use.  Knowing the household indoor use means this can be compared against benchmarks 
like the EPA retrofit study group, or against the data from this study.  This value should decrease 
over time if the efficiency of the system is improving.  What may have started at 170 gphd would 
drop over time as new and more efficient fixtures and appliances were installed and hopefully as 
leakage were controlled better.  Tracking the household indoor use in this manner would provide 
the best data for water management plans.  Similar tracking of outdoor use would provide 
information on which to gauge the improvements in outdoor use efficiency.  These types of plans 
could compliment information on BMP activities and conservation expenditures and confirm 
their effectiveness.  

Goal 8: To provide guidance for allocation of resources by identifying 
areas with the most promising conservation potential 
This report pointed out several items that provide insights into where to most effectively allocate 
resources for water conservation. 
 
Since the signing of the Memorandum of Understanding in 1991, water conservation efforts have 
been focused on implementation of the Best Management Practices.  These are mainly programs 
that lend themselves to tracking on the basis of activities performed and fixtures replaced.  The 
most convincing argument for the effectivness of water conservation efforts, however, is one that 
is backed up by hard data that shows reductions in household water use.  This study 
demonstrated techniques of sampling and data collection that can be used for these approaches. 
Including detailed analyses of household and per capita water use on representative samples of 
customers can provide a wealth of information that will compliment the other tracking and 
evaluation efforts of the agencies.  Accounting for toilets and clothes washer rebates provides a 
primary input on water conservation.  It is still somewhat indirect until it can be coupled with 
demonstrated reductions in household water use for toilet flushing and clothes washing, along 
with concurrent reductions in the average flush volumes of toilets and load volumes for clothes 
washer in the homes as of a certain date. 
 
The degree to which both excess use and potential savings are skewed in the population needs to 
be considered when designing programs.  Programs that aim to control leakage or excess 
irrigation use, for example, should not be targeted to the entire population since most of the 
leakage and excess irrigation use is associated with a small percentage of the homes.  It would be 
better to design programs that target their effects to just these customers. Water budgets, smart 
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meters, leak detection devices, better customer information systems are all possible exmples of 
these. 
 
The information on toilets should also be of use for future program design.  The data showed two 
important facts.  First, even though there a high percentage of toilets appear to have been 
replaced with ULF models the percent of homes that are flushing at 2 gpf or less is lagging.  
Second, the data clearly show that the actual flush volumes of ULF type toilets ranges well 
above the 1.6 gpf level.  If future retrofits are focused on newer high efficiency toilets (those 
using 1.28 gpf or less), and work continues to replace all of the remaining high volume toilets in 
the homes upgraded to the high efficiency toilets, the percentage of complying homes will 
increase rapidly over time and the household water use devoted to toilet flushing will decrease. 
 
The data show that reducing the percentage of homes that over-irrigate is the single most 
important factor in reducing outdoor use.  The report, however, does not support making weather 
based irrigation controllers mandatory.  The data show that these devices would cause irrigation 
to rise in about as many homes as they would create reductions.  The key to controlling outdoor 
use is to design programs that discourage excess irrigation use while allowing customers who 
prefer to under-irrigate to continue to do so. This requires targeting over-irrigators, which 
requires having some sort of estimate of the irrigated areas and outdoor water use for each 
customer and comparing this information to their actual seasonal use. 
 
The report highlighted the importance of leaks and other unexplained continuous uses in raising 
average use for the entire population.  Rather than have general programs targeted to all 
customers, the report suggests it would be better to have systems that can alert customers of the 
existence of a leak-like use pattern so that it can be remedied immediately.  In every group of 
houses that were logged as part of the study there were several that showed these long duration 
and high volume leak-like events.  Having programs in the billing system that detect increases in 
use and then send a text message, phone call or email to the customer might be considered.  
Having in-home monitors that read data from the AMR meters directs is another. Having water 
rates that seriously penalize excess water use would provide an economic incentive for 
customers to monitor their use. 
 
The report shows the importance of having more detailed information on the customers.  It 
suggests that putting increased resources on better customer information and water use tracking 
systems would greatly improve the ability to establish better water management programs.  As 
the old saying goes, “you can’t manage what you don’t measure”.  Key information that would 
assist in water management would include: the number of residents in the home, the annual and 
winter month water consumption, the size of the lot and size of the irrigated area, the local ET 
for the lot.  Such information would be invaluable for planning and evaluation purposes.  
Systems that provide the customers with real-time information on water use, along with targets 
for use, enlist the customer as an active partner in water management.  Having the customers as 
partners should greatly enhance the response of the entire system. 
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CHAPTER 2 – INTRODUCTION 
 
One of the most pressing questions confronting urban water agencies is how much their current 
water demands can be reduced by conservation.  There are various ways of estimating the 
remaining water conservation potential.  This report focuses on an analysis of indoor and outdoor 
water use in single-family customers derived from detailed measurements of end uses of water.  
The report shows that while significant and considerable strides have been made in improving 
single-family water uses there is still potential for additional savings.  The report provides 
insights on how best to tap these increasingly valuable water resources from a technical 
perspective, but does not deal with the question of cost-effectiveness of particular programs.  
 
Where is water used in California single-family residences?  How much water is used for 
irrigation, toilet flushing, washing clothes and showering?  How much water is lost to leaks?  
What is the current water efficiency level and conservation potential of California homes?  What 
is the average toilet flush volume?  How much water does the average clothes washer use?  How 
does water use differ in households equipped with conserving fixtures and appliances?  Are there 
new uses of water that could alter demand patterns?  What mathematical relationships best 
predict single-family water use, and what factors are the best predictors of single-family water 
use?  The California Single-Family Water Use Efficiency Study was conducted to help answer 
these questions and to provide new and detailed information on the end uses of water in single-
family residences in California. 
 
The end uses of water include all places where water is used in the single-family residential 
setting such as toilets, showers, irrigation, clothes washers, faucets, leaks, dishwashers, baths, 
evaporative cooling, water treatment systems, water features, swimming pools, hot tubs, etc.  
Understanding how much, where, and when water is used by residential customers is 
fundamental information for utilities, conservation coordinators, planners, system designers, and 
numerous other water professionals.  Updated empirical data on water use and conservation 
effectiveness are essential for understanding how water efficiency efforts are impacting demands 
and what can be done to further conservation efforts. 
 
End use research has emerged as an important source of fixture level water use patterns over the 
past 20 years.  Once prohibitively expensive, the advent of compact battery powered flow 
recorders and signal processing software for disaggregating demands into component water uses 
has enabled micro-level water use measurements to be made from relatively large samples of 
residential customers at a reasonable cost.  The analytic technique, known as “flow trace 
analysis”, enables disaggregation and quantification of residential end uses from a continuous 
flow data set recorded from the primary utility water meter at a single-family residence.   
 
Flow trace analysis was the fundamental analytic methodology used to disaggregate water use in 
the California Single-Family Water Use Efficiency Study. The flow trace analysis technique was 
developed by Aquacraft in the early 1990s, and was the research approach employed in the 
landmark 1999 American Water Works Association Research Foundation Residential End Uses 
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of Water study.  Since that time, flow trace analysis and the Trace Wizard analytic software, 
have been utilized around the world to quantify residential water uses in research studies in 
Australia, New Zealand, Cyprus, Singapore, Jordan, England, Spain, Canada, and beyond.  
These techniques were used to develop the end use data that has been cited in this study for the 
EPA Retrofit Analysis and the New Home Study, which studies are described in the literature 
review. 
 
In the California Single-Family Water Use Efficiency Study, water consumption for various end 
uses was measured from a sample of 732 single-family homes in 10 water agencies accross 
California.  Additionally, annual historic consumption data were obtained from each 
participating agency allowing for estimation of both indoor and outdoor demands.  The irrigated 
area at each of the 732 study homes was measured using aerial photographs and geographic 
information system (GIS) technology. Local climate data were obtained in order to estimate 
irrigation requirements.  This allowed for analysis of both theoretical irrigation demands and 
actual applications at each site.  All of this information was collected to provide answers to 
fundamental questions about how much water and where water is used in California residential 
settings, and to examine the potential water savings that might yet be achieved from various 
conservation measures. 
 
In addition to presenting the findings from the data collection effort, the study also examined the 
relationships between the end uses of water and household demographics and socioeconomic 
data.  Building from those relationships, predictive models were developed using multiple 
regression techniques to examine the impact of a range of likely independent variables.  These 
models allow water utilities and planners to input critical variables from their own communities 
and generate predictions about water use and conservation savings based on actual data. Of equal 
importance they allow the impact of changes in single-family household characteristics on water 
use to be explored, which is a key for estimating the impact of various changes on future demand 
patterns.  
 
This report describes the methodology and important findings of this study and presents a wide 
variety of analyses based on the dataset assembled over the course of the study.  As with any 
similar research study, this report represents a time and place snapshot of how water is used in 
single-family homes in the California study group assembled for the study.  Similarities and 
differences among end uses were tabulated for each location, analyzed, and summarized.  Great 
care was taken to create a statistically representative sample of customers for each of the 10 
study locations.  However, the precise degree to which these samples are representative of the 
entire state is unknown.  Having the models of water use, however, makes it less critical that that 
sample be totally representative, since where differences exist in a local population (such as in 
the number of residents per home) the models can be used to adjust the water use predictions. 
 
A research study of this size and scope must rely on a variety of assumptions.  It is recognized 
that changes in some of these assumptions could impact the results.  Wherever possible, the 
researchers have endeavored to acknowledge key assumptions, and to explain how they may or 
may not factor into the results. 
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This study doest not include analyses of costs to implement individual conservation programs or 
benefits from saving water.  These topics need to be addressed on a case-by-case basis as part of 
future work.  Costs for implementation of conservation programs vary widely depending on the 
method chosen and the time allowed for the work to be done.  Programs that are highly intrusive 
and rely on rebates and other hard expenditures for the water agencies can be quite expensive.  
On the other hand, programs that rely on natural market transformation over time, perhaps 
encouraged by building codes can be implemented with less cost.  On the other side of the 
equation, the benefits ascribed to water savings depend on the value which is placed on the saved 
water, which is another variable that must be considered on a case-by-case basis. 
 
Because this is not a study of cost effectiveness, the reader is cautioned not to assume that any of 
the water conservation options discussed in the report are feasible to implement.  Even the most 
conservative scenario requires substantial investments, and its implementation needs to be 
carefully thought out. The study shows what types of changes need to be made in order to reduce 
single-family water use, and provides estimates of the savings that might be achieved by doing 
so. It is up to the planners and engineers practicing in the area of water demand management to 
design programs that can achieve these savings in a cost-effective and customer acceptable 
manner.  Also, many of the outdoor parameters, such as the irrigated areas and plant types are 
matters of local policy and custom, which may not be easily changed. 

Background 
This is a study of single-family household water use in California and the factors that affect it. 
In 1996 the American Water Works Research Foundation (AWWARF) funded what was then 
the most detailed and comprehensive study of water use patterns in single-family customers in 
North America.  This study was jointly sponsored by 12 water agencies in the U.S. and Canada.  
The study was called the Residential End Uses of Water Study, or REUWS1, and it provided 
unprecedented details on household water use using a random sample of approximately 1200 
homes chosen in groups of 100 per study site.  The REUWS used a combination of billing data, 
flow traces from data loggers, and survey data to obtain measurement of daily household and per 
capita use for each of the major end-uses of water.  Estimates were obtained for the irrigated 
areas on each lot in order to also provide estimates of annual irrigation applications.  The 
REUWS study provided a benchmark of water use patterns at a point in time at which few 
houses had incorporated the more efficient plumbing fixtures mandated by the 1992 Energy 
Policy Act. 
 
Four of the 12 study sites for the REUWS were located in the State of California.  These were: 
Las Virgenes Municipal Water District, Walnut Valley Water District, the City of Lompoc, and 
the City of San Diego.  All of these were located in Southern California. The results from the 
California homes showed that their indoor use was very similar to that of the other study homes.  
The average indoor water use was approximately 177 gallons per household per day and the per 
capita use of approximately 70 gpcd for indoor uses.  

                                                 
1 Mayer, P. W., DeOreo, W. B., Opitz, E. M., Kiefer, J. C., Davis, W. Y., Dziegielewski, B., and Nelson, J. O. 
(1999). "Residential End Uses of Water." American Water Works Association Research Foundation, Denver. 
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In 2004 a group of California water agencies, led by Irvine Ranch Water District, submitted an 
application to the California Department of Water Resources to fund an update and expansion of 
the REUWS study that would be conducted totally within the State of California.  This proposal 
was accepted for full funding by the DWR in the spring of 2005.  Data collection began on the 
project during the fall of 2006 and was completed by the fall of 2008. Analysis continued 
through 2009 and the project report was published in June of 2010. An extensive review process 
was undertaken after the draft report was delivered.  
 
For purposes of identifying this study and distinguishing it from the other preceding studies it 
shall be referred to as the California Single-Family Water Use Efficiency Study, or just the 
California Single-Family Water Use Study.  
 

Goals of Project 
The overall goal of this project was to provide detailed water use data on a new statewide sample 
of single-family homes in order to provide an updated snapshot of their water use patterns. This 
would provide an updated benchmark for their water use efficiency, a comparison of their status 
with respect to the use patterns from both the REUWS and from various studies of high 
efficiency homes, such as the EPA Retrofit Study, which yielded a gauge of how much untapped 
water conservation potential exists in this major category of customers.  
 
Single-family homes represent the largest single category of water user for most water utilities.  
There is a considerable amount of knowledge about household water use that allows one to 
establish efficiency benchmarks for single-family homes and compare the water use from a given 
sample in order to asses where the existing use falls within the efficiency continuum.  This 
project was designed to collect data on the end uses of water in California single-family 
customers as of ~2007, to assess how efficiently this water is being used, and to determine what 
potential remains for water savings in homes across the state. 
 
The proposal submitted to the California Department of Water Resources in 2004 identified eight 
specific goals for the project: 
 

 To provide information on current indoor and outdoor single-family water use 
efficiencies as a benchmark for current conditions and to evaluate future efficiency 
programs. 

 To provide a basis for estimating remaining conservation potential in single-family 
homes throughout the State. 

 To provide information on the current market penetration of water efficient fixtures and 
appliances in single-family homes. 

 To provide information on the rate of adoption of water efficient fixtures and appliances 
by California homeowners. 

 To provide information in how well the BMP’s adopted as part of the 1991 memorandum 
of understanding have been adopted and how much water savings can be attributed to 
these efforts. 
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 To provide baseline demand data for future studies. 
 To provide information that can be used by California water agencies in updating their 

Urban Water Management Plans. 
 To provide guidance for allocation of resources by identifying areas with the most 

promising conservation potential. 

Study Methodology 
In this study, random samples of single-family residential customers were chosen from water 
agencies throughout California such that the proportion of the overall sample roughly matched 
the percent of the state population served by the agencies.  These samples were selected so that 
their mean and median annual water use matched the populations from which they were drawn at 
the 95% confidence level.  Water billing data were obtained for the sample homes and aerial 
photos were obtained for each.  Each home was surveyed and visited so that a data logger could 
be installed and the landscape could be checked against the aerial photos. Flow trace data were 
obtained for two-week periods from each home, and these were disaggregated into end-uses 
using the Trace Wizard program. A database of end-uses was created which allowed detailed 
analyses of end-use patterns, penetration rates of high efficiency fixtures and appliances and 
outdoor uses as both volumes and percentages of theoretical irrigation requirements. 
Mathematical models were developed for indoor and outdoor water use, which obtained data 
from the water events database and surveys to search for factors that best explain water use. 
Conclusions were made and statewide implications were discussed based on the findings of the 
study. Chapter 5 provides a complete description of the study methodology. 

Sources of Error 
There are two types of errors to which a study such as this is subject: random errors and 
systematic errors.  Random errors reduce the accuracy of the results, but they do not change the 
basic conclusions of the study.  If random errors are large enough they make it impossible to 
detect trends in the data and to develop meaningful relationships, but if they are not too large the 
underlying relationships in the data are evident.  Systematic errors, are more malignant, however, 
in that they create an overall bias in the results that may lead to drawing erroneous conclusions. 
 
Examples of random errors are numerous.  One common random error in the flow trace analysis 
would be for events to get miscategorized.  In a data set containing literally millions of records 
one would always expect to have a certain number of events miscategorized.  The program may 
identify a faucet event that looks like a toilet flush as a toilet, even though the actual event 
occurred when someone used a bathtub faucet to fill up a 1.5 gallon watering can.  On the other 
hand, toilets may sometimes flush in a manner that appears to be a faucet, so the reverse situation 
can occur.  Small leaks and faucet events can be confusing.  Some faucet events may be 
classified as leaks and vice versa, and there may be some devices, such as evaporative coolers or 
reverse osmosis systems that can be confused with leaks.  In these cases some of the evaporative 
cooler events may be classified as leaks and some leaks may get classified as evaporative 
coolers.  The situation where all of the events get misclassified is highly unlikely to occur.  In 
this way, random errors tend to cancel each other out.   
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Another example of random errors is how irrigated areas are identified on aerial photos.  Photos 
for the study were obtained from different sources and taken on different dates.  Determining the 
boundaries and plant types of the landscape sub-area can be influenced by shadows, time of year, 
condition of the plants, and resolution and spectral bandwidth of the photo.  Two analysts 
working with photos from different dates would never come up with the same results.  But if the 
errors are random in nature the overall variance between the two analyses should be small.  An 
example of this would be the irrigated area analysis of the 12 homes in the Helix Water District 
system.  The agency checked the irrigated area on the lots independently from Aquacraft.  While 
there were some significant variations in results on individual lots, overall the results agreed 
within 5% of each other.  The Helix analysis showed a total irrigated area of 71, 257 sf and the 
Aquacraft analysis showed a total of 67,603 sf.  The difference of 3654 amounted to 5% of the 
original estimate by Aquacraft.   
 
The breakdown of annual water use into indoor and outdoor use is another area of random error. 
In this case we are attempting to estimate total annual indoor water use from a combination of 
billing and flow trace data so that we can subtract annual indoor water use from total annual use 
and derive outdoor use.  This is a necessary step since the vast majority of single-family homes 
have a single water meter through which both indoor and outdoor water flows.  In many areas of 
California irrigation occurs on a year-round basis, so use of average winter consumption as a 
proxy for indoor use is not reliable.  In this study we used the estimate derived from projecting 
the flow trace indoor use to the year as the preferred approach, as long as this gives a reasonable 
estimate.  Sometimes the flow trace data do not appear to be typical of indoor conditions.  In 
those cases we used either the average or minimum month use as a proxy for indoor use, or 
simply used an allowance of average indoor use to estimate outdoor use.  Given the fact that we 
were dealing with a single water meter, some estimate of this type was needed in order to derive 
the indoor/outdoor water split.  In some cases the approach may result in underestimates of 
indoor use, and in others it may lead to over-estimation. 
 
The fact that there was a lag between the billing data used for the sample selection and 
determination of annual indoor use and the flow trace data used to estimate indoor use could be a 
cause of error.  We know that indoor water use tends to be fairly stable, but if there were changes 
in the occupancy of the homes between the year of the billing data and the logging data then this 
would cause errors.  We tried to minimize the time between these two periods in order to avoid 
these errors to the degree possible. 
 
There are issues regarding toilets being classified as ULF or non-ULF toilets in the analysis, and 
whether the flow trace analysis correctly makes this determination.  As discussed in more detail 
in the body of the report the flow trace analysis merely shows the volume of the toilet flush.  The 
flow trace analysis shows how the toilet is performing, and not the actual model of the device.  
Many flushes recorded in the dataset may fall outside the 2.2 gallon per flush limit we used as 
the separation point for individual toilet flushes that are from ULF model toilets. Toilets flushing 
between 2.2 and 3.3 gpf are in the gray area where we can not say whether they are poorly 
functioning ULF models or standard toilets that have been modified.  The data point out an 
important issue with the toilet retrofit program in that if many of the toilets that are installed are 
technically ULF designs, but they fail to flush at ULF standards then this would be a problem.  In 
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our study, these toilets do not get classified as ULF toilets, even though they may be ULF 
designs. 
 
The report includes data from the EPA New Home Study, which shows a distribution of toilet 
flush volumes from a group of homes known to contain almost exclusively ULF design toilets.  
Having a distribution of actual ULF flush volumes made it possible to make a much more 
accurate estimation of the percent of flushes that are due to mal-functioning ULF toilets versus 
high volume toilets.  This discussion is provided in Chapter 7. 
 
Systematic errors occur when a condition occurs that affects the entire dataset.  These types of 
errors can cause serious distortions in the data and can lead to erroneous conclusions.  An 
example of a systematic error would be a water meter that recorded the wrong volume of water.  
In a case like this the logged volume would match the register volume, but both would be off 
from the actual use.  If the error was large it would probably make the trace file be discarded as 
unreasonable, but if it were off by 10 or 20% the data might be accepted and analyzed as correct.  
In that case all of the events in that trace file would be either too large or too small.  Water 
meters failing to record very small leaks would be another example of systematic errors. Taking 
this a step further, if this error only occurred in a single meter, it would not be a serious problem, 
but if it occurred in all meters the entire study would be distorted.   
 
It is possible that some water treatment systems may give the appearance of leakage, and cause 
all of the treatment events to be classified as leaks. We know of at least one case where a house 
may have had a full-time reverse osmosis system in place.  If this was operated on a 24-hour, 7 
day per week basis, it could have caused that house to be accounted as having a very large leak, 
when it was actually a very large amount of water flowing down the drain as RO reject water.  It 
is difficult to think of another device that might reasonably cause this type of situation, and also 
why water being wasted as part of a water treatment process should not be classified along with 
leaks. Further study of leaks and continuous uses would help clarify this situation. 
 
For aerial photo analyses if there was a scaling error in the photo that affected all of the lots or if 
the time of year that the photo was taken made it impossible to correctly identify the irrigated 
areas then there could be systematic errors in irrigated area determinations.  The Irvine  
Ranch Water District analyzed the irrigated areas of the 102 lots included in the outdoor portion 
of this study. In this case their analysis showed irrigated areas averaging 32% more than the 
Aquacraft analysis.  This suggests that there might have been some sort of systematic difference 
between the two photos.   After reviewing and confirming the IRWD results, the IRWD irrigated 
areas were re-analyzed by Aquacraft using new photos supplied by the District. 
 
An opposite problem occurred in East Bay MUD.  In that case the District did an independent 
analysis of the irrigated areas and determined that Aquacraft had over-estimated the areas by 
counting parcels of native trees, and dry turf areas as irrigated, when in fact they are not.  
Aquacraft reassessed the irrigated areas for EBMUD and recalculated the results using the 
updated areas.  Details of these analyses are provided in Appendix E. 
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CHAPTER 3 –LITERATURE REVIEW 
 
The water demands of the single-family residential sector are of great interest and importance to 
water providers, planners, and conservation professions.  The scientific study of these demands 
has been underway for many years, but only in the past 20 years have data sets from large 
random samples of residential customers in cities across the US been assembled.  Since the 
publication of the Residential End Uses of Water study (Mayer, et. al. 1999), interest in 
residential water use around the world has grown and significant end use studies have now been 
undertaken in Australia, Great Britain, Spain, New Zealand, Cyprus, Jordan, and many other 
countries. 
 
Historically there have been a number of research studies that have attempted to measure how 
much water is devoted to the main residential end uses and to determine the key factors that 
affect the end-use patterns. Billing data analysis, customer interviews, home audits, retrofit 
studies, and more recently data-logging, are among the tools that have been used by utilities to 
evaluate customer demands and estimate the effectiveness of conservation measures. As noted 
by Dr. Thomas Chesnutt, “Conserved water cannot be counted on as a reliable water source if 
water managers lack a good estimate of potential savings. Hence evaluation is a crucial 
component of any conservation program. The use of water conservation estimates in regulatory 
decision-making processes makes accurate evaluations even more important.”2 
 
In 1940 Roy B. Hunter developed some of the earliest peak demand profiles – known as Hunter 
curves – used for sizing meters and service lines.  Hunter relied on knowledge of the water uses 
within a given structure, their peak demands, the theoretical estimates of the frequency of use, 
and the probability of simultaneous use to derive estimates of the peak instantaneous demands 
for water in buildings. This approach grossly over-estimated the peak demands in most buildings 
because he lacked accurate information on the probabilities of multiple and simultaneous uses of 
fixtures within the buildings.3  
 
Knowledge of demand patterns is interwoven with an understanding of the end uses of water. 
According to the American Water Works Association (AWWA) Technical Manual M22: 
“Demand profiles help to identify service size requirements, clarify meter maintenance 
requirements, define water use characteristics for conservation programs, assist in leakage 
management, enhance customer satisfaction and awareness, improve hydraulic models, and 
establish equitable and justifiable rate structures. Additionally, with increased water scarcity and 
cost of water, conservation and loss control have become important industry issues. For many 
utilities water conservation and water loss control have become the most cost-effective means to 
improve water resource availability.”4   
 

                                                 
2 Chesnutt, T.W., C.N. McSpadden, 1991. Improving the Evaluation of Water Conservation Programs, Santa 

Monica, CA. 
3 Hunter, R. (1940). "Methods of Estimating Loads in Plumbing Systems." National Bureau of Standards, Washington, D.C. 

4 AWWA, 2004. Sizing Water Service Lines and Meters 2nd Edition, Denver. 
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The importance of flow profiles (i.e. high resolution time series flow rates that allow individual 
uses to be identified) was recognized for accurate analysis of end uses of water. By the mid-
1970’s advances in portable data loggers allowed actual demand data to be collected from the 
customer water meter using mechanical loggers and circular chart recorders.  While 
cumbersome, these data allowed actual peak demand information to be collected from meters 
serving specific customers, whose size and other characteristics were known.  The 1975 version 
of the M22 manual used data from these empirical observations to replace the original Hunter 
curves that were used to estimate peak demands.5 
 
Increased attention on demand management created the need to evaluate the effectiveness of 
various conservation programs and verify savings estimates made at the time of their inception. 
During the 1980’s it was becoming increasingly clear that water conservation offered an 
economic way to reduce urban water demands thus reducing the need for continued new water 
supply projects, which were becoming both more expensive and difficult to find. In 1981the 
AWWA published one of the first books on water conservation6, and in 1984 Brown and 
Caldwell published one of the first detailed efforts at measuring end uses of water in residential 
structures by instrumentation7. This national study of 200 homes in nine cities provided better 
estimates of potential savings from conservation efforts on residential demands than had been 
available to date. “Although testing has established water use for residential plumbing fixtures 
and water conservation devices under laboratory conditions, estimates of water and energy 
savings with reduced-flow fixtures and devices have been based upon very different assumptions 
regarding typical duration of fixture use, flow rate, temperature, and frequency of use. As a 
result, estimated savings found in the literature for water-saving fixtures and devices span a 
range of nearly 300 percent.”8   
 
Although the Brown and Caldwell study measured actual use, which resulted in significant 
improvement in estimating end use patterns and potential savings, the results were limited by the 
fact that participation in this study was voluntary. In addition the equipment required 
considerable intrusion into the normal operation of the homes. Of significance was the finding 
that water savings from retrofits did occur, but in many cases the actual savings were less than 
those predicted from theoretical calculations. The variance of actual water savings from theory 
can be due to a number of factors: mis-estimates of actual volumes used by the old and new 
devices, behavior of the occupants may vary from predicted behavior, frequencies of use may 
vary, modification or removal of conservation devices might also have occurred over the course 
of the three year study period.  In addition, the data in this study suggested some of the savings 
found initially tended to decrease with time.  All of this highlighted the importance of having 
accurate and unobtrusive ways to measure the actual water use of conservation devices and water 
savings rather than relying on theoretical predictions. 
 

                                                 
5 AWWA, 1975. Sizing Water Service Lines and Meter, Denver, CO. 
6 AWWA, 1981. Water Conservation Management. AWWA, Denver. 
7 Brown & Caldwell, 1984. Residential Water Conservation Projects---Summary Report. HUD-PDR-903, 

Washington, D.C. 
8 Brown & Caldwell, 1984. Residential Water Conservation Projects---Summary Report. HUD-PDR-903, 

Washington, D.C. 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 50 

In 1991 the Stevens Institute of Technology published a study on the water conservation program 
in East Bay MUD.9 This study involved a much more extensive data collection effort on 
residential end uses, but again, one that relied on individual sensors and loggers placed on 
targeted fixtures and appliances. While the data were useful for evaluation of the conservation 
program, the process was cumbersome. The Stevens Institute study showed that having 
residential water use broken down into end-uses greatly increased the accuracy of water savings 
measurements.  The disaggregated use data segregated water use by end-use.  This prevented 
changes in use in one category during the study from masking the effects of a program for 
another category.  For example, if a toilet retrofit study was being evaluated but unrelated 
leakage occurred, this could mask the savings associated with the toilet program.  Disaggregating 
data prevented this from happening.  Also, having disaggregated data reduced the inherent 
variability in the water use for each category.  This greatly reduced the noise of the 
measurements and allowed smaller changes to be accurately detected with less data. 
 
A significant step in the process of evaluating the real impact of retrofits on residential water use 
was the study done by Anderson et al in Tampa.10 In this study what the authors referred to “an 
extensive array of electronic water meters, pressure transducers, and event counters” were 
installed on 25 homes in Tampa, Florida.  Water use data were monitored for 30 days at which 
point the toilets and showers were replaced, and the process was repeated.  The authors pointed 
out that this type of data was necessary to account for the way the residents behaved.  For 
example, if they flushed their new toilets more, or took longer showers, then the actual water 
savings would be much reduced from the theoretical savings calculated from product flow and 
volume data. Using this technique the authors measured an actual reduction in water use in the 
homes of 7.9 gpcd, or 15.6% savings.  This was less than the predicted savings, which they 
concluded was due to increases in other water use in the homes.   
 
The development of data loggers provided utilities and researchers with an effective tool for 
examining and measuring both daily and peak demand. The data loggers could be installed on 
residential water meters without requiring access to the home and were significantly less 
intrusive then previous methods.  
 
In 1993 a study of the feasibility of using a single data logger attached to the customer water 
meter was begun in the Heatherwood neighborhood of Boulder, Colorado.  In this study event 
loggers wired to Hall effect sensors were attached to the customers’ water meters.  The sensors 
recorded the passage of the magnets used to couple the meter to the register as water flowed.  
The design of the meter and magnetic coupling provided approximately 80 magnetic pulses per 
gallon of flow.  At a ten second recording interval the data logger produced a record of water 
flows (a flow trace) of sufficient accuracy to allow all of the major end uses of water in the home 
to be identified through visual inspection. The results of this study were published in 1996.11 

                                                 
9 Aher, A., A. Chouthai, L. Chandrasekhar, W. Corpening, L. Russ and B. Vijapur, 1991. East Bay Municipal Utility 

District Water Conservation Study, Oakland, CA.  
10 Anderson, D. L., D. Mulville-Friel, and W.L. Nero. (1993). "The Impact of Water Conserving Fixtures on 

Residential Water Use Characteristics in Tampa, Florida." Proceeding of Conserve93. 
11 DeOreo, W. (1996). "Disaggregating Residential Water Use Through Flow Trace Analysis." Journal American 

Water Works Association, January 1996. 
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This technique was used to disaggregate the water use in a sample of 16 homes for a baseline 
analysis.  These homes were later retrofit with high efficiency fixtures and appliances and the 
process was repeated, which provided data on the water savings attributable to residential 
retrofits. 12 
 
In 1996 the AWWARF13 funded a detailed and comprehensive study of water use patterns in 
single-family customers in North America using data loggers.14 The study was called the 
Residential End Uses of Water Study, or REUWS, and was sponsored jointly by 12 water 
agencies in the U.S. and Canada. It provided detailed information on the end uses of water in 
residential settings and developed predictive models to forecast residential water demand. Prior 
to this study, utilities relied largely on theoretical calculations to predict baseline end uses and 
the water savings of conservation programs. The participants for the REUWS were selected from 
the residential customer base of twelve utilities across North America and “the predictive models 
developed as part of this study to forecast indoor demand significantly increase the confidence in 
explaining the water use variations observed. The major benefit of modeling is to provide a 
predictive tool with a high transfer value for use by other utilities.” (Aquacraft)  
 
The predictive value of any tool is only as good as its ability to provide an accurate assessment 
of the data. As with any new data measurement technology, questions have been raised as to the 
accuracy and reliability of data-loggers to measure volumetric end uses15. Brainard data-loggers 
record analog data directly from the customer’s water meter which is then evaluated graphically 
in Trace Wizard©, a proprietary software program developed by Aquacraft. The results from an 
independent study in 2004 showed that discrete toilet events can be accurately quantified at the 
95% confidence level plus or minus 3% of the mean volume16. Although extremely accurate for 
isolated events, early versions of the Trace Wizard program was limited in its ability to 
disaggregate simultaneous end-use events without accessing the original database – a 
cumbersome and time consuming process. Improvements to the software, however, eliminated 
the difficulty of disaggregation and provided a powerful tool for analyzing residential end uses.17   
 
In 2001 an engineering report was published by the Water Corporation of Western Australia in 
which data collected from 600 in-home surveys was used to validate end-use data collected using 
flow trace analyses in a separate 120 home study. The study showed that the flow trace analysis 
was capable of determining the percent of showers, toilets and clothes washers falling into 
normal and high efficiency categories, and these results were confirmed by the in-home audits. 
Studies of this kind, that combine both flow trace analysis and in-home audits,  provide excellent 

                                                 
12 DeOreo, W. (2001). "Retrofit Realities." Journal American Water Works Association, March 2001. 
13 The American Water Works Association Research Foundation, now known as the Water Research Foundation 

(WRF). 
14 The REUWS was, for its time, the most detailed study of single-family residential end uses of water that had been 

conducted in the U.S. 
15 Koeller, J. & Gauley, W., 2004. Effectiveness of Data Logging Residential Water Meters to Identify and Quantify 

Toilet Flush Volumes: A Pilot Study, Los Angeles. 
16 Ibid. 
17 Also, it should be kept in mind that Trace Wizard is no more accurate than the water meter used to provide the 
data. 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com 
Page 52 

validation of the flow trace technique for measuring both the volumes used by individual end-
uses and the efficiency levels of the fixtures and appliance found in the homes. 
 
Three studies in Yarra Valley, Australia showed the benefits of data-logging, when compared to 
surveys, as a tool for developing predictive models that were both accurate and more cost 
effective than other data collection methodologies. The first of these studies, the 1999 
Residential Forecasting Study18, involved a telephone survey of 1,000 Yarra Valley Water 
single-family customers. It provided detailed information on customer water use patterns, end 
uses, behavior, and penetration rates of conserving fixtures and appliances. One of the limitations 
of this study was the inability of customers to provide information about fixture efficiency, for 
example whether or not the home contained standard vs. efficient showerheads or 6/3 or 9/4.5 
liter toilets.   
 
The Residential Forecasting Study was followed by the Yarra Valley Water (YVW) 2003 
Appliance Stock and Usage Pattern Survey (ASUPS) which was designed to address these 
issues. In-home surveys were performed by a team of trained technicians who obtained detailed 
customer information as well as flow data and verification of the penetration of efficient 
appliances in 840 homes. “These types of surveys are expensive and they are always at risk of 
yielding non-representative samples due to disproportionate refusal rates by certain segments of 
the residential population. Furthermore, these surveys provide only limited information about 
things like the rate at which water-wasting plumbing devices are replaced by their water-
conserving alternatives.”19 
 
One hundred of the 840 homes in YVW were selected to participate in The Residential End Use 
Measurement Study in 200420. In this study data loggers were used to disaggregate the indoor 
use in the home following the same approach as in the Heatherwood and REUWS studies.  The 
results of the 100 home data logged group were compared to the in-home surveys and showed 
remarkable consistency with data that had been acquired by technicians during the ASUPS. The 
data logging study also provided information about leakage, fixture replacement, and behavior 
that was not yielded by a survey. Data-loggers were installed for two two-week periods in each 
of the homes in order to capture both indoor and irrigation usage. According to the authors, “The 
findings from REUWS have enabled Yarra Valley Water to establish a robust end use modeling 
capability. In addition the end use measurement has also enabled more informed design and 
assessment of various demand management programs and provided a valuable data set from 
which to provide customers with informative usage data via their quarterly account statement.”21  
 
As the value of the data-logging technology became apparent, the EPA funded three residential 
water conservation studies over a three-year period, from 2000 to 2003. These studies provided 
important information on the effectiveness of water conserving fixtures and appliances in 
reducing indoor water use. Baseline water use data were collected from a sample of 96 homes in 

                                                 
18 Residential Forecasting Study 1999 was a telephone survey of 1000 Yarra Valley Water customers. The survey 

conducted by AC Nielsen with Peter Roberts, Demand Forecasting Manager for Yarra Valley Water.  
19 Ibid. 
20 Roberts, P., 2005. Yarra Valley Water 2004 Residential End Use Measurement Study, Melbourne. 
21 Ibid. 
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Seattle, Tampa, and East Bay Municipal Utility District in California that provided information 
on household and per capita usage of toilets, showers, clothes washers, dishwashers, faucet use, 
leakage, and other indoor uses. These same homes were then retrofitted with conserving toilets, 
clothes washers, showerheads, faucet aerators, and hands free faucet controllers; six months later 
household and per capita use of the various end uses was again examined. The results of the 
studies clearly showed the ability to achieve significant reduction in household water use with 
the installation of water conserving fixtures and appliances. Average daily household indoor use 
was reduced by 39% from 175 gpd to 107 gpd in the homes that were retrofitted with conserving 
fixtures and appliances. These studies were important in setting benchmarks for water use with 
best available technology22 and provided a tool with which utilities could gauge their progress in 
achieving long-term water savings.  
 
The participants in the EPA residential conservation studies were customers located in three 
water agencies spread across the United States. Because the participants were volunteers and not 
selected at random, the study data did not provide information on penetration rates of water using 
fixtures and appliances that could be generalized to their respective populations. There has also 
been concern about degradation in savings over time, particularly from toilets. As one of the 
most consumptive indoor uses, toilets have been the subject of considerable scrutiny.  
 
In 2000, the City of Tucson participated in a data-logging study of residential customers who had 
received toilet rebates for low-consumption toilets in 1991 and 1992. The data from the 170 
study participants “revealed that nearly half of aging low-consumption toilets had problems with 
high flush volumes, frequent double flushing, and/or flapper leaks. Data logging revealed that the 
average flush volume for all low-consumption rebate toilets was 1.98 gallons per flush, or about 
24 percent higher than 1.6 gallons per flush they were designed to use. In addition, 26.5 percent 
of households had at least one low-consumption rebate toilet with an average flush volume 
greater than 2.2 gpf23. Other studies have shown that chemical degradation of toilet flappers24 
and poorly fitting after-market toilet flappers25 have contributed to increased leakage and toilet 
volume which has contributed to the uncertainty of conservation savings.    
 
These uncertainties led California utilities to recognize the importance of having more specific 
information for their state. In 2004 a group of California water agencies, led by Irvine Ranch 
Water District26, submitted an application to the California Department of Water Resources to 
fund an update and expansion of the REUWS that would be conducted entirely within the State 
of California. The work on this study, funded by the California Department of Water Resources, 
and by the participating agencies began in 2006. 
 
                                                 
22 That is best available technology for 2000-2002. As new technologies are implemented the BAT standards will 

also shift to reflect them. These might include devices like recirculation systems, real time customer feedback 
devices, “leak” detection devices, and better hands-free faucet controllers. 

23 Henderson, J. & Woodard, G., 2000. Functioning of Aging Low-Consumption Toilets in Tucson  
A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix. 
24Metropolitan Water District of Southern California. Toilet Flapper Materials Integrity Tests, 1998. 
25 Henderson, J. & Woodard, G., 2000. Functioning of Aging Low-Consumption Toilets in Tucson  
A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix. 
26 http://www.irwd.com/. Irvine Ranch Water District. Contact: Fiona Sanchez, Conservation Manager. 
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The overall goal of the California project was to provide detailed water use data on a statewide 
sample of single-family homes in order to provide a snapshot of their water use patterns updated 
to the 2006-2008 study period.  The study supplied information on the penetration rates of 
conserving fixtures and appliances that met or exceeded conservation standards as they existed 
during the study period.  In addition it provided an updated benchmark for their water use 
efficiency, a comparison of their status with respect to the demands from 1996, and a gauge of 
how much untapped water conservation potential existed in this major customer category.   
 
As a way to encourage and promote conservation, the EPA has developed WaterSense, a 
partnership program “with interested stakeholders, such as product manufacturers, retailers, and 
water utilities.”27 The WaterSense program is interested in promoting cost effective products and 
technologies that are measurably more water efficient than conventional products. Products must 
be certified by an independent third party and show significant water savings without sacrificing 
performance.  
 
In order to measure the effectiveness of the WaterSense program, the EPA provided funding for 
this study, the Efficiency Benchmarking for the New Single Family Homes, which began in 
2005.  Working with nine participating utilities28, some of which participated in the earlier 
REUWS project, this project was designed to measure both baseline water use in new homes, 
built after January 1, 2001, and to demonstrate how high efficiency new homes, using advanced 
water efficient technologies, can reduce water use below levels sought in the 1992 National 
Energy Policy Act. 
 
One of the most precise and innovative validation studies of flow trace analysis was done by 
Magnusson in 2009 as part of a study of hot water use in single-family homes. In this study flow 
sensors were installed on individual hot water supply lines feeding all of the faucets, showers, 
dish washers and clothes washer in a test home in Boulder, CO.  Data from these monitors was 
compared to flow trace analysis performed on a single water meter on the feed line to the hot 
water system.  This allowed a comparison to be made between the volumes recorded by the flow 
trace analysis and those recorded by the supply line meters.  Volumetric errors were mainly in 
the faucet and shower category, with 17.1% and 11.1% errors respectively.  The errors for 
dishwashers and clothes washers were much smaller, at 6.5% and 7.2% respectively. 
 

                                                 
27 http://www.epa.gov/WaterSense/docs/program_guidelines508.pdf. February 2009. WaterSense Program 

Guidelines. Roles and Functions. Accessed May 1, 2009.  
28 The nine participating agencies are: Aurora, Denver, Eugene, Las Vegas, Phoenix, Roseville, Salt Lake City, St 

John’s Regional Water Management District (SJRWM), and Tampa Bay. The purpose of this report is to provide 
an analysis of the group from which data has already been collected for future comparison and will be referred to 
as the “standard new home study group”. 
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CHAPTER 4 –DESCRIPTION OF PARTICIPATING 
AGENCIES 

Selection of Study Sites 
There were nine sponsoring water agencies that participated in this study.  In most cases the 
sponsoring agencies were retail providers acting on their own behalf and the study homes were 
selected from their own water customers. In some cases the agency was a wholesale provider that 
solicited participation from a number of retail providers in its service area.  Table 4 shows a list 
of the agencies and the utilities from which the logging samples were selected. This section 
provides information about each of the agencies participating in this study and includes the 
number of customers, customer characteristics, local weather data, the utility’s water supply and 
the customer demands, water and sewer rates, and rate structures.   
 

Table 4: Sponsoring Agencies 

Sponsoring Agency Water Utilities Sampled 
Sonoma County Water 
Agency 

City of Petaluma, North Marin Water District, City of Rohnert 
Park, City of Santa Rosa 

Las Virgenes Municipal 
Water District 

LVMWD service area 

Redwood City Redwood City 
San Francisco Public 
Utilities Commission 

City of San Francisco  

City of Davis City of Davis service area 
East Bay Municipal Utility 
District (EBMUD) 

EBMUD service area 

Los Angeles Department of 
Water and Power 

Los Angeles DWP service area 

Irvine Ranch Water District City of Irvine, and portions of the cities of Costa Mesa, Lake 
Forest, Newport Beach, Orange, Tustin and unincorporated areas 
of  Orange County 

San Diego County Water 
Authority 

City of San Diego, Otay Water District, Rincon del Diablo Water 
District, Sweetwater Water District, Helix Water District 

 

Demographic and Census Information 
Previous studies have shown that several demographic factors are strongly correlated with the 
amount of water used by single-family customers, the most notable being the size of the home 
and the number of residents in the home.  Other factors, while less strongly correlated, will also 
be presented for their potential use in characterizing the sample in comparison to the state as a 
whole. 
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Demographic information was obtained for each municipality from the 2000 U.S. Census.  Data 
include median age, household income and home price, education levels and percentage of 
residents living below the poverty level.   Also included is the median monthly mortgage or rent, 
the percentage of homes that are rented or owner-occupied, the median age of the homes, the 
average number of bedrooms, and the percentage of homes that were built after 1995.29  These 
results are shown in Table 5 and Table 6. 

Table 5: Comparison of Age, Education, and Income Information from US Census by Study Site 

  Total 
Population 

Median 
Age 
(years) 

High 
School 
Graduate 
(or higher)     
% 

College 
Graduate 
(or higher)      
% 

Median 
Household 
Income         
$ 

Percent 
Families 
Below 
Poverty 
Level              
% 

United States 281,421,906 35.3 80.4 24.4 41,994 12.4 

LADWP 3,694,820 31.6 66.6 25.5 36,687 9.2 

IRWD1 315,000 33.1 95.3 58.4 72,057 5 

SCWA 458,615 37.5 84.9 28.5 53,076 9.2 

Rohnert Park 42,236 31.5 88.0 24.7 51,942 8 

Petaluma 54,548 37.1 85.9 30.1 61,679 6 

Santa Rosa 147,595 36.2 84.2 27.6 50,931 5.1 

N. Marin2 47,630 39.6 90.5 37 63,453 5.6 

SFPUC 776,773 36.5 81.2 45.0 55,221 7.8 

EBMUD3 1,300,000 Na Na Na Na na 

SDCWA 2,813,833 33.2 82.6 29.5 47,067 8.9 

City of Davis 60,308 25.2 96.4 68.6 42,457 5.4 

                                                 
29 This ensures that the Energy Policy Act of 1992 was in place that requires toilet flush volumes of 1.6 gpf or less, 

showerheads with flow rates of 2.5 gpm and lavatory faucet aerators that restrict the flow to 1.25 gpm or less 
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  Total 
Population 

Median 
Age 
(years) 

High 
School 
Graduate 
(or higher)     
% 

College 
Graduate 
(or higher)      
% 

Median 
Household 
Income         
$ 

Percent 
Families 
Below 
Poverty 
Level              
% 

Redwood 
City 

75,402 34.8 82.9 35.7 66,748 3.9 

LVVWD4 71,854  37.6 94.8 48.4 87,008 3.5 

City of San 
Diego 

1,223,400 32.5 82.8 35.0 45,733 9.2 

1 Statistics for IRWD are based on the City of Irvine, not the entire service area 
2Statisticsfor North Marin WD are based on the City of Novato, not the entire service area 
3 Population given for EBMUD service area, Econometric statistics are not available for entire service area 
4 Population given for LVMWD service area.  Econometict statistics are given only for Agoura Hills. 
 
1 Statistics are given for City of Irvine – City of Irvine has the largest population of the cities served by IRWD 
2 Population given for service area, econometric statistics are not available for entire service area 
3 Statistics are given for the City of Novato 
4 Statistics are given for Agoura Hills – Agoura Hills has the largest population of the 4 cities served by Las 
Virgenes 
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Table 6: Comparison of Housing Information from US Census by Study Site 

  Median 
Housing 
Value 

Number of 
Occupied 
Housing 
Units 

Percent 
Owner-
Occupied 
Housing 
Units 

Househol
d Size - 
Owner 
Occupied 

Hous
ehold 
Size - 
Renta
l 

Number 
of 
Bedroo
ms - 
Owner 
Occupie
d 

Numb
er of 
Bedro
oms - 
Renta
l 

Median 
Year 
Structur
e Built - 
Owner 
Occupie
d 

Percent 
of 
Homes 
Built 
1995-
2000 
Owner 
Occupi
ed 

Median 
Year 
Structure 
Built - 
Renter 
Occupied 

Percent of 
Homes 
Built 1995-
2000 
Renter 
Occupied 

Average 
Mortgage 

Average 
Rent 

United States $119,600 55,212,108 68.7 2.69 2.4 3.0 1.8 1971 11% 1965 6.4 $1,088 $519 

LADWP $221,600 1,275,412 38.6% 2.99 2.73 2.7 1.2 1956 0.4 1964 0.5 $1,598 $612 

IRWD $316,800 53,711 60.0% 2.78 2.46 3.1 1.8 1980 16.1 1985 16.1 $1,897 $1,177 

SCWA $273,200 172,403 64.1% 2.61 2.57 2.9 1.9 1975 8.0 1973 5.5 $1,561 $789 

Rohnert Park $237,300 15,502 58.4% 2.83 2.40 3.1 1.8 1979 5.8 1980 6.2 $1,520 $841 

Petaluma $289,500 19,932 70.1% 2.75 2.59 3.2 2 1976 11.3 1972 6 $1,622 $870 

Santa Rosa $245,000 56,036 48.5% 2.56 2.57 2.9 1.8 1976 8.5 1974 4.8 $1,490 $862 

N. Marin1 $381,400 12,512 67.5% 2.5 2.56 3.2 1.9 1971 3.0 1974 0.6 $1,970 $1,093 

SFPUC $396,400 329,700 35.0% 2.73 2.06 2.5 1.3 1940 2.5 1941 1.8 $1,886 $883 

EBMUD2 $235,500 62,489 44.0% 2.76 2.49 2.6 1.3 1943 2.7 1955 1.8 $1,504 $631 

SDCWA $227,200 994,677 55.4% 2.78 2.68 3.0 1.7 1975 8.1 1974 4.0 $1,541 $710 

City of Davis $238,500 22,948 44.6% 2.64 2.39 3.3 1.9 1978 18.5 1976 8.3 $1,547 $775 

Redwood City $517,800 28,060 53.0% 2.61 2.63 2.8 1.5 1959 9.4 1965 4.1 $2,351 $1,014 

LVVWD3 $366,600 5,399 85.7% 3.05 2.64 3.6 2.3 1980 0.6 1977 1.5 $2,138 $1,153 

SDWD $233,100 450,691 49.5% 2.71 2.52 2.9 1.6 1972 6.7 1972 4.5 $1,546 $714 
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Climate 
Although it is well known by professionals in the landscape and irrigation industry that local 
weather data affects the amount of water needed for healthy landscapes, it is less clear if 
homeowners are aware of these affects.  It is even less clear whether homeowners respond to the 
changing water demands in their landscape by increasing or decreasing the application of water 
in response to changes in weather.   
 
Reference evapotranspiration (ETo) is the industry standard for determining irrigation 
requirements.  It measures the moisture lost from a reference crop (normally cool season grass 
for urban purposes) and the soil due to temperature, solar radiation, wind speed, and relative 
humidity (precipitation is not included in the measurement of ETo although it does effect several 
of the parameters in the ET equation such as solar radiation and relative humidity).  The 
California Department of Water Resources (DWR) manages a network of over 120 weather 
stations through their California Irrigation Management Information System (CIMIS) located 
throughout the state of California in an effort to make this information available to landscapers, 
irrigators, and homeowners. 
 
 As part of the analysis of water use for this study, Aquacraft disaggregated indoor and outdoor 
usage for each of the study homes, determined the irrigable and irrigated area for each lot30. Both 
the theoretical irrigation requirements and the actual outdoor use were determined.  In most cases 
determination of irrigated areas was clear from the aerial photos and visual inspection.  In a few 
large lots built into native forest areas we relied on seeing a distinct difference in plant materials 
between the native land and the landscape parcel in order to decide that the area was being 
irrigated.  Lands that had the same appearance as the surrounding native lands were generally 
classified as non-irrigated land. 

Customer Base 
Each utility supplied the number of customer connections to the municipal water supply in each 
of several sectors that typically include single-family, multi-family, commercial, industrial, 
irrigation, and other.  There is considerable variation in the make-up of the customer base from 
one municipality to the next.  For example, in the City of San Diego only 38% of the customer 
base consists of single-family accounts whereas in North Marin Water District fully 90% of the 
customer base is single-family accounts.  Knowing both the percentage of accounts that are 
residential and the percentage of the overall demand placed on the system by residential 
customers is one more tool available to water providers for water resource planning and water 
conservation. 

Water Supply and Demand 
As California’s population continues to grow and increased demand for potable water taxes 
many water supplies, water providers are continually looking for ways to reduce demand.  
Providing information on the water supply for each municipality helps to show the extent to 

                                                 
30 The landscapes were divided into areas of turf, non-turf plants and trees, low water use plants and non-irrigated 
land.  The later category was not included as part of irrigated area. 
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which each municipality is vulnerable to increased demand on the system from a number of 
factors such as rapid growth, drought, limited supply, or limited supply sources.  The annual 
demand placed on the supply by various customer sectors is included in this section. Where 
available, the demand for 2000 and 2005 is given, making it possible to see if overall demand 
has increased or decreased and in what sectors the change has occurred.  

Water Rates, Rate Structure and Sewer Charges 
The water and sewer rates, rate structure, and billing frequency wre provided for each utility for 
the study period.  Some of these have been modified since that time.  Although most water 
providers use bi-monthly billing, there are others, such as the City of San Diego and IRWD that 
send monthly bills.  The billing unit used by most utilities is HCF or CCF (one hundred cubic 
feet or 748 gallons).   
 
There are typically two charges for water – a base rate and a commodity charge.  During the 
study period the base rate ranged from a low of $4.60 per month ($55.20 annually) in San 
Francisco to a high of $15.87 per month ($190.44 annually) in the City of San Diego.  There was 
also considerable variation in commodity charges and rate structures; for example San Francisco 
Public Utilities Commission charged a uniform rate of $1.71 per CCF while the IRWD has a 
five-tiered water-budget based-rate structure, with the cost per CCF ranging from $0.88 for Tier 
1 to $7.04 for Tier 5. 
   
Sewer rates varied considerably as well and most utilities charge a flat monthly or bi-monthly 
rate for sewer service.  Irvine Ranch Water District charges the majority of its single-family 
customers a flat rate of $10 per month based on an annual review of sewer use, while Rohnert 
Park in Sonoma County charges a base rate of $1.35 per month plus $9.15 per thousand gallons.  
Because irrigation water does not place a demand on the wastewater system, several utilities 
charge a commodity fee that is based on the customer’s average winter consumption.  An 
example of this type of rate structure is in the City of San Diego where customers are charged a 
monthly service fee of $11.32 plus a commodity charge of $3.218 per CCF based on average 
winter consumption.    

Conservation 
All of the study participants are signatories to the California Urban Water Conservation 
Council’s Memorandum of Understanding (MOU).  “Signatories of the Council's Memorandum 
of Understanding agree to meet certain requirements to achieve full implementation of the 
BMPs. These coverage requirements may be expressed either in terms of activity levels by water 
suppliers or as water savings achieved.”31 
 
The Memorandum of Understanding Regarding Urban Water Conservation in California was 
first adopted in 1991. Signatories to the MOU recognized the importance of maintaining a 
reliable water supply for uses as varied as agriculture, environmental protection, and urban 
demand. As demand for this finite resource increases, so does the need to develop conservation 

                                                 
31 http://bmp.cuwcc.org/bmp/read_only/home.lasso?rui=5021. Best Management Practices Report Filing. California 

Urban Water Conservation Council. Accessed January 20, 2010.  
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measures or best management practices (BMPs) that would give water providers tools that are 
economically feasible to implement. Water conserved through these measures can be used to 
offset increased demand as well as provide long-term protection of both urban water supply and 
the environment.  Implementation of the BMPs serves “to expedite implementation of reasonable 
water conservation measures in urban areas; and (  ) to establish assumptions for use in 
calculating estimates of reliable future water conservation savings resulting from proven and 
reasonable conservation measures.”32  
 
Since its adoption in 1991 the MOU has been amended numerous times and substantially revised 
in September 2007. The BMPs developed for the MOU provide utilities with a guideline for 
implementing each BMP while recognizing that utilities may develop their own method of 
implementation that is at least as effective as those laid out in the BMPs. Also defined in the 
MOU is a schedule of implementation, expected level and progress of implementation, reporting 
requirements and estimates of reliable savings. The feasibility and efficacy of the BMPs are 
assessed by the CUWCC on a periodic basis.   
 

Detailed Information on Each Participating Utility 
Appendix B includes a detailed description of the water supply and conservation strategy of each 
participating agency in this study.  In that appendix readers will find: 
 
 Demographic information from the US Census and other sources, specific to the utility 

service area 
 Climate and ET information 
 Customer base description and statistics 
 Water supply and demand statistics 
 Rate structure and water and sewer commodity charges and service fees 
 Conservation program information

                                                 
32 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=8540. Memorandum of Understanding Regarding Urban 

Water Conservation.  Terms. Section 2. Purposes. Accessed January 20, 2010. 
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CHAPTER 5 – RESEARCH METHODS 
 
The procedures for sample selection were designed to ensure that the sample was representative 
of the residential customer base as a whole. Sample selection was designed to minimize the 
possibility of selection bias by choosing customers randomly from the single-family customer 
base in each participating agency. Billing data for the sample population were compared to and 
matched with the billing data of the single-family population as a whole for the period of the 
study.  The analysis of water efficiencies discussed in this report is based on performance criteria 
rather than identification of specific makes and models of fixtures and appliances.  The intent 
was to determine at what level of efficiency the homes were operating rather than what models 
of toilets and appliances they had.  From the standpoint of judging water conservation 
effectiveness this is the relevant parameter.  From the standpoint of knowing models it begs 
several key questions.  For example, in the results section of the report there are histograms that 
show toilet flushing volumes. Toilets that are flushing at 2.2 gpf or less are considered efficient, 
but some of these may be high volume toilets that have been modified to flush at lower volumes.  
In addition, toilets that are flushing at 3.5 gallons may include an indeterminate number of mal-
functioning ULF type toilets.  ULF toilets that are flushing at more than 2.2 gpf would be 
counted as high volume or high water use toilets in this analysis. 

Overall Study Organization 
Figure 10 shows how the overall project was organized and how the various elements tied 
together.  The study began with collection of single-family billing data for each of the study 
sites, for the period from 2005 through 2007.  Statistical analysis were then performed on the 
billing information to provide summaries of annual and seasonal use patterns and to provide 
sample frames for surveying and the selection of study homes for data logging.  Representative 
samples of homes were selected from the billing data on the basis of annual water use, and each 
of these homes was then the subject for data logging during the period from 2006 through 2008, 
to allow for disaggregation of uses, and GIS analysis, to determine landscape characteristics.  
The Trace Wizard analysis provided disaggregated water use during the two-week data logging 
period.  The end-use data from this was combined with billing information to generate estimates 
of indoor and outdoor annual use and gallons per day for individual indoor uses.  Outdoor use 
was estimated as the annual use from the billing data minus the best estimate of annual indoor 
water use, taken primarily from the flow trace analysis, but occasionally from the minimum 
month billed consumption. 
 
The indoor and outdoor end use data were combined with data from the surveys and flow trace 
analysis in order to generate regression models.  These models showed which of the data factors 
collected for the study were significant in predicting indoor and outdoor household water use, 
and how household use varied with each.  These models were then used to predict the impact of 
changing household characteristics on water use, which allowed estimates of water savings from 
various demand management strategies to be tested.  The report provides a set of conclusions and 
recommendations. 
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Solicitation of Agencies 
Because the goal of the sampling was to match the sample to the population by county, the 
solicitation process began with county population data for the most populous counties in the 
State, which are shown in Table 7.   The goal of the selection process was to obtain participating 
agencies within these counties such that each county was represented in proportion to that 
county’s percentage of the state population, to the extent practical.  The results are shown in 
Table 7.  Results on a county-by-county basis were mixed, but on a regional level the sample 
mix was fairly good.  A total of 46% of the state population is found in Los Angeles, Orange, 
and San Diego Counties, and 45% of the study sample was located in those counties.  The 
remainder of the sample was located in the San Francisco Bay and Sacramento areas.  Given the 
fact that participation in the study was purely voluntary we consider the sample mix to be a very 
acceptable working group containing a good mix of demographic, economic, and climate 
characteristics. 

Selection of Samples 
Each of the participating agencies provided the research team with a full year of monthly or bi-
monthly water consumption data for their single-family customers.  These lists were then 
trimmed to eliminate any customers with less than a full year of consumption data, or with very 
small or very large consumption.  The remaining records were then sorted from lowest to highest 
annual consumption and divided into groups according to how many homes were desired in the 
sample.  For example, in a system with 60,000 records in the trimmed data set, from which a 
sample of 60 homes was desired, the data would be divided into 60 groups of 1000 homes each.  
A random number between 1 and the number of homes in each group was chosen and this 
number was selected from each sample group.  In our example, if the random number was 548 
then the 548th home in each 1000 home sample group would have been selected for the logging 
group. 
 

The selection of the logging sample was based on the most recent billing data that could be 
obtained at the time that the logging sample was selected.  This ranged from 2005 to 2007. In 
some cases the average of more than one year was used.  The years for which the billing data 
were obtained for purposes of selecting samples are shown in Table 10. 

 
To the extent that the billing data included meter errors, these errors were carried over into the 
selection process.  For example, if meters were mal-functioning and under-recording water use, 
then this would be reflected in the billing data and in the selection process.  We screened the 
billing data for very low consumption, which would eliminate customers with non-functioning 
meters.  Meters that failed to register very low flows associated with leaks would also fail to 
register on the data loggers.  So, systematic meter errors due to under-registrations would affect 
the household use data used for this study.  The analysis of non-recording meters was not part of 
this scope, but the fact that it occurs should be kept in mind when analyzing residential water 
use.  Utilities were encouraged to replace old meters in order to minimize meter-related errors 
during the logging. 
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Table 7: Sites solicited for study 

Agencies in 
Sample 

County Percent of 
State 
Population 

Number of 
Homes in Target 
Sample 

Percent  of 
Sample 

LADWP Los Angeles 28% 120 15% 
IRWD Orange 8% 120 15% 
San Diego City & 
County 

San Diego 8% 120 15% 

  San Bernardino 5% 0 0% 
  Santa Clara 5% 0 0% 
  Riverside 5% 0 0% 
EBMUD Alameda 4% 60 8% 
City of Davis Yolo 

(Sacramento Area) 
4% 60 8% 

EBMUD Contra Costa 3% 60 8% 
  Fresno 2% 0 0% 
San Francisco 
Public Utilities  

San Francisco 2% 60 8% 

Las Virgenes 
MWD 

Los Angeles 2% 60 8% 

Redwood City San Mateo 2% 60 8% 
  Kern 2% 0 0% 
  San Joaquin 2% 0 0% 
Sonoma County 
Water Agency 

Sonoma/Marin 1% 60 8% 

  Stanislaus 1% 0 0% 
  Monterey 1% 0 0% 
  Santa Barbara 1% 0 0% 
  Solano 1% 0 0% 
Total 89.2% 780 100% 
 
 
In some cases this process was broken up into two steps, where the agency selected a group of 
1000 homes using the sampling approach described above, and the final sample for logging was 
selected from the group of 1000 (called the Q1000).  The net result was the same in both cases, 
where a logging group was created that matched the annual water use characteristics for the 
populations in terms of mean annual use, median use and the distribution of use. 
 
In all cases extra homes were selected to provide replacements for homes that proved impossible 
to log due to problems with their meters, or being unoccupied at the time of the logging, for 
example. 
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Assignment of Keycodes 
Each home in the study group was assigned a 5-digit keycode that allowed the home to be 
included in the analysis on an anonymous basis.  The first two digits of the code identified the 
agency in which the residence was located.  The last three digits identified the specific home.  
While the account and address of each home can be linked to the specific keycode for research 
purposes (such as follow up studies) none of the published data includes any customer 
identification.  

Table 8: Water Agency Keycodes 

Agency  Starting Keycode 
City of Davis 11101 
Sonoma County Water Agency 12101 
San Francisco PUC 13101 
East Bay Municipal Utility District 14101 
Redwood City 15101 
Las Virgenes MWD 16101 
Los Angeles DWP 17101 
Irvine Ranch Water District 18101 
City of San Diego 19101 
San Diego County Water Authority 20101 
 

Comparison Studies 
In order to gauge the water use efficiency of the study homes three other study groups have been 
used for comparison purposes. These studies are discussed and cited in the Literature Review, 
but, for convenience are summarized here.  

Residential End Uses of Water Study 
The Residential End Uses of Water Study (REUWS) is a group of approximately 1200 single-
family homes chosen at random from the service areas of 12 water providers across the country.  
These homes provide a baseline for existing single-family homes for the period from 1996-1998.  
The homes were selected only on the basis of having their water use match the water use of the 
populations from which they were drawn. 

EPA Retrofit Study 
The EPA Retrofit Study comprised a group of approximately 100 homes that were chosen at 
random from the single-family populations in Seattle, EBMUD and Tampa.  After baseline 
surveys and logging, approximately 30 of the homes were retrofitted with high efficiency 
fixtures and appliances.  The post-retrofit data from the homes was used as a benchmark for high 
efficiency single-family indoor water use that might be obtained from retrofits and repair of 
major leaks.  The homes in the study were existing homes in their respective service areas, and 
their only significant modifications were the high efficiency toilets, showers, clothes washers and 
faucets installed. The homeowners in the retrofit group were volunteers and they were given the 
new fixtures and appliances at no cost, so this may have increased their level of commitment to 
the study. Aside from that, however, they were typical single-family households. 
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EPA New Home Study 
The EPA New Home Study consisted of approximately 330 homes built after 2001 and selcted 
from eight water agencies.  Each home was surveyed and data logged between 2008 and 2010.  
The end use data from these homes was used as a benchmark for standard new homes built after 
2001.  These homes were especially useful in comparing toilet flush volume distributions since 
they were known to contain predominantly ULF (1.6 gpf) toilets.  In addition to the 330 standard 
new homes, the study included approximately 30 homes built to Water Sense standards.  The 
data from the high efficiency new homes was not used for comparisons in this study. 

Surveys 
Separate surveys were sent to the retail customers and the water agencies.  The purpose of the 
customer surveys was to obtain information to use in the modeling of factors that affect 
residential water use.  The purpose of the agency survey was to determine what types of water 
conservation programs were in place at each during the study period, and whether it might be 
possible to detect an impact on the customers’ water use from different programs. 

Utility Surveys 
The water agencies provided answers to questions about their water conservation programs and 
other related topics in a separate survey.  This survey asked 46 questions about the types of 
residential, CII, Irrigation and system conservation measures employed by the agencies.  It also 
asked about other conservation programs and whether the agency had a formal water 
conservation plan and/or drought plan in place.  A blank copy of the utility survey is shown in 
APPENDIX A.  

Customer Surveys 
Each of the homes selected for logging were provided with a survey to fill out.  Copies of the 
survey were delivered or mailed to the customers, and follow-up mailings were sent out 
approximately 2 weeks after the first survey was delivered.  Post card reminders were mailed out 
2 to 4 weeks after that.  The resident surveys asked for information about a broad range of 
physical and demographic information that was thought to have potential explanatory value for 
water use.  A copy of the resident survey is provided in Appendix C. The resident survey 
contained a total of 58 questions divided into the following categories: 
 
Indoor water fixtures present in the home 
Hot water system 
Outdoor/landscaping 
Outdoor water fixtures 
Swimming pools 
Questions on attitudes and demographics 
 
The surveys were sent to the homes that had been randomly selected for logging from the billing 
database.  It was known that this was going to reduce the number of survey responses available 
for the modeling effort.  This process offered a major advantage in the simplicity of logging 
home selection.  If we relied upon just the homes that returned surveys for our logging sample 
there was a potential for selection bias based on having what amounted to a volunteer selection 
group.  We felt that with sufficient effort we could obtain a large enough group of survey 
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respondents to provide an adequate modeling group, and this proved to be the case.  The 
exception to this was the Los Angeles DWP sample.  In that case the agency required that the 
sampling group be selected only from customers who gave signed permissions to participate in 
the study.  In order to minimize the chances of a selection bias, surveys were mailed to 3,000 
homeowners and the logging sample, obtained from the respondents was verified to ensure that it 
was statistically similar to the population of single-family homes with respect to the annual water 
use.  

Landscape Analyses 

Irrigated Areas 
The landscape for each of the study homes was analyzed according to the plant type and the area 
estimated from the photo analysis, using the best aerial photos that could be provided by the 
agencies or obtained from public sources.  A fairly typical analysis is shown in  
Figure 11.  Areas of turf, xeriscape and tree canopy have been identified on this lot.  The legend 
in the bottom left corner of the figure shows the various ground covers available for the analysis.  
Pools were identified and measured during this process, and were assigned a water requirement. 
The impacts of swimming pools and spas on outdoor water use was also determined as part of 
the modeling process during which the presence of pools was used as an explanatory variable for 
outdoor use, faucet use, and leaks to see if the presence of a pool was found to correlate with any 
of these categories of water use. 
 
Each water agency was asked to provide the best ortho-rectified aerial photos with the necessary 
parcel shape files, addresses for the analysis.  In some cases no aerial images were available from 
the agency at the time of the analysis, so it was necessary to use other sources such as Google 
Earth or various GIS sources.  Landscapes change over time, so we would anticipate that updated 
landscape analyses using more recent photos, with higher resolution, would result in different 
landscape area determinations.  The estimates contained in this study are based on aerial photos 
dating from or before 2006.33  
 
The use of aerial photos for determination of irrigated areas was always intended as the primary 
method of measurement because this approach was deemed the most accurate approach. Field 
measurements mentioned in the proposal were intended primarily to verify the scaling of the 
aerials and to resolve inconclusive information aerial information.  There were two reasons for 
this.  First most landscapes are not composed of simple geometric shapes that lend themselves to 
measurement with a wheel or a tape.  Landscapes almost always include complex curves and 
irregular areas.  Secondly, most of the landscapes are on slopes, and measuring slope areas 
distorts the actual area compared to the true horizontal projection.  This means that to properly 
survey the area the vertical angles of all measurements must by taken, and then all of the data 
must be reduced and analyzed mathematically.  None of this information is required from 
rectified aerial photos since these show the true horizontal projections, and the irregular areas 

                                                 
33 In 2010 IRWD independently analyzed the irrigated area from their study homes using new photos.  Their results 
(based only on total irrigated areas) varied from Aquacraft’s by an average of +30%.  Using the same new photos 
Aquacraft re-analyzed a random sample of lots and found that using the same photo our analyses were within 10% 
of theirs.  To avoid under-estimating irrigated areas, we re-analyzed the outdoor results with IRWD areas scaled up 
30%, in all plant types.  The results in this report are based on these revised areas. 
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can be digitized with a high degree of precision.  The types of information that aerial photos are 
sometimes weak in are the actual type of plants on the ground and whether these are irrigated.  
Verification of these details was a primary goal of the site visits. 
 
Five ground covers were used for the analysis, shown in Table 9. The area of the entire lot was 
determined from the aerial photo so that the irrigated area could be compared to the lot size as 
part of the analysis. This also served as a check for the scale. Non-turf plants comprised tree 
canopies, shrubs, and other landscape plants that were not grass.  Pools were measured, and 
assigned a crop coefficient of 1.25.  Turf and vegetable gardens were treated the same and 
xeriscape consisted of low water use plant materials. On several lots there were areas that 
appeared to be non-irrigated outlots, or parcels of native plants that had been left untouched.  
Since these clearly were not irrigated they were classified as non-irrigated land and not given a 
crop coefficient. Hence, even though they were included in the total irrigable areas, they did not 
get a water allocation as part of the theoretical irrigation requirement calculation and were not 
included in the irrigated area totals.   
 
Each plant type was assigned an irrigation efficiency based on whether it would be expected to 
have a spray or drip system. The combined factors were calculated as the crop 
coefficient/efficiency.  

Table 9: Landscape parameters 

Ground Cover Crop Coefficient Irrigation Efficiency 
Allowed 

Combined 
Factor 

Entire  lot na Na na 
Non-Turf Plants 0.65 71% 0.92 
Pool or Fountain 1.25 100% 1.25 
Turf 0.80 71% 1.13 
Veggie Garden 0.80 71% 1.13 
Xeriscape 0.30 90% 0.33 
Non-irrigated ground 0 0 0 

 
The theoretical irrigation requirement (TIR) was calculated for each lot using the areas for each 
plant type on the lots with the ET data and efficiency allowances shown above.  First, the net 
ETo was determined for each site based on the best available weather data.  Net ETo was 
determined by doing daily soil moisture analyses from sample weather stations.  The daily ETo 

daily rainfall for the billing year were input, and only rainfall that reduced ETo either directly or 
via soil moisture storage was counted as effective.  This excluded rainfall that fell in excess of 
the soil moisture capacity, soil uptake rates, or which was such a small quantity that it would not 
be expected to enter the root zone.  In the Northern sites rainfall was found to reduce ETo by 
25%, while in the southern sites the net ET was just 9% less than the gross ETo. 
 
The Net ETo was then converted from inches to gallons per square foot using the conversion 
factor 1 inch = 0.624 gpsf.  The area for each landscape sub-area was then multiplied by the net 
ETo and the crop coefficient for the plant material.  The result was divided by the allowed 
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irrigation efficiency based on the Maximum Applied Water Allowance criteria (MAWA) for a 
well designed and maintained irrigation system to arrive at the TIR.34 
 
The equation used for estimating the TIR for this study was: 
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Where: 
TIR= theoretical irrigation requirement (gal) 
0.624= converts from inches of ETonet to gallons per square foot 
ETonet = reference ETo (inches) minus effective rainfall (inches) 
n= number of zones in the landscape  
i= individual zone 
Ai= area of individual zone (sf) 
Effi = irrigation efficiency allowance of individual zone 
Kzi= zone coefficient for individual zone = kspecies x kdensity x kmicroclimate 
 
The outdoor water use for each lot was estimated by taking the annual water use from the billing 
data and subtracting the best estimate of annual indoor water use, obtained mainly from the 
projected indoor use from the logged data.  In some cases the indoor use during the logging 
period did not give the best estimate for annual indoor use, for instance if no one was home 
during the logging period. In cases where the logged indoor use did not appear to give the best 
estimate of the annual indoor use, then the minimum month water use was used as a proxy for 
indoor use.  Due to the necessary lag time between sample selection and data logging, the 
logging data were usually not collected in the same year as was the billing data.  Since we know 
that indoor use tends to be stable, use of indoor data for a period different from the billing data is 
not a bad assumption as long as it is checked for reasonableness, as was done.   
 
When only a single water meter is present there is no completely accurate method of separating 
indoor and outdoor uses.  In most cases having indoor use from the flow trace analysis gives 
good results, but not always. Use of minimum month as a proxy for indoor use is reasonable, but 
especially in areas where irrigation occurs on a year-round basis it can overstate the indoor use 
significantly.   
 

Independent Verification of Areas 
Both IRWD and EBMUD performed independent analyses of the irrigated areas in their 
respective service areas using new aerial photos.  In comparing the results, the overall averages 
and total areas were found to agree well, but there were differences in how individual lots were 
analyzed.  
  
As part of the review process IRWD performed an independent analysis of the irrigated areas on 
the study homes from their service area.  They did this by using newer photos from 2010 to 

                                                 
34 There was some discussion of using irrigation efficiencies less than 0.71, but since this is the minimum acceptable 
efficiency in the MAWA calculations it was agreed in September 2009 to use 0.71. We recognize that achieving this 
may be a challenge for many older systems. 
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digitize total irrigated areas, and also performed field verifications.  Their assessment of the total 
irrigated areas was approximately 20% greater than the assessment performed by Aquacraft 
using older, lower quality photos from around 2005.  In order to determine whether the 
differences were due to just the photos or an inherent lack of accuracy in the technique they sent 
Aquacraft copies of the new photos, and the analysis was repeated from the beginning.  The 
analysts who did the measurement of areas from the 2010 photos did not see the analyzed images 
from IRWD, and they were not given the area totals provided from the agency.  They were 
simply given the original field notes and told to repeat the assessment of the irrigated areas using 
the same methodology as used for all other sites with the new photos.  This is a very important 
exercise, since if two analysts working from the same photos can not generate similar results this 
casts doubt on the reliability of the technique of using aerial photos as a basis for measuring 
irrigated areas.  Conversely, if two analysts generate similar results, working independently, then 
this confirms the reliability of the technique.    The results from these to parallel analyses, 
compared in CHAPTER 7, lie within 2% of each other. 

Pools 
Pools were treated as irrigated areas with coefficients of 1.25 to allow for the evaporation from 
an open water surface.  Including pools in this way provided them with a water allocation.  
Water used to fill the pool could be categorized by Trace Wizard as either faucet use (indoor) or 
irrigation (outdoor) depending on how the pool is filled.  A low trickle fill from a float valve 
would normally get categorized as a faucet use, while the use of a hose to fill the pool from a 
hose bib would probably get categorized as irrigation, an outdoor use.  To the extent that pool fill 
water is categorized as outdoor use, then the water used for the pool would be counted as total 
outdoor use, and would increase the calculated irrigation application.   
 
 
 
 

 
Figure 11: Typical aerial landscape analysis 
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Site Visits and Data Logging 
After the logging groups were selected, as described in more detail in Chapter 6, each home was 
visited by a member of the research team.  The site visits and logging occurred during a 22-
month period from November 2006 to August 2008.  The main purpose of these visits was to 
install the data logger on the customers’ water meter.  In some cases surveys with return mail 
envelopes were delivered as well.  The homes were compared to the aerial image used for the 
landscape analysis in order to verify that the correct image was used.  The landscape was 
observed in the field, and the types of landscape material present were compared to the landscape 
types selected by the GIS analysis to catch situations where landscape types were mismatched. 
This verification of the aerial photo information was performed on all of the homes visited.  The 
main goals of the verification were to determine that the correct plant types were used, and to 
identify areas of non-irrigated land. In addition, measurements were made to verify the scale of 
the photos for example by measuring the width of the driveway so that this could be compared to 
the aerial data.  No attempt was made to conduct detailed surveys of the landscapes because the 
errors introduced by the many irregularities in the landscapes, and the effects of slopes on area 
calculations would be much greater than those arising from the aerial photo analysis.   The 
following table shows the approximate dates during which the site visits occurred. 
 

Table 10: Dates for site visits and billing data 

Keycode Participant Site Visit Dates Year of Billing Data used 
for annual and seasonal 
analysis 

11000 Davis January 2007 2005 
12000 SCWA May 2007 2005 
13000 San Francisco December 2006 Avg 2006, 2007 
14000 EBMUD April 2007 Avg 2004-2007 
15000 Redwood City November 2006 2005 
16000 Las Virgenes MWD February 2008 2006 
17000 LADWP August 2008 2006 
18000 IRWD June 2007 2005 
19000 City of San Diego September 2007 2006 
20000 San Diego County November 2007 2005 
 
The fact that many of the sites were logged during non-irrigation periods should not be a cause 
for concern since for purposes of this study the logging data were used primarily to quantify and 
disaggregate the indoor water use. Outdoor water use for each home was determined by taking 
the annual billed consumption and subtracting the best estimate of the annual indoor use from 
this value.  Outdoor traces during irrigation periods would only be required for studies involving 
daily or hourly water use patterns, and this study was focused on annual use. 

Flow Trace Data Analysis 
In order to properly interpret the results of this study it is important to understand how flow trace 
analysis works, and what are its strengths and weaknesses.  The goal of flow trace analysis is to 
disaggregate water use in a single-family home based on a highly precise pattern of flow over 
time obtained from the main water meter for the house.  The key is that the main water uses, 
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such as toilets, clothes washers, dish washers, irrigation systems, and showers in the home 
provide very clear flow patterns that are relatively easy to identify.  Other uses, such as faucets, 
leaks, water treatment and pools are more ambiguous.  The idea is to extract the information for 
the easily identified events, which leaves behind a smaller volume of water in the remaining 
categories.  This smaller volume of water can then be analyzed statistically to examine the 
factors that appear to have an influence. 
 
Flow trace is a very good tool when understood in this way, but it does involve a degree of 
uncertainty and random error.  When one balances the information provided by flow trace 
analysis against the practical impossibility of sub-metering a home to provide end use 
information of equal detail, its value is clear.  Working with flow traces and the Trace Wizard 
program, an experienced analyst can determine the important information related to the daily 
household use for the key fixtures and appliances, and can determine the efficiency levels of 
these as measured by their volumes of use.  Water use for categories like faucets and leaks is 
more ambiguous since sometimes events produced by a faucet may appear to be a leak, and vice 
versa.  This is where the information from the surveys can be used to identify relationships 
between household characteristic and the end-use in question.  This process can help clarify the 
factors that are probably linked to the use.  For example, leak events may sometimes include 
very small faucet uses, intermittent flows for automatic pool filling, ice machine, or continuous 
flows from certain water treatment systems.  By modeling leakage against the presence of pools, 
home water treatment, automatic irrigation systems etc., it is possible to see what factors explain 
increased leakage or leak-like events.  Leakage estimates and can be tempered with the 
knowledge that in some cases what appears to be a “leak” may be a reverse osmosis system that 
has been left running continuously in an attempt to treat all of the water used in the home. These 
types of issues tend to work on the fringes of the data.  The main body of information provided 
by the analysis is the core household water use patterns and efficiency levels for the household. 
 
Each flow trace file obtained during the site visits was analyzed into individual water use events 
using the Trace Wizard Software.  During Trace Wizard analysis each event is characterized 
according to its end use, start time, duration, volume, maximum flow rate and mode flow rate.  
This is a stepwise process.  Each trace is first checked to verify that the logged volume agrees 
with the meter volume.  When the volumes agree then the trace can analyzed as is. When the 
volumes do not agree further investigation is required. In some cases the data logger records the 
data but the volume recorded differs from that of the meter by a small amount.  These traces 
usually are used with a correction factor applied so that the volumes agree.  In other cases the 
volume of the data logger and the meter volumes differ by a substantial amount.  These traces are 
opened for inspection. In some cases the trace files may contain a few erroneous events, caused 
by infrequent electrical interference with the sensor, which causes extremely high flow rates to 
be recorded.  If these are isolated events they can be removed manually during analysis, and the 
rest of the trace can be used.  If the entire trace is contaminated with interference then it has to be 
discarded.  In some cases the logger simply fails to record any data, in which case the trace is 
discarded and if necessary the site is re-logged. 
 
After the volumes are evaluated and, if needed, correction factors applied, each of the traces with 
usable data is disaggregated into individual events.  The Trace Wizard program contains a 
template of indoor fixtures and appliances that serve as the starting point for the analysis.  If 
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these templates are set up carefully they can identify many of devices on the initial calculation. 
The Trace Wizard program is similar to an expert system in that the analyst identifies how events 
should be categorized according to fixture type, and then the program uses this information to 
find all similar events in the trace and assign them to the chosen fixture. For example, if on Day 
1 of the trace a toilet is identified that has a volume of 3.5 gallons, a peak flow of 4 gpm, and a 
duration of 90 seconds, these fixture parameters are adopted by the analyst. The program will 
then find other similar events throughout the duration of the logging period that match the first 
event.  Each of these events is labeled as a toilet with no further intervention required on the part 
of the analyst. 
 
The analyst works through the flow trace to find all of the major fixtures, assigns the fixture 
parameters, and verifies that the fixtures have been identified successfully by the program. When 
multiple events occur simultaneously it may be necessary for the analyst to identify events by 
inspection and separate these events manually. The analyst also identifies the first cycle of all 
clothes washers and dishwashers events in a trace and assigns an “@” in the name: e.g. 
clotheswasher@.  This allows the number of clothes washers and dishwasher events to the 
counted from which the gallons per load can be determined. 
 
The analyst may need to evaluate other events on a case-by-case basis. Water treatment systems, 
pool filling, and evaporative cooling can have enough variability from one trace to another that it 
can be difficult to develop a template that contains all of the necessary parameters to identify 
them automatically. On-site regenerating water treatment systems may have similar patterns 
from one trace to the next, but it is impossible to have a template that accounts for all of the 
variability. Events such as these are identified through inspection by the analyst.  Visual 
inspection may be necessary for identifying more common events as well. For example, if 
someone leaves a kitchen faucet running for 10 minutes while they wash the dishes it may look 
like a shower.  In these cases classification of the event is a judgment call supported by factors 
such as frequency, time of day (showers are more likely to occur in the morning) and the 
proximity of other events (long periods of faucet use may be followed by the dishwasher). 
 
Each water use event in the flow trace is characterized by fixture type, flow rate, duration and 
volume.  The analysis does not however, reveal the make or model of a fixture or appliance.  The 
efficiency of devices like toilets, showers, and clothes washers is inferred from their measured 
volumes or flow rates.  There may, for example, be many “standard” showerheads that flow at 
2.5 gpm or less.  These would be classified as “high efficiency showers” because they meet the 
EPAct 200535 criterion, which requires a flow rate of 2.5 gpm @ 80 psi.  
 
Toilets with flush volumes of 2.2 gpf or less were classified in this report as efficient toilets, 
meaning that they flush at or below a volume most likely due to a ULF or high efficiency 
toilet.36  High efficiency toilet refers to a specific model of toilet designed to flush at 1.28 gpf or 
less.  It is possible that a number of these toilets are high volume flush units that have had 
displacement devices installed or modified in some way to make them flush at 2.2 gpf or less.  

                                                 
35 EPAct 1992: Energy Policy Act of 1992 National Efficiency Standards and Specifications for Residential and 
Commercial Water-Using Fixtures and Appliances 
 
36 The EPAct 1992 standard for ULF toilets is 1.6 gpf  
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Conversely, there may be some ULF toilets with flush volumes as high as 3+ gallons as a result 
of being poorly adjusted or because of a malfunction. These toilets would not be considered 
“efficient” in our analysis.  
 
Following the initial disaggregation and analysis process, the trace is checked by another analyst 
to make sure there are no obvious errors and that events that require a judgment call seem 
reasonable.  Once all questions are resolved, the trace is then ready for further processing, and 
the process is repeated on another trace.  Simple traces can be analyzed in as little as 30 minutes.  
Analysis of complex traces may take several hours to complete. The level of complexity is 
normally related to the volume of water used in the home during the logging period and the 
frequency of events occurring simultaneously. 
 
During the logging of the Northern sites a series of traces was sent to an independent consultant, 
who provided analysis of the traces separately from our staff.  The results of the two analyses 
were compared to see if there were differences that would affect the characterization of the 
home. While there were variations in the volumes assigned to individual events, there were no 
differences in how the homes were characterized with respect to toilet or clothes washer 
efficiencies.  The results of this double blind analysis are discussed in Chapter 7. 

Trace Wizard Identification of Common Household Fixtures  
Trace Wizard analysis provides a visual tool for identifying individual events that take place 
during the two-week data logging period. The most common events found during trace analysis 
are toilets, faucets, showers, clothes washers, dishwashers and leaks. Examples of these events 
follow along with a description of a typical profile.  While flow trace analysis is not perfect it 
performs very well in identifying the key household end-uses.  There are always ambiguous 
events that can be categorized differently by different analysts, and these create scatter to the 
results.   
 
Trace Wizard is at its best in identifying anything that is controlled by a timer or a mechanical 
controller.  These include toilets, dish washers, clothes washers, irrigation timers, water 
treatment regeneration systems.  Fixtures that are limited by a valve or which operate in a 
repeatable fashion are also fairly easy to identify.  The program deals with multiple events by 
splitting out the super-event from the base event.  This covers the situation of the toilet flush on 
top of the shower or irrigation.  It also has the ability to split out events that run into each other, 
but this requires the analyst to manually identify the point at which one event ends and another 
begins.  This covers the situation where a faucet is turned on before a toilet stops filling. 
 
The following sections provide some examples of how typical fixtures and appliances are 
recognized in flow trace analysis, and discuss issues encountered in dealing with each category 
of end use. 
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Toilets 
Trace Wizard determines the time of day, the volume, the duration, the peak flow and the mode 
flow of toilet events.  From this it is possible to draw inferences about what type of toilet might 
be behind the trace.  However, this inference process is not perfect, and must be used with 
discretion.  Trace Wizard can not tell if a 3.0 gallon flush is coming from a malfunctioning ULF 
toilet or a modified high volume flush toilet. 
 
There are also two ways of looking at toilets.  From the perspective of a household efficiency 
study what is important is the actual volume of the flush, the distribution of flush volumes and 
the overall average gallons per flush in the home.  From the perspective of a water agency that is 
interested in tracking the percent of all toilets that have been replaced, the key is the actual make 
and model of the toilet. The flow trace data can be helpful in making judgments about the market 
penetration rates, but it is inherently ambiguous when it comes to assigning actual toilet designs. 
 
The other complicating factor about toilet analysis is that houses contain mixtures of different 
types of toilets. This makes it necessary to look at things like the percent of flushes at different 
volumes (toilet heterogeneity) in an effort to determine the mixture of toilets in the home.  All of 
these techniques are used and discussed in the report. 
 
Figure 12 is an excellent example of four toilet flush events (green) that take place over a two 
hour period and were identified using the Trace Wizard program. The program identifies flow 
events with similar properties including volume, peak flow, and duration. Also shown in the 
figure are faucet events (yellow) that have been separated from the toilet events and are not 
included in the toilet volume. The baseline flow (blue) has been labeled leakage. Although the 
flow rate is less than a tenth of a gallon per minute, it is continuous through the entire trace and 
accounts for nearly 1,400 gallons of water during the two week data logging period. In these 
cases the presumption is that these represent leaks unless there is evidence that the household has 
some sort of continuous use water device (e.g. for medical or water treatment purposes). 
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Toilet events that fall within the 
parameters established for the toilet. 

Figure 12: An example of four toilet flushes, faucet use, and baseline “leak” identified using the 
Trace Wizard program 

It is not uncommon to find several different toilet profiles in the same residence. This may be the 
result of replacing only one of the toilets with a ULFT or HET, toilets of different brands in the 
home, flapper replacement, or the addition of a displacement device or some other conservation 
measure in one of the toilets. Figure 13 is an example of two different toilet profiles in the same 
home; two of the toilet flushes are from a ULF toilet and the other two flushes are from a high 
volume or high water use toilet with a flush volume of 2.7 gallons. 
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ULF toilets 1.6 gpf 

High volume toilets 2.7 gpf 

Figure 13: Four toilet flushes with two different profiles identified in Trace Wizard 

Clothes Washers 
Although there are many brands of residential clothes washers available, there are enough 
similarities in their profile to make them easily recognizable in the Trace Wizard program. 
Figure 14 is an example of the characteristics of a top-loading, non-conserving clothes washer, 
shown in light blue. Each cycle is similar in volume (22-24 gallons) and represents filling of the 
clothes washer tub. Cleaning and rinsing is accomplished by agitating clothing in a volume of 
water sufficient to submerge the clothing. The initial cycle is labeled clothes washer @ and 
allows the total volume of the clothes washer to be calculated for statistical purposes.  
 
This figure also shows a typical intermittent “leak” consisting of very low flow rates going on 
and off during the trace period. These are most likely dripping faucets or valves that “leak” at a 
low rate, which are very common. 
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Wash and rinse cycles of a top-loading clothes washer. 
The first cycle is identified as clothes washer @ and 
allows each clothes washer load to be counted 
separately.  

Clothes  
washer @ 

 

Figure 14: Typical profile of a top-loading clothes washer 

High efficiency clothes washers are designed to use less water than the standard top-loading 
clothes washers. They use a tumbling action that provides cleaning by continually dropping and 
lifting clothes through a small pool of water.  The clothes washer loads, shown in light blue in 
Figure 15, use less than 15 gallons per load. As with a standard top-loading clothes washer, the 
initial cycle is labeled clothes washer @ which allows the volume of each cycle to be identified.  
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Wash and rinse cycles of a high efficiency front-
loading clothes washer. The first cycle is identified as 
clothes washer @ and allows each clothes washer load 
to be counted separately.  

Clothes  
washer @ 

Clothes  
washer @ 

Figure 15: Typical profile of two high efficiency clothes washer loads identified in Trace Wizard 

Showers 
Showers typically have one of two profiles. The profile shown in Figure 16 is representative of 
homes that have what is commonly referred to as a tub/shower combo, in which the shower and 
bathtub are operated by the same faucets. This results in a high flow when the faucets are turned 
on initially and the temperature is being adjusted; the diverter is then pulled and the flow is 
restricted by the shower head. The flow then remains constant until the faucets are turned off. 
The shower shown in Figure 16 has an initial flow of 5.6 gpm which drops to 2.0 gpm for the 
duration of the shower. There are a number of HET toilet flush events (1.28 gpf) that occur 
during the two-hour time period shown in the figure, one of which occurred during the shower, 
and has been separated from the shower.  
 
The second shower profile, shown in Figure 17, is typical of a stall shower where the flow goes 
directly through the showerhead and is therefore limited by the flow rate of the showerhead.  The 
flow rate of a showerhead is dependent on the flow rating of the showerhead and the operating 
water pressure. The shower in Figure 17 is 14 minutes in duration with a flow rate of 1.7 gpm. 
Also shown is a clothes washer event and several toilet and faucet events.   
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Example of tub/shower 
combo with diverter High efficiency 

toilet flushes 

Figure 16: Classic profile of tub/shower combo with HE toilet events and some faucet use 

 

Figure 17: Profile typical of a stall shower with clothes washer, faucet, and clothes washer events 
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Dishwashers 
Although dishwashers are multiple cycle events, their water use typically accounts for less than 
5% of the total indoor use. Because they are cyclical and there is very little variation in the flow 
rate or volume of the cycles, dishwasher events are easily identifiable. And, like clothes washers, 
the first cycle of the dishwasher event is labeled using the @ symbol which enables the number 
of events to be counted. Figure 18 is an example of a dishwasher event with six cycles. Faucet 
use often precedes or occurs during dishwasher events as dishes are rinsed, or items are being 
hand washed.  In the flow trace analysis the dishwasher category includes only water being used 
by mechanical dishwashing machines.  Water used for hand-washing of dishes would be counted 
as part of the faucet category.  
 

 

Faucet use preceding 
dishwasher event 

Multiple dishwasher cycles ~ 
2.0 gallons per cycle 

Figure 18: Multiple cycles typical of dishwasher usage 

Water Treatment 
There are two kinds of water treatment that need to be considered.  The most common is the 
water softening device, which works by ion exchange.  Raw water is run through a resin bed and 
the hardness ions (calcium and magnesium, primarily) are adsorbed onto the resin in exchange 
for sodium.  This reduces the hardness of the water, but does not affect its total dissolved solids.  
Once the exchange capacity of the bed is exhausted it is regenerated by backwashing with salt 
water.  This backwash process is the only water consumed by the process.  The treated water 
simply flows into the water pipes for use by the occupants as needed.  Figure 19 shows a typical 
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regeneration cycle for a home water softener.  These are sometime controlled with a timer and 
sometimes by a sensor.   These types of systems are very simple to identify in Trace Wizard. 
 
The other type of home treatment is reverse osmosis.  These systems run the potable water 
through a membrane which separates the water from the salt.  Typically around 25% of the total 
water input to the system emerges as product water and 75% is wasted.  Whenever water is being 
treated the system is using water.  The flow rates are typically low, and can be mistaken for 
leaks.  The difficulty in identifying them as water treatment as opposed to leakage is the pattern 
of use.  If only a few gallons are produced at a time, the system will show a repeatable pattern 
that can be identified.  For example, if once or twice a week 2 gallons of product water are 
treated for drinking and cooking this will show up on the trace as a 10 gallon event with a fairly 
repeatable flow rate.  If the system is used to treat large volumes of water it will start to look like 
a continuous leak.  Having survey information to identify houses with RO systems can help with 
this.  In the modeling chapter we discuss the relationship between home treatment systems and 
identified leakage. 
 
 
 

 

Figure 19: An example of residential water softener in Trace Wizard  
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Leakage & Continuous Events 
There are two kinds of leaks identified in Trace Wizard.  The first type is intermittent leaks, such 
as toilet flappers or faucet drips and the second is continuous leaks due to broken valves or leaky 
pipes.  Intermittent leaks are identified by their very low flow rates (too low to be faucets), 
association with other events that might initiate a leak, or the fact that they simply do not appear 
to be faucet use, and because they occur too frequently to be explained by someone standing at a 
sink and operating a faucet for hours at a time. Intermittent leaks are very common, and most 
traces contain a number of these types of leaks. The lower limit of “leak” detection is based on 
the ability of the water meter to register the flow.  To the extent that the meters can not register 
very low flows, leakage measurements would be under-estimated. 
 
Constant leaks, on the other hand are continuous events.  In some cases these may not be leaks at 
all, but represent a device that has a constant water demands, such as a reverse osmosis system or 
a once-through cooler.  The presumption, though, is that these are leaks.  Use of survey 
information can be used in conjunction with the end use data to look for correlations between 
leakage and fixtures in the home to see if there might be a relationship that helps clarify the 
source of the “leak” and leak-like events.  These correlations have been done in Chapter 9.   
 
Figure 20 is an example of an event that is classified as leakage in the Trace Wizard program. 
Although the flow rate is quite low – averaging less than 0.5 gpm – over the 2 week period of the 
trace nearly 5,400 gallons were attributed to this event.  Leakage is flow that can not be easily 
classified as a typical fixture, such as use for toilet flushing, clothes washing, faucets, showering, 
irrigation, or other commonly found household use. Leaks can be attributable to malfunctioning 
fixtures such as a leaking toilet or irrigation system or due to process uses, such as a reverse 
osmosis system, evaporative cooling, or a non-recirculating pond or fountain. The cause of flow 
attributed to leakage may be discovered during a site visit or from information provided on the 
survey returned by the homeowner. Often, however, this information is unavailable, and the 
cause of leakage remains unknown.  Since the “leak” category represents such an important part 
of single-family residential water use, looking further into the causes of these types of events 
would be beneficial. 
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Figure 20: Four-hour period showing a continuous event classified as a leak 

Irrigation 
Overhead irrigation events are the easiest to identify and are usually characterized by a large 
event consisting of several very distinct segments, each with its own duration and flow rate as 
the various zone valves open and close.  Automatic irrigation is generally operated by a timer 
device that turns on the irrigation at a set time, on specified days, and irrigates multiple zones in 
sequence. The flow rate for each zone varies depending on the type and number of sprinkler 
heads located on that zone. Figure 21 shows an irrigation event that occurs Monday, October 29, 
2007 at 1:12:10 PM. The event properties show that the volume of the irrigation event is 949 
gallons with a peak flow of 18.4 gallons per minute, and a duration of 1 hour and 12 minutes. 
This event is repeated daily throughout the duration of the data logging period. The change in 
flow rate occurs 7 times during the irrigation event and is indicative of different irrigation zones.    
 
Drip irrigation is typically lower flow than overhead irrigation and may be operated manually or 
as a separate zone on an automatic irrigation system. Drip irrigation is generally used for non-
turf type plants that require less water and less frequent watering than turf or other high water-
use plants. Figure 22 is an example of a drip irrigation event with a flow rate of 2.5 gpm and a 
duration of 96 minutes. The total volume of the event is 190 gallons. There are several toilet 
flushes and some faucet use that are running concurrently to the irrigation event.  
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Figure 21: Irrigation event with multiple zones 

 
 

 

Figure 22: Trace Wizard profile of drip irrigation  
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The end result of the flow trace analysis is a Microsoft Access database file with a unique 
keycode that identifies the home. The file for each home contains one record for each water use 
event along with the fixture name, volume, flow rate, start time and duration.  A typical two-
week trace will contain anywhere from 1,500 to 10,000 events.   

Faucet Use 
Basically, faucet events are generally intended to identify uses for kitchen and bathroom faucets.  
These include a wide range of events that are similar, with flow rates less than 2.5 gpm and 
durations and volumes that are reasonable with respect to what one would expect from a 
bathroom or kitchen sink.  Exceptions to this would include flows at higher flow rates that might 
come from a utility sink or a bath tub with a volume too low to be a bath fill. Another quality of 
faucet use is their irregular and random type of pattern, with fairly short durations and low 
volumes.  Use of faucets to hand-wash dishes while leaving the water run continuously is one of 
the largest types of faucet uses encountered in the analysis. 
 

Other Uses 
Events that simply do not fit neatly into any other category are listed as “other uses”.  They 
might have flow rates too large for a sink, but volumes too small for irrigation or a bath.  These 
events are set into the category of miscellaneous other uses. 

Database Construction 
An overall project database was assembled that contained the following items: 
 

 Customer logging information 
 Billing data 
 ET data 
 The water event data from all traces (~ 2 million records) 
 Survey responses 
 Landscape information 

 
The customer logging information consists of names, addresses and meter information for the 
homes in the logging group. Billing data consisted of the monthly or bi-monthly water 
consumption data provided by the water agency from the billing database.  These records are 
from either 2005 or 2006.  The billing data were used to select the logging sets and to ensure the 
statistical similarity between the logging group and the respective populations. 
 
ET data were obtained primarily from the CIMIS system. Both ETo and rainfall data were 
obtained in order to calculate the theoretical irrigation requirements for each lot using ETo and 
effective precipitation.  
 
The water event data consists of the combined set of water event databases assembled from all of 
the valid flow traces collected in the study.  In the California Single Family study the water event 
database contained over 2 million individual records.  The event database is very simple but 
extensive.  It contains the following fields for each water event identified in the flow trace.  
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There are only a few parameters listed in the event database, but these are all that are needed to 
allow a wide range of analyses to be performed during subsequent stages of the analysis. 
 

Table 11: Water event database fields 

Field Name Description 
Keycode 5 digit code that identifies the study site and the home 
Start  Start time of event 
End  End time of event 
Duration Duration of event (seconds) 
Name End Use category of event 
Volume Volume of event 
Max Flow Rate Max flow rate of event (gpm) 
Mode flow rate The most frequent flow rate in event (gpm) 
Mode number The number of times the mode flow rate occurred during event 
 
The survey responses were tabulated for each respondent (identified by key-code and by 
question number.  This allowed the responses to be used as variables in the regression modeling. 
 
Landscape information was generally obtained from the best available rectified aerial photograph 
of the homes in the study groups.  The landscape data consisted of the total area of each 
landscape type on each lot.  The landscape types consisted of turf, non-turf trees and shrubs, 
xeriscape, vegetable gardens, and non-irrigated native landscape.  Swimming pools were 
measured, but as discussed above, were not assigned a crop coefficient.  The landscape table 
consisted of the areas by plant type for each of the lots listed by keycode.  These areas were used 
along with the ET data to estimate the theoretical irrigation requirements for each lot. 
 
Each plant type was assigned a crop coefficient. In the case of tree canopies, the entire canopy 
was delineated, including areas that overhang the adjacent properties if the tree trunk was located 
on the lot.  Where tree canopies occurred from neighboring trees over lawns the coefficient for 
the lawn was used. 
 

Table 12: Annual Crop Coefficients 

Plant Type Crop Coefficient 
Turf 0.80 
Non-turf trees, shrubs 0.65 
Vegetable Gardens 0.80 
Xeriscape 0.30 
Non-irrigated areas 0.00 
 

Descriptive Statistics 
A series of queries were designed to provide summaries for indoor and outdoor analyses.  These 
summary workbooks were used to prepare descriptive statistics in tabular and graphical form for 
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inclusion into this report.  These queries were later linked with the survey responses and other 
data for regression analysis. 
 
For the indoor statistics, the water event database was queried in order to obtain the parameters 
listed in Table 13.  This worksheet contains a summary of the dates, durations, total volumes by 
end use, gallons per day by end use, counts of events by end use and volumes per event.  Some 
are taken directly from the events database, but most are derived from the events data through 
various arithmetic calculations.  
 

Table 13: Indoor parameters extracted for indoor summary 

Parameter Units 
Keycode na 
TraceBegins days 
TraceEnds days 
Trace Length Days days 
Total Volume gal 
Indoor total gal gal 
Outdoor total gal gal 
Bathtub total gal gal 
Clotheswasher total gal gal 
Dishwasher total gal gal 
Faucet total gal gal 
“leak” total gal gal 
Other total gal gal 
Shower total gal gal 
Toilet total gal gal 
Total GPD gpd 
Indoor GPD gpd 
Outdoor GPD gpd 
Bathtub gpd gpd 
Clotheswasher gpd gpd 
Dishwasher gpd gpd 
Faucet gpd gpd 
“leak” gpd gpd 
Other gpd gpd 
Shower gpd gpd 
Toilet gpd gpd 
Bathtub events count 
Clotheswasher events count 
Dishwasher events count 
Faucet events count 
“leak” events count 
Other events count 
Shower events count 
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Parameter Units 
Toilet events count 
Number of flushes less than 2_2 Gal count 
Number of flushes greater than 2_2 Gal count 
Percent of flushes less than 2_2 Gal % 
Average toilet flush volume gal 
Toilet flush stdev gal 
Average clothes washer load gal gal./event 
Clothes washer loads per day events/day 
Average shower gal gal/event 
Showers per day count/day 
Total shower minutes min 
Average shower seconds sec 
Average Shower (minutes) min 
Average shower mode flow gpm gpm 
Shower minutes per day min 
 
 
The results from the query that prepares Table 13 consists of a table that contains one row for 
each key code and one column for each of the parameters shown in the table.  From this a set of 
descriptive statistics were developed for the key parameters, as shown in Table 14.  This table 
shows the number of study homes with data for the specific parameters, the means, medians, 
standard deviations and confidence intervals of each. The range of the results and the sums of the 
data are also included.  Not every parameter is meaningful for all categories. For example, the 
sum of the volumes logged is significant: a total of 3.42 million gallons of water were included 
in the flow traces, but the sum of the GPD is not a useful statistic.  These data are discussed in 
detail in following sections, and are provided here simply to give the reader an understanding of 
the procedures used for the analysis. 
 

Table 14: Statistics extracted from indoor summary table 

Parameter N Mean Median StDev 95th CI Min Max Sum 
Total Volume 734 4666 3515 4098 296 0.05 28058.27 3424729 
Trace Length 
Days 

734 12.3 13.0 1.4 0.1 6 20 9009 

Total GPD 734 378 292 323 23 0.01 2338.19 277220.3 
Indoor GPD 732 175 157 107 8 0.01 833.25 127970 
Outdoor GPD 589 243 145 289 23 0.06 1939.40 143154.6 
Indoor total gal 732 2148 1898 1341 97 0.05 10832.31 1572674 
Outdoor total gal 589 3019 1809 3647 294 0.84 27151.61 1778284 
Bathtub total gal 393 85.4 52.4 111.6 11.0 4.91 1376.53 33568.28 
Clotheswasher 
total gal 

677 408 328 313 24 16.17 2553.26 276308.1 

Dishwasher total 
gal 

444 30 23 26 2 0.65 153.04 13143.85 

Faucet total gal 729 402 320 326 24 1.57 2522.87 293153.2 
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Parameter N Mean Median StDev 95th CI Min Max Sum 
“leak” total gal 732 380 141 751 54 0.05 8924.64 278057 
Other total gal 421 78 14 238 23 0.18 3347.53 32881.66 
Shower total gal 714 433 365 319 23 5.62 2068.87 309380.8 
Toilet total gal 727 462 399 323 24 1.87 2450.05 335904.7 
Bathtub events 393 4.14 3.00 4.26 0.42 1.00 40.00 1627 
Clothes washer 
events 

674 11.77 10.00 8.48 0.64 1.00 85.00 7935 

Dishwasher 
events 

426 4.56 4.00 3.70 0.35 1.00 33.00 1942 

Faucet events 729 739 555 889 65 5.00 10515.00 538484 
“leak” events 732 1942 1266 2328 169 3.00 25022.00 1421599 
Other events 421 15.4 5.0 42.9 4.1 1.00 503.00 6491 
Shower events 714 24.0 21.0 16.3 1.2 1.00 132.00 17168 
Toilet events 727 169 155 100 7 1.00 628.00 122777 
Bathtub gpd 393 6.9 4.2 8.9 0.9 0.41 105.89 2719.757 
Clothes washer 
gpd 

677 33.2 26.9 25.2 1.9 1.35 196.40 22469.61 

Dishwasher gpd 444 2.4 1.9 2.1 0.2 0.07 11.77 1070.435 
Faucet gpd 729 33 27 26 2 0.15 194.07 23907.95 
“leak” gpd 732 30.8 11.4 60 4 0.01 686.51 22537.34 
Other gpd 421 6.3 1.2 18.9 1.8 0.01 257.50 2660.237 
Shower gpd 714 35 30 26 2 0.47 159.14 25198.87 
Toilet gpd 727 38 32 26 2 0.16 204.17 27384.55 
Average clothes 
wash load gal 

677 36 37 12 1 9.58 94.00 24521.23 

Clothes washer 
loads per day 

674 0.96 0.85 0.67 0.05 0.07 6.54 643.831 

Total shower 
minutes 

716 211 178 159 12 3.67 1254.67 150808.7 

Average shower 
seconds 

716 520 497 172 13 120.77 1648.33 372203.7 

Total shower gal 716 433 365 318 23 5.62 2068.87 310038.7 
Average shower 
(gal) 

716 18.2 17.3 7.1 0.5 3.52 61.49 13013.8 

Avg. shower 
mode flow gpm 

716 2.15 1.99 0.67 0.05 0.46 5.34 1536.4 

Showers per day 716 1.96 1.72 1.32 0.10 0.08 10.15 1401.9 
Shower minutes 
per day 

716 17.2 14.5 12.8 0.9 0.31 96.51 12283.2 

Average toilet 
flush volume 

729 2.76 2.45 1.08 0.08 0.69 7.04 2014.0 

Toilet flush stdev 728 0.64 0.53 0.39 0.03 0.02 2.86 462.7 
No. of flushes < 
2.2 gal 

734 75 48 85 6 0.00 570.00 54896.0 
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Parameter N Mean Median StDev 95th CI Min Max Sum 
No of flushes > 
2.2 gal 

734 93 70 90 7 0.00 609.00 68184.0 

% of flushes less 
than 2.2 gal 

727 45% 44% 37% 3% 0.00 1.00 326.2 

Average shower 
(minutes) 

716 8.66 8.28 2.86 0.21 2.01 27.47 6203.4 

 
The water event and billing databases were queried to generate the information for each of the 
key codes needed for the outdoor analysis, shown in Table 16. 
 

Table 15: Parameters extracted and calculated for outdoor summary 

Parameter Units Description 
Annual use (from billing 
data) 

kgal Annual water use for 2006-2007 

Non-seasonal use kgal 12 x average winter use (Dec, Jan, Feb) 
Seasonal use kgal Annual use – non-seasonal use 
Trace projected indoor 
water use 

kgal Indoor GPHD from trace x 365 

Area of lot (entire lot) sf Area of lot determined from aerials and checked 
against plat maps 

Hardscape sf Areas patios, decks, walks etc 
House footprint sf Footprint of house 
Non-irrigated area sf Lot areas that are pervious, but obviously non-irrigated. 

There were identified from the aerials and verified 
during the site visits. 

Non-turf plants sf Trees, shrubs and other cultivated non-turf plants 
Pool sf Swimming pool area 
Turf sf Turf areas 
Vegetable garden sf Vegetable gardens 
Xeriscape sf Areas that are planted and irrigated with low water use 

plants 
Annual ET in ET obtained from nearest weather station for year of 

billing data 
Annual precipitation in Annual rainfall  
Net ET in Gross ET corrected for effective rainfall 
Indoor use (best estimate of 
indoor use 

kgal Best estimate of annual indoor use from the projected 
flow trace data, non-seasonal use or minimum month 
use.  

Outdoor use (best estimate 
of outdoor use) 

kgal Best estimate of outdoor use, from either seasonal use 
or annual use minus projected indoor use from flow 
trace 

Total irrigated area (sum of 
sub-areas) 

sf Sum of irrigated areas above 

Irrigation application in Outdoor use/irrigated area x 1.604 
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Parameter Units Description 
Reference demand  in Irrigation demand for 100% reference crop 

landscape=irrigated area x net ET 
Theoretical demand in/kgal Demand for actual landscape based on actual areas, 

crop coefficients and allowed irrigation efficiencies. 
Application ratio  Ratio of actual application to theoretical requirement 
Excess irrigation application kgal Actual application – theoretical irrigation requirement  
Landscape ratio  Ratio of theoretical irrigation requirement to reference 

irrigation requirement 
Excess irrigation flag 0/1 Flag to identify lots that are over-irrigating 

 

Table 16: Statistics extracted from outdoor summary table 

Parameter N Mean 95th CI Median 
Annual (kgal) 614 153.39 7.55 126.41 
Nonseasonal (kgal) 614 95.13 5.29 77.53 
Seasonal (kgal) 556 69.11 6.20 48.25 
Trace projected indoor (kgal) 614 68.11 3.07 62.49 
Entire Lot 614 9199.68 982.63 6840.39 
Hardscape/Pavement 614 345.85 63.22 0.00 
House Footprint 614 754.45 110.56 0.00 
Non-Irrigated vegetation 614 629.84 704.09 0.00 
Non-Turf plants 614 1980.96 186.98 1229.50 
Pool or fountain 614 68.04 13.98 0.00 
Turf 614 1234.04 110.08 902.81 
Veggie garden 614 5.33 3.84 0.00 
Xeriscape 614 665.07 266.62 0.00 
Annual ETo 614 21.46 1.86 0.00 
Annual precipitation 614 14.26 1.65 0.00 
Net ET 614 42.19 0.47 43.49 
Indoor (kgal) 614 61.01 2.52 56.35 
Outdoor (kgal) 614 92.38 7.01 66.64 
Total irrigated area (sq ft) 614 3885.41 374.73 2686.30 
Application (in) 607 60.94 5.70 39.28 
Reference demand (kgal) 614 102.62 10.29 68.95 
Theoretical demand (kgal/year) 614 89.99 6.74 65.71 
Theoretical demand (in) 607 40.46 0.62 42.34 
Application ratio 607 1.44 0.12 1.00 
Excess application (kgal) 614 30.06 4.11 0.05 
Landscape ratio 607 0.96 0.01 0.99 
 
The data extracted for the summary worksheet was used to generate descriptive statistics 
provided in Chapter 7. 
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Regression Modeling 
Multiple regression is a common statistical technique usually applied to quantify the effect of 
several independent variables on a dependent variable.  It provides an accessible and convenient 
formula for predicting a dependent variable given estimates of the independent variables.  
Visualizing the data as a cloud of data points, the results of multiple regression (the formula for 
prediction) is a surface (a regression plane) slicing through the cloud of observed data.  
 
Regression in this study serves two purposes: (1) to correct for certain variables that are known 
to influence water use; and (2) to broadly predict characteristics of water use for the population 
given fewer variables than the study sample.  Correcting for certain factors is necessary to 
compare study sites on a level playing field.  Previous research has indicated that income, price 
of water, and physical characteristics such as the number of residents and indoor or outdoor area 
influence water use.  Reporting the mean water use for a number of homes based on an average 
number of residents (that is, without regression) is valid, but regression techniques offer a 
quantified relationship with quantifiable smaller error.  This relative reduction in error is reported 
as r².  Prediction is the second aspect noted above; the model can be used to generalize, or 
predict the impacts of changing key parameter on water use in the population.   
 
Different regression models may result from the same data, especially since different software 
packages employ slightly different algorithms for selecting the components of regression.  Since 
this study is based on sample data, the model design is influenced heavily by consideration for 
how replicable the modeling technique’s results fares when used on different samples.  
Moreover, predictions via a regression model are useful to intermediate cases and generalizing a 
regression can be quite sensitive to outliers in the sample.  Overall water use does contain these 
outliers in the sample and in the population, and a conventional approach of eliminating them is 
not convenient if the model is designed to predict mean population water use.  However, in 
general, eliminating outliers does improve a regression model’s performance.  At the expense of 
higher performance measures, this study uses a very conservative design for regression 
parameters and elimination of outliers.   
 
The aspect of regression that “corrects for” certain variables is intended to apply to factors with a 
rational relationship to water use37.  For indoor use, the dependent variable is projected indoor 
use, or the expected annual indoor use using the flow trace as a representation.  For outdoor use, 
the dependent variable is annual billed use minus projected indoor use.  The first regression 
applied to either uses independent variables presented in other research to have a statistically 
significant relationship; as in those studies, a log-log transformation is used.  The result of these 
regressions is a prediction of the effect of change in particular variable to indoor or outdoor 
billed use.   
 
Regression produces a value called the residual, which for each case represents the numerical 
departure away from what the model predicts.  The residual is a large positive number if water 
use exceeds the model greatly and a large negative number if the model over-predicts water use.  

                                                 
37 For modeling purposes, it’s important to note that these techniques work indiscriminately to whether the variable 

has any rational relationship at all. The number of available variables is indeed quite large, growing out of a 
combination of billed use, structural data from assessors, aerial analysis, flow trace data, localized historical 
weather, and survey responses.   
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Dividing the sample into categories (along categorical variables), ANOVA (or t-tests, a 
dichotomous case of ANOVA) on the mean residual for each category are reported as the change 
in water use associated with that variable, along with test significance.   
 
Using data from all of the sources, regression models were prepared for both indoor and outdoor 
water use.  Indoor models were first prepared for total indoor use as a function of all of the 
survey data that could reasonably be thought to affect indoor use.  These variables were screened 
to determine which were statistically significant, and a final model was selected for analysis.  
Individual indoor use models were created for each end-use in order to determine if impacts 
could be detected for variables that did not appear for the total indoor use. This sometimes 
resulted in additional variables being identified as significant.  For example, whether the 
occupants knew how much water they used the previous year, or considered the cost of water in 
their water use, decisions could not be identified as a significant variable for predicting overall 
indoor water use. When just faucet use was modeled, however, it was found to be significant.    
 

Discussions of Statewide Implications 
The study concludes with a discussion of the implications of the findings for statewide water use.  
This discussion looks at the water savings potential identified for the study group, considers how 
best to extrapolate the results to the state as a whole, and then make projections of the water 
conservation potential for the State as a whole based on the results of the study group.  The 
discussion includes comments on the success of past conservation programs and BMPs for 
reducing water use, and suggestions for future modifications to conservation efforts.  
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CHAPTER 6 – END USE STUDY GROUPS 
 
There were three main sources of information used for the study: the monthly billing data 
obtained from the agencies, customer surveys, and the field visits.  The primary purpose of the 
field visits was to install a data logger to create a two-week flow trace.  These traces capture end 
use patterns in the home. A second purpose of the site visit was to provide ground-truthing. The 
field technician verified type of landscapes assigned to the parcels.  It generally proved 
impossible to determine the make and model of the irrigation controllers, since people were not 
home when the loggers were installed and the controllers were inaccessible. So this and the 
presence of sensors was obtained from the surveys. At the end of the two-week logging period, 
staff returned to collect the loggers.  
 
Logging samples were determined by the following procedure: each of the ten participating 
utilities provided a random sample of the annual water consumption data for 1,000 single-family 
water accounts (Q1000). Approximately 70 single-family customers were selected from these 
lists.  These included 60 homes for logging and 10 homes to be used as replacements if one of 
the original sites was not logged. Sites were not logged in cases where logging was not feasible, 
such as a filled meter pit.  
 
It was verified that study samples represented the general population in terms of water use. This 
means the key criterion for creating samples was matching the water use of study participants to 
that of the population as a whole. For samples to be valid, both the mean and the median, which 
is less sensitive to outliers, had to be comparable to the mean and median of the population. The 
water use statistics of both sample groups were compared to the population to ensure similarity. 

Redwood City 
Using the selection procedure described above, the Redwood City staff provided the descriptive 
statistics for their entire population of single-family homes, and then identified a random group 
of approximately 1,000 homes from which the logging sample was selected.  Table 17 shows the 
summary statistics for the three groups of homes.  Records were extracted for a total of 15,777 
single-family accounts in the Redwood City service area.  The average annual consumption of 
the entire population was 101 kgal.  The median annual consumption was 88.3 kgal.  The 
statistics for the 1000 home sample (Q1000) matched those of the population very closely, as 
shown in the table.  A total of 70 homes were selected from the Q1000.  Houses with less than 15 
kgal/yr of consumption, houses which declined to participate, and houses that were found to be 
unusable in the field—for instance because of a bad meter or vacancy—were trimmed from the 
sample.  The final group of 60 homes on which loggers were installed had an average annual use 
of 106 kgal and a median use of 98 kgal.  Elimination of the houses with very low or only partial 
year consumption caused the mean of the logging group to be slightly larger than the mean of the 
population, but was thought to constitute a more meaningful sample because of this trimming. 
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Table 17: Annual water use statistics for Redwood City study group  

Redwood City Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 101.09 101.66 105.89 
95% Confidence Interval 1.04 4.10 13.45 
Median 88.26 88.26 98.36 
Count 15777 1046 60 
 
Even though the sample was not selected on the basis of geography, it covers the entire service 
area of Redwood City with remarkable consistency, as can be seen in Figure 23.  According to 
the commercial mapping program used for locating the study homes38 there are a total of 5 
populated zip codes in Redwood City.  The logging sample contains homes from all of these. 
Table 18 shows the number of homes randomly selected from each zip code and the average 
annual water use of these homes.  Zip code 94061 contains the most homes that are closest to the 
median water use of the population.  It also has the most logging homes within its boundaries. 
The largest water use was in zip code 94070, and there was a single home selected from this 
area.  According to Zillow™ the average home value in the study group was $977,916 and the 
median value was $927,022. 
 

Table 18: Zip Code Distribution of Redwood City Logging Sample 

Log Sample Population (Q10000 Zip Code 

N Avg. 
kgal/yr 

Percent of 
Total Sample 

N Percent of 
Total 

94061 26 89.5 43.3% 447 42.7% 
94062 19 123.1 31.7% 299 28.6% 
94063 4 120.0 6.7% 123 11.8% 
94065 10 107.7 16.7% 167 16.2% 
94070 1 130.2 1.7% 7 0.7% 
All 60 105.9 100% 1046 100% 
 

                                                 
38 Delorme, Street Atlas 2006 Pro. 
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Figure 23: Location of study homes in Redwood City 
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San Francisco 
The San Francisco Public Utilities Commission provided a complete list of all of their single-
family accounts and annual water consumption for 2005.  Customer name and contact 
information was not included in this list to protect the confidentiality of the customers.  Also, 
records were only provided for customers with magnetically driven water meters.  There were 
61,615 accounts in the list provided by SFPUC.  Their average annual water use in 2005 was 59 
kgal, or 161 gallons per day per account.  According to the census data there are 2.7 persons per 
house in San Francisco, which implies a per capita use of 59 gpcd.  This relatively low total 
water use indicates that irrigation and other outdoor uses is not a major factor for the city 
customers in general.   
 
The single-family account list provided by SFPUC was used to select the Q1000 sample using 
the random stratified sampling approach described above.  The list of account numbers was sent 
to SFPUC, and they returned a list of 1000 accounts with addresses and other customer 
information.  Aquacraft took the Q1000 data and after eliminating all accounts that used less than 
15 kgal per year, selected 70 accounts as the logging sample.  The analysis of the monthly water 
use of the Q1000 sample confirmed the low outdoor use for the customers, and showed that on 
average, the group used only 10 kgal per year for seasonal uses.39 Summary statistics for the 
population and logging sample are shown in Table 19. 
 

Table 19: Annual water use for San Francisco study group 

 Population Annual 
Use 
(kgal) 

Surveyed 
Sample Annual 
use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 65.1 64.0 69.2 
95% Conf. Interval 0.37 2.72 9.34 
Median 56.1 56.1 56.1 
Count 52349 825 60 
 
Table 19 shows that the final 60 home logging group was only slightly biased towards larger 
than average water users.  The average water use for the logging group was approximately 8% 
greater than the use of the population.  This variation was not considered a problem since it is 
impossible to control who drops out of the study.  During the data logger installation process a 
choice was made to eliminate some homes in semi-industrial areas, which the City did not 
believe were representative of the customer base, in favor of more typical single-family homes.  
The location of the houses in the logging group is shown in Figure 24.   
 

                                                 
39 Seasonal use was estimated as the difference between the annual use and non seasonal use estimated from average 
winter consumption.Seasonal use in accounts where this resulted in a negative number was set to zero. 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Figure 24: Location of study homes in San Francisco 
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A visual inspection of Figure 24 shows that there is a cluster of homes in the southern portion of 
the city, primarily in zip code 94112, which is the Ingleside neighborhood.  Normally, the 
random stratified sampling approach yields fairly well distributed samples according to the 
density of the homes and average water use in each area.  In order to explore whether or not the 
sample in San Francisco had somehow yielded a disproportionate sample from zip code 94112 
some analyses were done to check for differences between the population and sample. 
 
First the number of logging homes in each of the zip codes in San Francisco was determined.  
The percent of the logging sample was then calculated by dividing the sample in each zip code 
by 60.  Also the average annual water use of the sample homes in each zip code was determined.  
This information was then compared to housing information obtained from the 2000 US Census.  
These comparisons are shown in Table 20. 
 
Table 19 shows that in most cases the percent of the logging homes in each zip code comes 
reasonably close to the percent of all single-family homes contain in each zip code. For example, 
Ingleside contains 17,204 single-family homes, which equals 19% of all the single-family homes 
in the city.   This is the largest number of single-family homes in any of the zip codes.  
Consequently one would expect that the logging sample would have the highest concentration of 
homes in Ingleside, which it does. The second largest concentration of homes is in the Sunset 
district, zip code 94116. Sunset contains 14% of all single-family homes in the City, and 12% of 
the logging sample are in this zip code.  Figure 25 shows the comparisons in percentages for 
each zip code. 
 
Examination of Figure 25 shows that there was a striking similarity in the percentage of homes in 
the logging sample and the population. This argues against any gross bias in the sample.  The 
two zip codes with the most divergence are 94112, which had a 6% greater number in the sample 
than in the population, and zip code 94122, which had a 7% lower number in the sample than in 
the population.  Every other zip code was within a few percent.   
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Table 20: Comparison of single-family home distributions in population and logging sample for San Francisco 

  Log Sample  Data from 2000 US Census 

ZIP NEIGHBORHOOD 
NUMBER 
OF SF 
HOMES 

MEAN 
ANN 
USE 
(kgal) 

% of 
Total in 
Log 
Sample 

Total of 
All 
Housing 

Total SF 
Houses 

% of 
Homes 
that are SF 

% of total 
SF in each 
zip 

All All 60 70.10  242,429 92,424 38%  
94107 North Portero 2 57.97 3% 9,705 1,942 20% 2% 
94109 Nob Hill 1 32.91 2% 36,038 894 2% 1% 
94110 Mission 3 73.55 5% 26,913 7,364 27% 8% 
94112 Ingleside 15 73.45 25% 20,699 17,204 83% 19% 
94133 Ghirardelli Sq 1 163.81 2% 14,810 898 6% 1% 
94114 Castro 3 59.84 5% 17,324 1,627 9% 2% 
94115 Western Addition 1 43.38 2% 18,452 1,980 11% 2% 
94116 Sunset 7 47.34 12% 15,420 13,172 85% 14% 
94121 Richmond/Pt. Lobos 6 77.42 10% 18,052 6,390 35% 7% 
94122 Golden Gate Park S. 3 119.93 5% 22,371 11,458 51% 12% 
94124 Bayview/Hunters Pt 5 72.71 8% 9,508 6,319 66% 7% 
94127 Mt Davidson 3 72.31 5% 7,834 7,121 91% 8% 
94131 Diamond Hts 4 46.94 7% 14,261 7,029 49% 8% 
94134 McLaren Park 6 70.19 10% 11,042 9,026 82% 10% 
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Figure 25: Single-family home percentages in San Francisco zip codes and log sample 

 
The question arises as to whether the logging sample should have been adjusted to eliminate the 
geographical clustering.  For example, if we took four houses out of the Ingleside zip and put 
them into the Golden Gate South zip, the samples in those two zip codes would match the 
population very closely.  The problem with doing this is that the average water use in zip code 
94122 is nearly 60% greater than that in zip code 94112.  By attempting to balance out the 
geographic distribution, we would have increased the bias towards larger water users in the 
sample.  Since the stated goal of the sampling was to create a sample that represented the water 
use pattern of the service area, and the sample as selected accomplished this goal, but with a 
slight bias towards higher water users, it seemed advisable to keep the sample as it was chosen. 
 
Another factor arguing in favor of keeping the sample as selected is that it is probable that the 
water use in zip code 94112 was less variable than that in 94122 because it was smaller, and 
hence had less outdoor use, which is more variable than indoor use.  A large number of homes, 
which 94112 contained, with water use close to the average for the group, as was the case for zip 
code 94112, will tend to cluster together in the sorted list, and hence have a greater chance of 
being selected than a group with greater variability, which would tend to scatter the residents 
among more strata and favor them being sampled less frequently.  
 
We know that the sample as chosen matches the water use distribution very well, and matches 
the geographic distribution well with small discrepancies in just two zip codes.  Furthermore, we 
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know that if we adjusted the sample to include more homes in Golden Gate and fewer in 
Ingleside we would definitely create a larger bias in the annual water use patterns it seems most 
reasonable to keep the sample which matches the annual water use characteristics, and not 
attempt to make adjustments on the basis of geography. 

City of San Diego 
The City of San Diego purchases between 75 and 90 percent of its water from the San Diego 
County Water Authority. In 2005 there were a total of 270,526 customer accounts served by San 
Diego Water Department. Of these 245,995 were residential connections (217,893 single-family 
and 28,102 multi-family). Single-family water use accounted for 38% of total demand.  
 
Because San Diego is a major population center, the logging sample size was 120. This was 
evenly split between city and county customers. There were 60 samples in the City of San Diego. 
 
In order to generate statistically valid results, the surveyed sample and the logging sample 
needed to be representative of the water use of the population. For this reason, the samples were 
chosen so their water use closely matched the mean water use of the population. The mean 
annual water use of the population was 114 kgal. The mean water use of the surveyed sample 
was identical to the mean use of the population. The logged sample also had comparable water 
use at 115 kgal. Table 21shows the mean water use for the population, survey sample and log 
sample. 
 

Table 21: Annual water use statistics for the City of San Diego study sites 

City of San Diego Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 114 114 115 
95% Confidence Interval NA   
Median NA 98 105 
Count 217,893 842 66 
 
Geographic distribution was not a criterion for sample selection; water use was. However, the 
distribution of sites in the City of San Diego area (Figure 26) shows that the sites were spread 
over the service area.  
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Figure 26: Logged sites in the City of San Diego service area 

 

Las Virgenes Municipal Water District 
Las Virgenes Municipal Water District (LVMWD) provides water service to a population of 
71,000 over a 122 square mile service area. Of its 19,877 service connections, 17,016 are for 
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single-family accounts. Sixty-six sites were logged in Las Virgenes with 59 good traces 
resulting.  
 
Samples were created to ensure that the study sites had water use similar to the over-all 
population of Las Virgenes. The mean water use for the population was 392 ±5.9 kgal, at a 95% 
confidence interval. The surveyed sample shows some variance with this (410 kgal) but the 
logged sample’s mean water use equals the water use of the population. The median water uses 
do not match as well. The logged sample had a median water use of 372 kgal, while the 
population median use was 292 kgal. Table 22 shows these data.  
 
 

Table 22: Water use statistics for population and samples in Las Virgenes 

Las Virgenes MWD Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 392 410 392 
95% Confidence Interval 5.9   
Median 292 312 372 
Count 17,016 1061 66 
 
Water use was the metric for determining that the logged sample was representative of the 
population. However, geographic distribution of the logged sample sites should also be noted. 
Figure 27 shows the location of logged sites. These sites are not clustered but rather spread 
throughout the populated service area.  
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Figure 27: Logged sites in Las Virgenes MWD. Note that sites are distributed throughout several 
zip codes. 

 

City of Davis 
The City of Davis is located in Yolo County near Sacramento.  For purposes of the sample it was 
used as a proxy for Sacramento County, due to its proximity.  Single-family residences make up 
88% of all of the services in the City of Davis and they account for 47% of the treated water use.  
Residential customers account for nearly two-thirds of total water use in the system.   These 
homes were used to select the logging homes in Davis.  The study sites were determined by 
matching the water use patterns of the population of single-family homes in the service area.  
Each of the homes had been mailed a survey and a letter requesting permission to participate in 
the study.  The final logging group was selected from homes that had returned surveys and given 
their consent. 
 
There were 73 sites selected for possible logging. Of these, 60 sites were actually logged, which 
matches the target number of sites for Davis. Single-family homes using less than 15 kgal per 
year were excluded. This figure was used to remove sites with unusually low use (such as 
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accounts that were active for only part of the year).  This sample was randomly selected from the 
sample provided by the water agency.  The mean use for the City of Davis’ population is in the 
range of 156.33 to 159.67 kgal annually, with a 95% confidence. The intermediate sample, 
which contains 1015 accounts, has a mean annual use of 159 kgal, which falls within likely range 
of the population mean. From this sample, Aquacraft selected sites for logging. The mean annual 
use of these sites was 160 kgal. This is just outside the 95% confidence bound for the 
population’s water use.  Table 23 makes for quick comparison of these numbers. 
 

Table 23: Annual water use statistics for City of Davis study sites 

City of Davis Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 158 159 160 
95% Confidence Interval 1.67   
Median 142 142 141 
Count 13,194 1015 73 
 
The logging sample was determined by creating a sample that had water use in line with the 
population of Davis. The location of samples within the city was not a determining factor. 
However, given that, the samples showed a relatively wide distribution throughout the city. 
Figure 28 shows the logging sample sites in Davis. To some degree, sites are more densely 
concentrated in the eastern portion of the city.  
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Figure 28: Distribution of logging sites around the City of Davis 

 
 

San Diego County Water Authority 
In 2005 there were approximately 694,995 customer accounts served in the service area of the 
San Diego County Water Authority (SDCWA). Of these, 396,311 were single-family accounts. 
Single-family water use makes up 55% of total demand.  
  
The San Diego County Water Authority provides water to the City of San Diego, as well as other 
water retailers in the county. Both the City of San Diego and SDCWA participated in this study.  
Four other water retailers participated from the county: Helix WD, Otay WD, Rincon del Diablo 
MWD, and Sweetwater Authority. Because San Diego is a major population center, the logging 
sample size was 120. This was evenly split between customers within the City of San Diego and 
those outside the city, but still within San Diego County. The study plan called for 15 sites from 
each of the four participating SDCWA agencies to be included in the final analysis. Twenty 
potential logging sites were selected in case some sites were deemed infeasible for logging. 
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Samples were deemed representative if their water use matched the population water use for the 
given agency. For Helix, the mean water use (151 kgal) of the logged and surveyed samples was 
equal to the population’s mean water use.  The median water use for the population, surveyed 
sample and logging sample were also very close. Otay’s surveyed sample had the same mean use 
as the population. The logged sample’s mean water use was within the 95% confidence interval 
of the population’s mean use. For Rincon del Diablo, both the surveyed and logged samples’ 
mean water use exactly matched the population’s mean water use.  For Sweetwater, the surveyed 
sample, provided by the utility, had a significantly higher mean water use than the population. 
However, this was corrected in the logged sample, which had the same mean and median water 
use as the population. Table 24 shows these data.  
 

Table 24: Annual water use statistics for San Diego County Water Authority – study sites 

San Diego County Water 
Authority 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Helix    
Mean 151 151 151 
95% Con. Inter. 1.1   
Median 122 122 118 
Count 45,401 251 20 
Otay    
Mean 161 161 159 
95% Con. Inter. 3.08   
Median 129 129 134 
Count 10,794 251 20 
Rincon del Diablo    
Mean 184 184 184 
95% Con. Inter. 4.4   
Median 131 131 114 
Count 5,848 254 20 
Sweetwater    
Mean 125 167 125 
95% Con. Inter. 1.55   
Median 105 142 100 
Count 22,170 252 20 
 
Sample sites were selected based on water use, not geography. However, Figure 29 shows that 
the sites were spread throughout the service areas in a fairly even manner.  
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Figure 29: Distribution of logged sample sites for San Diego County Water Authority – county 
sites only 
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East Bay Municipal Utility District 
There were a total of 321,765 single-family accounts listed in the billing database for the East 
Bay Municipal Utility District for the 2005 billing year.  EBMUD selected a sample of 1000 
accounts using the random systematic sampling approach provided by the consultants.  The 
Q1000 was selected from all single-family accounts (which also include individually metered 
condos and town homes).  The homes were sorted according to their annual water use, and no 
attempt was made to group them geographically.   
 
EBMUD provided the Q1000 to Aquacraft in early September 2006.  After verifying that the 
statistics of the sample matched those of the population, a logging sample was chosen.  Because 
EBMUD had elected to log 120 homes, a total of 140 homes were selected as logging candidates.  
Notification letters were sent to these homes at the end of September. Six homes opted out of the 
study leaving a total of 134 homes in the logging sample.  The statistics of the Q1000 matched 
those of the population very closely.  The final logging sample had a mean use that was slightly 
smaller than the mean of the population.  Because it is a smaller sample it was more susceptible 
to being affected by the loss of the homes that opted out.  
 
Figure 30 shows the location of each of the 134 logging homes.  These include both the 120 
primary logging houses and 14 back-ups.  This map shows a remarkably even distribution of the 
sample over the service area.  As one would expect, the areas with higher population density 
have more sample homes than the areas with lower population density. Ultimately, good traces 
were obtained from 114 of the logged homes. 
 

Table 25: Annual water use statistics for EBMUD single-family population and study samples 

 All SF 
Accounts in 
screened billing 
database 
Annual Use 
(kgal) 

Surveyed Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean annual use 106.8 107.0 102.1 
95% Con. Inter. 0.33 5.82 12.71 
Median 82.1 82.1 83.8 
Count 306,279 1000 134 
 
Even though geography was not a factor in the sample selections, the final logging sample 
appears to have an excellent geographical distribution over the EBMUD service area.  Table 26 
shows that the percent of the Q1000 in each city within EBMUD’s service area is similar to the 
percent of the population living within each city.     
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Table 26: Proportion of Q1000 by city in EBMUD service area 

% of… City Total SF 
Services 

Q1000 
Pop Q1000 

Alameda 15330 51 5% 5% 
Alamo 5058 23 2% 2% 
Albany 4222 9 1% 1% 
Berkeley 23268 74 7% 7% 
Castro Valley 16066 48 5% 5% 
Crockett 1193 1 0% 0% 
Danville 17789 58 6% 6% 
Diablo 356 2 0% 0% 
El Cerrito 8128 25 3% 2% 
El Sobrante 1401 6 0% 1% 
Emeryville 541 0 0% 0% 
Hayward 7796 24 2% 2% 
Hercules 6167 17 2% 2% 
Kensington 2125 6 1% 1% 
Lafayette 8791 34 3% 3% 
Moraga 4480 12 1% 1% 
Oakland 82277 245 26% 24% 
Orinda 6395 16 2% 2% 
Piedmont 3769 9 1% 1% 
Pinole 5596 13 2% 1% 
Pleasant Hill 2147 8 1% 1% 
Richmond 33963 121 11% 12% 
Rodeo 2455 6 1% 1% 
San Leandro 24369 76 8% 8% 
San Lorenzo 7692 17 2% 2% 
San Pablo 4947 20 2% 2% 
San Ramon 13490 50 4% 5% 
Selby 1 0 0% 0% 
Walnut Creek 11953 30 4% 3% 
Total 321765 1001  100% 
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Figure 30: Locations of study homes in EBMUD 
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Sonoma County Water Agency 
The Sonoma County Water Agency provides wholesale water to Sonoma and Marin counties 
serving 600,000 people. Logging sites were selected from four retail agencies within Sonoma 
County Water Agency’s service area: North Marin Water District, the City of Petaluma, Rohnert 
Park, and the City of Santa Rosa. The North Marin Water District service area covers 
approximately 100 square miles, primarily within the city of Novato, and 68.3% of the deliveries 
were to single-family residential customers. Petaluma has 17,014 single-family accounts, and 
these accounts use just over half of the city’s delivered water.  Rohnert Park has 8,717 customer 
accounts, 87% of which are single-family residences. In Santa Rosa, single-family customers 
make up 84% of its 50,352 customer accounts. 
 
A total of 60 homes were logged for Sonoma County Water Agency.   Valid data were obtained 
from 59 homes. Logging samples were selected in accordance with the basic sampling procedure 
outline above. The water agency provided a sample of approximately 250 sites for each of the 
four retail agencies studied (a total of 1000 sites). These samples had water use statistics that 
matched the population water use statistics in each service area. From this sample of 250, a 
smaller sample for each sub-site was created. Again, the statistical parameters of this sample 
matched the statistical parameters of the population in each service area.   These homes were 
sampled at random. The study plan called for 15 sites from each participating retailer to be 
included in the final analysis. Twenty potential logging sites were selected in case some sites 
were deemed infeasible for logging.  
 
The population of North Marin used 126 kgal per capita annually with a 0.8 kgal interval at 95% 
confidence. Both the surveyed sample and the logged sample used 125 kgal, which meets the 
confidence bounds of the mean use of the population. The median water use for the logging 
sample and the population were equal. For Petaluma the mean (110 kgal) and median (102 kgal) 
were the same for the population, the surveyed sample and the logged sample. For Rohnert Park 
the mean use (108 kgal) is the same for the population, surveyed sample and logged sample. The 
median for the surveyed sample and the logged sample match, but are slightly higher than the 
median use for the population (104 kgal versus 102 kgal). In Santa Rosa the mean use of the 
population was 100 ±0.71 kgal, with a 95% confidence. The surveyed sample and logged sample 
each had a mean use of 99 kgal, which is a close match to the population. The median use for the 
population and the surveyed sample are equal (88 kgal) and only slightly higher for the logged 
sample (89 kgal). These numbers are shown in Table 27.  
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Table 27: Annual water use statistics for Sonoma County Water Agency study sites 

Sonoma County Water 
Agency 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

North Marin WD    
Mean 126 125 125 
95% Con. Inter. 0.8   
Median 120 125 120 
Count 10,303 250 20 
Petaluma    
Mean 110 110 110 
95% Con. Inter. 1.1   
Median 102 102 102 
Count 13,743 244 20 
Rohnert Park    
Mean 108 108 108 
95% Con. Inter. 1.09   
Median 102 104 104 
Count 6,691 236 20 
Santa Rosa    
Mean 100 99 99 
95% Con. Inter. 0.71   
Median 88 88 89 
Count 32,887 248 20 
 
Samples were selected on the bases of water use, not geographic distribution. However, the 
geographic distribution was relatively uniform. Figure 31 shows the Sonoma County Water 
Agency logging sites. The four clusters correspond to the four retail agencies participating in the 
study. These retail agency service areas are relatively small, so logged sites cover much of the 
area of interest.  
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Figure 31 Logging sites for Sonoma County Water Agency  

 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 117 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Irvine Ranch Water District 
As of 2006, there were a total of 91,733 accounts served by the IRWD. Of these, 47,650 were for 
single-family residences. IRWD participated in the 1996 Residential End-Uses of Water study. 
The methodology and sampling characteristics of that study are directly comparable to this 
sampling 10 years later. Aligning the 2006 work with that from 1996 offers future research 
potential for household-by-household comparisons. IRWD provided a sample of approximately 
1000 sites. From this sample of 1000, a smaller sample for logging was created. A total of 142 
homes were logged for IRWD.   Valid data were obtained from 115 homes.  
 
It is important that the surveyed sample and the logged sites were representative of the 
population. In order to verify this, samples were selected to match water use of the population. 
The surveyed sample mean water use (148 kgal) is equal to the population mean water use. The 
logged sample mean water use was a bit lower, 147 kgal, but still very close to the 95% 
confidence interval range of 148±0.57 kgal. The median water use for both sample sets was 
equal to that of the population (135 kgal.) Table 28 summarizes these numbers. 
 

Table 28: Annual water use statistics describing Irvine Ranch WD water use for the population 
and study samples 

IRWD Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 148 148 147 
95% Confidence Interval 0.57   
Median 135 135 135 
Count 45,878 1000 142 
 
 
Water use was the determining factor for evaluating if samples were representative of the 
population. However, the geographic distribution of sites may be of interest. Figure 32 shows the 
location of logged sites. It is apparent that the sites were spread throughout the IRWD service 
area, rather than clustered together in one neighborhood that may not be representative of water 
use for the wider IRWD customer base.  
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Figure 32: IRWD logged sample sites 

 

Los Angeles Department of Water and Power 
The Los Angeles Department of Water and Power (LADWP) provides water service to the 
nearly 4 million residents of the City of Los Angeles and surrounding areas.  In 2000, LADWP 
delivered 677 million gallons of water; 240 MG of that went to single-family customers.  
 
The sampling procedure for LADWP was different than the standard sampling procedure. In 
order to increase the efficiency of the site visits it was decided to limit the geographic area of the 
study. This was done by grouping the homes by zip code and selecting a sample of homes from a 
sample of zip codes.  Instead of a three-stage process, as was standard for other sites in the study, 
a four stage process was used. Table 29 illustrates the difference. 
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Table 29: Sampling approach for LADWP compared to standard sampling approach 

Standard Sampling Process LADWP Sampling Process 
1. Population 1. Population 
2. Narrow population by zip code 

2. Draw survey sample from 
population 

3. Draw survey sample from limited number of   
zip codes 

3. Draw logging sample from 
survey sample 

4. Draw logging sample from survey sample 

 
The key concept with this alternative sampling procedure was that in each step, the mean water 
use of the sample matched the mean water use of the population.  
 
First, accounts with unusually low or high water use were removed from the study population.  
The raw billing data submitted by LADWP contained 482,615 single-family accounts, but once 
these outliers were removed, there were 371,767 single-family accounts. The mean water use for 
this population was 153.01 with a 95% confidence interval from 152.7 to 153.2. The LADWP 
service area encompasses a total of 124 zip codes. The survey sample was taken from only 24 of 
those zip codes. Note that the statistics for the sample zip codes match those of the population 
very closely (Table 30). 
 

Table 30: Comparison of sample zip codes to population 

Sampling 
group 

No of 
zip codes 

No of 
candidate 
accts 

% of 
Total 

Mean 
Use 
(kgal) 

Median 
use 
(kgal) 

Top 
Quartile 
(kgal) 

Census  
pop 

Census 
housing 
units 

Median 
house 
value 

Average  
household  
size 

Sample 
zip codes  

24 78,578 21% 158 140.6 204 1,029,460 338,876 $284,027 3.04 

Service 
area pop 

124 371,767 100% 153 134.6 198     

LA 
County 

      9,519,338 3,133,774 $209,300 2.98 

 
 
From these 78,578 accounts in the sampling zip codes shown in Table 30 systematic random 
sampling was used again to select about 3000 candidates for surveying.  This surveyed group had 
statistics shown in Table 31. 
 

Table 31: Statistics of surveyed sample 

Group within 
sampling 
zip codes 

Total 
2006 
(kgal) 

Mean Median Top 
Quartile 

Accounts 

Survey Sample 
(2) 

477965 158.16 140.62  204.20 3022 

 
From the surveyed sample set described in Table 31, a logged sample was drawn. A total of 120 
homes were sampled in Los Angeles, and valid data were obtained from 102 homes. Each of the 
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homes had been mailed a survey and a letter requesting permission to participate in the study.  
The final logging group was selected to match water use patterns of the population and from 
homes that had returned surveys and given their consent. Table 32 presents a side-by-side 
comparison of water use for the population, surveyed and logged samples. The mean water use 
of the study samples is very comparable to the water use of the population. 

Table 32: Annual water use statistics for LADWP population and study samples 

Las Angeles Department of 
Water and Power 

Population 
Annual Use 
(kgal) 

Surveyed 
Sample 
Annual use 
(kgal) 

Log Sample Q60 
Annual use  
(kgal) 

Mean 153 158 159 
95% Confidence Interval 0.23   
Median 134 141 144 
Count 485,000 3022 132 
 
Since geography was a consideration in sample selection, it is worthwhile to look at where 
logged sites were located.  
Figure 33 shows site locations. Sites are not uniformly distributed throughout the service area. 
However, because water use patterns for study samples matched the population, the study 
samples were representative of the population. 
 

 
Figure 33: Distribution of logged sites in LADWP service area. Note that zip codes are 
highlighted in yellow. 
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Table 33 shows the number of logged sites for each agency in the study and the time frame when 
the sample sites were logged. The combined water use statistics comparing logged samples and 
population are also summarized in Table 33. 
 

Table 33: Combined statistics of logged samples 

City Logging 
sample 
size 

Logging 
sample 
mean use 
(kgal) 

Population 
Size 

Population 
mean use 
(kgal) 

Logging  
Period 

Redwood  60 105.89 15,777 101.09 Oct 06 – Nov 
06 

San Francisco 60 69.2 52,349 65.1 Nov 06 – Jan 
07 

San Diego City 66 115 217,893 114 Sep 07 – Oct 07
Las Virgenes MWD 66 392 17,016 392 Feb 08 
City of Davis 73 160 13,194 158 Jan 07 – Feb 07 
San Diego County     
Helix 20 151 45,401 151 
Rincon del Diablo 20 184 5,848 184 
Otay 20 159 10,794 161 
Sweetwater 20 125 22,170 125 

Oct 07 – Nov 
07 

East Bay MUD 134 102.1 306,279 106.8 Mar 07 – Apr 
07 

SCWA     
North Marin WD 20 125 10,303 126 
Petaluma 20 110 13,743 110 
Rohnert Park 20 108 6,691 108 
 Santa Rosa 20 99 32,887 100 

Feb 07 – Mar 
07 

Irvin Ranch Water 
District 

142 147 45,878 148 Jun 07 – Jul 07 

LADWP 132 159 485,000 153 Aug  08 – Sept 
08 
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CHAPTER 7 – END USE DESCRIPTIVE STATISTICS 
 
The purpose of collecting highly detailed water use data from the sampled homes was to allow 
their water use to be broken down into end-use categories.  Having end-use data provides a much 
higher degree of clarity about the nature of water use in the homes than is normally available.  Of 
prime interest for this study, is that it allows the relative efficiency or inefficiency of each type of 
water use to be characterized individually and unmasked by other uses in the home. This 
includes both indoor and outdoor uses.  This chapter provides the descriptive statistics and 
comparisons of the water use by end-use.  As will be seen, the data are very encouraging in some 
areas, but raise questions in others. They also provide insights into how water conservation 
programs might be modified to more effectively reduce household water use. 
 
There were a total of 735 homes from which indoor flow trace data files were successfully 
obtained.  The total number of logged days was 9021, which was an average of 12.3 logged days 
per home.  It is important to keep in mind that in this chapter the results are presented either in 
terms of annual water use per account, measured in thousands of gallons (kgal) or average daily 
household water use, measured in terms of gallons per household per day (gphd). 
 
The research team has intentionally avoided normalizing the data on the basis of the number of 
residents per household for several reasons.  First, the number of residents in the home is one of 
the most important variables for explaining indoor water use, and we did not want to normalize 
on a key variable since this would create problems in the modeling of the data. Primarily, it 
would result in trying to create models in which the same variable appears on both side of the 
equation.  Secondly, every water agency provides water to households; not to individual 
customers.  All of the single-family billing data comes in the form of water deliveries to 
households.  Since this is the main form in which the agencies have their data, and little is known 
about the number or residents in individual homes, it seemed to make the most sense to do the 
water use analysis on the basis of household use.  Finally, normalizing on the basis of number of 
residents invites readers to assume that there is a linear relationship between the number of 
residents and water use.  As described in the modeling chapter, the results show that this is not 
the case, and the relationship is not linear; hence as additional people are added to a home the 
water use increases less with each additional person. 
 
Another important fact to keep in mind when reviewing these results is that a set of efficiency 
metrics, discussed later in this chapter, were established for this study, by which the efficiency of 
household use for toilets, clothes washers and showers was evaluated.  These performance 
metrics are generally in agreement with typical efficiency parameters used in the industry, but 
they are not official “standards” in the sense of having been adopted by a regulatory body.  They 
are also metrics based on household use, rather than specific fixture definitions.  For toilets, the 
metric chosen was that the average household flush volume in the home had to be 2.0 gpf40 or 
less for the house to be tallied as meeting the toilet efficiency criteria.  The value of 2.0 gpf was 
chosen because it would include only homes that used toilets flushing at ULF or better volumes, 

                                                 
40 Note that 2.2 gpf was used as the criteria for individual toilet flushes and 2.0 gpf was used as the criteria for 
household average flush volumes. 
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but would allow a margin of error in their adjustments. This is an important performance 
measure, but is not attempting to say exactly what type of toilet was present in any home.   The 
purpose of the study was not to determine the makes and models of toilets in the home, but the 
household water use efficiency.  Toward that end, the model was not as important as the flush 
volume.  A high volume toilet modified to flush at less than 2.0 gpf would be counted as a ULF 
device, even though it was not designed as such, while a ULF toilet flushing at more than 2.2 
gallons would be counted as a high volume toilet. The only information we had on makes and 
models was from the survey results, which approximately half of the homes returned and, if the 
respondents can be trusted, indicated that approximately 67% of the toilets were ULF or better 
(See Table 66). 
 
There are three graphs that show the percentage of homes that meet the efficiency criteria.  For 
clothes washers the graphs come close to showing the “penetration rates” for high efficiency 
clothes washers, since most homes typically only have one clothes washer. For toilets, however, 
the results are not so clear.  The percent of homes that meet the efficiency criterion used for the 
study probably contain mostly ULF or better toilets.   The homes that fail to reach this criterion 
may contain a mixture of high volume toilets and possibly ULF toilets that are not flushing 
properly.  This distinction should be kept in mind when reviewing the statistical results.  
Histograms are also provided that show the percentage of individual fixture uses at varying 
volumes. These can be used to infer the percent of fixtures meeting various performance levels. 

Annual and Seasonal Usage 
As described in Chapter 5, a key goal of the logging group selection process was to have a group 
of homes for logging whose water use patterns were as similar as possible to those of the general 
population of single-family homes in each participating agency.   
 
Table 34 shows a comparison between the annual water use of the single-family populations in 
the participating agencies and the annual use in the logging samples selected from those 
populations.  The fact that the sample values are so close to those of the populations shows that if 
there are surprises in the results of the analysis, they are not due to the fact that the logging 
samples were skewed.  In all cases the logging group’s annual water use matched that of the 
population. 
 
Table 34 also shows the weighted average of the annual water use based on the number of 
households in each agency.  The agencies, as a whole, served approximately 1.3 million single-
family accounts in 2005. Of these, 35% were in the north and 65% were in the southern part of 
the state.  The weighted average annual use for the group was 132 kgal per year (176 ccf/year).  
The annual water use for the logging samples was 134 kgal per year (179 ccf/yr). As explained 
below, the average daily indoor use for the agencies, as determined by the flow trace analysis, 
was 171 gallons per household per day (gphd).   This represents the best estimate of actual 
indoor use (plus leakage) for the homes, through direct analysis of water use events, rather than 
reliance on minimum month estimates.  By subtracting the indoor water use from the annual use, 
the outdoor use can be estimated.  The weighted average annual outdoor use for the group was 
190 gphd.  As shown in Figure 34, approximately 47% of household use was for indoor purposes 
and 53% was for outdoor use.  As discussed elsewhere in this report, use of non-seasonal water 
demands as a proxy for indoor use tends to underestimate outdoor use because it assumes that all 
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of the non-seasonal use is indoor, when often there is significant irrigation during the winter 
period.  This is especially true in California where the winter climates are mild. 
 
Examination of the data from the individual sites shows that there is relatively little variation in 
indoor uses, which range from a low of 146 gphd to a high of 222 gphd.  Outdoor use shows 
much more variability, ranging from a low of ~0 gphd to a high of over 850 gphd.  Having such 
a range of use is a benefit for the study group, since it better captures the range of uses in the 
state population.  It also allows for the models of water use to have a larger range of input values, 
which provides a greater responsiveness in the models to the factors that affect water use.  If all 
of the homes had similar water use patterns, the models would not have been able to predict 
water use except over a very narrow range of values, which would greatly decrease their 
usefulness.  Thus, having a wide range of data produces much more robust, realistic and useful 
models. 
 

Table 34: Comparison of Annual Water Use for Agencies in Study Group 

Annual Use (kgal/yr) Mean Daily Use (gpd) Agency No. SF 
Accts Population 

SF 
 

Sample 
SF 
 

Annual 
 

Indoor 
(from data 
logging) 

Outdoor 

Davis Water Dept 13,194 158 160 432 171 261 
EBMUD 306,950 107 105 293 164 129 
SCWA  63,624 107 106 293 161 132 
Redwood City 15,777 101 106 277 176 101 
SFPUC 52,349 65 65 178 182 ~0 
City of San Diego 217,893 114 115 312 146 166 
IRWD 45,878 148 147 406 179 227 
LADWP 485,000 153 159 419 181 238 
Las Virgenes 
MWD 

17,016 392 392 1073 222 851 

San Diego County  84,213 147 147 404 187 217 
Total N 1,301,894 1492 1502 4087 1769 2322 
Weighted Avg. NA 132 134 361 171 190 
Percent of Total    100% 47% 53% 
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Indoor/Outdoor Split 
(Kgal and %)

Indoor, 62.4, 
47%Outdoor, 69.5, 

53%

 

Figure 34: Relative indoor and outdoor annual water use for study group 

 
Table 35 shows a comparison of the average daily water use for the study groups in Northern 
California versus Southern California.  This shows that the indoor uses are very similar, but the 
outdoor use in Southern California is 272% of that in the Northern California sites. In this table 
the annual use was obtained from the agency billing data, the indoor use was determined from 
the data logging, and the outdoor use was the difference between the annual use and the indoor 
use. 
 

Table 35: Comparison of water use by region 

Average Daily Use by Geographic Region (gphd) 
 Annual Indoor Outdoor 
Northern Sites 295 171 125 
Southern Sites 523 183 340 
 

Indoor Uses 
The first set of analyses focus on indoor uses.  Leakage is included among indoor uses, but it 
should be kept in mind that many of the “leaks” were likely associated with irrigation systems or 
pools. The analyses are also based on total household use (gphd), since we did not want to 
normalize the data on a per capita basis separately from the other important explanatory 
variables. 
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The flow trace analysis yielded a list of all of the water use events recorded during the logging 
periods.  These data were contained in an Access database which was used to create a range of 
summaries for the analyses needed for the report.  For the statistical end-use analyses presented 
here, the information shown in Table 36 was extracted for each study home.  Most of the 
parameters in the table are self-explanatory.   
 
The last three parameters were conditional variables (having a value of either 0 or 1) which were 
used as flags to denote whether or not the home met an efficiency criterion that the research team 
established for toilets, showers and clothes washers.  Houses that had values of less than 2.0 gpf, 
2.5 gpm, and 30 gpl were designated as “efficient” homes for toilets, showers and clothes 
washers respectively.  The efficiency parameters used for this study do not represent official 
standards for household use, but they are useful ways to categorize household water use in terms 
of well-recognized efficiency levels for these devices. 
 

Table 36: End use parameters 

Parameter Description 
Keycode The unique code used to identify each study home 
Agency The water agency serving the home 
Indoor Use The total indoor water use in from all categories (gal) 
Outdoor Use The total volume of outdoor events (gal) 
Total Used The total water recorded in the trace (gal) 
Total GPD Total use divided by the number of days in trace (gpd) 
Indoor GPD Indoor water use divided by days in trace (gpd) 
Days The number of complete days in trace (days) 
End use data  A series of fields to show the average daily use (gpd) for all 

identified end uses 
Avg Shower Mode The average of the most frequent shower flow rates (gpm) 
Count of Shower Number of showers in trace 
Avg Shower Volume Average of volume of water used per shower (gal) 
Avg Toilet Volume Average toilet flush volume (gal) 
Count of Toilet Number of toilet flushes in trace 
Total CW  Total water use for clothes washers (gal) 
Count of CW Number of clothes water loads in trace 
CW GPL Average gallons per load for clothes washers (gpl) 
Toilet Criteria Flag for house meeting ULF criteria (<2.0 gpf) 
Shower Criteria Flag for house meeting shower criteria (<2.5 gpm) 
CW Criteria Flag for house meeting CW criteria (<30 gpl) 
 

Total Indoor Use 
The average household indoor use for all of the logged homes in the California Single Family 
Water Use study was 175 gphd with a 95% confidence interval of 8 gpd.  This is not 
significantly different from either the indoor use reported in the REUWS study group as a whole, 
or just the 400 REUWS study homes located in California.  The REUWS study was based on 
data collected around 1997.  Table 37 shows the statistics for household indoor use for the two 
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REUWS study groups, the California Single-Family Study, plus the EPA Retrofit Study.  The 
data from the EPA study is included as a benchmark, which shows the potential demands in 
houses using best available technologies in 1999. Neither the REUWS nor the California Single 
Home samples from this study approached the EPA consumption levels. 
  
Figure 35 provides a scatter diagram of the average indoor water use in the sample of homes, 
broken down into the Northern and Southern California sites.  This diagram shows that the 
indoor use for the two geographical areas is quite similar.  The simple average of the indoor use 
for the homes in the respective logging groups for northern and southern California were 169 
gpd for the northern homes, and 180 gpd for the southern homes.   
 
It is interesting to note that the simple average, shown in Table 37, of the indoor use for the 732 
study homes was 175 gphd.  The weighted average computed for the 10 study sites based on the 
number of single-family homes in their service area, shown in Table 34, was 171 gphd.  This is 
another indication of the high degree of similarity among the homes, and demonstrates that the 
results have not been skewed by over-weighting homes from any one agency.  Table 37 also 
shows that the only significant difference in indoor use among the groups is the EPA Post 
Retrofit group, which shows significantly lower indoor use than any of the others. 
 

Table 37: Household indoor use statistics for logged homes (gphd) 

Parameter REUWS 
All sites 

REUWS 
California 
Sites 

CaliforniaSF 
Sites 

EPA Post 
Retrofit Study 

Mean ± 95% C.I. 177  ± 5.5 186 ± 10.2 175  ± 8 107 ± 10.3 
Median 160 165 157 100 
N 1188 400 732 96 
Std Deviation 96.8 104 111 50.9 
175 gphd = 63.8 kgal per year = 85 ccf per year 
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Figure 35: Scatter diagram of indoor household use (gphd) 

 
The indoor use results for each of the 10 study sites ranged from a low of 146 gphd to a high of 
222 gphd.  When evaluating these numbers, it is important to keep in mind that the indoor use 
also includes leakage, which may include leaks in pools and irrigation systems. 
 
The distribution of indoor use for all homes in the California study group is shown in Figure 36.  
This shows that the indoor water use is skewed toward the high end by a small number of homes 
that use a high amount of water.  The data show that 19% of the homes were using more than 
250 gpd for indoor purposes.  The high water consumption in the upper tier homes is clearly 
related to leakage events, as discussed below.  Also, when the percentage of total indoor use 
accounted for by each use bin is examined, as shown in Figure 37, it shows that the 19% of the 
customers using more than 250 gphd account for 38% of the total indoor water use.  This is just 
one of many examples of where large water users exert an impact on average use significantly 
out of proportion to their numbers.  
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Figure 36: Percent of households by indoor use bin 
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Figure 37: Percent of total indoor use volume by indoor use bin 

 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 130 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Figure 38 compares the indoor use for the study groups.  The striking feature of this graph is the 
markedly higher percentages of the homes from the EPA Retrofit group that were in the 50-100 
and 100-150 gphd bins, and the fact that none of the Retrofit homes were in bins greater than 300 
gphd.  The data from the Retrofit studies were obtained on two separate logging periods, three 
months and six months after the homes were upgraded.  This approach was used to help 
maximize the reliability of the data, by avoiding the period of novelty immediately after the 
installations. 
 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Indoor Water Use (GPD)  Comparison

R
el

at
iv

e
 F

re
q

u
en

cy

Cal SF Study 0% 6% 19% 23% 20% 13% 9% 4% 2% 2% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0%

EPA Retrofit 0% 7% 43% 38% 7% 2% 3% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

REUWS 0% 4% 15% 27% 22% 14% 8% 5% 2% 1% 1% 1% 0% 0% 0% 0% 0% 0% 0%

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

 

Figure 38: Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit 
Homes 

 

Disaggregated Household Use 
When the indoor water in the California Single Family homes is disaggregated, it is seen that 
five categories: “leaks”, faucets, showers, clothes washers and toilets make up the bulk of indoor 
use. This is shown in Figure 39.   In the REUWS sample, toilets and clothes washers accounted 
for 27% and 22% respectively. In the California sites these two categories account for 20% and 
18% respectively.  This suggests that these two important water use categories have decreased in 
volume since 1997.  
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Figure 39: End-use pie chart for all sites 

 
The changes in the household end-uses since the 1997 REUWS study can be seen more clearly in 
Figure 40.  This figure shows the average daily water use by end use category for the California 
REUWS sites, all REUWS sites and the California Single-Family sites.  The 95% confidence 
intervals around each mean value are also shown on the graph.  This graph shows that there has 
been a significant reduction in both toilet and clothes washer water use.   Unfortunately, there 
was a simultaneous increase in water use for showers, faucet and leaks/continuous uses.  The 
increase in the shower, faucet and “leak” categories offset the reduction in the toilets and clothes 
washers.  If the data were not disaggregated, these increases would have masked the benefits 
from the toilet and clothes washer improvements, and given the incorrect impression that the 
efforts to improve household water use efficiency had been totally ineffective.  
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Figure 40: Comparison of household end-uses 

Toilet Use 
The toilet data presented in this study need to be understood carefully to avoid being 
misinterpreted.  The data are presented from two perspectives: that of the volumes of the 
individual flushes, and also from the perspective of overall household use for toilet flushing and 
average flush volumes per home.  For individual flushes, we have used a criterion of 2.2 gpf to 
designate a toilet meeting at least the 1.6 gpf ULF standard.  The criterion for the household 
average flush volume was set to 2.0 gpf, because a greater margin of error was desired for 
individual toilets than for average household flush volumes.  
 
The terminology for toilets is somewhat confusing due to the fact that what was once the best 
available technology, the ULF or 1.6 gpf toilet is now the standard toilet, and the new High 
Efficiency Toilets (or HET) represent the best available technology.  A High Efficiency Toilet is 
one that flushes at 1.28 gpf or less. It is convenient to classify toilets into three groups: high-
volume toilets, which use more than 1.6 gpf; ULF design toilets of 1.6 gpf; and High Efficiency 
Toilets, which use 1.28 gpf or less.  The precise demarcation between ULF design toilets and 
high volume toilets is unclear since there is such a wide range at which ULF toilets actually 
flush. 
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Table 38 provides statistics on individual toilet flush volumes from the study sites. The data 
show that toilet use is still the number one category for water use, accounting for 36.1 gpd of the 
total indoor use.    
 
One goal of the study was to use the data collected from the flow traces in order to make 
estimates of the penetration rate of ULF or better41 toilets in the study group, and to compare the 
penetration rates from this study to previous studies such as the REUWS.  The problem is 
complicated by the fact that although a toilet may flush at more than 1.6 gpf, it does not prove 
that it is a non-ULF designed toilet.  Many ULF toilets may be flushing at 2 or 3 gpf, or more, if 
they are defective or have the wrong after-market flappers installed.  One the other hand, there 
are products available for reducing high volume toilet flushes into the ULF range. 
 
If there was a distinct dividing line between ULF or better and high volume toilets in terms of 
gallons per flush one could simply take that volume and count all flushes with volumes equal to 
this or less as efficient toilets and all flushes with flushes greater than this as high volume or high 
water use toilets.  As shown in Table 38 and Table 39 if that dividing line was 2.5 gpf then the 
estimate for efficient toilets would be 59%.  If the line were raised a bit to 2.75 gpf then the 
estimate of efficient toilets would also rise to 64% of all flushes.  If one assumes that all of the 
toilets are flushed at approximately the same rate then these percentages would equate to the 
percent of actual toilets in the population.42 
 

Table 38: Toilet flush volume statistics 

Parameter Value 
Events identified as flushes in database 122,869 
Average flushes per house per day 13 
Average toilet flush volume (gal) 2.76 
Median flush volume (gal) 2.45 
% of all flushes < 2.5 gal/flush 59% 
% of all flushes < 2.75 gal/flush 64% 
Average flushes per person per day 4.76 
Median flushes per person per day 4.14 
 
 

                                                 
41 Efficient toilet means any ULF or better toilet. 
42 If one is not willing to assume this then the percentages would represent the maximum penetration rates since one 
would have to assume that the newer, efficient toilets would be flushed more frequently than the older models. 
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Figure 41: Histogram of individual toilet flushes (N= 122,869) 

 

Table 39: Distribution of toilet flush volumes 

Bin (gpf) Flushes Total volume 
in bin (gal) 

Rel. 
Freq. 

Cum Freq 

0.25 19 4 0% 0% 
0.50 305 206 0% 0% 
0.75 930 835 1% 1% 
1.00 2955 3382 2% 3% 
1.25 11206 15540 9% 13% 
1.50 15877 25749 13% 25% 
1.75 14798 27547 12% 37% 
2.00 10893 23073 9% 46% 
2.25 9249 21858 8% 54% 
2.50 7055 18429 6% 59% 
2.75 6023 17289 5% 64% 
3.00 6506 20273 5% 70% 
3.25 5093 17152 4% 74% 
3.50 5329 19300 4% 78% 
3.75 5488 21251 4% 83% 
4.00 4435 18249 4% 86% 
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Bin (gpf) Flushes Total volume 
in bin (gal) 

Rel. 
Freq. 

Cum Freq 

4.25 4197 18318 3% 90% 
4.50 2886 13315 2% 92% 
4.75 2811 13675 2% 94% 
5.00 1660 8489 1% 96% 
More 5154 33226 4% 100% 
Totals 122869 337160 100%  
 
Using the same 2.75 gpf cut off point, if one looks at the toilet flush distribution from the 
REUWS study, shown in Figure 42, then 26% of all flushes (toilets) would be ULF or better 
devices.  This would imply a change from 26% to 64% ULF or better toilets in approximately 10 
years. This is equivalent to 38% of the toilets in 10 years, or 3.8% per year change-over. 
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Figure 42: Histogram of toilet flushes from REUWS study group 

 
If we line up both histograms on the same graph the change in flush volume distributions 
becomes even more impressive.  This comparison is shown in Figure 43.  In this figure the 
change in the number of flushes from the higher bins to the lower represent high volume toilets 
that have been replaced with ULF or better devices. 
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Figure 43: California Single Family Homes vs REUWS toilet flush volume distributions 

 
In order to estimate the percentage of efficient toilets in the California SF sample, the most 
useful comparison would be against a distribution of flushes from a group of homes which were 
known to contain only ULF toilets.  Fortunately, such a data set is available from the EPA New 
Home Study.  In this study, only homes built after 2001 were included that provide us with a 
flush volume distribution from only ULF toilets43.  The comparison of the California SF homes 
to the EPA New Homes is shown in Figure 44.   
 
If one assumes that the flush distribution for the New Homes represents a true distribution of 
flush volumes for ULF toilets, then by subtracting the relative frequence in each of the bins at 
3.0 gpf or greater for the New Homes from the California Study Homes, we can get an estimate 
of the percent of non-ulf toilets in the California distribution.  This difference comes out to 
~30%, which implies that 70% of the toilets in the sample are ULF or better.  This approach 
gives a higher estimate of ULF or better toilet penetration, since in the estimates based on a hard 
dividing line between efficient and high volume devices none of the flushes above the line are 
counted as efficient.  When the estimate is based on the actual distribution of ULF or better 
toilets then a percentage of the flushes above the cut-off is counted in the efficient category 
based on the empirical data from the New Home study group. 

                                                 
43 These homes contained predominantly 1.6 gpf toilets based on current building codes to meet the 1992 EP Act.  
There may have been a few HET toilets, but not a significant number. 
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Figure 44 also shows that in a population known to be equipped exclusively with ULF toilets the 
largest percentage of flushes are between 2.0 and 2.25 gallons, which bin accounts for 25% of all 
of the flushes. On a cumulative basis, however, 48% of all of the flushes are greater than 2.00 
gallons. The fact that such a large percentage of flushes are greater than 2 gallons per flush is 
noteworthy, since if all toilets had been performing as designed one would expect few if any of 
the flushes would be greater than 2.0 gpf. 
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Figure 44: Comparison of California SF Homes to New Homes  

 
From the perspective of the efficiency of household water use, which is the main topic of this 
research project, it is important to consider household efficiency levels as well as penetration 
rates of high efficiency toilets.  From this perspective what is important is the percentage of 
households that are meeting specific efficiency benchmarks for toilet flushing, irrespective of the 
type of toilet installed.  The fact that such a high percentage of ULF toilets are flushing at more 
than 2 gpf is significant in this discussion. 
 
Figure 45 shows the distribution of the average toilet flush volumes in the 732 study homes.  The 
average flush volumes were determined by taking the total volume of water used for toilet 
flushing in the home over the logging period, and dividing this volume by the number of flushes 
counted in the home.  Hence, the value represents the average of all of the toilets in the home.  
Figure 45 indicates that 30% of all homes in the group have average flush volumes of 2.0 gpf or 
less. Note that this does not imply that only 30% of the toilets in the population are ULF or better 
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since, as discussed above the flush distribution data and survey data show that beween 64% and 
72% of all toilets appear to be caused by ULF or better-rated devices. The question is: why, with 
such a high percentage of ULF-type toilets in the population do so few of the homes have 
average flush volumes of 2 gpf or less. 
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Figure 45: Histogram of average household flush volumes (N=732) 

 
Even though the data appear different on the surface there is actually no contradiction between 
the penetration rates of individual toilets shown in Figure 41 and the percentage of households 
meeting the efficiency benchmark of 2.0 gallons per average flush.  The reason for this is that 
there is a much wider diversity of the types of toilets found in the homes, and the fact that so 
many ULF type toilets are flushing at 2 gpf or more. 
 
The fact that houses contain mixtures of toilets is important for understanding how toilet 
replacements impact household toilet use.  For a house to meet the efficiency metric established 
for this study basically requires that all of the toilets in the home be flushing at or near the ULF 
standard (~1.6 gpf).  Homes with one ULF and one high volume toilet will not meet the criterion. 
They will be flushing at an average of ~2.5 gpf.  In a group of 100 homes with 2 toilets per 
home: if as suggested by the data, 30% have 2 ULF toilets and 60 % have 1 ULF toilet, and 10% 
have no ULF toilets this would require 120 out of 200 toilets, or 60% of all of the toilets be ULF 
models. So, a household saturation of 30% implies a fixture saturation of ~60%, which is 
precisely what these data show. 
 
In order to examine the mixture of toilets within individual homes a toilet uniformity factor was 
calculated for each home in the study.  This factor was the ratio of flushes less than 2.2 gallons to 
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the total number of flushes recorded for the home.  The distribution of these factors for study 
homes is shown in Figure 46.  The Y axis of this graph represents the percent of homes having 
the percent of their total flushes at 2.2 gal or less shown on the X axis.  The data on the left end 
of the graph represent homes with few sub-2.2 gallon flushes and the data on the right side 
represent homes with a high percentage of sub-2.2 gallon flushes.  
 
The graph shows that 25% of the homes had less than 5% of the flushes recorded at less than 2.2 
gallons.  These homes are most likely not equipped with any ULF toilets, or if they have a ULF 
they never use it, or they may have one or more malfunctioning ULF toilets.  On the other side of 
this equation this shows that 75% of the homes appear to have at least one ULF toilet.  The 25% 
of homes with no ULF toilets represent opportunities for substantial conservation. 
 
On the right side the graph the data show that there are 11% of the homes where 95-100 percent 
of the flushes were less than 2.2 gallons.  These are homes that are in all likelihood fully 
equipped with all ULF toilets or better.  As one moves toward the center of the graph the data 
represent homes with more even mixes of ULF or better and high volume toilets.  This type of 
distribution makes a lot of sense for a population of existing homes that are gradually being 
retrofit with higher efficiency toilets.  
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Figure 46: Percent of houses with varying percents of ULF flushes 

Clothes Washer Use 
Table 40 shows the statistics for clothes washer use in the northern sites.  There were a total of 
7,935 loads of clothes registered during the logging.  This worked out to an average of 0.96 loads 
per house per day.  The average load used 36.0 gallons of water and the median load volume was 
37.0 gallons.  A total of 29% of the loads were less than 30 gallons.  
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Table 40: Clothes washer statistics 

Parameter Value 
Total number of loads in database 7,935 
Average loads per household per day 0.96 
Average gallons per load 36.0 
Median gallons per load 37.0 
% of loads < 30 gal 29% 
 
The distribution of load volumes from the data is shown in Figure 47.  At the time of the 
REUWS only around 1% of the clothes washers used less than 30 gal, so the current data 
represents a major advance, but the data also show that there is still significant potential for 
savings in clothes washer use. One can also use Figure 47 to determine the effect of using 
different criteria for high efficiency houses.  For example, if the limit were set to 25 gpl, only 
20% of the houses would fall into the high efficiency definition.  We know that during the study 
period there were many clothes washers that use 25 gpl or less. These machines would have 
water factors of 7 or less, where the water factor equals the volume per load per cubic foot of 
capacity. 
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Figure 47: Distribution of clothes washer volumes 
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Shower Use 
As shown in Table 41, there were a total of 17,334 showers identified in the site flow traces.  The 
average flow rate of these showers was 2.14 gpm, and the median flow rate was 1.99 gpm.  The 
average shower volume was 18.2 gallons.   The distribution of individual shower flow rates, 
shown in Figure 48, indicates that the nearly 80% of all showers are flowing at 2.5 gpm or less.  
These data indicate that the market is close to saturated with respect to 2.5 gpm showerheads.  
The distribution of shower volumes, shown in Figure 49, shows a fairly normal distribution with 
the mean use of 18.2 gallons per shower.  
 

Table 41: Shower statistics 

Parameter Value 
Total number of showers in database 17334 
Average number of showers per day per 
household 

1.97 

Average gallons per shower 18.18 
Average shower duration (minutes) 8.7 
Median shower duration (minutes) 8.3 
Average shower GPM 2.14 
Median shower GPM 1.99 
Percent at 2.5 GPM or less 79% 
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Figure 48: Distribution of shower flow rates 
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Figure 49: Distribution of shower volumes 

 

Leakage and Continuous Uses 
In evaluating the leakage data it should be kept in mind that leakage is a category like faucet use, 
and that it contains events that don’t fit in other categories and appear to be unintentional 
leakage.  In some cases however, events may give the appearance of leakage, even though they 
are not leaks.  The case of the constantly running reverse osmosis system was discussed above, 
for example. So, technically, leaks should be thought of as a group of events that include true 
water leaking from the system, as well as other events that give the appearance of leakage.  The 
statistical modeling section describes the factors, such as automatic irrigation systems and 
swimming pools and home water treatment systems that are related to increased leakage rates. 
 
The leakage patterns from this group of homes show the same heavily skewed distribution that 
leaks in all other end-use studies have shown. The majority of homes were found to “leak” at low 
rates. During the 9021 logged days in the study, the average daily leakage rate was 30.8 gallons, 
but the median leakage was only 11.5 gallons.  The distribution of the number of homes leaking 
at various rates, shown in Figure 50, indicates that 14% of the homes are leaking at more than 50 
gpd, and that 7% of homes “leak” over 100 gpd.  It is likely that due to the transitory nature of 
leaks that the list of high “leak” homes is slowly changing over time as old leaks are repaired and 
new leaks develop elsewhere. 
 
The homes with leakage rates of 10 gpd or less make up 45% of the sample.  These are from 
short duration leaks which would probably never show up in an audit, and which might be due to 
things like how people operate faucets.  Leakage at 10 gpd or less is probably unavoidable.  
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Homes with old or inaccurate meters, which do not pick up very low flows, may have their 
leakage rates understated. 
 

Table 42: Statistics on leakage 

Parameter Value 
Total number of days in database 9021  
Average leakage, gpd 30.8 
Median leakage, gpd 11.5 
Max leakage in set, gpd 687 
% houses w/ leakage > 50 gpd 14% 
% of house w/ leakage > 100 gpd 7% 
 

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

 Leakage Rate (gphd)

  %
 o

f 
H

o
u

s
e

s
 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

C
u

m
u

la
ti

ve
 F

rq
u

en
cy

Rel % 47% 19% 9% 6% 4% 2% 3% 2% 1% 2% 1% 1% 0% 0% 0% 1% 0% 0% 1% 0% 2%

Cum % 47% 65% 74% 80% 85% 86% 89% 91% 92% 93% 94% 95% 95% 96% 96% 97% 97% 97% 98% 98% 100

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Mor

e

 

Figure 50: Percent of homes by leakage rate 
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Figure 51: Percent of total “leak” volume by leakage rate 

 
When one looks at Figure 50, the impact of the homes with high leakage rates seems small.  
These homes represent a very minor percent of all of the homes.  The situation is drastically 
altered when the percent of total “leak” volume is plotted against the leakage rates.  Figure 51 
shows that when the percentage of the total “leak” volume in the study homes is plotted against 
the leakage rates, the homes in the upper bins take on a significance that far exceeds their 
numbers.  Although only 7% of all homes were found to be leaking at more than 100 gpd, these 
homes accounted for 44% of the leakage volume.   
 
As discussed in Chapter 5, large, long duration leaks may be due to real leakage, like broken 
valves or leaky pipes etc, or they may be due to a “legitimate” water use that gives the 
appearance of leaks.  We used regression models for leakage to test the impact of a number of 
factors that might contribute to leaks, or have water use characteristics that give the appearance 
of leaks.  For example, swimming pools and automatic irrigation system both tested positive for 
leakage.  Both of these types of system are subject to real leaks, but they may also use water in a 
way that looks like a leak, in some cases. We don’t believe that either of these systems can 
explain more than a very few of the continuous leaks observed. 
 
A swimming pool might require 4 inches of make-up water during the hottest week of the year.  
This is equivalent to 2.5 gallons per square foot of pool surface.  For a 500 sf pool this would 
require 1250 gallons of water per week or 180 gpd.  At a flow rate as low as 1 gpm this would 
require 3 hours of flow, and would not result in a continuous 24 hour per day flow.  
 
Irrigation systems normally have very well-defined operating intervals and start times.  Even drip 
systems normally operate on a regular schedule for intervals of less than an hour.  No irrigation 
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system should ever require 24-hour operation.  A leaky zone valve, however, can easily explain a 
continuous flow of water through the system.  
 
The only case where a continuous flow could be explained would be if a household was 
attempting to treat all of the water used for indoor purposes with an RO system, but very few 
homes in the study had these types of systems, and of the ones that did, we do not know 
precisely how they are operated.  It is unlikely, however, that enough homes are practicing this 
type of total indoor treatment to sway the results. 
 

Faucet Use 
While faucet use is not as heavily skewed as leakage, it does resemble the leakage pattern in 
shape.  Faucet use tends to be a category that collects miscellaneous uses that do not clearly fall 
into the other categories.  Ice machines and normally operating pool fillers will get categorized 
as faucets, unless they have very distinctive flow patterns. The types of activities requiring faucet 
use is very diverse and difficult to determine without intrusive investigations into the home. The 
survey information from the study should throw some light on the factors that affect faucet use.  
The basic statistics of faucet use are shown in Table 43.  
 

Table 43: Faucet statistics 

Parameter Value 
Total number of days in database 9021 
Total number of faucet events 538,484 
Average faucet events per day 57.4 
Median number of faucet events 42.9 
Average duration of faucet event 37 sec 
Average peak flow of faucet events 1.1 gpm 
Average volume of faucet events 0.6 gal 
Average faucet use,  33.0 gphd 
Median faucet use,  27.0 gphd 
Max faucet use in set 220 gphd 
% houses w/ faucet use > 50 gphd 16% 
% of house w/ faucet > 100 gphd 3% 
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Figure 52: Distribution of daily faucet use (gphd) 
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53: Distribution of number of faucet events per household 
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Figure 54: Average duration of faucet events (sec) 
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Figure 55: Average volume per faucet events (gal) 

 

Percentages of Homes Meeting Efficiency Criteria 
One of the main goals of this project was to determine the percentage of homes that are equipped 
with the types of efficiency fixtures and appliances encouraged by the Best Management 
Practices.   
 
One thing that the data loggers can not tell, however, is the make and model of the fixtures and 
appliances present in the homes.  This information needs to come from either survey responses 
or in-home audits.  Consequently, the efficiency evaluations in this study are performance-based.  
They show the water use level for the household. While the amount of water that a device uses is 
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indicative of its efficiency level, it is always possible for a highly efficient device to be out of 
adjustment, or for a low efficiency device (like a toilet) to have been modified to perform at a 
higher level.  There are many instances of toilets rated as ULF devices flushing at more than 1.6 
gpf. These toilets, if they flush at more than 2.2 gallons, would not be counted as efficient 
devices in our analysis even though they are physically present. On the other hand, older toilets 
with dams or displacement devices may be flushing at less than 2.2 gpf, and these would be 
counted as ULF devices. 
 
In order to qualify as efficient each home had to meet the criteria for each device shown in Table 
44.  A careful reader will notice that the criteria used for household toilet use, 2.0 gpf, is slightly 
lower than that allowed for individual toilet flushes, which was set at 2.2 gpf. This was done 
intentionally because we wanted to allow a greater degree of variability for the individual flushes 
than for the overall average flush volumes.  
 
The results of the household efficiency analyses for the combined sites are shown in Figure 56.  
In the case of clothes washers, where there is normally only one washer per home, the percent 
shown in the figure, 30%, is a good estimate of the actual penetration rate for high efficiency 
clothes washers estimated in this study.  In the case of showers, there may be old showerheads in 
the group that have gradually fallen back to the 2.5 gpm flow rate due to degradation or 
mineralization. In the case of toilets, where there are typically two or more toilets per home, and 
each home will have its own mixture of standard and ULF or better devices, it would require a 
higher percentage of individual toilets to achieve a given level of household efficiency.  The data 
in this study suggest that 60% or more of the individual toilets are ULF or better devices, but due 
to the mixing of ULF and high volume toilets in the homes and the wide variation in actual toilet 
flush volumes, only 30% of the households have average flush volumes (for all recorded  
flushes) of 2.0 gpf or better. 
 

Table 44: Metrics used for efficiency determination 

Device Efficiency Criteria 
Toilets Ave gallons per flush < 2.0 gpf 
Showers Ave shower flow rate < 2.5 gpm 
Clothes washers Ave load uses < 30 gal 
 
In the case of clothes washers, a load volume of 30 gallons per load would be equivalent to a 
water factor of 8.6 gal/cf for a 3.5 cubic foot machine.  In 2005 these represented high efficiency 
machines.  Current clothes washer water factors for the best efficiency machines are 4.5 or 
better, which would equate to less than 16 gallons per load.  
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Figure 56: Percentages of homes meeting efficiency criteria for toilets, showers and clothes 
washers 

 
 

Outdoor Use 
There were a total of 734 homes for which valid flow trace data were obtained, which we 
included in the indoor analyses.  Of these a total of 639, or 87%, appeared to be irrigating.  
Evidence of irrigation came from analysis of aerial photography on 61244 lots for which aerials 
could be obtained and 25 lots in the remaining 120 for which aerials could not be obtained, but 
for which the annual water use was too high to be for indoor uses only.  The following analyses 
are based on the sample for which aerial photos were available, and are thought to be 
representative of the irrigators in the group. All of the data reported in this section includes the 
revised irrigated areas resulting from the re-analysis of new aerial photos from the IRWD and 
EBMUD sevice areas done in January 2011.  It should be kept in mind that when estimating 
means for the population it is necessary to apply a correction factor since these customers make 
up only 87% of the entire population. The same is true for each study site.  For example, the 
average outdoor use in the EBMUD irrigateing homes was 60 kgal, but since only 76% of the 
homes in the population appeared to be irrigating, the average outdoor use for the population 
would be closer to 46 kgal, which compares well with the seasonal use use shown in Table 34 of 
47 kgal (129 gpd x 365). 
 
 

                                                 
44 Reduced from 614 after area reviews by IRWD and EBMUD. 
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Table 45: Outdoor use in irrigating homes 

Group Average Annual Outdoor Use 
(kgal) 

Number 

All logged homes 82.0 734 (100%) 
Homes that were irrigating 92.4 639 (87%) 
Homes with aerials 92.6 614 (84%) 
 
The procedure used for analysis of the outdoor use was described in detail in Chapter 5.  The 
major parameters that were used for inputs in that analysis were:  
 

 Annual outdoor water use (kgal) 
 Lot size/irrigated area of lot (sf) 
 Landscape coefficient (weighted average of crop coefficients for landscape) 
 Irrigation efficiencies 
 Net ETo 

 
Outputs used for the analysis were: 

 Theoretical irrigation demand  
 Actual irrigation application 
 Excess (deficit) use 

 
 

Lot Size 
The statistics for lot size are shown in Table 46, and the distribution of lot sizes is shown in 
Figure 57.  Lot sizes are skewed to the right side, with the average lot size being significantly 
larger than the median.  

Table 46: Lot size statistics 

Parameter Lot Size (sf) 
Average 9219 ± 985  
Median 6855 
Maximum 226,670  
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Figure 57: Distribution of lot sizes in California Single-Family Water Use Study group 

Annual Outdoor Use Volumes 
The average annual outdoor water use is shown in Table 47.  This value ranged from a low of 17 
kgal per account to a high of 226 kgal per account.  The average outdoor use for all of the sites 
was 92.7 kgal per year.  These estimates are based on the data logging results and are not the 
same as the estimates generated from analysis of the billing data, which were based on seasonal 
and non-seasonal use.  Normally, data logging gives a lower estimate of indoor use and a higher 
estimate of outdoor use than billing records.  This is because there is usually some outdoor use 
occurring in the winter months, which is included in the non-seasonal billing estimate.  If this is 
used as a proxy for indoor use, it will somewhat overstate the indoor use and understate the 
outdoor use. 
 

 In this study group the average non-seasonal use, determined from billing data was 75 
kgal/year, and the average outdoor use estimated from data logging was 93.6 kgal/year. 

   
The distribution of outdoor use follows a log normal pattern as shown in Figure 58.  This figure 
presents the percent of all customers that are using various volumes of water for outdoor 
purposes.  When based on the numbers of customers, the large users appear of little significance.  
When presented on the basis of the percent of the total outdoor water use for which each 
consumption bin accounts, the situation appears different. As shown in  
Figure 59, the large users account for a percent of the total volume of outdoor use out of 
proportion to their numbers.  For example, only 33% of the customers use more than 100 kgal 
per year for outdoor uses, but these customers account for 62% of the total outdoor use. 
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Table 47: Outdoor water use statistics for irrigating homes 

Parameter Outdoor Water Use (kgal) 
Average  93.6 ± 7.06 
Median 67.9 
Maximum 644 
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Figure 58: Percent of homes by annual outdoor use volume 
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Figure 59: Percent of total annual outdoor use by household use volume 
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Irrigated Area 
The irrigated areas in this report have been reviewed by the agencies, and in some cases updated 
using newer aerials as was the case for IRWD and EBMUD.  In the case of IRWD the revised 
areas are larger than the original analysis, and in the case of EBMUD the revisions led to 
decreases in the estimates.  The key factors that led to the revisions lay in how parcels were 
classified as either non-turf or xeric plant covers as opposed to non-irrigated land.  In the aerial 
photos it was often difficult to draw a clear distinction in these marginal lands.  Modifications 
were also made to several lots in the Sonoma County Water Agency service area to ensure 
consistency in how tree canopy was measured.  In all cases a combination of the aerial photos 
and notes from the field verification were used as guides for the determination. 
 
The statistics for the irrigated areas for the study group are shown in Table 48.  The areas are 
skewed to the right with the median values significantly lower than the average.  The 
distributions of areas are shown in Figure 60, which shows the percentage of the homes with 
larger areas dropping off geometrically with increasing areas.   As shown in Figure 61, there was 
a correlation between irrigated area and total lot size demonstrated by the data.  This is useful 
because it is much easier to obtain lot size information than irrigated area information, and 
having a relationship to predict irrigated area makes it possible to do projections for populations 
more easily. The distribution of irrigated areas in the study homes is shown in Figure 60.  
 
 
 

Table 48: Irrigated areas 

Parameter Irrigated areas (sf) 
Average  3370± 232 
Median 2648 
Maximum 31,504 
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Figure 60: Distribution of irrigated areas 

 
 
 
Figure 61 shows the relationship between irrigated area and lot size for the study homes.  
Logically, one would expect that the best fit line between lot size and irrigated area would pass 
through the origin, since lots with no area would also have no irrigated area. In fact, the best fit 
line does not pass through the origin, but crosses the irrigated area axis at a positive value when 
the total lot size is zero, and this line provides a higher R2 value than one that does pass through 
the origin.  The reason for this is that the large lots with little irrigated area on the right end of the 
diagram skew the results.  The smallest lot in the study group, located in Davis, had a total area 
of 1263 sf and an irrigated area of 651 sf.  Use of the relationship for lot sizes smaller than this is 
pushing it beyond its reasonable range. The relationship shown in this figure would be useful for 
making predictions of irrigated area on a population of single-family homes for planning 
purposes.  Based on the amount of scatter in the data, however, it would not be a good predictor 
for individual lots or small groups of lots. 
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Figure 61: Irrigated area versus lot size 

Our experience with determining irrigated area in this study shows that it is more complicated 
than one would first think.  Many aerial photos are poorly suited to irrigated area determination.  
Photos are often taken during early spring before leaves are out, and these do not show irrigation 
well.  Photos are often of low resolution, which makes it difficults to detect details that would 
help.  It is optimal to take photos with infrared wavelengths, which greatly help to identify the 
areas that are being irrigated.  In most urban areas it is appropriate to give lots areas that are 
covered with vegetation some level of crop coefficient, which results in a water requirement 
being generated.  In some areas, though, lots include historic (legacy) forests or grasslands that 
are not part of the irrigated landscape. Defining these, and making sure that only areas with 
legitimate irrigation requirements are included in the TIR calculations is a challenge, even with 
ground verification. 

Irrigation Application Rates 
The volume of water applied, divided by the irrigated area, yields a value of gallons per square 
foot, which can be converted to inches based on the relationship that 0.623 inches of water 
equals 1 gpsf, which represents the average application rate for the landscape.  When this was 
done for each of the irrigating homes, the actual application rates were determined, and the 
average application rate for each site was calculated. Two of the ten sites were found to be 
applying less than the net ETo and eight were applying more, on average.  Overall, the sites were 
applying more than the net ETo during the study year. 
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The data on application rates provides information about depths of applications, but it does not 
tell how much actual irrigation water is being used since small lots may be applying at high rates, 
but since their areas are small the volumes of water are small also.   

Irrigation Application Ratios 
As discussed in CHAPTER 5 the theoretical irrigation requirement is related to the ETo, the 
irrigated area, the crop coefficients of the plantings and the irrigation efficiencies.  When all are 
considered the theoretical irrigation requirement for each lot can be estimated in either gallons or 
inches.  The ratio of the actual irrigation application to the theoretical irrigation requirement is 
referred to as the application ratio. When this is greater than 1 there is excess irrigation 
occurring, and when it is less than 1 there is deficit irrigation.  
 
The application ratios are key parameters in assessing irrigation use because they indicate at a 
glance whether a given site is over or under-irrigating.  They do not however, tell anything about 
volumes of excess use because these depend on the irrigated areas and the volumes of the 
theoretical irrigation requirements. To elaborate on this point, the overall average application 
ratio is 1.36, but that does not mean that the volume of outdoor use represents 136% of the 
overall TIR.  The reason for this is that the irrigation volume is the product of the application 
ratio times TIR for each lot.  The group contains small lots with high application ratios but small 
volumes of excess irrigation and large lots with smaller application ratios but very large volumes 
of excess use.   
 
Another key fact is the distribution of excess irrigation.  Figure 62 shows the distribution of 
application ratios in the study homes.  This shows a typical log normal distribution with around 
2% outliers at the top end.  The fact that 46% of the homes are not over-irrigating is a very 
important fact to keep in mind when designing irrigation conservation programs, such as 
weather-based irrigation controllers, or improved irrigation scheduling.  Customers who are 
deficit irrigating need to be approached differently than customers that are over-irrigating, and 
programs need to target them appropriately. 
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Figure 62: Distribution of application ratios in study homes 

Percent of Lots that are Over-Irrigating 
Approximately 44% of the lots on which irrigation was occurring were over-irrigating. This is 
equivalent to 38% of all of the logged lots because only 87% of the lots in the study group 
appeared to be irrigating. As pointed out in the following section, most of the excess use is 
occurring on a small percentage of the lots. The gross percentages of customers who are over-
irrigating does not tell us about the volumes of over-irrigation since even very small amounts of 
over-irrigation are enough to put a lot into the over-irrigation category.  The fact that just over 
half of the combined sites are applying more than their theoretical irrigation requirements shows 
that over-irrigation is not a universal problem in single-family landscapes. 

Excess Irrigation Volumes 
In any system there are some customers who are irrigating in excess of the requirements and 
some that are deficit irrigating. Excess irrigation is the difference between the actual volume of 
water applied to the landscape and the theoretical irrigation requirement. From the perspective of 
water conservation, this is a key parameter because it is a measure of potential actual volume of 
water savings from improved irrigation management.  If excess irrigation could be eliminated 
without simultaneously eliminating deficits, then outdoor savings could be maximized. 
 
If we look all of the irrigating homes and compare their average outdoor use to the average 
theoretical requirement we see that the two values are close to each other.  The average annual 
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outdoor use for the group as a whole is 92.7 kgal.  The average theoretical irrigation requirement 
for the group is 89.9 kgal.  So, taken as a whole, there is only 2.8 kgal of excess use per lot 
occurring in the group.  Another way of looking at this is that the under-irrigation in the less-
than-TIR group just about balances the over-irrigation in the more-than-TIR group.  If all 
irrigators were brought into compliance with their theoretical requirements then the data indicate 
that the net result would be little change in overall use.    
 
The fact that the difference between the average outdoor use and the average theoretical 
irrigation requirement is small does not mean that there is no potential for irrigation savings.  
The savings potential is there, but it exists only on the lots of customers who are over-irrigating.  
From the perspective of water conservation, the customers who are deficit irrigating need to be 
set aside, and attention needs to be targeted to the over-irrigators. 
 
If we assume that the people who are under-irrigating are doing so because that is how they like 
their landscapes,then the goal would be to discourage over-irrigation without simultaneously 
encouraging the under-irrigators to increase their outdoor applications.  If this is done we can 
estimate the savings potential on just the lots where over-irrigation is occurring.  The excess use 
is calculated as the actual application (kgal) minus the theoretical requirement (kgal), but the 
value was set to zero on lots that were deficit irrigating.  When defined in this manner, excess 
irrigation captures the potential savings in irrigation use by eliminating over-irrigation use while 
allowing the under-irrigation to proceed.   
 
Figure 63 shows the distribution of the number of accounts in various excess use bins. When 
viewed strictly in terms of numbers of accounts, the heavy users seem relatively unimportant.  
When one looks at the percent of the total volume of excess irrigation use for each consumption 
bin then the impact of the higher users becomes much more dramatic. For example, Figure 63 
shows that 0-20 kgal group makes up 62.5% of all accounts, but we see in Figure 64 that this 
group accounts for only 17.8% of the total volume of excess use.  The homes that are using more 
than 60 kgal of excess irrigation water make up only 18% of all irrigators, but they account for 
62% of the total excess volume. 
 
The excess use statistics shown in Table 49 show that the average excess use on the lots that are 
irrigating is approximately 30 kgal per year.  Since only 87% of the lots were irrigators, the 
average excess use for all single-family accounts is estimated at 26.2 kgal per year.  
Approximately 62% of this excess use is occurring on 18% of the irrigating lots or 15% of all 
lots. 
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Figure 63: Distribution of excess irrigation by number of accounts 
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Figure 64: Percent of excess volume attributed to excess use bin 
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Table 49: Excess use parameters 

Irrigation Parameter Value 
Number of lots analyzed from aerials 614 
Net over application  6.7 kgal 
Average excess use on irrigating lots (87%) 29.6± 4.13 kgal 
Average excess use on all lots 25.6 kgal 
Median excess 2.4 kgal 
Minimum excess 0 kgal 
Maximum excess 364 kgal 
 
In interpreting the excess use statistics the average excess use was determined by taking the sum 
of the excess use for each lot with negative values for deficit irrigators set to zero.  This means 
that this is the total of just the excess uses, and represents the average savings per lot if the 
excess use could be eliminated while the deficit irrigation was allowed to continue.  If one 
simply takes the average of the net application including both positive and negative values then 
the average savings drops to 6.8 kgal per lot.   

Diurnal Use  
The time of day at which water uses occurs is important for demand forecasting both for water 
and energy.  These diurnal use patterns were analyzed using the water event database for the 
entire study group.  The total volume of water used for each use category was summed from the 
event database by the hour of day that the use began.  Irrigation use was determined for both 
summer and winter so that the difference in seasonal use patterns could be quantified.  The 
results are presented in the following tables and graphs. 
 
Figure 65 shows the percent of total winter and summer household use occurring during each 
hour of the day.  It is noteworthy that the lowest daytime demands in single-family residences 
tend to occur during the peak energy demand period from noon until 6:00 pm. The following 
graphs show, however, that there is still a considerable amount of daytime irrigation use in these 
homes. If people would refrain from irrigating during the noon to 6:00 pm period it would reduce 
peak electric period water use. 
 
Figure 66 shows the percent of the water use for each category occurring by hour of day.  This 
shows the sequence of when demands for various single-family end uses come onto the system.  
In this graph the relative demands are not to scale relative to each other since each is based on 
the hourly percent for the individual end-use.  It is interesting to note that most single-family 
residential demands are outside of the periods of peak electrical demand. Most irrigation 
demands occur between 3:00 and 6:00 am.  These data are presented in tabular form in Table 50. 
 
The percent of total household water use associated with each end-use is shown in Figure 67 for 
the winter (October through April) period and Figure 68 for the summer (May through 
September) period.  In these graphs the magnitudes of the demands are shown in scale relative to 
each other, as percentages of total household use.  The hourly data are presented in tabular form 
in Table 51and Table 52.   
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Figure 65: Diurnal use patterns for total household use, winter and summer
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Figure 66: Percent of use by category on hourly basis 
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Table 50: Percent of category water use by hour of day 

Hour of 
Day 

Bath Clothes 
Washer 

Dish 
washer 

Faucet Leak Other Shower Toilet Indoor Irrigation 
(Summer) 

Irrigation 
(Winter) 

0:00 1% 1% 3% 2% 4% 4% 1% 2% 2% 3% 2% 
1:00 0% 1% 1% 1% 3% 4% 1% 2% 1% 1% 2% 
2:00 0% 0% 1% 1% 3% 5% 0% 2% 1% 1% 1% 
3:00 0% 0% 0% 1% 2% 4% 0% 1% 1% 4% 8% 
4:00 1% 0% 0% 1% 3% 2% 1% 2% 1% 5% 6% 
5:00 3% 0% 1% 2% 3% 2% 4% 3% 2% 10% 17% 
6:00 6% 2% 1% 4% 4% 6% 9% 5% 5% 14% 7% 
7:00 6% 4% 3% 6% 5% 4% 11% 7% 7% 10% 6% 
8:00 8% 7% 5% 6% 5% 5% 9% 6% 7% 7% 5% 
9:00 6% 8% 7% 6% 4% 7% 7% 5% 6% 4% 4% 
10:00 4% 8% 6% 6% 5% 4% 6% 5% 6% 4% 3% 
11:00 3% 8% 5% 5% 4% 4% 5% 4% 5% 3% 4% 
12:00 3% 7% 5% 5% 5% 4% 4% 4% 5% 3% 3% 
13:00 2% 7% 5% 4% 4% 3% 3% 4% 4% 3% 3% 
14:00 2% 6% 4% 4% 4% 3% 3% 4% 4% 3% 3% 
15:00 2% 6% 3% 4% 4% 5% 3% 4% 4% 2% 3% 
16:00 4% 6% 3% 5% 4% 4% 3% 5% 5% 2% 3% 
17:00 6% 5% 3% 6% 5% 5% 4% 5% 5% 3% 3% 
18:00 11% 5% 5% 7% 5% 5% 5% 5% 5% 5% 4% 
19:00 9% 5% 9% 7% 5% 4% 5% 5% 5% 4% 4% 
20:00 10% 5% 8% 6% 7% 4% 5% 5% 6% 4% 3% 
21:00 7% 4% 8% 5% 4% 5% 5% 5% 5% 2% 2% 
22:00 3% 3% 7% 4% 5% 3% 4% 5% 4% 2% 1% 
23:00 2% 2% 5% 3% 4% 5% 2% 4% 3% 1% 3% 
Total 100

% 
100% 100% 100% 100% 100

% 
100% 100% 100% 100% 100% 
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Figure 67: Percent of total winter household use by category 
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Figure 68: Percent of total summer household use by category
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Table 51: Percent of total winter household use by category 

Hour of 
Day 

Bath Clothes 
Washer 

Dish 
washer 

Faucet Leak Other Shower Toilet Irrigation 

0:00 0.01% 0.11% 0.01% 0.17% 0.36% 0.06% 0.18% 0.29% 0.82% 
1:00 0.01% 0.08% 0.01% 0.11% 0.35% 0.08% 0.07% 0.21% 0.84% 
2:00 0.00% 0.07% 0.00% 0.11% 0.26% 0.09% 0.08% 0.21% 0.44% 
3:00 0.00% 0.05% 0.00% 0.10% 0.25% 0.07% 0.06% 0.19% 3.29% 
4:00 0.01% 0.04% 0.00% 0.10% 0.28% 0.04% 0.14% 0.22% 2.56% 
5:00 0.04% 0.05% 0.00% 0.20% 0.27% 0.04% 0.44% 0.33% 7.10% 
6:00 0.06% 0.15% 0.01% 0.43% 0.36% 0.08% 1.05% 0.59% 3.10% 
7:00 0.05% 0.39% 0.02% 0.64% 0.39% 0.09% 1.29% 0.83% 2.50% 
8:00 0.07% 0.62% 0.03% 0.65% 0.43% 0.09% 0.99% 0.71% 2.04% 
9:00 0.05% 0.79% 0.03% 0.63% 0.42% 0.11% 0.85% 0.63% 1.49% 
10:00 0.04% 0.81% 0.03% 0.61% 0.44% 0.07% 0.67% 0.57% 1.18% 
11:00 0.03% 0.83% 0.03% 0.53% 0.40% 0.07% 0.58% 0.52% 1.51% 
12:00 0.04% 0.73% 0.03% 0.52% 0.46% 0.06% 0.47% 0.50% 1.24% 
13:00 0.03% 0.73% 0.02% 0.48% 0.40% 0.05% 0.38% 0.49% 1.27% 
14:00 0.02% 0.61% 0.02% 0.47% 0.41% 0.06% 0.34% 0.50% 1.32% 
15:00 0.03% 0.58% 0.02% 0.48% 0.40% 0.06% 0.36% 0.54% 1.33% 
16:00 0.05% 0.62% 0.02% 0.53% 0.41% 0.07% 0.38% 0.58% 1.40% 
17:00 0.07% 0.51% 0.02% 0.65% 0.44% 0.07% 0.42% 0.60% 1.31% 
18:00 0.13% 0.53% 0.03% 0.77% 0.43% 0.05% 0.58% 0.64% 1.82% 
19:00 0.10% 0.52% 0.05% 0.74% 0.43% 0.06% 0.59% 0.63% 1.91% 
20:00 0.11% 0.54% 0.05% 0.62% 0.41% 0.05% 0.63% 0.63% 1.31% 
21:00 0.09% 0.44% 0.04% 0.56% 0.42% 0.09% 0.58% 0.66% 0.86% 
22:00 0.04% 0.28% 0.03% 0.44% 0.44% 0.05% 0.39% 0.60% 0.63% 
23:00 0.03% 0.16% 0.03% 0.29% 0.40% 0.06% 0.25% 0.45% 1.25% 
Total 1% 10.23% 0.51% 10.83% 9.27% 1.60% 11.77% 12.14% 42.52% 
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Table 52: Percent of total summer household use by category 

Hour of 
Day 

Bathtub Clothes 
Washer 

Dishwashe
r 

Faucet Leak Other Showe
r 

Toilet Irrigation 

0:00 0.01% 0.04% 0.01% 0.10% 0.23% 0.02% 0.09% 0.17% 2% 
1:00 0.00% 0.01% 0.00% 0.04% 0.18% 0.02% 0.03% 0.11% 0.48% 
2:00 0.00% 0.00% 0.00% 0.03% 0.16% 0.03% 0.01% 0.11% 0.59% 
3:00 0.00% 0.00% 0.00% 0.02% 0.14% 0.03% 0.01% 0.10% 2.56% 
4:00 0.00% 0.00% 0.00% 0.04% 0.15% 0.01% 0.09% 0.13% 3.47% 
5:00 0.03% 0.03% 0.00% 0.12% 0.21% 0.02% 0.21% 0.21% 6.14% 
6:00 0.05% 0.13% 0.00% 0.28% 0.25% 0.06% 0.56% 0.39% 9.06% 
7:00 0.06% 0.33% 0.01% 0.43% 0.41% 0.02% 0.64% 0.53% 6.54% 
8:00 0.08% 0.47% 0.02% 0.46% 0.44% 0.03% 0.57% 0.49% 4.66% 
9:00 0.06% 0.55% 0.02% 0.45% 0.29% 0.06% 0.48% 0.42% 2.80% 
10:00 0.04% 0.54% 0.02% 0.36% 0.34% 0.03% 0.37% 0.38% 2.38% 
11:00 0.04% 0.53% 0.01% 0.34% 0.31% 0.03% 0.33% 0.32% 1.99% 
12:00 0.02% 0.40% 0.01% 0.31% 0.28% 0.04% 0.23% 0.31% 1.73% 
13:00 0.01% 0.36% 0.02% 0.30% 0.28% 0.03% 0.18% 0.30% 1.67% 
14:00 0.02% 0.31% 0.01% 0.28% 0.29% 0.01% 0.20% 0.32% 1.69% 
15:00 0.02% 0.33% 0.01% 0.26% 0.32% 0.07% 0.22% 0.33% 1.47% 
16:00 0.02% 0.30% 0.01% 0.30% 0.32% 0.02% 0.26% 0.37% 1.41% 
17:00 0.05% 0.32% 0.01% 0.37% 0.30% 0.04% 0.28% 0.39% 2.02% 
18:00 0.08% 0.31% 0.01% 0.44% 0.32% 0.07% 0.26% 0.38% 2.97% 
19:00 0.08% 0.26% 0.02% 0.43% 0.35% 0.04% 0.34% 0.39% 2.63% 
20:00 0.08% 0.26% 0.02% 0.39% 0.70% 0.05% 0.34% 0.39% 2.73% 
21:00 0.04% 0.25% 0.02% 0.35% 0.28% 0.04% 0.38% 0.41% 1.48% 
22:00 0.02% 0.19% 0.02% 0.29% 0.32% 0.03% 0.29% 0.40% 1.02% 
23:00 0.02% 0.09% 0.01% 0.18% 0.28% 0.07% 0.21% 0.30% 0.66% 
Total 0.85% 6.02% 0.26% 6.57% 7.16% 0.87% 6.58% 7.66% 64.02% 
 

Double Blind Analysis Results 
As mentioned in CHAPTER 5, a set of 20 randomly selected flow traces were sent to an 
independent consultant, Mr. Bill Gauley, of Veritec Consulting Inc.  Mr. Gauley then analyzed 
the traces using the Trace Wizard software and returned the results to Aquacraft.  The entire 
analysis process was double-blind: neither analyst knew the results of the other until the analyses 
were complete.  The results were then compared.  The results of this analysis are shown in Table 
53 for the key analysis parameters.  The overall volume of the logged flows agreed within 
.002%. The end-use analyses agreed the best for the toilet uses. The estimates of total volume of 
water used for toilets, total number of flushes recorded during the logging period and the average 
gallons per flush for each home agreed within 1% of each other.  For clothes washers the count 
of loads agreed within 1.2%, and the gallons per load and total gallons used for clothes washers 
agreed within 5%.  The greatest variability occurred for the shower category, for which the total 
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volume of water used for showers agreed within 8.7% and the average flow rates for showers 
agreed to within 5.9%. 
 
 

Table 53: Results of independent flow trace analyses 

End Use Category Aquacraft Veritec Difference Difference 
as % of 
Aquacraft 
Estimate 

 Mean Mean   
Logged Volume (gal) 3160.36 3160.41 -0.050 -0.002% 
Toilet Vol in Trace (gal) 463.29 465.98 -2.694 -0.581% 
Toilet Gal per Flush (gpf) 2.657 2.662 -0.005 -0.191% 
Toilet Flush Count 163.25 165.25 -2.000 -1.225% 
CW Vol in Trace (gal) 286.30 291.39 -5.088 -1.777% 
CW load count 7.70 7.35 0.350 4.545% 
CW gal per load (gpl) 37.51 39.04 -1.525 -4.065% 
Shower Total Volume (gal) 343.26 313.35 29.908 8.713% 
Shower Flow Rate (gpm) 2.13 2.26 -0.126 -5.882% 
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CHAPTER 8 – SURVEY RESULTS 

Utility Survey Results 
As part of the survey process each utility was asked to fill out a survey describing their water 
conservation efforts and programs.  The survey results were intended to provide information on 
the responses among the participating agencies to the requirements of the California 
Memorandum of Understanding and the agreed upon Best Management Practices.  The 
responses from the utility survey have been supplemented with additional information from the 
agency websites and urban water management plans in order to examine patterns and variations 
in how the BMPs have been implemented among the participating agencies in this study. 
 
An agency’s implementation of and participation in various conservation measures is important 
in assessing the impact of these measures on both current and future water demand. All agencies 
participating in this study are signatories to the California Urban Water Conservation Council 
Memorandum of Understanding Regarding Urban Water Conservation in California (MOU). 
Developed in 1991, the MOU serves as a tool to assist agencies with providing a reliable, long-
term water supply. Increasing demands from urban development, drought, agriculture, and 
environmental uses results in an increasing need for water suppliers to find ways to protect this 
valuable resource. The two primary purposes of the MOU are:45 
 
[T]o expedite implementation of reasonable water conservation measures in urban areas; and 
…to establish assumptions for use in calculating estimates of reliable future water conservation 
savings resulting from proven and reasonable conservation measures. Estimates of reliable 
savings are the water conservation savings which can be achieved with a high degree of 
confidence in a given service area. The signatories have agreed upon the initial assumptions to be 
used in calculating estimates of reliable savings.  
 
“The urban water conservation practices included in this MOU (referred to as "Best Management 
Practices" or "BMPs") are intended to reduce long-term urban demands from what they would 
have been without implementation of these practices and are in addition to programs which may 
be instituted during occasional water supply shortages.”46 Signatories to the MOU consist of 
wholesale and retail water suppliers, public non-profit advocacy organizations, and other 
interested parties; the CUWCC is responsible for monitoring the implementation of the MOU. 
How and to what extent each agency has implemented various conservation measures is affected 
by factors such as their customer base, climate, economic feasibility, and the extent to which 
these measures have already been implemented.  
 
Included in the development, implementation, and reporting requirements is: 
 
A list of Best Management Practices identified by the signatories 

                                                 
45 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976. Memorandum of Understanding Regarding Urban 
Water Conservation in California. As Amended September 16, 2009. Section 2. Purposes. 2.1. Accessed February 4, 
2010.  
46 Ibid. 
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A schedule of BMP implementation  
The level of activity or water savings necessary to achieve full implementation of BMPs 
Reporting requirements documenting the implementation of BMPs 
The criteria for determining the progress of implementing the BMPs 
Assumptions used in estimating reliable savings from implementation of the BMPs and estimates 
of reliable savings 
Alternative water savings measures promoting new initiatives in water conservation that will 
provide savings equal to or greater than those achieved by implementing the BMPs. 
 
Originally there were 16 BMPs.  In 1997, they were revised to 14 BMPs for implementation by 
the signatories to the MOU, as shown in Table 54.  The new categories for the BMPs following 
the 2007 revision are shown in the right column. 
 

Table 54: BMPs from the CUWCC MOU 

BMP 
Number 

BMP  BMP Category 

1 Water Survey Programs for SF and MF 
Residential Customers 

Programmatic: Residential 

2 Residential Plumbing Retrofit Programmatic: Residential 

3 System Water Audits, “leak” Detection and 
Repair 

Foundational: Utility Operations – 
Water Loss Control 

4 Metering with Commodity Rates for All New 
Connections and Retrofit of Existing 
Connections 

Foundational: Utility Operations – 
Metering  

5 Large Landscape Conservation Programs and 
Incentives 

Programmatic: Landscape 

6 High-Efficiency Clothes Washing Machine 
Financial Incentive Programs 

Programmatic: Residential 

7 Public Information Programs Foundational: Education – Public 
Information Programs  

8 School Education Programs Foundational: Education – School 
Education Programs  

9 Conservation Programs for Commercial, 
Industrial, and Institutional (CII) Accounts 

Foundational: Commercial, Industrial, 
and Institutional  

10 Wholesale Agency Assistance Programs Foundational: Utility Operations 
11 Retail Conservation Pricing Foundational: Utility Operations – 

Pricing 
12 Conservation Coordinator Foundational: Utility Operations – 

Operations 
13 Water Waste Prohibition Foundational: Utility Operations – 

Operations  
14 Residential ULFT Replacement Programs Programmatic: Residential 
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Each agency was asked to complete a survey indicating their utility’s implementation of the 
BMPs and their participation in various conservation measures. The utility questionnaire is 
provided in APPENDIX A: Utility Water Conservation Program Questionnaire. The survey was 
designed as a tool that would assist with comparing the extent to which various conservation 
measures have been implemented, and to examine possible impacts on customers’ water use 
related to BMP implementation.  
 
The BMPs provide utilities with a variety of indoor and outdoor conservation measures. Indoor 
BMPs included toilet and clothes washer rebates, indoor surveys, and distribution of low flow 
showerheads and faucet aerators; outdoor measures include irrigation surveys, watering 
schedules, irrigation controller rebates and other financial incentives aimed at large landscape 
conversions. BMPs could be implemented through distribution, direct installation, retrofit on 
resale, rebates, or some combination of each. Table 55 shows the various residential indoor and 
outdoor measures utilized by the participating water agencies and the way(s) in which they were 
implemented.  
 
BMP 1 required agencies to provide free residential water audits (surveys) to their customers. 
Surveys are designed to provide customers with tools and recommendations for reducing their 
water consumption. Although not indicated by the utility survey responses, some agencies target 
their surveys to their high water use customers. Surveys are often used in conjunction with 
shower and faucet distribution and/or replacement. All agencies, except Rincon del Diablo and 
Sweetwater, have a direct installation or free distribution program for showerheads; North Marin 
WD requires an upgrade to high efficiency fixtures on resale as well. Most of the utilities also 
provide free distribution of faucet aerators and North Marin WD requires an upgrade of faucet 
aerators at the time of resale. 
 
Water for toilet flushing has long been the single highest residential indoor use. Considerable 
effort has been made to replace old, inefficient toilets with ultra-low flow toilets (ULFTs). With 
the exception of the City of Davis47 and Redwood City (which combined a distribution program 
with direct installation) all participating agencies provided rebates for purchase of ULFTs. In 
addition to rebates, the City of Petaluma had a direct installation program for ULFTs.  Recently 
some agencies have stopped offering rebates for ULFT model toilets in favor of HET models, 
which have an average flush volume of 1.28 gpf or less.   Clothes washers are second only to 
toilets in their indoor water use, and all but EBMUD provided their customers with rebates as an 
incentive to replace their clothes washer with a more efficient model. EBMUD had a distribution 
program of clothes washers that satisfied BMP 6. 
 
Studies have shown that water use for automatic dishwashers is less than 2% of residential 
indoor use.48 None of the participating agencies provided rebates or other incentives to replace 
dishwashers.  
 

                                                 
47 The City of Davis provided toilet rebates until 2001. They were discontinued at this time because it was believed 
that the request for rebates was less than the natural replacement rate of toilets and because there was concern about 
free ridership. 
48 Mayer, P.M. and DeOreo, W.B. Residential End Uses of Water. AWWARF. 1999. 
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Although some utilities are studying the efficacy of hot water recirculation or “on demand” hot 
water, none of them were providing rebates or other incentives for these systems at the time of 
this study. 
 
Outdoor audits are provided by all participating agencies – often in conjunction with indoor 
audits. These audits usually include an assessment of the irrigation system, including leaks and 
malfunctions, and irrigation scheduling recommendations. Weather-based irrigation controllers 
can be used as a tool to automate irrigation scheduling and most of the participating agencies 
provide rebates for these controllers. Davis, Petaluma, and Rincon del Diablo provide direct 
installation programs for weather-based controllers; Sweetwater and North Marin WD have a 
distribution program.  
 
About half of the utilities actively promote xeriscape with training programs, demonstration 
gardens, landscape and irrigation training workshops, and literature. IRWD, Las Virgenes MWD, 
and Otay provide financial incentives through rebates, the installation of xeriscape, “Cash for 
Grass Programs” and the use of artificial turf. 
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Table 55: Survey responses of participating water agencies 
 

 Residential Indoor Residential Outdoor  
 
 

 
Water Agency 

Codes for type of installation program
0= none 
1= direct (or yes) 
2= distribution  
3= rebate or owner install 
4= upgrade on sale 
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 City of Davis Public Works 0 1,2 0 0 3 1 0 0 1 0 0 1 
  City of Petaluma 1,3 1 1 0 3 1 0 0 1,3 0 0 1 
 

City of Redwood City 1,2 1,2 1,2 0 3 1 0  0 0 0 1 
 

City of San Diego Water Dept. 3 2 2 0 3 1 0 0 3 0 0 1  
City of Santa Rosa 3 2 2 0 3 1 0 1 3 0 1 1  
East Bay Municipal Utility District 3 2 2 0 2 1 0 1 3 0 1 1  
Helix Water District 3 2 0 0 3 1 0 0 3 0 0 1  
Irvine Ranch Water District 3 2 2 0 3 1 0 0 3 0 3 1  
Las Virgenes Municipal Water District 3 2 0 0 3 1 0 0 3 0 3 1  
Los Angeles Dept of Water and Power 1,4 1,4 1 0 3 1 0 1 0 0 0 1  
North Marin Water District 2,3,4 2,4 2,4 0 3 1 0 1 2,3 0 1 1  
Otay Water District 3 2 0 0 3 1 0 0 3 1 3 1  
Rincon Del Diablo MWD 3 0 2 0 3 1 0 1 1,3 0 0 1  
San Francisco PUC 3 1, 2 1, 2 0 3 1 0 0 0 0 0 1  
Sweetwater Authority 3 0 0 0 3 1 0 0 2,3 0 0 1  
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BMP 11 is intended “to reinforce the need for Water Agencies to establish a strong connection 
between volume-related system costs and volumetric commodity rates.”49 Rates are intended to 
send a price signal that encourages water conservation, reflects the cost of delivering water, and 
creates financial stability for the utility. Metering is a necessary element of measuring the 
volumetric delivery of water to customers and can be used in conjunction with connection fees, 
service charges, and fees for special services such as fire protection.  
 
The volumetric rate structures that may satisfy the BMP requirement of conservation pricing are: 
 
Uniform rate (all water purchased at the same rate) 
Seasonal rates (reflects the seasonal variability for the cost of water deliveries) 
Increasing block rate (rates increase at certain breakpoints) 
Water budget rates (also known as allocation-based rates). Allocation based on a variety of 
parameters as defined by the utility. 
 
Table 56 shows that during the study period all participating agencies were metering their 
customers. Table 57 provides the codes used to identify the water rate billing structure for each 
utility. The most common volumetric unit of measurement is CCF50 and most customers are 
billed bi-monthly. Only Santa Rosa, IRWD, and Otay send customers a monthly bill. Otay is the 
only agency that bills their customer in kgal (1,000 gallons). An increasing block rate is the most 
common rate structure; the number of blocks ranges from 2 to 5. During the study period, Otay 
and San Francisco51 used a uniform rate structure. The uniform rate for San Francisco customers 
with a conservation affidavit is 33% less than customers without the affidavit. Both Los Angeles 
Department of Power and Water and IRWD have an allocation-based billing system with two 
tiers and five tiers respectively.  More detailed information about each utility’s rates can be 
found in CHAPTER 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
49 http://www.cuwcc.org/WorkArea/showcontent.aspx?id=12976. Memorandum of Understanding Regarding Urban 
Water Conservation in California. Exhibit 1. As Amended September 16, 2009. 1.4 Retail Conservation Pricing 
(formerly BMP 11) Part I – Retail Water Service Rates. A. Implementation. Accessed February 11, 2010.  
50 A CCF is one hundred cubic feet or 748 gallons. 
51 Although San Francisco PUC has a uniform rate structure, customers who have implemented  
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Table 56: Residential billing and metering information during study period 

 
Water Agency 

Metering 
of SF 
Customers

Units of 
Billing 

Billing 
Period 

Single 
Family 
Rate 
Structure 

Number 
of Billing 
Tiers 

City of Davis Public Works Yes CCF bi-monthly 2 2 
 City of Petaluma Yes CCF bi-monthly 2 4 
City of Redwood City Yes CCF bi-monthly 2 5 
City of San Diego Water 
Dept. 

Yes CCF bi-monthly 2 3 

City of Santa Rosa Yes CCF monthly 1 NA 

East Bay Municipal Utilities 
District 

Yes CCF bi-monthly 2 3 

Helix Water District Yes CCF bi-monthly 2 3 

Irvine Ranch Water District Yes CCF monthly 3 5 

Las Virgenes Municipal 
Water District 

Yes CCF bi-monthly 2 5 

Los Angeles Dept of Water 
and Power 

Yes CCF bi-monthly 3 2 

North Marin Water Dist Yes CCF bi-monthly 2 3 
Otay Water District Yes CCF monthly 2 4 
Rincon del Diablo MWD Yes kgal bi-monthly 2 2 
San Francisco PUC Yes CCF bi-monthly 1 NA 
Sweetwater Authority Yes CCF bi-monthly 2 5 

 

Table 57: Codes used for Table 56 

Codes to describe water rate structure 
0= Flat rate (charges are not based on amount used) 

1= Uniform Rate (all water [purchased at same rate) 

2= Increasing block rate (rates jump at breakpoints) 
3= Water Budget Rates (jump points based on budget) 
4= Decreasing block rate 
5= Other (please provide description) 
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Table 58: System Measures 

 System Measures  
Water Agency 
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City of Davis Public Works 1 1 1 0 0 1 1 
 City of Petaluma 1 1 1 1 1 1 1 
City of Redwood City 0 1 1 1 0 1 1 
City of San Diego Water Dept. 0 0 1 0 0 1 1 
City of Santa Rosa 1 1 1 1 0 1 1 
East Bay Municipal Utilities District 1 1 1 1 0 1 1 
Helix Water District 0 1 1 1 0 0 1 
Irvine Ranch Water District 1 1 1 1 0 1 1 
Las Virgenes Municipal Water District 1 1 1 1 0 1 1 
Los Angeles Dept of Water and Power^ 1 1 1 1 0 1 1 
North Marin Water Dist 1 1 1 1 0 1 1 
Otay Water District 1 1 1 1 0 1 1 
Rincon Del Diablo MWD 1 1 1 1 1 1 1 
San Francisco PUC 1 1 1 0 0 1 1 
Sweetwater Authority 1 1 1 0 0 0 1 
^Los Angeles Dept of Water and Power did not respond to the survey. Codes for types 
of installation were obtained from LADWP’s 2005 Urban Water Management Plan.   
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Customer Survey Results 
All homes that were data-logged for the study were surveyed with regard to their water use. An 
initial survey was delivered to homes at the same time as data logging was set to commence. For 
those that did not respond, reminder letters were sent a month after the original letter was 
dropped off. For those that had not responded to the original attempt or the follow-up, a 
shortened survey was sent. The follow-up survey concentrated on variables deemed essential to 
potential modeling, including persons per household, and the stock of water using appliances. 
 
The survey response rate to the original distribution was relatively high, with a response rate to 
the initial survey for all survey sites of 48%, and similar return rates across study sites. Table 59 
shows the response rate to the initial mailing, the shortened follow-up survey, and to both 
combined for each of the participating utilities. The follow-up survey increased the response rate 
for all regions combined from 48% to 55%. The Los Angeles study area was left out of the 
calculation of the initial and combined response rates because the Los Angeles Department of 
Water and Power made sure that all Los Angeles homes that were data logged also returned a 
filled-out survey, assuring a 100% response for that study site. 
 

Table 59: Survey response rates 

Water Agency Initial 
Surveys 
Sent Out 

Initial 
Surveys 
Returned 

Initial 
Survey 
Response 
Rate 

Follow-
up 
Survey 
Returns 

Combined 
Surveys 
Returned 

Combined 
Response 
Rate 

Davis 64 31 48% 5 36 56% 
SCWA 70 37 53% 7 44 63% 
San Francisco 60 32 53% 2 34 57% 
East Bay MUD 120 70 58% 0 70 58% 
Redwood City 60 35 58% 2 37 62% 
Northern California 374 205 55% 16 221 59% 
Las Virgenes MWD 69 32 46% 0 32 46% 
Los Angeles DWP a 117 117 100% 0 117 100% 
IRWD 116 50 43% 14 64 55% 
City of San Diego 86 40 47% 6 46 53% 
San Diego County WA 68 16 24% 13 29 43% 
Southern California b 339 138 41% 33 171 50% 
All Study Sites b 713 343 48% 49 392 55% 
a Los Angeles required all participants to respond to the survey. 
b Response rate does not include Los Angeles, where 100% response was assured. 
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The full survey was a 5-page questionnaire with 57 multiple part questions. The survey questions 
covered demographic information about the respondents, housing characteristics, indoor and 
outdoor water using fixtures and appliances, landscape watering habits, and a multi-part question 
about customers’ water bill awareness and response to water costs.  The shortened follow-up 
version of the survey was a 2-page questionnaire with 12 multiple part questions. The shortened 
survey had a few questions on each topic covered in the longer survey, except water bill 
awareness. For the questions selected for the follow-up survey, the same question was used that 
was on the original survey. The surveys are shown in Appendices A and B. 

Respondent Demographics 
Survey respondents were asked to report the number of adults, teenagers, older children, younger 
children, and toddlers or infants living full-time at the address. Across the ten study sites, the 
average household size was 2.95 people.  Average household size ranged from 2.67 in Sonoma 
County WA to 3.5 in San Francisco. Table 60 shows the breakout of persons per household 
according to age groups. 
 

Table 60: Comparison of persons per household across study sites 

Water Agency Adults 
(age 
18+) 

Teenagers 
(age 13-
17) 

Older 
children 
(age 6 - 
12) 

Younger 
children 
(age 3 - 
5) 

Infants or 
Toddlers 
(under age 3) 

Mean 
household 
size 

Davis 2.11 0.43 0.26 0.06 0.06 2.91 
SCWA 2.05 0.14 0.29 0.05 0.14 2.67 
San Francisco 2.94 0.12 0.12 0.12 0.21 3.50 
East Bay MUD 2.31 0.27 0.27 0.07 0.09 3.01 
Redwood City 1.94 0.23 0.43 0.17 0.09 2.86 
Northern California 2.27 0.24 0.27 0.09 0.11 2.98 
Las Virgenes MWD 2.22 0.28 0.13 0.06 0.06 2.75 
Los Angeles 2.30 0.22 0.22 0.12 0.10 2.97 
IRWD 2.37 0.35 0.32 0.10 0.10 3.24 
City of San Diego 2.32 0.18 0.11 0.07 0.05 2.73 
San Diego County WA 2.25 0.11 0.18 0.07 0.07 2.68 
Southern California 2.30 0.24 0.21 0.10 0.08 2.94 
All Study Sites 2.29 0.24 0.24 0.09 0.10 2.96 
 
Respondents were asked to identify their household income by choosing from 18 income 
brackets, spanning $10,000 at a time in the lower income brackets and up to $25,000 at a time in 
the higher income brackets. The responses are shown in Table 61, grouped into four categories: 
less than $50,000, between $50,000 and $100,000, between $100,000 and $200,000, and greater 
than $200,000. For all respondents, the highest percentage of respondents were in the $50,000 to 
$100,000 category.  Las Virgenes MWD had the highest percentage of respondents in the greater 
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than $200,000 category at 41%, while Sonoma County had no residents in this category. IRWD 
had the lowest percentage of respondents in the less than $50,000 category at 4%, and Los 
Angeles had the highest percentage in this category at 17%. 
 

Table 61: Comparison of household income across study sites 

 Water Agency Less than 
$50,000 

$50,000 to 
$99,999 

$100,000 to 
$199,999 

> than 
$200,000 

Davis 7% 24% 55% 10% 
SCWA 15% 47% 26% 0% 
San Francisco 8% 31% 23% 19% 
East Bay MUD 7% 44% 20% 15% 
Redwood City 7% 18% 43% 29% 
Northern California 9% 35% 31% 14% 
Las Virgenes MWD 5% 32% 23% 41% 
Los Angeles 17% 26% 29% 10% 
IRWD 4% 27% 35% 29% 
City of San Diego 8% 33% 42% 6% 
San Diego County 
WA 

8% 44% 16% 8% 

Southern California 11% 30% 30% 16% 
All Study Sites 10% 32% 31% 15% 
 
For all respondents, 83% completed at least some college, with 30% percent completing a 
master’s or doctoral degree. Davis had the highest level of college and graduate school 
completion, at 100% and 83% respectively. Los Angeles had the lowest level of college and 
graduate school completion, with 78% and 25% respectively. Table 62 shows an accounting of 
educational attainment by study site. 
 

Table 62: Comparison of education attainment across study sites 

Water Agency At least 
high 
school 

At least 
some 
college 

Graduate 
school 

Davis 100% 100% 83% 
SCWA 97% 82% 24% 
San Francisco 97% 76% 17% 
East Bay MUD 97% 79% 35% 
Redwood City 97% 81% 29% 
Northern California 97% 83% 37% 
Las Virgenes MWD 100% 94% 29% 
Los Angeles 89% 78% 25% 

IRWD 100% 86% 30% 
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City of San Diego 97% 87% 18% 
San Diego County 
WA 

100% 73% 13% 

Southern California 94% 82% 25% 
All Study Sites 96% 83% 30% 
 
Respondents to the survey were overwhelmingly home owners, as opposed to renters. Ninety-
two percent of respondents owned the homes they occupied, while only 8% of those surveyed 
were renters.   

Home Characteristics 
Survey respondents were asked about when their homes were built. As shown in Table 63, for 
homes from all survey locations, 76% of all homes were built before 1980, 17% were built 
between 1980 and 1994, and 7% were built between 2000 and 2006.  Las Virgenes MWD (56%), 
IRWD (48%), and San Diego County (50%) contained the lowest percentage of houses built 
before 1980.  Los Angeles contained the highest percentage of houses built before 1980, with 
95%. The decade with the highest percent of homes built across all responding homes was the 
1950’s, with 20% of the total. 
 

Table 63: Comparison of year home built across study sites 

Water Agency Built before 
1980 

Built 1980-
1994 

Built 1995-
2006 

Davis 74% 10% 16% 
SCWA 66% 29% 6% 
San Francisco 84% 10% 6% 
East Bay MUD 73% 21% 6% 
Redwood City 85% 12% 3% 
Northern California 76% 17% 7% 
Las Virgenes MWD 56% 44% 0% 
Los Angeles 95% 3% 2% 
IRWD 48% 26% 26% 
City of San Diego 79% 15% 5% 
San Diego County 
WA 

50% 38% 13% 

Southern California 75% 17% 8% 
All Study Sites 76% 17% 7% 
 
Thye number of bedrooms in a house can generally be used as an indicator of house size. Table 
64 shows the percent of respondents in a study site that indicated their homes had a certain 
number of bedrooms. The median number of bedrooms per house of all study sites was 3. Eighty 
three percent of the homes had 3 or more bedrooms, and 39% of all homes had 4 or more 
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bedrooms. Las Virgenes MWD had the highest percentage of homes with 4 or more bedrooms 
(75%). San Francisco had the lowest percentage of homes with 4 or more bedrooms (13%). 
 

Table 64: Number of bedrooms by percent of respondent homes 

Number of Bedrooms   
Water Agency 1 2 3 4 5 6+ 
Davis 0% 6% 45% 42% 6% 0% 
SCWA 0% 8% 67% 25% 0% 0% 
San Francisco 13

% 
39% 35% 13% 0% 0% 

East Bay MUD 0% 21% 40% 31% 4% 3% 
Redwood City 0% 36% 42% 9% 9% 3% 
Northern California 2% 22% 45% 25% 4% 2% 
Las Virgenes MWD 0% 0% 25% 44% 25% 6% 
Los Angeles 0% 20% 51% 19% 9% 2% 
IRWD  0% 6% 34% 48% 12% 0% 
City of San Diego 0% 10% 38% 33% 13% 5% 
San Diego County 
WA 

0% 6% 56% 31% 6% 0% 

Southern California 0% 12% 43% 31% 12% 2% 
All Study Sites 1% 16% 44% 28% 8% 2% 
 
Table 65 shows reported home value for each study site.  Respondents were asked to show the 
value of their home using 17 home value categories. Median home values were highest in 
Redwood City and Las Virgenes MWD, where the median home value was between $900,000 
and $999,999.  The lowest median home value in this study was in San Diego County. 
 

Table 65: Home values by percent in homes reported in home value category 

Water Agency $0k to 
$449k 

$450k 
to 
$499k 

$500k 
to 
$599k 

$600k 
to 
$699k 

$700k 
to 
$799k 

$800k 
to 
$899k 

$900k 
to 
$999k 

$1,000k 
to 
$1,499k 

$1,500k + 

Davis 24% 18% 21% 18% 12% 3% 3% 3% 4% 
SCWA 12% 8% 36% 19% 17% 6% 3% 0% 0% 
San Francisco 4% 0% 15% 26% 11% 19% 7% 11% 7% 
East Bay MUD 4% 15% 19% 6% 20% 11% 7% 13% 6% 
Redwood City 0% 0% 3% 6% 16% 13% 23% 26% 13% 
Northern 
California 

8% 9% 19% 14% 16% 10% 8% 10% 5% 

Las Virgenes 
MWD 

0% 0% 3% 10% 10% 14% 21% 24% 17% 

Los Angeles 20% 8% 11% 12% 10% 17% 3% 13% 6% 
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Water Agency $0k to 
$449k 

$450k 
to 
$499k 

$500k 
to 
$599k 

$600k 
to 
$699k 

$700k 
to 
$799k 

$800k 
to 
$899k 

$900k 
to 
$999k 

$1,000k 
to 
$1,499k 

$1,500k + 

IRWD  2% 0% 0% 19% 21% 17% 4% 21% 17% 
City of San 
Diego 

25% 8% 19% 17% 11% 6% 6% 8% 0% 

San Diego 
County 

38% 21% 25% 0% 4% 8% 4% 0% 0% 

Southern 
California 

16% 6% 10% 13% 12% 14% 6% 14% 8% 

All Study Sites 15% 14% 13% 14% 12% 7% 10% 13% 7% 
 

Indoor Water Fixtures 
The survey asked respondents several questions about the water-using appliances they have in 
their homes.  As shown in Table 66, across all respondents, the average number of toilets per 
household was 2.4, with a range of 2.0 (San Francisco) to 3.2 (Las Virgenes MWD). Overall, 
households reported an average of 1.6 (out of 2.4) ultra-low-flush toilets (ULFTs or better). The 
City of San Diego reported the highest average number of ULFTs per household at 2.0, while 
Davis and East Bay MUD reported the lowest average number per household at 1.1. Up to 17% 
of respondents in any one location reported not knowing whether they had ULFTs. (The survey 
stated that toilets manufactured after 1993 were generally ULFTs). 
 
Showers with tubs were reported to be more common (an average of 1.3 per household), than 
either showers only (average of 1.0 per household) or tub only (average of 0.4 per household). 
Households reported an average of 1.3 low-flow showerheads. Up to 18% of respondents 
reported not knowing whether their showerheads were low-flow. Areas with newer homes 
generally reported having more showers and low-flow showerheads. 
 
 
 

Table 66: Mean numbers of toilets, showers, and tubs 

Water Agency Toilets Ultra-
low-
flush 
toilets 

Tub 
with 
shower 

Tub 
only 

Shower 
only 

Number of 
Low-flow 
Showerheads 

Davis 2.3 1.1 1.1 0.4 1.0 1.2 
SCWA 2.3 1.5 1.2 0.2 0.9 1.3 
San Francisco 2.0 1.3 1.4 0.4 0.8 1.2 
East Bay MUD 2.1 1.1 1.3 0.5 0.8 1.0 
Redwood City 2.2 1.4 1.2 0.5 1.0 1.1 
Northern California 2.2 1.3 1.2 0.4 0.9 1.1 
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Water Agency Toilets Ultra-
low-
flush 
toilets 

Tub 
with 
shower 

Tub 
only 

Shower 
only 

Number of 
Low-flow 
Showerheads 

Las Virgenes MWD 3.2 1.9 1.3 0.7 1.7 1.7 
Los Angeles 2.3 1.8 1.2 0.4 1.1 1.3 
IRWD  3.0 1.4 1.8 0.5 1.0 1.4 
City of San Diego 2.5 2.0 1.2 0.4 1.0 1.4 
San Diego County 
WA 

2.6 1.6 1.6 0.4 0.8 1.4 

Southern California 2.6 1.8 1.3 0.5 1.1 1.4 
All Study Sites 2.4 1.6 1.3 0.4 1.0 1.3 
 
Survey responses about the presence of other water using appliances are shown in Table 67. Top-
loading clothes washing machines were found in 75.7% of homes while 27.6% percent of homes 
reported owning front-loading clothes washing machines52. Davis had the highest penetration 
rate for front-loading clothes washers: 61% owned top-loading washers and 44% owned front-
loading washers. Clothes washers (of any type) had the highest penetration rate of any water-
using appliance owned by survey respondents (98.7% for either a top-loader or a front-loader). 
 
While 81% of all respondents reported owning a dishwasher, percentages reported by individual 
service areas varied widely: only 51% of respondents from San Francisco owned a dishwasher, 
compared to 100% of respondents from Las Virgenes MWD.  In general, study sites with older 
homes had lower penetration rates for dishwashers than study sites with homes built more 
recently. 
 
Households also were asked whether they had installed whole-house water treatment systems.  
The percent of households reporting using a whole-house treatment system ranged from 47% in 
Davis to 0% in Redwood City. Overall, 12% of total households responding to the survey 
reported whole-house water treatment system use.  Whole house systems include devices such as 
simple filters, carbon filters, water softeners and reverse osmosis systems. Some of these use 
essentially no water, some use water only during regeneration and some use water whenever 
water is being treated.  
 

Table 67: Percent of respondents indicating presence of various water using devices 

Water Agency Garbage 
disposal 

Top- 
loading 
washer 

Front- 
loading 
washer 

Dish 
washing 
machine 

Whirlpool 
bathtub 

Indoor 
hot tub 
or spa 

Fountain 
indoor 

Whole- 
house 
treatment 

Davis 87.1% 61.3% 44.4% 83.3% 3.8% 7.1% 3.6% 47.1% 
SCWA 91.9% 94.3% 12.5% 97.3% 12.5% 3.1% 6.3% 10.3% 

                                                 
52 The penetration rate is greater than 100% because 4.6% of all homes reported having both a front-loader and a 
top-loader.  
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Water Agency Garbage 
disposal 

Top- 
loading 
washer 

Front- 
loading 
washer 

Dish 
washing 
machine 

Whirlpool 
bathtub 

Indoor 
hot tub 
or spa 

Fountain 
indoor 

Whole- 
house 
treatment 

San Francisco 62.5% 71.9% 35.5% 58.1% 0.0% 0.0% 3.2% 3.1% 
East Bay MUD 80.0% 84.3% 27.0% 77.1% 7.8% 3.1% 1.6% 1.6% 
Redwood City 85.7% 73.5% 33.3% 82.9% 30.3% 5.9% 2.9% 0.0% 
Northern 
California 

81.5% 78.7% 29.5% 79.8% 10.8% 3.7% 3.2% 10.8% 

Las Virgenes 
MWD 

100.0% 68.8% 35.7% 100.0% 17.2% 0.0% 0.0% 16.7% 

Los Angeles 84.6% 79.6% 32.0% 73.7% 15.7% 2.8% 2.8% 10.2% 
IRWD  93.9% 77.6% 30.4% 98.0% 12.5% 6.4% 2.1% 14.8% 
City of San Diego 87.5% 75.0% 30.3% 80.0% 11.1% 2.8% 2.8% 17.1% 
San Diego 
County WA 

87.5% 64.3% 46.7% 86.7% 21.4% 0.0% 0.0% 10.7% 

Southern 
California 

89.0% 76.2% 32.9% 83.6% 14.9% 3.0% 2.1% 13.1% 

All Study Sites 85.6% 75.7% 27.6% 81.9% 13.1% 3.3% 2.6% 12.1% 
 

Households reported that they knew of some leaks at the time of the survey. They survey asked 
whether they had a “leak” in any of the following areas: toilet, faucet, pool, irrigation system, or 
other leak. Respondents identified toilets and irrigation systems with the highest rates of known 
leaks. Overall, 6% of respondents identified toilet leaks, and the same percentage identified 
current irrigation systems leaks. Dripping faucets were identified by 4% of respondents, while 
pool system related leaks were identified by 1% of respondents, and 2% reported “other” types 
of leaks.   
 
The survey included a section asking respondents whether or not they had renovated or replaced 
plumbing pipes, bathroom fixtures, and kitchen fixtures since 1995.  Forty percent of 
respondents reported renovating or replacing plumbing pipes, 64% reported having renovated 
bathroom fixtures, and 64% also reported having renovated or replaced kitchen fixtures.  In 
general, study sites containing fewer homes built before 1980, such as San Diego County, Las 
Virgenes MWD, and IRWD, consistently reported lower incidence of renovation or replacement 
compared with study sites containing more homes built before 1980, such as San Francisco and 
Los Angeles. 
 
Respondents were asked questions regarding how fast hot water reaches certain parts of their 
home.  When asked whether or not respondents had to wait longer for hot water to reach certain 
parts of their home, almost two thirds, 63%, answered “yes.”  Among those reporting longer 
waits for hot water, 62% reported waiting longer for hot water in the master bathroom, and 
approximately 40% reported longer waits in the kitchen and other bathrooms. 
 
Sixty percent of respondents described their longest wait for hot water as “almost no time at all,” 
or “not very long.”  Forty percent described their longest wait for hot water as “pretty long,” or 
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“very long.”  Study sites with more homes built before the 1980’s, such as San Francisco and 
Los Angeles were more likely to report waiting times of “almost no time at all,” or “not very 
long,” while study sites with fewer homes built before the 1980’s, such as Redwood City, Las 
Virgenes MWD, and IRWD, were more likely to report waiting times of “pretty long,” or “very 
long.” 
 
Respondents were asked if the wait for hot water bothered them at all.  Approximately 52% of 
survey respondents were not bothered by the wait for hot water, 30% were bothered a little bit, 
and 18% were bothered very much. 
 
The survey also asked about whether households had installed remedies to shorten the wait time 
for hot water. Overall 10% of households had installed a remedy. Rates of those reporting 
installing a remedy ranged from 23% in Las Virgenes MWD to 3% in Davis and Sonoma County 
WA. A recirculating pump was the most popular remedy, with 71% of those reporting a type of 
remedy identifying a recirculating pump. 

Swimming Pools and Hot Tubs 
The survey asked respondents whether or not their houses had swimming pools and outdoor hot 
tubs. Almost one fifth (19%), of all survey respondents reported owning a hot tub. The 
percentages were almost identical when respondents were asked about whether or not they 
owned swimming pools: 18% of all respondents reported owning a swimming pool. In general, 
respondents from Southern California study sites were more likely to have an outdoor pool or hot 
tub than respondents from study sites in Northern California. Figure 69 shows swimming pool 
and hot tub saturation rates across each study area, as well as Northern and Southern California 
regions, and saturation rates across all study areas. 
 
Outdoor pool owners were asked about their use of pool covers.  Overall, pool cover use remains 
nearly constant year-round. From month to month, between 60% and 75% of outdoor pool 
owners cover their pools. Some study sites show seasonal variability in pool cover usage.  
Outdoor pool owners surveyed in Las Virgenes MWD and Redwood City do not use pool covers 
in cooler months (primarily from November to April). Also, in  
San Diego County, where only two outdoor pool owners responded, no pool owners reported 
using pool covers from May to August. 
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Figure 69: Percent of respondents with outdoor hot tub or swimming pool 

 

Landscape Watering 
The survey gathered information on each household’s outdoor landscape and related water use.  
Ninety-six percent of respondents water their outdoor landscape; the other four percent do not.  
Nearly half of respondents (43%) reported using a contractor for some part of outdoor landscape 
maintenance. 
 
Respondents were asked to describe how much of their outdoor landscape is made up of turf.  
Table 68 shows how outdoor landscape coverage varied across the study sites, as well as overall.  
In general, respondents’ outdoor landscapes in Southern California were composed of more turf 
than outdoor landscapes in Northern California. 
 
The median frequency for watering turf during the summer months (June-August) was three 
times per week.  Across all regions, 70% of respondents watered their turf during the summer 
three or more days per week.  In the Northern California study sites, 64% of respondents watered 
their turf three or more days per week in the summer, compared to 74% of respondents in 
Southern California study sites. Figure 70 shows the percent of respondents in each study area 
that watered there turf 3 times a week or more. 
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Table 68: Percent of outdoor landscape reported to be turf 

Water Agency 100% Half 
or 
more 

About 
20% to 
50% 

About 
10% to 
20% 

About 
5% to 
10% 

Less 
than 
5% 

None 

Davis 0% 38% 19% 19% 0% 5% 19% 
SCWA 0% 33% 11% 11% 0% 0% 44% 
San Francisco 0% 20% 7% 0% 7% 7% 60% 
East Bay MUD 3% 19% 28% 17% 0% 3% 31% 
Redwood City 5% 30% 30% 20% 0% 5% 10% 
Northern California 2% 27% 21% 15% 1% 4% 31% 
Las Virgenes MWD 0% 54% 29% 13% 4% 0% 0% 
Los Angeles 7% 40% 24% 10% 10% 1% 8% 
IRWD 5% 32% 32% 16% 5% 3% 5% 
City of San Diego 7% 19% 26% 4% 11% 4% 30% 
San Diego County 
WA 

0% 20% 40% 20% 0% 10% 10% 

Southern California 5% 36% 28% 11% 8% 2% 10% 
All Study Sites 4% 33% 25% 12% 5% 3% 17% 

 
Seventy-two percent of respondents manually watered some part of their outdoor landscape.  The 
most common mode of manual watering was hand-held garden hose, which was used by 82% of 
the manual irrigation respondents.  Approximately one quarter of respondents reported manually 
watering their outdoor landscape using a hose with a sprinkler, 11% using an in-ground sprinkler 
system with no timer, 9% drip irrigation or bubbler system, and 7% a soaker hose. 
 
Forty percent of all respondents reported manually watering between 50% and 100% of their 
outdoor landscape.  Thirty-eight percent reported manually watering between 5% and 50% of 
their outdoor landscape, while slightly more than one-fifth of respondents, 22%, reported 
manually watering only 5% or less of their outdoor landscape.  Manually watering a majority of 
outdoor landscape (50%-100%) was more common among Northern California study sites 
(50%), and was less common among respondents from Southern California study sites (31%).   
 
Over two-thirds of respondents reported having an in-ground sprinkler system, with 87% of 
those systems having an automatic timer.  Only 4% of the in-ground sprinkler systems were said 
to run a weather-based irrigation controller (WBIC) or “smart” controller.  Thirteen percent of 
respondents with in-ground sprinkler systems did no know whether or not their system had a 
WBIC or similar controller. 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 188 



California Single Family Home Water Use Efficiency Study  4/20/2011 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

All Davis Sonoma
County WA

San
Francisco

East Bay
MUD

Redwood
City

Las Virgenes Los Angeles Irvine Ranch City of San
Diego

San Diego
County

Study Region

P
e

rc
e

n
t 

ir
ri

g
a

ti
n

g
 3

 t
im

e
s

 p
e

r 
w

e
e

k
 o

r 
m

o
re

 

Figure 70: Percent of respondents irrigating 3 times per week or more 

Water Bill Awareness 
 
To begin, respondents were asked to what degree they agreed or disagreed with the statement; 
“Without looking at past bills, I know about how much my average (typical) household water bill 
was (in dollars) last year.”  Just over 25% of respondents either “somewhat agreed” or “strongly 
agreed” with the statement regarding past water bill amounts, and approximately 70% of 
respondents either “somewhat disagreed” or “strongly disagreed.”  
 
Next, the survey asked the extent to which respondents agreed or disagreed with the following 
statement regarding knowledge of typical water use: “Without looking at past bills, I know about 
how much water my household used in an average (typical) billing period last year.”  Nearly 
45% of respondents chose “strongly agree” or “somewhat agree,” and approximately 52% either 
“somewhat disagreed” or “strongly disagreed.” 
 
Thus California respondents were more likely to remember water use amounts from past bills 
(45%) than dollar amounts from past bills (25%). This is the reverse of the result for the same 
questions asked of households in Florida, where 78% agreed they knew the approximate dollar 
amount of their average bill, but only 38% of homes agreed they knew the approximate number 
of gallons of usage (Whitcomb, 2005). This result may indicate that California respondents are 
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more likely to be able to interpret the details of their water bill and understand how their water 
use fits into water use blocks for inclining block rates designed to encourage water conservation. 
 
Respondents were then posed the statement; “The cost of water is an important factor for me 
when deciding how much water to use indoors.”  Only 36% of survey respondents either 
“strongly agreed” or “somewhat agreed” with that statement, compared to over 60% who 
“somewhat disagreed” or “strongly disagreed.”  For the Davis study site, responses were 
reversed, with 65% of respondents either “strongly agreeing” or “somewhat agreeing” versus 
29% choosing “somewhat disagree” or “strongly disagree.” For comparison, 65% of homes 
surveyed in Florida either strongly agreed or somewhat agreed that the cost of water was an 
important factor in deciding how much water to use indoors (Whitcomb, 2005). 
 
The next statement related to determinants of respondents outdoor water use: “The cost of water 
is an important factor for me when deciding how much water to use outdoors.”  Only 26% of 
respondents “strongly agreed” or “somewhat agreed,” while approximately 70% either 
“somewhat disagreed” or “strongly disagreed.”  Again, respondents from Davis differed from 
other study sites, with almost half of the respondents reporting that they “strongly agree” or 
“somewhat agree” and 45% either “somewhat disagree” or “strongly disagree.” For comparison, 
72% of homes surveyed in Florida either strongly agreed or somewhat agreed that the cost of 
water was an important factor in deciding how much water to use outdoors. 
 
The next statement related to respondents’ motivations for conserving water: “I conserve water 
mainly for environmental reasons.”  Across all study sites, only 16% “strongly agreed” or 
“somewhat agreed,” compared to over 80% who “somewhat disagreed” or “strongly disagreed.” 
For comparison, 67% of homes surveyed in Florida reported that they conserved water mainly 
for environmental reasons (Whitcomb, 2005). 
 
The last statement posed to respondents was related to water use and the cost of wastewater 
service: “I take into account the cost of wastewater (sewer) service when deciding how much 
water to use.”   Thirty-nine percent of respondents “strongly agreed” or “somewhat agreed” with 
the statement, and forty-three percent “somewhat disagreed” or “strongly disagreed.”  
Respondents who are charged a flat rate for wastewater/sewer services were instructed to mark 
“not applicable,” which 17% of respondents did.  In Davis and IRWD, a majority of respondents 
(58% and 62%, respectfully) either “somewhat agreed” or “strongly agreed” that wastewater 
rates influence their water use. For comparison, 50% of homes in Florida reported taking into 
account the cost of wastewater in deciding how much water to use.  
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CHAPTER 9 – MODELS OF WATER USE  
 
Having analyzed both the indoor and outdoor water use patterns and survey information from 
several hundred single-family homes across California, the next step was to perform regression 
analyses on the results in order to determine which factors were most important in explaining 
water use in the homes.  Models were built for total indoor water use (gphd), outdoor water use 
(kgal/year) and individual models were also built for the important end uses because variables 
that might not show up as significant for whole house indoor use may be significant for 
individual end uses. 
 
Using the SPSS package a series of models were tested.  The list of 61 variables used in this 
analysis is shown in Table 69.  The variables were divided into four groups. The first group 
consisted of dependent variables, namely the daily and annual water use that we seek to explain 
in this analysis.  The second group contained the variables that were thought to be best for the 
indoor analyses.  The third group contained the variables for the outdoor analyses, and the fourth 
group contained questions about the attitudes and knowledge of the customers that were to be 
tested as to their relevance for both indoor and outdoor models. 
 
There were two types of independent variables in the modeling system: continuous variables that 
could assume any real positive value, and flag or conditional variables that were used to test the 
impact of a specific state or conditions on the water use.  Flag variables assume the values of 0 or 
1.  Note that there were no geographical variables, such as the water agency or region of the state 
in which the customer resided.  Geographical variables were excluded because the original work 
plan called for pooling all of the results into a single data set for modeling purposes. By pooling 
the data the underlying factors such as the number of residents, types of fixtures and appliances, 
income, irrigated area, ET, etc, that have a real impact on water use could be identified and 
analyzed using the full range that they assumed in the sample. 
 
The modeling approach was a two step process.  First models were developed using the 
continuous variables that best explained indoor and outdoor water use. Next the impact of the 
conditional variables was tested as to whether their inclusion reduced the variance of the basic 
model.  In this case, variance is the total error of the model in predicting water use.  If a 
conditional variable reduced the variance in a statistically significant degree then that condition 
was deemed important in explaining water use. 
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Table 69: Variables used for modeling single-family water use 

Var Name Type Description
Annual_Kgal dependent annual use kgal
Outdoor Kgal dependent best estimate of anual outdoor use
Indoor_Kgal dependent best estimate of annual indoor use
Indoor_GPD dependent gpd for all indoor uses
Toilet_GPD dependent gpd for toilet use
CW_GPD dependent gpd for clothes washer use
Shower_GPD dependent gpd for showers
DW_GPD dependent gpd for dishwashers
Leak_GPD dependent gpd for leaks
Faucet_GPD dependent gpd for faucets
Bath_GPD dependent gpd for baths
Other_GPD dependent gpd for other 
CW_GPL continuous gallons per load for clothes wasers
Toilet_GPF continuous gallons per flush for toilets
CW_HE flag set if cw gpl < 30
Toilt_HE flag set if toilet gpf < 2.0
Res_No continuous number of residents in home
Youth flag flag for presence of non-adults in home
Homies flag flag for at least one adult at home that is not employes outside the h
OwnHome flag flag for ownership of home
Pay4Wtr flag flag if homeowner pays his own water bill
AveRate continuous Average water rate for customer
MaxRate continuous maximum rate charged for water
Bedrooms continuous number of bedrooms in home
HouseAge continuous year that house was built
Bathrms continuous number of bathrooms in the home
Pool flag does house have a pool
Fount_out flag does house have an outdoor fountain
Fount_in flag set if house has an indoor fountain or water feature
Income_Hi flag set flag if household income is => $120,000
Income_Low flag set if income is =< $30000
Garb flag set if house has a garbage disposal
CW flag set if house has a clothes washer
CW Front flag set if house has a front loading CW
DW flag set if house has a dish washer
Spa_In flag set if house has an indoor spa or jacuzzi tub
Spa_out flag set is house has an outdoor spa or hot tub
Swamp flag set if house has a swamp cooler
Treat flag set if house has a whole-house water treatment system
ULF flag set if owners report having at least 1 ULF toilet
Hydra flag set if there is at least one multi headed shower in the home
Leak flag set if homeowner report knowing of a leak in the home
Wait flag set if homeowner reports a very long wait for hot water
Lot_area continuous lot size
Irr_area continuous total irrigated area
Turf_area continuous total turf area
Nonturf_area continuous total non-turf area
NetETo continuous net Eto for site
AppliedWater dependent water applied to landscape (inches)
TIR continuous theoretical irrigation demand (Inches)
AppRatio dependent Application ratio (Applies water/tir)
LndscpRatio continuous landscape ratio (TIR/RefRequirement)
ExcessUse dependent excess water use (kgal)
ContractWtr flag Is the contractor responsible for watering your lawn
Sprinklers flag do they have an inground irrigation system
Override flag does the system have a rain or other shut off device
KnowBill flag Know how much my average water bill was last year (4)
KnowVol flag Know average volume of water used last year
CostImp flag The cost of water is important
Enviro flag I conserve water for environmental reasons
CostAccount flag I take cost into account when deciding how much water to use   
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Indoor Models 
Regression analyses were done for both total indoor use and for several key individual end uses. 
This section describes the model results for the indoor uses. 

Overall Indoor Use 
A total of eight continuous variables were tested for significance in predicting overall indoor 
water use.  In this model the dependent variable was daily indoor household water use (gphd) 
determined from the flow trace analysis.  The independent variables were obtained from the 
survey results.  Both linear and log-log models were tested and the log-log model was found to 
give a better fit to the data.  In addition, the log-log model also captures the fact that indoor water 
use is not linearly related to the key variable (the number of residents in the home), so a log-log 
model was selected for the indoor model.  Table 70 shows the variables tested for the indoor 
model and the significance, measured by the respective p values, determined for each. 
 

Table 70: Continuous variables tested for indoor model 

Variable p-value 
Number of residents in home 0.00 
Household income 0.76 
House Age 0.70 
Home_value 0.39 
Number of  Bedrooms 0.60 
Number of Bathrooms 0.46 
Indoor SQFT 0.36 

 
As can be seen in Table 70 the only continuous variable that was found to be statistically 
significant in predicting indoor use was the number of residents in the home.  All of the others 
had significance p values greater than 0.10, which means that there is a greater than 10% chance 
that their impact was simply random.   
 
The model that resulted from the analysis of indoor water use versus the number of residents in 
the home is shown in Equation 9-1.  The R2 value for the model was 0.40, which implies that the 
model explain roughly 40% of the variability in observed water use.  

Equation 9-1: Model for indoor water use        

     50.6_Re675.72_ 728.0  NosUseIndoor    

Where: 

Indoor_use = gallons per day of indoor water use 
Res_no = number of residents living in the home 
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6.50 = bias correction factor 
 
This model describes household water use patterns in the single-family homes in this study, 
based on their current demographics and physical characteristics.  If one examines the 
descriptive statistics for the homes, described in this report in terms of percent of homes with 
high efficiency fixtures and appliances, income, employment etc then the indoor model describes 
a population of homes meeting those parameters. 
 
To the extent that various groups of homes vary in their characteristics from the homes included 
in this study it was necessary to test for certain conditional variables.  In order to see how the 
various physical and demographic parameters affect the predicted water use a series of 
conditional variables were tested in order to determine how they affected the predicted indoor 
water use in homes.   
 
Table 71 shows a list of the conditional variables tested for their impacts on indoor water use.  
The table shows the variable names, the description of what the variable means, the change in the 
mean indoor use associated with the variable, the probability that the observed change in means 
in simply due to chance, the total number of homes for which the variable was available, and the 
total number of positive responses for the variable.  The variables that proved useful for the 
predictive model have been bolded.  
 
 

Table 71: Conditional variables tested for indoor model 

Variable Name Description of Variable 

Change 
in Mean 
Daily 
Use 
(GPD) 

p-value 
Total No. of 
Responses 

Total Positive 
Responses 

significant_leak Trace analysis showed 
leakage greater than 100 gpd.

222.90 0.000 451 25 

Youth Is at least one of the residents 
of the home not an adult? 

-41.62 0.000 451 170 

Toilt_HE Does the flow trace analysis 
show average gpf to be less 
than 2.0? 

-21.98 0.026 448 129 

Survey_ULF Did the survey indicate at 
least one ULF toilet in the 
home? (note: this is not 
additive with Toilet_HE) 

-20.54 0.065 369 262 

CW_HE Did the flow trace analysis 
show average gallons per 
load to be less than 30? 

-16.72 0.083 426 136 

Hydra Did the survey indicate at 25.91 0.154 451 30 
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Variable Name Description of Variable 

Change 
in Mean 
Daily 
Use 
(GPD) 

p-value 
Total No. of 
Responses 

Total Positive 
Responses 

least one multi-headed 
shower head present in the 
home? 

Income_Hi Was the household income 
above $120,000? 

-13.63 0.168 377 140 

CW_Front Did the survey response 
indicate that the home has a 
front loading clothes washer?

-11.98 0.283 360 110 

Pay4Wtr Do the residents pay for their 
own water? 

-48.06 0.322 445 441 

Spa_out Is there an outdoor spa or hot 
tub at the home? 

-9.93 0.381 447 91 

Spa_in Is there an indoor spa at the 
home 

-23.82 0.386 374 13 

OwnHome Do the residents own the 
home 

-14.36 0.393 446 411 

Survey 
Dishwasher 

Is there a dish washer 
present? 

-9.51 0.451 406 349 

Survey Cooler Is there a swamp cooler? 27.75 0.456 410 7 
Survey Garbage 
Disposal 

Is there a garbage disposal? -10.12 0.461 406 349 

Stay at home? Is there at least one adult that 
is not employed outside the 
home? 

-3.38 0.732 444 316 

Survey Softener Is there a whole house water 
treatment system present 

4.52 0.770 415 45 

Fount_Out Is there an outdoor fountain 
present? 

2.66 0.844 451 58 

Wait Is there a noticeable wait for 
hot water somewhere in the 
home? 

1.84 0.848 384 163 

Pool Is there a swimming pool 
present? 

-1.28 0.913 388 77 

Income_Low Is the household income less 
than $30,000? 

1.57 0.924 377 35 
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For practical purposes this model took the form shown in Table 72.  This model is applied by 
first determining the uncorrected water use by multiplying 72.675 times the number of residents 
to the 0.728 power.  The four correction factors are determined by multiplying the percent of the 
populations that are negative for the factor by the negative study residual plus  the percent of the 
population for which they are positive times the positive residual.  The total correction factor is 
the sum of the four separate factors. 

Table 72: Working version of predictive model 

Indoor Model Summary 
 Exponent Constant Bias Correction  
Number of Residents 0.728 72.675   
Bias correstion 6.5    
 Study Pct Neg Study Pct Pos Study Residual 

 (-) 
Study Residual 
(+) 

Significant leak 93% 6.55% -12.356 210.541 
HE Clothes washer 71% 29.50% 10.012 -6.708 
HE Toilet 70% 29.73% 7.747 -14.235 
Kids/Teens at home 64% 36.15% 15.688 -25.932 

 
When the predictive model is used with an average number of 2.94 residents per household, 
which was the average number of persons per household in the study group, and with the 
proportion of homes meeting the 4 conditional criteria shaded in green then the model predicts 
an average indoor household use of 175 gphd, which is the same as the observed use shown in 
Table 37.   

Per capita Indoor Use Relationships 
At this point the research contains detailed indoor use data for a number of study sites, which 
were collected using the same techniques used for this study.  Using each dataset relationships 
were developed between indoor water use and the number of occupants in the homes.  These per 
capita relationships are shown in Table 73 and  
Figure 71.  It is significant to note that none of the relationships between indoor water use and 
number of residents are linear.  This effect has been noted by other authors such as Pekelney and 
Chesnutt53, and it has important implications for use of per-capita data for projecting water 
savings or water demands.  The last column of Table 73 shows the projected per capita use for a 
family of 3 based on each data set.  These show that the per capita indoor use in the California 
Single Family Homes Study is 13.3% lower than the per capita indoor use from the REUWS 
when the data are normalized for a family of 3.  
 
                                                 
53 Pekelney, D. M. a. C., Thomas W. (1996). "Cost-Effective Cost-Effectiveness:Quantifying Conservation on the 

Cheap." In: AWWA National Conference, AWWA, Toronto, Canada., Pgs  6,7 & 8. 
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Table 73: Comparison of per capita indoor water use  

Study  Model Description Per capita 
use for 
family of 3 

Percent of 
REUWS 

REUWS 87.41 · 
x0.69 

1189 homes from REUWS 
set 

62.18 100% 

California SF Home 
Study 

72.67 · 
x0.728 

The 780 SF homes in this 
study, see Equation 9.1 

53.89 87% 

EPA New Home 
Study 

66.3 · x0.63 Study of homes built after 
2001 

44.15 71% 

EPA Post Retrofit 
Study 

50.21 · 
x0.77 

Study of 100 high 
efficiency homes 

39.0 58% 

 
When the four equations shown above are plotted on the same graph the results are quite 
striking.  The oldest and least efficient is the group of homes from the REUWS study.  The 
highest efficiency homes are those from the EPA Retrofit study.  The group of approximately 
300 new homes selected from standard homes built after 2001 in 10 water agencies lies just 
above the Retrofit homes, and the homes from this study, which are a cross section of existing 
homes in California lies between the new homes and the REUWS homes.  The potential savings 
in indoor use in the California homes can be estimated as the reduction in use that would occur if 
the homes consumption dropped to the region of the bottom line in the figure represented by the 
EPA Retrofit Homes.   
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Figure 71: Comparison of per capita indoor use relationships 
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Individual End Uses 
Individual end use models were developed for clothes washers, faucets, leaks, showers and 
toilets.  These models helped to clarify the factors that influence these end uses which might not 
have shown up as significant in models of overall indoor use.  They offer several useful insights 
for program design, but are not intended to be used for prediction of overall household use.  

Clothes washer end-use analysis 
The model for clothes washer use was developed similarly to the indoor use model.  First a 
regression model was created using the continuous variables that proved significant in predicting 
clothes washer use. Next, a series of conditional variables were tested as to how they improved 
the fit of the data. Like daily indoor use, this end-use follows a log-normal distribution. Several 
of the factors listed below correlate with higher or lower clothes washer use, but we would not 
say that in all cases these factors have a cause and effect relationship.  For example, the two 
questions about knowledge of water and wastewater use and charges correlate with increased 
clothes washer use.  This is an interesting correlation, but one would not expect that knowledge 
of water use and wastewater charges would necessarily lead to increased clothes washer use, 
unless people who pay attention to things like the cost of water are basically more compulsive 
about details, and this extends to the level of cleanliness of their clothes. 
 
The following factors were associated with higher clothes washer use.  All except the first two of 
these variables are flags: 
 
Number of residents 
Higher clothes washer gallons-per-load 
Having residents younger than 18. This is after correcting for the number of residents. 
Agreement with “Without looking at past bills, I know about how much water my household 
used in an average (typical) billing period last year” Q45B 
Agreement with “I take into account the cost of wastewater (sewer) service when deciding how 
much water to use” Q45F 
Respondents who underwent bathroom renovations and plumbing renovations. These numbers 
are not cumulative for respondents who have renovated both. 
Factors associated with lower clothes washer use: 
Having to pay for water 
 
Table 70 shows the continuous variables that tested positive for clothes washer use. The resulting 
model, shown in Equation 9-2, had an r2 value of 0.30. 
 

Table 74: Continuous variables found to be significant for clothes washer use 

Variable p-value 
Number of residents 0.00 
Clothes washer gallons per load 0.00 
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Equation 9-2: Clothes washer end-use correction 

70.058.0 __Re31.1 GPLCWNosCW   
Where: CW = gallons per household per day used for clothes washers 
Res_No = number of residents in the home 
CW_GPL = capacity of clothes washer (gal/load) 
 
This regression achieved the highest r-squared (0.30) by ignoring other physical factors: income, 
age of home, home value, and indoor size. The strength of a factor is measured by the difference 
in average clothes washer use. The mean of corrected clothes washer use is based on residuals 
from log-log regression. 
 

Table 75: Conditional variables tested for impacts on clothes washer use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Pay4Wtr Do the residents pay 
for their own water? 

-18.73 0.05 421 417 

Survey Bathroom 
Renovated 

Bathroom fixtures have 
been renovated 

3.52 0.09 374 235 

Survey Plumbing 
Renovated 

Plumbing has been 
renovated 

3.53 0.10 364 144 

q45F_agree Agreement with “I take 
into account the cost of 
wastewater (sewer) 
service when deciding 
how much water to 
use” 

3.57 0.08 367 148 

q45B_agree Agreement with 
“Without looking at 
past bills, I know about 
how much water my 
household used 

4.19 0.04 372 164 

Youth Is at least one of the 
residents of the home 
not an adult? 

4.59 0.02 426 162 

 
Whether the clothes washer is a front-loading or top loading design did not reach significance. 
This is expected because the effect of clothes washer load volume is already corrected as part of 
regression gallons per load.  
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The means reported for bathroom and plumbing renovations are not cumulative. The real 
interpretation of the renovations findings is that kitchen renovations are not related to clothes 
washer use, where households with either plumbing or bathroom renovations are associated with 
increased use.  
 
The data show that after correcting for the number of residents in the home, having children or 
teenagers present in the home is associated with a modest increase of 4.59 gpd for clothes washer 
use.  This makes sense given the way children and teenagers get their clothes dirty at school, 
play or sports.  
 
Only 1% of respondents reported that their landlord or homeowners association pays for water.  
This small group, however, had an average  use that was 18.7 gphd less than the rest of the 
households. Even though the p value was only 0.05, which indicates a statistically significant 
value, a sample of only 1% seems too small fro which to base general conclusions. 
 
Four factors reached significance with very similar results: Two attitude questions and the 
presence of bathroom and plumbing renovations are each associated with an average 3.52 – 4.19 
gphd higher clothes washer use.   We speculated above about the possible linkages between 
attitudes and clothes washing.  The relationship between remodels and plumbing seems a more 
concrete sort of effect. 

Faucet end-use analysis 
Like daily indoor use, this end-use follows a log-normal distribution.  
 
Factors significantly associated with higher faucet use: 
Number of residents 
Number of toilet flushes 
A “leak” other than toilet, faucet, pool and irrigation leaks. 
Factors significantly associated with lower faucet use: 
Modernized kitchen appliances (dishwasher and garbage disposal) 
Agreement with “Without looking at past bills, I know about how much water my household 
used in an average (typical) billing period last year” 
Agreement with “The cost of water is an important factor for me when deciding how much water 
to use indoors (e.g. for washing dishes, washing clothes, showering/bathing, etc.)” 
Agreement with “I take into account the cost of wastewater (sewer) service when deciding how 
much water to use.” 
Household has a water softener, pool or outdoor spa. (Numbers reported do not reflect a 
cumulative effect) 
Household has residents under 18 
 
The level of significance reflected here is based on corrected Trace Wizard faucet analysis using 
the same technique as broader indoor and outdoor models for total household use: log-log 
regression. This technique is used to mitigate the dominance of physical features like bathroom 
use and the number of people in the household over subtler features like the respondent’s 
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attitudes toward water conservation. Bathroom use is defined by the number of toilet flushes per 
day. This factor is not generally estimable in the population – it is reflected specifically as part of 
the faucet end-use model and is not included in any other models.  
 

Table 76: Faucet end-use correction factors 

Factor p-value 
Flushes Per Day 0.00 
Residents 0.00 

 

Equation 9-3: Faucet end-use correction 

0.460.44 FPDresidents5.54  GPDFaucet   
 
 
Where: 
 
Faucet GPD = Average daily gallons faucet use 
Flushes per day = Average daily number of toilet flushes 
Residents = Full-time residents in household 
 
This regression achieved the highest r-squared (0.29) by ignoring other physical factors: income, 
age of home, value of home, inside size of home, and number of bathrooms. Generally, survey 
responses are less complete for these ignored variables. 
 
The strength of a factor is measured by the difference in average daily faucet use. The mean of 
corrected faucet use is based on residuals from log-log regression. 

Table 77: Conditional variables tested for impacts on faucet use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Survey 
Dishwasher 

Is there a dish washer 
present? 

-14.17 0.00 398 330 

Survey Garbage 
Disposal 

Is there a garbage 
disposal? 

-13.08 0.00 403 347 

q45B_agree Agreement with 
“Without looking at 
past bills, I know about 
how much water   
My household used in 
an average (typical) 

-7.85 0.00 391 174 
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Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

billing period last year” 
Spa_out Is there an outdoor spa 

or hot tub at the home? 
-7.71 0.00 444 89 

q45F_agree Agreement with “I take 
into account the cost of 
wastewater (sewer) 
service   
when deciding how 
much water to use” 

-7.16 0.00 386 158 

q45C_agree Agreement with “The 
cost of water is an 
important factor for me 
when   
deciding how much 
water to use indoors 
(e.g. for washing   
dishes, washing 
clothes, 
showering/bathing, 
etc.)” 

-6.34 0.01 392 143 

Survey Softener Is there a whole house 
water treatment system 
present 

-5.93 0.10 412 45 

pool Is there a swimming 
pool present? 

-5.35 0.07 385 75 

Youth Is at least one of the 
residents of the home 
not an adult? 

-4.11 0.06 448 168 

Survey Other 
Leaks 

A “leak” other than 
toilet, faucet, pool or 
irrigation leakage 

28.50 0.00 389 6 

 
Other factors, such as the number of adults not employed outside the home did not reach 
significance. With a larger sample, bathroom renovations may reach significance.  
 
The survey asked the residents say whether they had known leaks in five types of devices: 
toilets, faucets, pools, irrigation systems and “other leaks”.  There were a few homes that 
responded that they had other leaks.  This response was associated with a significant increase in 
faucet use.  It is possible that theses leaks gave the appearance of faucets, and that in this case 
some leakse was classified as faucet use. 
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The results for dishwashers are interesting in that they suggest that the presence of a dishwasher 
relates to lower faucet use.  This makes intuitive sense since dishwashers wash dishes far more 
efficiently than do hand washers.  On average there are 0.35 dishwasher loads per day and these 
are linked to 14 gpd of reduced faucet use.  This suggests that a dishwasher that uses 7 gallons 
per run or 2.4 gpd of water eliminates the use of 14 gallons of faucet use for a net reduction in 
11.5 gpd in indoor use.  The data do not prove this to be the case, but do suggest that 
dishwashers may be water conservation devices. 
 
The same is true of garbage disposals, although the intuitive linkage is not quite as compelling.  
The logic here is that having a garbage disposal reduces the amount of water that is run into the 
kitchen sink in order to clean out food particles and keep the drain running.  Again, this is an 
interesting finding and one that could be tested through pre-post analysis in a set of test homes. 
 

Leaks 
Like daily indoor use, household leakage follows a log-normal distribution. However, the highest 
“leak” rates are several orders of magnitude above the mean. Unlike other end-uses in this 
analysis, leakage was not found to be related to any of the continuous variables in the data set so 
it was modeled strictly against the conditional variables.   
 
The following conditional factors were associated with higher leakage: 
 
The presence of a swimming pool 
Remedy installed for hot water availability 
Having an in-ground sprinkler system 
The presence of a water treatment system 
Survey indicates any leaks were known to be present in the home 
 
Factor associated with lower leakage: 
Manual irrigation (versus automatic irrigation) 
 
As shown in Table 78 the strength of a factor is measured by the difference in average daily 
leakage and the p value being less than 0.10. 
 

Table 78: Conditional variables tested for impacts on leakage 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total Positive 
Responses 

Survey Manual 
Irrigation 

Any part of the 
landscaping is 

-4.29 0.07 393 284 
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watered manually 
survey_leaks Any “leak” indicated 2.27 0.04 415 56 
Survey Treatment Is there a whole 

house water 
treatment system 
present 

7.47 0.01 425 47 

SprinklerSystem In-ground sprinkler 
system 

8.35 0.01 733 246 

Survey Toilet 
Leaking 

Toilet is running, 
potentially a flapper 
leak 

10.58 0.06 415 23 

Q10 Hot water remedy 12.11 0.05 380 42 
Pool Is there a swimming 

pool present? 
17.51 0.09 396 78 

 
The data show that there is a marked difference of over 12.6 gphd in mean leakage rates between 
homes with automatic sprinklers and homes that irrigate manually.  This suggests that automatic 
sprinkler systems are the source of a significant amount of leakage in these homes.   It is not 
really clear why having a water softener should relate to increases in leakage.  Perhaps this is due 
to the fact that water softeners may create events that have the appearance of leaks.  The fact that 
the two survey questions about leakage relate to the amount of leakage found in the trace is 
obvious.  The relationship between a pool and leakage may be due to the fact that some pools are 
a source of leaks and that pool filling may appear to be leakage on the trace as pools are 
continuously refilled to replace evaporation and splashing losses. Again, it is not clear what the 
relationship is between having a hot water recirculation system and leakage. There devices 
operate inside the house plumbing systems and should not have an impact on the water meter. 
 

Shower end-use model 
Daily shower usage showed a relationship between the number of residents in the home and the 
household income.  Like daily indoor use, this end-use follows a log-normal distribution.  
 
Factors associated with higher shower use: 
Number of residents 
Income 
Renting 
Unspecific renovations (any bathroom, kitchen, or plumbing renovations) 
 
Factors associated with lower shower use: 
 
Adults not employed outside the home. This occurs after correcting for the number of residents. 
Outdoor spa or hot tub 
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The level of significance reflected here is based on corrected shower gallons-per-day from Trace 
Wizard analysis using the same technique as broader indoor and outdoor models for total 
household use: log-log regression. This technique is used to mitigate the dominance of physical 
features like the number of people in the household over subtler features like the respondent’s 
attitudes toward water conservation.  
 

Table 79: Shower end-use correction factors 

Factor p-value 
Residents 0.00 
Income 0.01 

 

Equation 9-4: Shower end-use correction 

0.270.84 incomeresidents3.49GPHDShower   
 
Where: 
 
Shower gphd = Average daily shower use (gallons) 
Residents = Full-time residents in household 
Income = Annual household income, units of $1000 
 
The regression achieved the highest r-squared (0.29) by ignoring other physical factors: income, 
age of home, home value, indoor size of the home, number of bathrooms and, notably, 
showerhead flow rate. Showerhead flow rate is not correlated strongly with household shower 
water use and its absence means this model predicts no change in daily shower volume given a 
change in showerhead flow rate.  
 
The lack of a relationship between shower flow rate and household water use for showering 
appears to be due to the fact that while there is a significant spread in flow rates of individual 
showers, as shown in Figure 48 and Figure 49, there is not a lot of variation in the average 
shower flow rate on the household level.  The average shower flow rate for each of the 716 
homes in the group was 2.15 ± 0.05 gpm, which implies that the variability in shower flow rates 
occurs within the houses rather than among them.  In other words, the higher flow rate showers 
are spread out among many homes rather than being concentrated in a few homes, and as a 
consequence the impact of higher flow rate showers was lessened in significance. 
 
It was interesting to note that the presence of multi-headed showers was not a factor in predicting 
greater household shower usage, while it was a factor relating to increased total indoor water use.  
Examining the data showed that the homes with the multi-headed showers also had larger 
leakage than the others.  This suggests a relationship between leaks and multi-headed showers.  
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Weather the showers heads are actually leaking themselves, or whether this is just a coincidental 
finding remains to be seen.  
 
The strength of a factor is measured by the difference in average daily shower use. The mean of 
corrected shower use is based on residuals from log-log regression. 
 

Table 80: Conditional variables tested for impacts on shower use 

Variable Description Change in 
Mean 
Daily Use 
(gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Spa_out Is there an outdoor 
spa or hot tub at the 
home? 

-5.52 0.06 368 72 

At Home Is there at least one 
adult that is not 
employed outside 
the home? 

-4.51 0.08 371 256 

Renovations Any bathroom, 
plumbing or kitchen 
renovations 

5.20 0.07 335 259 

Renter Survey respondent 
is not the 
homeowner 

13.35 0.00 369 29 

 
Other factors, including presence of a multi-showerhead fitting and attitudes about water 
conservation, did not reach the 90% significance level.  The relationship between having an 
outdoor spa and less water used for showering seems to imply that people may spend less time in 
the shower if they have a spa.  The fact that having someone at home during the day relates to 
less shower use seems counter intuitive.  One would expect persons in the home during the day 
to shower more than people who go out to work. Perhaps people who stay at home don’t shower 
because they don’t need to, or they may go to health clubs.  It is possible that generational 
changes affect this result as well.  The survey did not include ages of residents beyond 18 years, 
and adults at home during the day may be related to the age of those residents.  Having a positive 
relationship between bathroom improvements and more shower use makes sense, but it is not 
clear why renting rather than owning relates to more shower use. Remember, the number of 
residents in the home has already been taken into account. 
 
The 29 homes occupied by renters also used more water for showering.  This is a small sample 
so it is difficult to determine if there is a meaningful relationship between renting and shower 
use.  Showerhead flow rates showed no relationship to renting.  The distinction between shower 
use by renters versus homeowners is probably related to a difference in per-person daily shower 
duration. Average duration per renter is 9.7 minutes, versus 5.8 minutes per homeowner.  But 
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this simply begs the question as to why renters spend more time in the shower.  This may just be 
a coincidental relationship, or it could be due to the fact that the renters under-reported the 
number of persons living at their addresses. 

Toilet end-use model 
Like daily indoor use, this end-use follows a log-normal distribution.  
 
Factors associated with higher toilet use: 
 
High volume toilet 
Number of residents 
Indoor house size 
Agreement with “I conserve water mainly for environmental reasons” 
Adults not employed outside the home. This occurs after correcting for the number of residents. 
Bathroom renovations. This occurs after correcting for the toilet flush volume. 
Factors associated with lower toilet use: 
Residents under the age of 18. This occurs after correcting for the number of residents. 
 
The level of significance reflected here is based on corrected toilet gallons-per-day from Trace 
Wizard analysis using the same technique as broader indoor and outdoor models for total 
household use: log-log regression. This technique is used to mitigate the dominance of physical 
features like household size and the number of people in the household over subtler features like 
the respondent’s attitudes toward water conservation.  
 
It’s important to note that domestic toilet statistics from flow trace analysis can provide three 
valuable pieces of information: 
 
Average toilet flush (reported here as gallons per flush) is an objective measure of water 
efficiency. The mean of household average toilet flush volume is an appropriate measure of 
average toilet flush volume throughout the population.  
Flushes per day can be used to estimate how busy a household is on a daily basis, and can be 
more appropriate than number of residents when investigating changes in water use for fixtures 
other than toilets. Put another way, this analysis assumes that toilet flush volume is unrelated to 
many demographic and habitual characteristics; conversely, flushes per day is likely related to 
demographic and habitual characteristics. While approachable, flushes per day is not a 
commonly available statistic for a population, and statistics in units of flushes per day are not 
practically applied to a population specifically with regard to volumetric changes in water use.  
Daily toilet volume is algebraically = (average toilet flush) x (flushes per day). Reported here as 
gallons per day, this is the most useful statistic for dimensionally evaluating change in water use. 
However, while average flush volume and flushes per day are assumed to be unrelated in cases 
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where both quantities are nonzero54, daily toilet volume is of course fundamentally dependent on 
both quantities.  
 
If one knows both the average flushes per day and the gallons per flush then it would be possible 
to perfectly predict toilet use.  In fact it is impossible to know both of these parameters.  The 
average flushes per day is related to the number of persons per home.  In addition, it appears as 
though toilet flushing is related to the size of the home.  Perhaps larger homes have more visitors 
and guests who contribute to the totals. The data suggest that daily volumetric household toilet 
use is dependent of the average flush volume of the toilets, the number of residents in the home, 
and the size of the home. 
 

Table 81: Toilet end-use correction factors 

Factor p-value 
Residents 0.00 
Gallons per flush 0.00 
Indoor SQFT 0.01 

 

Equation 9-5: Toilet end-use correction 

0.320.860.61 sqftindoor flushper  gallonsresidents0.69GPDToilet   
 
Where: 
Toilet GPD = Average daily gallons toilet use 
Gallons per flush = Average toilet flush volume, probably averaged over several toilets in 
household 
Indoor SQFT = house size (indoor) in square feet.  
 
This regression achieved the highest r-squared (0.46) by ignoring other physical factors: income, 
age of home, value of home, and number of bathrooms.  The fact that a relationship was seen 
between the number of residents, the size of the average flush and total daily toilet use makes 
perfect sense.   
 
Table 82 shows the impact analysis for the conditional variables.  The strength of a factor is 
measured by the difference in average daily toilet use. The mean of corrected toilet use is based 
on residuals from log-log regression. It’s important to interpret these differences independent of 
the toilet flush volume; for example, a difference related to bathroom fixtures occurs beyond the 
impact of changing toilet flush volume.  

                                                 
54 Theoretically, zero toilet volume gives no information about toilet flush volume nor flushes per day. Fortunately, almost all domestic use 

logged includes toilet use. 
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Table 82: Conditional variables tested for impacts on toilet use 

Variable Description Change in 
Mean Daily 
Use (gphd) 

p-value Total 
Responses 

Total 
Positive 
Responses 

Youth Is at least one of 
the residents of 
the home not an 
adult? 

-6.79 0.02 212 93 

Survey 
Bathroom 
Renovated 

Bathroom 
fixtures have 
been renovated 

5.46 0.07 188 115 

Person at Home Is there at least 
one adult that is 
not employed 
outside the 
home? 

7.06 0.02 208 137 

q45E_agree Agreement with 
“I conserve water 
mainly for 
environmental 
reasons” 

9.59 0.01 186 34 

 
 It makes sense that having young people in the home reduces toilet use since youngsters tend to 
be at school during the day.  It is also reasonable that having adults at home during the day 
increases the frequency of toilet flushing.  It seems reasonable that having a renovated bathroom 
might increase its use, but if this renovation included toilet upgrades one would expect the 
opposite effect.  It makes no sense as to why conserving water for environmental reasons should 
increase toilet use. This is probably a spurious finding. The presence of ULF toilets based on the 
survey did not reach significance. This is expected because daily toilet volume has been 
corrected for toilet flush volume.  

Discussion of Indoor Model  
In this study group the only continuous variable that was found to be statistically significant with 
respect to indoor water use was the number of residents in the home.  The size of the home and 
the home value were the closest to having significance, but neither had more than an 84% chance 
of being significant.  The Yarra Valley, Australia study, that included over 700 homes, found 
that the number of residents was the only significant factor in indoor use. 
 
The indoor water use models that were derived from the data in this study show that indoor use is 
related to the number of persons per home, whether there are any significant leaks in the home, 
whether there is at least one non-adult living in the home, whether the home is equipped with 
ULF or better toilets and high efficiency clothes washers. 
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While the individual end-use models provide interesting insights into water use they are less 
useful for generalized predictions. Either they relate to parameters that are difficult to determine 
with statistical accuracy, or they rely primarily on the same major parameter, the number of 
persons per home. 
  
We suggest using the overall end-use model for planning purposes.  
 
There are several interesting findings in the conditional variables.  Going down the list in Table 
71: 
 
The presence of a non-adult (teenager or child) was associates with less water use (~42 gpd) for 
the same total number of residents.  This means that that a youth tends to account for less water 
use than an adult in the home, and that a home with three adults will use more water than a home 
with two adults and a youth. According to the models a home with standard fixtures and 
appliances with three adults is expected to use 162 gphd, while a home with two adults and a 
youth is expected to use only 120 gphd. 
There was remarkably good agreement among the homes in which flow trace analysis showed 
the presence of ULF toilets and in which the survey indicated that at least one of the toilets was a 
ULF.  This is reassuring.  The fact that there were more homes with at least one ULF than homes 
that met the efficiency criteria shows that the may be some confusion among customers about 
identifying ULFs by the customers, and also that a single ULF is not enough to bring the average 
gallons per flush under 2.0, which was the cut-off used for our categorizing.   
Homes which meet the ULF criteria used approximately 22 gallons per day less for indoor uses 
than equivalent non-ULF homes. 
The presence of high efficiency clothes washers was responsible for a reduction in indoor use of 
17 gpd relative to homes with standard clothes washers. 
Together, ULF toilets and high efficiency clothes washers account for a reduction in indoor 
water use of 39 gpd or 14,235 gallons per year. 
The presence of a multi-headed shower head was significant at the 85% confidence level and 
was associated with an increase in indoor water use of 26 gpd.  This did not meet the 95% level 
used for the cut-off, but it is suggestive that these devices actually do increase indoor use.  They 
were found in only 30 out of 451 respondents. 
The high income variable was also almost significant.  High income households, though, tended 
to use less water than the mean. Perhaps this is because everyone is out working, or they belong 
to more recreation centers. 
None of the variables below the front loading clothes washer in Table 71 appeared as significant 
in explaining indoor water use.  The 163 homes in which people reported having a noticeable 
wait for hot water did not increase the indoor water use.  This is surprising and probably shows 
that these people simply learned to use cold water rather than waiting for the hot water to arrive. 
Homes in which the residents paid for water had a lower average indoor use, which is as one 
would expect. The statistical significance, however, is not sufficient for a firm conclusion about 
this. 
The presence of a spa either in or outside of the home had no impact on indoor use. Actually, 
spas were associated with decreases in indoor uses, which does not seem logical. Perhaps these 
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spas were not used that much.  The survey, however, shows that 85% of the people with spas 
reported that they are filled year round.  So there are still some questions here.  One would think 
the homes with spas would tend to use more water than equivalent homes with no spas. It may 
also be that spa use showed up in the analysis as outdoor use. 
Indoor use impacts could not be found for home ownership, the presence of garbage disposals, 
swamp coolers, dishwashers, someone at home during the day, water softeners, pools, slow hot 
water systems or fountains.  In some cases the impacts were small in comparison to the total 
indoor use, or there were not enough respondents either with or without the devices to give a 
good comparison. 
The presence of pools did not change indoor use.  This makes sense because residential pools are 
almost always outdoors, and also shows that pool use did not accidentally get classified as indoor 
use during the analysis. 
Low income households clearly did not use indoor water differently than other homes. 
 

Predictive Indoor Models 
There were two approaches for making predictions of indoor water use from the data collected in 
this study.  The first was to use the indoor model developed for the study group and to change 
the parameters for the explanatory variables to reflect greater proportions of the homes falling 
into the high efficiency categories. This would involve reducing the percent of homes with more 
than 100 gpd of leakage and increasing the percent of homes that met the toilet efficiency criteria 
of average flushes of 2.0 gallons or less and increasing the percent of homes meeting the high 
efficiency criteria of clothes washer per load volumes of 30 gallons or less.  Table 83 gives 
examples of what the indoor use model predicts for impacts of these changes while leaving the 
number of persons per household and the proportion with youngsters alone. 
 
As can be see from Table 83 the data from this study predict that if all of the remaining clothes 
washers and toilets were brought to the efficiency criteria used for this study the average 
household use would drop from 175 gphd to 148 gphd.  This would be an improvement, but 
would not reach the target of 120 gphd used as the study efficiency benchmark.  In order to get 
closer to this target it will be necessary to limit leakage in the homes to less than 100 gphd.  If 
this were done then the predicted average household indoor use would drop to 133 gphd, which 
is closer to the target, but still 11% above it.  
 
The reason that the model derived from the study data fails to predict household water use down 
at levels which are known to be possible from the retrofit studies is that there are so few homes 
meeting these criteria in the group that the model fails to make projections in these ranges.  The 
household efficiency criteria used for the models are based on toilet flushes that basically meet 
ULF, or 1.6 gpf, criteria, and clothes washer volumes of 30 gpl.  Both of these are more efficient 
than the averages found in the population, but they are not at the best efficiency levels available.  
The models do not predict savings from faucets or showers since there was not enough 
variability in the data to elicit these effects. 
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The second approach for predicting impact on indoor household water use was the performance 
based model based on conservation potential calculated individually for each home in the study 
group; as opposed to calculated from a mathematical relationship. In this approach the 
conservation potential for the group was determined by taking the total savings for each home 
for four indoor water uses: toilets, leaks, clothes washer, and faucets using a spreadsheet that 
compared the observed daily use to the predicted use if the conservatiojn parameters were 
adhered to. 
 
The performance model uses the number of toilet flushes per day and the number of loads of 
clothes per day times volumes measured by the flow trace analysis and the conservation target 
gallons per flush or gallons per load to calculate the projected water use for toilets and clothes 
washers for each home in the study group.  Leakage rates are determined by assuming that we 
can cap the maximum allowable leakage per household at a desired level, which in this case is 25 
gpd. Faucet use is estimated by assuming that devices can be found that will reduce faucet use by 
a set percentage (10%).  These parameters are used to determine what the water use would be for 
each home under the targeted performance level with the other categories left unchanged.  The 
savings for the homes are calculated using the observed study group as the baseline.  This 
approach allows the impact of conservation features (such as 1.2 gpf toilet or 15 gpl clothes 
washers) to the evaluated when the regression model is not able to predict these results because 
so few of the data points lie within these ranges. 
 
Table 84 shows the results if we assume that the maximum allowable clothes washer volume is 
20 gallons per load, that faucet use is reduced by 10%, that leakage is limited to no more than 25 
gallons per day and that toilet flushes are limited to 1.25 gallons per flush.  If these limits are 
imposed on the data from the homes in the study group, and all other uses are left unchanged, 
then the average indoor household water use would drop to 120 gphd, which is the target for the 
benchmark savings used for this study.  Basically, this table shows the performance standards 
that would need to be observed by the study group in order to reduce their average indoor use 
from 175 to 120 gphd.  All of the performance targets are well within the ranges of current 
technologies, and are technically achievable. 



California Single Family Home Water Use Efficiency Study      4/20/2011 

 

 
 

Table 83: Use of indoor model for predictions of conservation impacts 
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1 Model Group 2.94 166 93 6.55 2.2 70.5 29.5 5.1 70 30 1.2 64 36 0.6 9.18 175 

2 
All houses meet the Toilet 
and CW Criteria 

2.94 166 93 6.55 2.2 0.0 100.0 -6.7 0 100 -14.2 64 36 0.6 -18.1 148 

3 
Leakage over 100 gpd 
eliminated 

2.94 166 100 0.00 -12.4 0.0 100.0 -6.7 0 100 -14.2 64 36 0.7 -32.6 133 
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Table 84: Performance based conservation potentials 

Conservation estimation by appliance retrofit Mean 25th % 75th % 95th % 

Clothes washer       
Target GPL = 20.0

0 
     

  Clotheswasherloadsperday 0.9 0.5 1.3 2.2 
  CW_GPD 30.7 15.1 44.2 80.8 
  CW_Conservation_Target_gphd 17.1 9.2 24.7 40.5 
  CW_Savings_gphd 13.6 2.1 19.8 42.9 
       
Faucet       
Target Fraction= 0.90      
  Faucetevents 743.7 354.3 809.3 1788.7 
  Faucetgpd 32.9 16.4 40.3 83.2 
  Faucet_Cons_Target_gphd 29.6 14.7 36.3 74.8 
  Faucet_Savings_gphd 3.3 1.6 4.0 8.3 
       
       
Leak       
Target GPD = 25.0

0 
     

  Leakgpd 30.8 4.2 31.0 118.6 
  Leak_Conservation_Target_gphd 13.3 4.2 25.0 25.0 
  Leak_Savings_gphd 17.5 0.0 6.0 93.6 
       
       
Toilet       
Target GPF = 1.25      
  Toilet_GPF 2.7 1.9 3.5 4.8 
  FlushesPerDay 13.7 8.2 17.8 29.1 
  Toiletgpd 37.4 18.8 50.0 86.2 
  Toilet_Cons_Target_gphd 17.1 10.2 22.1 36.4 
  Toilet_Savings_gphd 20.3 6.6 29.3 56.8 
       
Total  Starting Average gphd 175.0    
  Indoor Savings gphd 54.7 19.2 67.8 159.6 
  Ending Average gphd 120.3    
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Outdoor Model 
After repeated attempts with the variables available from the data sources an outdoor water use 
model was selected that had the best overall fit to the data and ability to predict outdoor water 
use based on empirical observations.  This model also relied on data that were reasonably 
available for planning purposes. The selected model relies on 7 predictive variables as is shown 
in Equation 9-6. 
 

Equation 9-6: Outdoor Use Model 

fo CSprinklerExcessPoolLRatioIncIrrAreaNetETuseOutdoor   506.0125.0682.066.14106207.1_  

Where:  
Outdoor_use = kgal per year of outdoor water use 
NetETo = net annual ETo in inches 
IrrArea = irrigated area in units of square feet 
Inc = household income in $1000’s 
LRatio= landscape ratio = theoretical irrigation requirement/reference requirement 
Pool = 1.38 · % of homes in population with pool + % without pools 
Excess = 3.13 · % of population who are over-irrigating + % who are not 
Sprinkler = 1.21 · % of population with in-ground sprinkler systems + % without 
Cf = error correction factor to observed mean = -9.2 
 
This model shows the interactions between the variables and the outdoor water use based on the 
data obtained for the homes in the study group.   The first four variables show an exponential 
relationship with outdoor use.   In these relationships the higher the exponent the greater will be 
the response of outdoor use to changes in the variable. The last three variables are linear 
variables in which the response is directly proportional to changes in the value of the variable.  
 
The model clearly shows that ET, irrigated area, household income, landscape ratio, the presence 
of a pool, whether the customer is over-irrigating and whether or not there is an in-ground 
sprinkler system are the best predictors of outdoor use. It is interesting to note that marginal price 
of water was not a predictor, but income was. 
 
The fact that net ETo is a good predictor of outdoor use shows that the outdoor use of the group 
was affected by weather and climate factors.  The exponent of the ET variable is greater than 1, 
which shows that outdoor use increases at an increasing rate with ET. This relationship has 
implications on the impact of climate on water use. Irrigated area impacts outdoor use, but in a 
non-linear fashion, with additional increases in area having a diminishing impact on outdoor use.  
While household income is included in the list of explanatory variables, its exponent is only 
0.125, which shows that the impact is almost linear. 
 
The landscape ratio variable captures the impacts of different plant materials, since the landscape 
ratio is the ratio of the theoretical irrigation requirement to the reference irrigation requirement.  
The theoretical irrigation requirement is based on the crop coefficients of the plants in the 
landscape relative to the irrigation requirements of a reference crop (typically cool season turf).  
Therefore, more xeric landscapes will have lower landscape coefficients.   Although the 
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exponent of this variable is not as high as the irrigated area it is much higher than the household 
income variable.  Consequently, its impact on outdoor use is intermediate of the two. 
 
Table 85  shows the workings of the outdoor model in more detail.  There is a row for each of the 
model parameters.  The second column shows the value of the coefficients for the three linear 
parameters and for the exponents for the four power parameters.  The third column shows the 
value of the parameter in the study group data, and the fourth column is for the user to insert an 
assumed value for sensitivity analyses. In this table they are the same as the study mean values.  
The fifth column shows the value for each factors based on the model coefficients and the 
assumed values in column four.  The overall outdoor use value, predicted by the observed data is 
91.3 kgal per household per year. In this table the assumed values have been set to the study 
means, so the model is predicting the same outdoor use as was observed from the data.  
 

Table 85: Outdoor use model details 

Parameter Coefficient 
or Exponent

Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3802.000 275.318 
Net ETo (in) 1.659 42.193 42.193 496.064 
Landscape Ratio 0.506 0.960 0.960 0.980 
Excess Irrigators (%) 3.130 0.505 0.505 2.076 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Household income ($1000) 0.125 $118.12 $118.12 1.82 
Correction -9.200   -9.200 
Observed Mean Use (kgal)    91.3 
Predicted Value (kgal)    91.3 
 
If the values for the parameters are modified without going too far from their original values the 
model will show the predicted change in outdoor water use assuming no other changes occur.  
This allows us to see how sensitive the predictions are to changes in each parameter.  Table 86 
shows how the predicted mean outdoor use for the population is expected to vary if the value for 
each parameter is either increased or decreased by 10%. 
 
If the irrigated areas of the homes were reduced by 10% the model predicts an 8% reduction in 
water use or 6.9 kgal per home. If Net ETo on the other hand, increases by 10% the 
unconstrained water demand would increase by 20% or 17.2 kgal per household.  If less turf 
intensive landscape were installed, such that the overall landscape ratio dropped by 10%, from 
0.96 to 0.86, the water demand would drop by 6% or 5.2 kgal. If the percent of households that 
are over irrigating were dropped by 10%, from 50% to 40%, there would be a 12% reduction in 
average outdoor use, or 10.8 kgal per year. Dropping the percent of homes with in-ground 
sprinkler systems would have an effect on water use, but a 10% reduction would only result in a 
2% reduction in average water use.  Reduction in the percent of homes with swimming pools, 
from 15% to 5% would result in a 4% reduction in average outdoor use, or 3.5 kgal per year.  A 
drop in household income of 10% would correspond to a reduction in outdoor use by just 1%, or 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 216 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

0.8 kgal.  Therefore, of the parameters listed in the table, the most effective in reducing outdoor 
use would focus on reducing irrigated areas, using more xeric plant material, and elimination of 
over-irrigation. 
 

Table 86: Sensitivity analysis for outdoor parameters 

Parameter No 
Change 

+10% -10% 

 Outdoor
(kgal) 

% Change 
(kgal) 

Outdoor
(kgal) 

% Change 
(kgal) 

Outdoor 
(kgal) 

Irrigated Area (sf) 91.3 +7% +6.8 98.1 -8% -6.9 84.4 
Net ETo (in) 91.3 +20% +17.2 108.5 -18% -16.1 75.2 
Landscape Ratio 91.3 +5% +5.0 96.3 -6% -5.2 86.1 
Excess Irrigation (%) 91.3 +12% +8.7 101 -12% -10.8 80.5 
In ground sprinklers (%) 91.3 +2% +1.9 93.2 -2% -1.8 89.5 
Swimming pool (%) 91.3 +4% +3.7 95.0 -4% -3.5 87.8 
HH Income ($1000) 91.3 1% +1.2 92.5 -1% -1.3 90.0 
  

Predictions from Outdoor Model 
Of the variables used for the outdoor model, the three most amenable to modification in order to 
reduce outdoor use are landscape type, the percent of homes that are over irrigating, and irrigated 
area. If we take the outdoor use model shown in Table 85 and change the values for these 
variables we can see that the model will predict significant savings in outdoor use.    
 
If we assume an average reduction in irrigated area of 15% from the study mean, a reduction in 
the landscape ratio of 35% (from 0.96 to 0.62), and a reduction in the percentage of customers 
who are over-irrigating from 50% to 20% then the overall average outdoor use would drop from 
91.3 to 40.5 kgal.  This represents an annual savings of over 50 kgal of water per household, 
which is significantly larger than the potential savings from indoor uses. The changes used in this 
example are just for illustrative purposes, but they seem reasonable and probably could be 
achieved over time. 
 

Table 87: Example of outdoor use with higher efficiency standards 

Parameter Coefficient Study 
mean 

Assumed 
Value 

Predicted Outdoor 
Use 

Factor 1.6207E-04 --  1.6207E-04 
Irrigated Area (sf) 0.682 3802.615 3232.223 246.479 
Net Eto (in) 1.659 42.193 42.193 496.060 
Landscape Ratio 0.506 0.960 0.624 0.788 
Excess Irrigators (%) 3.130 0.505 0.200 1.426 
In ground sprinklers (%) 1.212 0.739 0.739 1.157 
Swimming pool (%) 1.385 0.158 0.158 1.061 
Household_income 
($1000) 

0.125 $118.12 $118.125 1.82 
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Parameter Coefficient Study 
mean 

Assumed 
Value 

Predicted Outdoor 
Use 

Correction -9.200   -9.200 
Observed Mean Use 
(kgal) 

   91.3 

Predicted Value (kgal)    40.5 
 

Discussion of Outdoor Model 
The outdoor model shows seven parameters that appear useful in predicting outdoor water use 
for single-family customers. Three of these: irrigated area, landscape ratio, and the percent of 
customers who are over-irrigating offer the best potential for making reliable reductions in 
outdoor use.  The remaining four factors have problems of one kind or another. There would 
likely be considerable opposition to any movement to ban in-ground sprinkler systems, and the 
predicted water savings are not great enough to make it worth the effort.  The same thing applies 
to swimming pools. Reducing household income would cause a reduction in outdoor use, but 
certainly that is not how most water agencies wish to reduce water use.  While there is a strong 
relationship between ETo and water use, until ways are found to control the weather this will not 
be a factor that can be used. 
 
The three ways that are open for reducing outdoor water use based on this modeling effort are to 
reduce the average irrigated areas on the lots, to encourage use of less water intense plant 
materials—i.e. reduce the landscape coefficients—and to find ways of preventing over-irrigation.   

Projections of Water Savings for Study Group  
The statistical analyses and models prepared to this point allow estimates to be made of potential 
water savings from the 730+ study homes analyzed in this project.  If we look at indoor use, the 
data in the predictive use model shown in Table 84 indicates that if the conservation goals 
specified in the model were possible to achieve then the potential indoor savings is 55 gphd, and 
would result in indoor use dropping from the average of 175 gphd to 120 gphd, with end-uses 
limited to those shown in Table 84.  Fifty five gphd is equivalent to 20 kgal per year (26.8 ccf).  
These savings are known to be achievable theoretically, in small study groups. Whether it is 
possible to achieve them in large populations is a subject for further studies. 
 
Outdoor savings can be achieved by eliminating excess water use where it occurs.  The outdoor 
use statistics show that the average outdoor use in the 87% of the homes that are irrigating is 
92.7 kgal per year, and that the average excess use on these lots is 27.9 kgal per year. So, without 
making any drastic changes to landscaping patterns, and only eliminating excess use on the 
homes that are over-irrigating an average savings of 28 kgal per year could be achieved.  When 
extrapolated from the 87% who are irrigating to all of the study homes this comes to 24 kgal per 
year on average.  If irrigated areas were reduced, and plant materials changed then savings much 
greater than this could be achieved, as shown in Table 87.  If we assume that a modest amount of 
irrigation modifications could occur that would reduce irrigated areas and use more low water 
use plants then outdoor saving of 30 kgal per year on average seem quite reasonable.  Based on 
an indoor savings of 20 kgal per household, and an outdoor savings of 30 kgal per household 
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then the data from this study suggests an average household savings of 50 kgal per year is 
feasible.   
 
A key thing to keep in mind is that the distribution of water savings potential are skewed, 
because that is the pattern with water use and excess use in particular.  The savings are not going 
to be found uniformly across the population, but are going to be concentrated in a small number 
of homes.   This has important implications for designing programs to actually capture the 
projected savings. 
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CHAPTER 10 – STATEWIDE IMPLICATIONS 
 

Overview: Sources of Potable Water 
California is reaching the limits of its water supply for both urban and industrial use. As a result, 
there is growing interest in identifying the potential to put existing water resources to more 
effective use. This section provides some historical background to the state’s sources of potable 
water and produces estimates of the potential to put those sources to better use through increases 
in efficiency in single-family homes, using the data collected for the California Single-Family 
Home Water Efficiency Study. 
 
Water development in California has followed similar patterns observed elsewhere in the United 
States, gradually shifting away from reliance on local supplies to increased dependence on water 
imported from other watersheds as local consumption exceeded the volumes provided by local 
precipitation. As the extent and character of European and Spanish settlements changed, water 
management shifted from indigenous stewardship to the development of bigger and more 
sophisticated systems for storing and moving water. Today, the state is dependent on a complex 
set of dams, aqueducts, irrigation canals, treatment plants, and pipelines spread out and 
traversing many hundreds of miles.  
 
Californians have reaped extraordinary benefits from our manipulation of the waterscape—clean, 
safe water is delivered to millions of homes 24 hours a day at what most consider a reasonable 
cost, and irrigation has made the state the fifth largest producer of food crops in the world. 
However, this development has also come at a high cost to the natural environment. Former park 
ranger and author David Carle has chronicled California’s water development, and notes that 
California has lost more species to extinction than any other state, and that most of these can be 
attributed to human changes to our watercourses and habitat loss. 
 
Nearly every commentator on California water has pointed out the mismatch between where the 
water is and where the people are.  Statewide rainfall distributions are shown in Figure 72, and 
population densities are shown in Figure 73.  The sparsely-populated north receives up to ten feet 
of rainfall in an average year, while Southern California, home to over 25 million people, 
receives less than 15 inches (in some places substantially less than 15 inches), enough to qualify 
as desert by some definitions. This has led one expert to note that “the most interesting statistic 
about California is that 75% of the annual precipitation falls north of Sacramento, the capital city 
in the center of the state, while more than 75% of the demand for the state’s water is south of the 
capital city” (Dickinson undated).  
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Mean annual precipitation 1961 to 1990 

Figure 72 Rainfall intensity in California 

  

Figure 73 Population intensities 

 
Left image: Figure 2 in DWR 2003; right image courtesy of the Wikimedia Commons 
(http://en.wikipedia.org/wiki/File:California_population_map.png) 
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In the last century, Californians have embarked on a series of ambitious projects that have altered 
the landscape and waterscape of the state. These projects were built and are managed by a 
variety of private businesses, local water providers, regional agencies, and the state and federal 
government. 
 
The city of Los Angeles pioneered large water transfers by financing the Owens River aqueduct, 
built by LA’s chief engineer William Mulholland from 1905 to 1913. By all accounts, this was a 
remarkable undertaking. Not only was the cost unprecedented, there were engineering and 
political challenges to be overcome; by expropriating water from the Owens Valley, the pipeline 
stirred a controversy that lives on in various forms to this day and has been chronicled in various 
popular books and films. 
 
San Francisco completed its own major water delivery system, the Hetch Hetchy project in 1923, 
which dammed the Tuolumne River inside the borders of Yosemite National Park. This project 
continues to serve San Francisco and other Bay Area cities. 
 
The major city of Oakland and other East Bay communities banded together to dam another 
Sierra Nevada River, the Mokolumne, and build an aqueduct to the East Bay in 1929. In the dry 
Colorado Desert, renamed the Imperial Valley in a fit of local boosterism, a handful of farmers 
began to tap water from the Colorado River around 1922, and greatly expanded irrigation with 
the construction of the Hoover Dam, completed in 1936, and related transfer facilities in the 
region. 
 
California voters narrowly approved bond financing for the State Water Project in a 1960 
referendum, creating what was at the time the world’s largest interbasin water transfer for both 
urban and agricultural use. This included a wide range of physical infrastructure and 
management systems, including the Oroville Dam, San Luis Reservoir, and the California 
Aqueduct, which provide water to Central Valley farms and communities, managed by the 
California Department of Water Resources and local agencies. 
 
A project of even greater scope, the Central Valley Project, was also constructed beginning in the 
1960s by the federal government through the United States Bureau of Reclamation. Like the 
State Water Project, this project also supplies both irrigation and municipal water, produces 
hydropower, and provides flood control and recreation on its many large reservoirs. In total, it 
consists of 20 dams and reservoirs, 11 hydroelectric power plants, and around 500 miles of 
canals. 
 
All told, around 1,200 reservoirs have been built in the state with a total storage capacity of over 
14.4 million acre-feet. For the most part, California relies on water resources from within its 
borders, with the important exception of the Colorado River. 
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Figure 74 California’s major water facilities (from the 2005 Water Plan, figure 302 on page 
3-3) 
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Future Concerns 
 
As the state’s population and economy continue to grow, California is increasingly running up 
against peak water constraints in both renewable and non-renewable water systems (Gleick and 
Palaniappan 2010). While most of the state’s population is clustered around the coastal cities of 
San Francisco, Los Angeles, and San Diego, much of the future growth is expected to occur in 
hotter, dryer inland areas. This raises concerns about future water use. Consider the Los Angeles 
basin averages 15 inches of rain per year. According to one estimate, local water resources could 
support a population of about 150,000 (Carle), leading to the construction of the complex water-
delivery systems and infrastructure described above. Today, the basin is home to some 25 
million residents, and demographers predict that it may grow by several million more by mid-
century. A report by the Public Policy Institute of California points out that the trend is for larger 
homes on larger lots in the Central Valley and Inland Empire (Hanak and Davis 2008).. A 
corresponding increase in landscaped area could result increased outdoor water use, which this 
study reveals comprises more than half of the water used by most households. Some studies, 
such as traditional assessments prepared by the California Department of Water Resources, 
project that significant increases in demand are likely in the future. 
 
A major part of the debate about water in California is how to meet this projected increase in 
demand. It has become increasingly unlikely that there are any major new sources of supply. It is 
getting more difficult to build new dams for a wide range of economic, ecological, physical, 
political, and social reasons. California has made only modest additions to reservoir capacity in 
the past few decades because of these constraints. Further, the majority of California’s dams 
were built during a different era, before the passage of the 1960s and 1970s landmark 
environmental laws such as the Environmental Protection Act, the Clean Water Act, and the 
Endangered Species Act. It is often said that existing projects would be much more difficult to 
build today because of the environmental protections in place. In addition, in much of the state, 
groundwater withdrawals already exceed renewable supplies, putting constraints on finding new 
sources of groundwater to meet projected increases in demand. 
 
Given these constraints on new supplies, considerable attention is now focusing on alternative 
sources for urban use such as desalination, recycled treated wastewater, conjunctive use, and 
especially, improvements in water use efficiency (Gleick et al. 2003). 
 

Water Use in California 
Single-family water use makes up the subject of this research effort.  Generally, single-family 
water use makes up the largest proportion of treated water deliveries.  Also, being relatively 
homogenous it is easier to model and make predictions concerning conservation potential. 

Total Water Use (urban, agricultural, power plants, other) 
Human use of water varies from year to year, largely dependent on weather and the amount of 
water that state and federal agencies are able to deliver to irrigators. In a year of average rainfall, 
water use in California averages 43 million acre-feet (MAF) per year. That is equivalent to about 
1,000 gallons per person per day (gpd), which implies a statewide population of 38.4 million 
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persons. (Note that in this estimate of water use we do not include “environmental water” that is 
included in tallies of water use by the state’s Department of Water Resources. Environmental 
water includes instream flows, flow in designated “wild and scenic” rivers, outflow from the 
Delta to San Francisco Bay required by law, and managed wetlands water use.)  
 
DWR reports that during 1998, a wet year with 171% of the average rainfall, water use was 
around 35 MAF, 20% less than during a normal year. During 2001, a dry year with 72% of the 
average rainfall, total water use was about 43 MAF, similar to an average year. During dry years, 
irrigators can often make up for lower water deliveries through the use of groundwater; 
significant water use reductions are often not observed until a few years into a prolonged 
drought. 
 
Water use in California’s suburbs and cities, referred to as “urban water use,” averages 8.7 
million acre-feet, according to the 2009 California Water Plan, published by the Department of 
Water Resources. That is equivalent to about 200 gallons per day for every California resident. 
(This is a reasonable first estimate as 98% of California’s 38 million people live in urban areas.) 
 
Trends in urban water use and population are shown in Figure 75. The data for this graph comes 
from a table compiled by DWR staff and supplemented by the authors using information from 
data obtained from DWR staff. In their words: 
 
The data in the following table has been accumulated from older versions of Bulletin 160 (1972-
1985), Annual Reports prepared by District Staff (1989-1995) and the Water Portfolio from 
California Water Plan Update 2004 (1998-2001). There is no single database location that 
accumulates water use and supply information for the entire State. 
 
Figure 75 shows California’s population and urban water use from 1972 to the present (solid 
lines) along with projections to the year 2050 (dashed lines). (Note that the final year in which 
reliable water use data were available was 2005.) Population projections are estimates from 
California’s Department of Finance. Water use projections are based on successfully reaching a 
20% per-capita reduction in water use (through efficiency improvements) by the year 2020. 
Under this scenario, urban water use declines over the next 10 years. After 2020, per-capita 
water use is held steady, and population growth causes an increase in urban water use over the 
next three decades.    
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Figure 75: Population and urban water use versus time 

 
Urban water use has increased roughly in proportion to population over the last four decades, 
with some fluctuation. A marked decrease is seen in the early 1990s, as water use was curtailed 
due to drought restrictions. Urban water use reaches a peak in 2004 of 10.1 MAF, before 
declining somewhat to 9 MAF in 2005, the last year for which DWR has published data. 
Droughts can have two opposing effects on urban water use. Dry conditions lead to increased 
demand for landscape irrigation. The state Legislative Analyst’s Office notes that during dry 
years, urban use can actually increase by up to 10%, due to increased water use for landscaping 
(LAO 2008). Prolonged drought, however, can lead state and local authorities to call for 
voluntary cutbacks and other conservation measures, decreasing consumption.  
 
The state appears to now be emerging from the drought of 2006-2009. During this time, water 
suppliers launched a number of efforts to reduce demand, from mandatory prohibitions on 
certain outdoor uses of water, increased rates, appliance rebates, and giveaways of efficient 
fixtures. Although DWR has not yet published data for water use after 2005, there is evidence 
from several areas that per-capita consumption did indeed decrease in response to efforts by 
water suppliers. In Long Beach, for example, per-capita consumption was the lowest since the 
city began keeping records (Veeh 2010). A number of water suppliers have been forced to raise 
rates after their customers’ cutbacks led to less revenue. For example, the Metropolitan Water 
District, Southern California's biggest water wholesaler has seen sales drop off 20 percent over 
the last 3 years, causing them to raise rates by 12.4 percent. Similar situations have been reported 
throughout the state (Fikes 2010). 
 
The US Geological Survey also estimates water use for the United States. The following figures 
are estimates of water use by type in 2005, as reported in Kenny et al. (2005). (Note that this 
table only includes freshwater use. Large quantities of saltwater are used to cool thermoelectric 
power plants, and smaller quantities are use in industry and mining.) 
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Table 88 Freshwater use in California in 2005 (USGS) 
Category Million 

gallons 
per day 
(MGD) 

Million 
acre-feet 
per year 
(MAFY)

Gallons 
per capita 
per day  
(gpcd) 

Percent of 
total 

Irrigation 24,400 27.3     765    74% 
Public Supply 6,990 7.8   219    21% 
Domestic 486   0.54  15.2  1.5% 
Aquaculture 646   0.72  20.2  2.0% 
Livestock 197   0.22  6.17 0.6% 
Industrial 72.2 0.081 2.26 0.22% 
Mining 53.1 0.060 1.66 0.16% 
Thermoelectric power 49.6 0.056 1.55 0.15% 
Total 32,900 36.9 1,030 100% 
 
According to the USGS figures, water supply and domestic water use accounted for 8.3 million 
acre-feet per year in 2005. This is the same as 234 gallons per capita per day. These figures are 
roughly equal to DWR’s estimate for 2005 (9.3 MAF).  Figure 76 shows the breakdown of water 
use by category in 2005.  Agriculture and public supply (urban use) make up 96% of all use in 
the state. 
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Figure 76: California water use by category in 2005  
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Urban Water Use 
 
Across California, about 57% of single-family residential household use, or 2.5 million acre-feet 
(MAF) is indoors (Table 10-2). The remaining 43%, or 1.9 MAF, is applied to lawns, gardens, 
pools, and other outdoor uses. The statewide estimate, however, obscures significant regional 
variability. 
 
Table 89 gives a breakdown of uses of water in California’ urban sector. The information in the 
table was assembled by the authors from DWR’s 2005 Water Plan supplemented by data 
provided by DWR staff. Based on this information, for single-family residences, outdoor water 
use exceeds that used indoors (3.3 versus 2.3 MAF). This is consistent with previous studies, 
including the 1999 national Residential End Uses of Water Study (REUWS), which reported 
outdoor water use was 58% of the total (averaging 232 outdoors gpd vs. 168 gpd indoors). The 
study went on to note that outdoor use was much greater in hot climates was (59 – 67 percent in 
Phoenix, Tempe, and Scottsdale) and lower in cooler climates (22 – 38 percent in Seattle, 
Tampa, and Waterloo.) A similar pattern is seen in California’s inland (and southern) regions 
compared with the cooler coastal (and northern) regions.  
 

Table 89: Estimated urban water use (2000) 

  
Outdoor
(MAF) 

Indoor 
(MAF) 

Total 
(MAF) 

% of 
Total 

Single-Family Residences 1.90  2.50 4.4   52% 

Multi-Family Residences 0.36 0.8 1.2   14% 
Commercial, Industrial, 
Institutional 0.63 1.6 2.2 

 
  26% 

Large Landscapes 0.68 - 0.68     8% 

Total Urban Use 3.60 4.9 100% 8.5 
*Based on data in DWR’s Water Plan Update 2005 and personal communication with DWR 
staff. 
 
Figure 77 shows the breakdown of urban water use graphically.  These data show that 2/3rds of 
urban water use was for residential customers, and single-family customers accounted for over 
half of urban demands.  Single-family demands represented approximately 80% of all residential 
demands. 
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Figure 77: California urban water use by customer category 

The state’s 20x20 planning document presents per-capita urban water use by hydrologic region. 
The state’s 10 hydrologic regions are planning boundaries developed to manage watersheds and 
water supply. In the map in  
Figure 78, county boundaries are shown by light gray lines. Note that hydrologic region 
boundaries do not overlap with political divisions; some counties lie in two or three different 
hydrologic regions. 

 
Figure 78: Per capita urban water use from DWR by hydrologic region (left) and the USGS by 
county (right) (gpd) 
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Table 90: Per capita urban water use by county from the USGS (gallons per day) 

County GPCD  County GPCD
Alameda 53  Orange 72 
Alpine 78  Placer 138 
Amador 128  Plumas 181 
Butte 211  Riverside 192 
Calaveras 278  Sacramento 101 
Colusa 187  San Benito 160 
Contra 
Costa 139  

San 
Bernardino 141 

Del Norte 100  San Diego 87 
El Dorado 216  San Francisco 47 
Fresno 228  San Joaquin 175 

Glenn 299  
San Luis 
Obispo 147 

Humboldt 114  San Mateo 102 
Imperial 156  Santa Barbara 112 
Inyo 474  Santa Clara 80 
Kern 173  Santa Cruz 126 
Kings 168  Shasta 240 
Lake 120  Sierra 635 
Lassen 310  Siskiyou 216 
Los Angeles 113  Solano 95 
Madera 205  Sonoma 135 
Marin 82  Stanislaus 251 
Mariposa 350  Sutter 224 
Mendocino 214  Tehama 431 
Merced 221  Trinity 192 
Modoc 295  Tulare 221 
Mono 268  Tuolumne 321 
Monterey 103  Ventura 113 
Napa 92  Yolo 193 
Nevada 306  Yuba 191 

 
 
The USGS also provides estimates of water use by county for the United States (Figure 5) 
(USGS 2005). Per-capita urban water use was obtained by dividing the quantity Domestic, total 
use (withdrawals + deliveries) by the total population of the county. Domestic use is the sum of 
self-supplied withdrawals (for example, from a well, spring, or river) and deliveries from public 
supply.  
 
The values from DWR and USGS are not directly comparable, as they are compiled for different 
geographic boundaries, but the general patterns appear the same, and values are similar. The 
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USGS’s per-capita water use for the state as a whole is 124 gpcd, which fits comfortably within 
the ranges reported by DWR. 
 
The most reliable estimates of water use come from individual water utilities, as these are based 
on actual billing data. The following table reports per-capita total water use for selected water 
agencies in 2006. This information was developed by DWR staff using data from the Public 
Water Supply System database (From the California Water Plan Update 2009, page 4-46). These 
figures again demonstrate the variability of urban water use in the state. Low consumption in San 
Francisco is usually attributed to the city’s density, minimal landscape irrigation, and cool 
coastal climate. Fresno, by contrast, averages only 11 inches of rain per years, has hot, dry 
summers. Furthermore, 55 percent of residents are not metered, and pay a flat rate regardless of 
how much water they use (Khoka 2009). 
 

Table 91 Water use by selected agency service area for 2006 (gallons per capita per day) 

City GPCD 
San Francisco 95 
Santa Barbara 127 
Marin County (MMWD) 136 
Los Angeles (LADWP) 142 
Contra Costa (CCWD) 157 
San Diego  157 
East Bay (EBMUD) 166 
Victorville (VVCWD) 246 
Bakersfield 279 
Sacramento 279 
San Bernardino 296 
Fresno 354 

Single-Family Residential 
There are a number of methods that can be used to estimate and evaluate single-family home 
water use. The most direct way to estimate single-family water use in the state is by using data 
from the 2009 updated State Water Plan.  Table 92 shows per capita demands and population 
data for each of the hydrological regions of the state (minus the North Lahontan, for which there 
are no data). The population and per capita residential use data were used to calculate the total 
residential water demand for each region.  The total residential demand came to 5.45 MAF, and 
based on 80% of this demand coming from single-family accounts, the single-family residential 
demand came to 4.4 MAF.  
 
It is interesting to note that the estimate of single-family use made from treatment plant 
production records is approximately 12% higher than the estimate derived from the study group, 
which was based on billing data.  Using billing data, which averaged 134 kgal per account per 
year equates to a projection of 3.9 MAF for the single-family customers’s use as measured at 
their water meters.   Use of water treatment production records and population data results in an 
estimate of 4.4 MAF.   
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Table 92: Estimated single-family residential demand 

Hydrological Region Population Per capita 
Residential  
Demand 

Total Residential Demand 

 (million) (gpcd) MG/YR MAF 
North Coast 0.7 115 29,383 0.090 
Sacramento River 2.9 174 184,179 0.565 
San Francisco 6.3 103 236,849 0.727 
San Joaquin River 2.0 159 116,070 0.356 
Central Coast 1.5 109 59,678 0.183 
Tulare 2.0 180 131,400 0.403 
South Lahontan 0.8 176 51,392 0.158 
South Coast 19.6 126 901,404 2.767 
Colorado River 0.7 255 65,153 0.200 
Total 36.5 5.451 
Est % SF 80% 
SF Res. Demand 4.4 

 
For this assessment, we applied the regression equation developed in this study to predict indoor 
water use as a function of the number of household residents, as described in Chapter 9. We 
estimated the number of households in each of California’s hydrologic regions, using Census 
Bureau’s American Community Survey data on housing characteristics aggregated by county 
subdivision.    
 
Because the census groups all households with 5 or more residents into a single category, we 
used a power-law distribution to estimate the number of households with 5 or more residents. 
The shape of the tail distribution was estimated using this study’s survey results as shown in 
Figure 79(a). Out of 499 completed surveys, 26 homes had 6 or more residents, with a maximum 
size of 17 residents.  
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Figure 79 (a) Comparison of household size in state with the study sample and (b) the estimated 
household size distribution in Hydrologic Region 4 (South Coast). 

 
The Department of Water Resources Statewide Water Planning Branch estimates water use by 
end use type, and reports this information in the Water Plan Update every five years.  Estimates 
of per-capita urban water use circa 2000 are reported in Table 93 below. 
 
It is notoriously difficult to estimate urban outdoor water use because of the lack of measured 
data. Water agencies sometimes use dual meters to measure indoor and outdoor consumption for 
large commercial accounts, but these are rarely used for residential customers. Most estimates 
are determined analytically, through the use of simple models. The first class of model is based 
on theoretical irrigation requirement and assumptions about typical landscapes. The second starts 
with measurements of total water use, and subtracts assumed indoor water use. This approach is 
based on the assumption that indoor water use is better understood, and more reliably predicted, 
than outdoor water use. 
 
DWR’s analysis conducted for the 2005 California Water Plan reports outdoor water use as 3.6 
MAFY for all urban uses for the year 2000 (Table 89). Water use is not reported for different 
housing types. The Pacific Institute has previously estimated year-2000 residential outdoor water 
use at 1.45 ± 0.45 MAFY. This is equivalent to between 70 and 150 gallons per household per 
day (Gleick et al. 2003). DWR estimates that the water used in large landscapes in the year 2000 
was 0.68 MAF. This represents about 19% of urban outdoor water use, or about 8% of urban 
water use. As noted in the California 20x2020 assessment, “retail water suppliers in California 
have reported per capita water use remaining steady or dropping since the early 1990s in many 
parts of California” (State Water Resources Control Board 2010, page 15). 
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Table 93 Per-capita water use for California’s 10 hydrologic regions  

Region Residential 
(Single- 
and Multi- 
Family) 

(per 
household)

Commercial 
and 
Institutional 

Industrial Un-
Reported 
Water 

Total 
Baseline

1 North Coast 115 (290) 18 8 24 165 
2 San Francisco 

Bay 
103 (278) 19 17 18 157 

3 Central Coast 109 (311) 17 8 20 154 
4 South Coast 126 (378) 23 9 22 180 
5 Sacramento 

River 
174 (456) 25 21 33 253 

6 San Joaquin 
River 

159 (474) 27 32 30 248 

7 Tulare Lake 180 (565) 23 43 39 285 
8* North 

Lahontan 
155 (394)       243 

9 South 
Lahontan 

176 (509) 19 11 31 237 

10 Colorado 
River 

255 (711) 38 3 50 346 

 
* Region 8 does not have enough usable data in the Public Water Systems Survey (PWSS) 
database to compute for baseline values by sector. We use an average of the water use in other 
regions as a surrogate. 
 

Regulatory Issues Facing California 
The state’s 2009 Water Plan Update lists a number of challenges to water managers in the state. 
Environmental factors, population growth, and challenges such as climate change are among the 
most likely to affect the quantity of water that will be available in the future. Protecting and 
restoring the environment has become an important societal value in the last few decades, and 
the authors conclude that changes to water management will be necessary: “California has lost 
more than 90 percent of the wetlands and riparian forests that existed before the gold rush. 
Successful restoration of aquatic, riparian, and floodplain species and communities ordinarily 
depends upon at least partial restoration of physical processes that are driven by water” (DWR 
2010). 
 
There is also extensive and growing evidence that climate change will have a significant impact 
on hydrology and water management. There are likely to be impacts on the supply of, and 
demand for water. On the supply side, climatologists expect changes to the timing and frequency 
of streamflow, less snowfall, and more rain. Higher temperatures may increase demand for 
irrigation water, as evaporation increases, depleting soil moisture (Kiparsky and Gleick 2003). 
 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 234 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 235 

In the following sections, we describe some recent regulatory actions that affect water 
management and urban water supply in California. 

Bay-Delta Agreement and MOU 
Much of California’s water supply passes through the Sacramento-San Joaquin River Delta, 
known by many simply as the Delta. Fishermen and environmentalists have been concerned over 
declines in fish populations in the Delta, and pointed to freshwater diversions and exports from 
the Delta as a cause of their decline. There are a number of species of concern (considered 
threatened or endangered), but the most publicity has revolved around a small, once-abundant 
forage fish called the Delta Smelt, which is listed as endangered by the State of California and 
considered an important indicator of the health of the system. Similarly, water agencies and 
irrigation districts are concerned about the reliability of water deliveries through the Delta and 
about declining water quality. Among the unresolved issues around the Delta is the effect of the 
California Department of Water Resources (DWR) and the United States Bureau of 
Reclamation’s (Reclamation) joint operations of the State Water Project and Central Valley 
Project on the delta fisheries. 
 
A seminal document in California water resources is the Bay-Delta Agreement.  The original 
Bay Delta proceedings were held in the late 1980’s which required that exports from the 
Bay/Delta system be managed and reduced by water conservation in order to avoid damaging the 
Bay-Delta ecosystem.  In order accomplish a reduction in demands from urban water systems a 
document known as the Memorandum of Understanding (MOU) was signed.  The signatories 
included urban water providers, public advocacy organizations, and other interested groups.  A 
dedicated group, the California Urban Water Conservation Council (CUWCC), was formed from 
the signatories to the MOU and charged with monitoring its implementation. Together, the Bay-
Delta agreement and the Memorandum of Understanding form the prime driving force for urban 
water conservation in California. 
 
The original MOU was adopted in December1991.  It has been revised several times since then; 
most recently in June 2010.55  The MOU is an agreement between the State and the major urban 
water providers that the latter will make good faith efforts to implement water conservation 
measures in order to conserve water and reduce urban demands on the Bay-Delta.  The MOU 
requires regular reporting by the signatories of their progress in implementation of the BMP’s.  
Reporting and tracking of the implementation of the MOU is managed by the California Urban 
Water Conservation Council. 
 
The general goal of the MOU was “to reduce long term urban (water) demands”.  The initial 
method used to accomplish this purpose was the implementation of Best Management Practices 
(BMPs) The MOU had two specific objectives: 

 “to expedite implementation of reasonable water conservation measures in urban areas.” 
 “to establish assumptions for use in calculating estimates of reliable future water conservation 

savings resulting from proven and reasonable conservation measures.” 
 
At the maximum there were a total of 14 BMPs, four of which were directed at residential 
customers (1, 2, 6 and 14 using the original numbering system).  Each of these had a built in set 
                                                 
55  http://www.cuwcc.org/WorkArea/showcontent.aspx?id=15180 (to download the latest version of the MOU). 
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of assumptions about how much water would be saved through implementation.  For example, 
each toilet replacement was deemed to create a certain and reliable amount of water savings, as 
was each showerhead, faucet aerator, landscape audit, clothes washer replacement etc.  The 
reliable water savings could then be calculated by simply multiplying the number of BMPs 
implemented by the water savings assumption.  The assumptions of water savings were to be 
revised every three years, and BMPs that fail to demonstrate water savings are to be removed, 
while other promising measures might be added. 
 
The BMPs also have coverage requirements. Some of these are based on achieving a certain 
level of “market saturation” or “market penetration”.  The MOU does not define precisely what 
is meant by these terms, generally they are considered to refer to the percentage of individual 
fixtures and appliances meeting the relevant efficiency criteria.  As discussed above, in cases 
where multiple devices are found in households, primarily with respect to toilets, it is possible to 
have a difference between the percentage of devices that meet the efficiency criteria and the 
percentage of houses based on how the devices are mixed among the houses.  
 
As of this writing, 190 of California’s water agencies have signed the MOU, serving two-thirds 
of the state’s customers. Still, there remains considerable uncertainty on the effectiveness of the 
BMP approach. According to an evaluation conducted by the state, “the impact of the MOU has 
varied considerably by region and rates of compliance for most BMPs remain low. BMP data 
strongly suggest the MOU process is not working as intended and its impact on urban water use 
remains well below its full potential.” The report suggests that over 13 years the MOU process 
may have reduced per-capita urban water use by about 2%. As the state’s population grew over 
this period, urban water use increased overall. 

 
 

 
Figure 80 Water savings in 2004 achieved by water conservation BMPs, by region (Figure 1.3 
from Calfed, 2006) 
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According to the voluntary agreement, signatories agree to implement all measures that are 
“cost-effective and appropriate at the local level.” The state’s audit of the BMP program found 
that most water agencies, including most of the largest water suppliers, have not implemented all 
of the conservation practices, nor have they offered the requisite documentation explaining why 
they need not (CalFed 2006). 
 
A more recent law, AB 1420, signed in 2007, ties receipt of water-related state grant funding to 
BMP implementation. In effect, participation in the program will remain voluntary, but this may 
provide a stronger incentive for agencies to be fully compliant. 
 
 

Table 94: List of Best Management Practices 

BMP Description New BMP Category 

BMP 1 Water survey programs  
(Survey 15% of residential customers within 10 
years)  
 

Programatic: Residential 

BMP 2 Residential plumbing retrofit  
(Achieve 75% market saturation prior to 1992 
with low-flow showerheads, toilet displacement 
devices, toilet flappers and aerators)  
 

Programatic: Residential 

BMP 3 System water audits, “leak” detection and repair  
(Audit the water distribution system regularly 
and repair any identified leaks)  

Foundations: Utility operations, loss 
control 

BMP 4 Metering with commodity rates for all new 
connections and retrofit of existing unmetered 
connections 

Foundational: Utility operations, 
metering 

BMP 5 Large landscape conservation programs and 
incentives  
(Install meters in 100% of existing unmetered 
accounts within 10 years; bill by volume of 
water use; assess feasibility of installing 
dedicated landscape meters)  

Programatic: Landscape 

BMP 6 High-efficiency clotheswashing machine 
financial incentive program  
(Achieve 1.4% per year penetration during first 
10 years)  

Programatic: Residential 

BMP 7 Public information programs  
(Provide active public information programs in 
water agencies to promote and educate 
customers about water conservation)  

Foundational: Education, Public 
Information Programs 

BMP 8 School education programs  Foundational: Education, School 
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BMP Description New BMP Category 

(Provide active school education programs to 
educate students about water conservation and 
efficient water uses)  

Programs 

BMP 9 Conservation programs for commercial, 
industrial, and institutional (CII) accounts 
(Provide a water survey of 10% of these 
customers within 10 years and identify 
retrofitting options; reduce water use by an 
amount equal to 10% of the baseline use within 
10 years)  
 

Programatic: Commercial, 
Industrial, Institutional 

BMP 10 Wholesale agency assistance programs  
(Provide financial incentives to water agencies 
and cities to encourage implementation of water 
conservation programs)  
 

Foundational: Utility Operations, 
Operations 

BMP 11 Retail conservation pricing  
(Eliminate non-conserving pricing policies and 
adopt pricing structure such as uniform rates or 
inclining block rates, incentives to customers to 
reduce average or peak use, and surcharges to 
encourage conservation)  

Foundational: Utility Operations, 
Pricing 

BMP 12 Conservation Coordinator 
(Designate a water agency staff member to have 
the responsibility to manage the water 
conservation programs)  

Foundational: Utility Operations, 
Operations 

BMP 13 Water waste prevention  
(Adopt water waste ordinances to prohibit gutter 
flooding, single-pass cooling systems in new 
connections, nonrecirculating systems in all new 
car wash and commercial laundry systems, and 
nonrecycling decorative water fountains)  

Foundational: Utility Operations, 
Operations 

BMP 14 Residential ultra-low-flush toilet (ULFT) 
replacement programs  
(Replace older toilets for residential customers at 
a rate equal to that of an ordinance requiring 
retrofit upon resale)  
 

Programatic: Residential 

 
 
In its original form, the MOU relied strictly on demonstration of accomplishment of specific 
BMPs as sufficient to demonstrate the required water conservation.  The latest revision of the 
Memorandum of Understanding, dated September 2009, discusses three ways in which 
signatories may demonstrate compliance with BMP water savings from the BMP list.   
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 The first of these is to demonstrate accomplishment of the specific measurers listed in the 
description of each BMP|. (The assumption being if the measures are installed the water 
savings will follow based ob the estimates of reliable savings.) 

 The second is to use the Flex Track option to generate water saving that are equal to 
those anticipated from the BMP compliance, but which are derived from other measures 
not already identified as specific BMPs. 

 The third is to demonstrate reductions in per-capita water demand in the signatory’s 
water system without specifically crediting a particular BMP or group of BMPs with 
causing the savings. 

 

20x2020 Mandate and SBX 7-7 
In February 2008, then Governor Arnold Schwarzenegger issued an emergency directive to 
protect the ecosystem of the Sacramento-San Joaquin river delta. The plan had seven parts, the 
first of which is water conservation. The governor said that the state must have: 
 
“A plan to achieve a 20 percent reduction in per capita water use statewide by 2020. 
Conservation is one of the key ways to provide water for Californians and protect and improve 
the Delta ecosystem. A number of efforts are already underway to expand conservation 
programs, but I plan to direct state agencies to develop this more aggressive plan and implement 
it to the extent permitted by current law. I would welcome legislation to incorporate this goal 
into statute.” 
 
The legislature followed up in November 2009 with a bill (SBX 7-7) promoting statewide water 
conservation for all sectors of use, including a mandate for a 20% reduction in urban per capita 
use by 2020. In February 2010, the 20x2020 Water Conservation Plan was published, with input 
by a number of state agencies. The plan recommends a number of policies and actions to reduce 
urban water consumption, including: 
 
Reduce landscape irrigation demand 
Reduce water waste 
Reinforce efficiency codes and related BMPs 
Provide financial incentives 
Implement a statewide public information and outreach campaign 
Increase enforcement against water waste 
Increase use of recycled water and non-traditional sources of water 
 
Most commentators have noted two serious shortcomings in the law: First, the 20x2020 plan 
addresses only urban water use, and ignores agriculture, which accounts for about 80% of the 
state’s water consumption in most years. A related bill addressing agricultural water use, but 
without specific quantitative targets, was passed with the water reform package in 2009. While 
this does not go as far as some would like, it is in the words of a DWR employee, “a huge 
change in the way things are done in the state.”  The intent behind the 20x2020 program is to 
prompt suppliers to expand conservation programs. Currently, eligibility for grants from the state 
will be tied to whether an agency has fully implemented all of the required BMPs, but in 2015 
eligibility will be tied to demonstration of actual reductions in per capita demands. 
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From the perspective of single-family water use, a reduction in per capita use is equivalent to a 
reduction in household use, barring a massive change in the number of persons per dwelling unit.  
We know from the data presented in Table 73 and  
Figure 71 that as the number of persons per household increases the per capita use decreases.  
However, the average number of persons per household is a fairly stable number in single-family 
residences, varying around 2.7 to 2.8 persons per household.  Consequently, any increase in 
water use efficiency in single-family customers will show up as a decrease in household water 
use.  As shown in Table 73 these estimates can be refined by normalizing them to a standard 
household size for comparison if data are collected, which allow a mathematical relationship to 
be generated between indoor use and number of residents. 
 

Colorado River Administration 
The authors of the landmark 1975 California Water Atlas call the Colorado River “one of the 
most litigated, regulated, and argued about rivers in the world.” The river’s flow is shared by 
seven states and Mexico. Historically, California has used more than its legal allocation of 
Colorado River water, as laid out in the Colorado River Compact of 1922. As the upstream states 
have expanded irrigated area (through such projects as the Central Arizona project), and as cities 
such as Denver, Salt Lake City, Phoenix, and Las Vegas, has grown, it has forced California to 
scale back its use of Colorado River water to its legal allotment. The Compact agreements grant 
California the use of 4.4 million acre-feet per year. The main beneficiaries of imported Colorado 
River water are cities in southern California and farms in the Imperial Valley.  
 
In addition to the current challenges associated with over-allocation of the Colorado River and 
disputes among the different users, long-term changes in climate now seem likely to reduce 
overall flows. In 2008, scientists at the Scripps Institution at UC San Diego published a study 
that gave a 50 percent chance that Lake Mead could be dry (or reach “dead pool” levels) 
regularly by 2021, based on climate change and current levels of consumption (Barnett and 
Pierce 2008). 
 

Other regulatory drivers 

Urban Water Management Planning Act 
The state legislature passed the urban water management planning act in 1983. The Act required 
every water agency that serves over 3,000 customers to prepare an Urban Water Management 
Plan every 5 years and submit it to the Department of Water Resources. The plans are required to 
include a description of the supplier’s demand management measures, defined as “water 
conservation measures, programs, and incentives that prevent the waste of water and promote the 
reasonable and efficient use and reuse of available supplies.” Thus, all California water suppliers 
are required by law to at least consider the role that demand management should play in 
providing sustainable water service.  The 2010 plans must also provide baseline information on 
gpcd use, and then report on compliance with the 20 x 2020 legislation in 2015 and 2020. 
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1992 National Energy Policy Act 
The National Energy Policy Act, or NEPA, passed by Congress in 1992 mandated water 
efficiency standards for plumbing fixtures, as shown in the table below. 
 
 

Fixture  Standard  
Water Closets (Toilets)  1.6 gallons per flush  
Showerheads  2.5 gallons per minute  
Faucets  2.2 gallons per minute  
Urinals  1 gallon per flush  
 
It is widely believed that these standards have led, nationwide and in California, to reductions in 
per-capita domestic water use, as old fixtures have been swapped out through natural 
replacement and as new construction has become a larger and larger fraction of total housing 
stock. A number of policy and regulatory discussions are underway to identify how to expand the 
savings from these kinds of standards and how to accelerate uptake and hence market saturation 
of efficient appliances and fixtures.  We hope that the current study will contribute to this 
discussion.  
 

Efficiency Standards 
Separately, California law now requires (AB715 & Health and Safety Code 17921.4) that only 
high-efficiency toilets and urinals be sold or installed after 2014. This law amends the 2007 
California Plumbing Code and is stricter than the US Energy Policy Act requirements described 
above. SB 407 (signed by the governor in October 2009) requires efficient toilets, faucets, and 
showerheads in all buildings. The law covers remodeled properties by 2014, all single-family 
homes by 2017, and multi-family and commercial buildings by 2019. It also requires sellers of 
property to disclose whether the property is in compliance with the law.  
 

Model Water Efficient Landscape Ordinance 
Water managers in the state have recognized the importance of addressing outdoor water use: in 
most of the state, more than half of a household’s water is used outdoors, mostly to water lawns 
and gardens, but also in pools and spas, and for car washing and other purposes. In our study 
sample 53% of total water use was for outdoor purposes. In 1990, the state legislature passed AB 
325, which limited the landscape ratio (the ratio of the Theoretical Irrigation Requirement to the 
Reference Requirement) to 80% of the reference crop evapotranspiration for the site. The model 
ordinance applied to large commercial and public properties and to residences with 
professionally-installed landscapes.  Even though this ordinance does not apply to most of the 
homes in our study group it is interesting to note that their landscape ratio was very close to 1.0. 
 
In 2000, an independent review of the model landscape program found several shortcomings in 
its implementation: “the legislation neither prescribed clear conservation goals, nor did it require 
meaningful levels of compliance. It also did not deal with pricing and enforcement issues. The 
most serious problem was the lack of actual irrigation monitoring: “enforcement of the 
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maximum water allowance virtually nonexistent” and “few developers and contractors were even 
aware of the Model Ordinance. This lack of awareness, in a setting where water for the most part 
is still very cheap and agency monitoring nonexistent, makes wasteful irrigation virtually 
inevitable.” 
 
The landscape ordinance, which goes by the balky acronym MWELO, was developed by the 
Department of Water Resources at the direction of the legislature. AB 1881, signed into law in 
2006, was designed to hold local agencies to tighter standards for outdoor water use.  The law 
also required the California Energy Commission to adopt performance standards for irrigation 
equipment. It also contained a provision designed to prevent “common interest developments” 
(such as condominiums) from restricting the use of low water-using plants. (This was designed 
to counter the problem of homeowner associations that require lawns, in conflict with the state’s 
water-saving goals.) 
 
Cities and counties can use the state ordinance as a model, and must have adopted a local 
ordinance at least as effective by January 2010 (although delays in the program have slowed its 
full implementation). The most important effect is on new landscapes and major renovations, and 
mostly covers large landscapes: 2,500 square feet (0.06 acres), or for homeowners 5,000 square 
feet. According to our calculations, this law will cover approximately 30% of California single-
family homes (see the section on Outdoor Water Use for details). Critics of the law contend that 
it is overly complicated for most laymen to understand and that it can unfairly burden 
homeowners: in some instances, re-landscaping will be required if a homeowner applies for a 
permit for an unrelated project such as renovating a bathroom. Supporters note that outdoor use 
comprises more than half of household water use, and a landscape ordinance is a fair approach 
that reduces waste while permitting green and attractive landscapes. 
 

Residential Water Metering 
Research by the Sacramento-based nonprofit Public Policy Institute of California has found that, 
in cities with meters, water use is about 15% less than in unmetered cities. Among cities where 
users pay volumetric rates, those with a tiered structure have water use that is 10% lower. A 
2004 study by Aquacraft demonstrated water savings of 15.3 percent when comparing 
submetered to non-submetered properties. An earlier study by Industrial Economics in 1999 
estimated savings of 18 to 39 percent. There are no reliable estimates for how many of 
California’s homes are unmetered, but our interpretation of the 2006 California Water Rate 
Survey suggests that up to 6% of the state’s water providers charge a bulk rate, which would 
imply an absence of meters. 
 
The state has recently passed three different laws that will eventually result in universal 
metering, where every household has a water meter. Since 1992, state law has required the 
installation of water meters on all new construction. For meter-less cities like Sacramento, this 
meant that new homes had meters but customers still paid a flat rate. The law required utilities to 
begin charging volumetric “commodity” rates to all customers with meters beginning on January 
1, 2010. (Before this, Sacramento customers with a meter had an option of paying an average flat 
rate or being billed according to their meter.) AB 975, signed into law in 2009, re-affirmed the 
state’s intention to move to universal metering. Before this, existing law said that private utilities 
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regulated by the Public Utilities Commission should not install meters unless they showed that 
metering will be cost effective, reduce water consumption, and not impose an unreasonable 
financial burden on customers. The new law removed this hurdle to metering by requiring meters 
for all connections, even if it resulted in increased costs to customers. 
 
The state has also mandated that all California cities must be metered by 2025 (AB 2572 passed 
in 2004). The 20x2020 taskforce has recommended that this target be accelerated to occur by 
2020. Another law states that cities that get federal water via the Central Valley Project must 
have meters installed by 2013.  
 

The Graywater Law 
Reuse of graywater water is a very powerful way to reduce demands because the act of reusing 
the water essentially eliminates the demand for fresh water equal to the amount of reuse.  There 
are a number of obstacles, howver, to fully implementing these systems.  In the summer of 2008, 
the California Senate passed SB 1258 requiring the state to revise building codes "to conserve 
water by facilitating greater reuse of gray water in California." Prior to August 2009, when 
drought prompted emergency adoption of the new codes, re-use of residential graywater from 
sinks, showers, and washing machines for irrigation, was limited. Although the systems were 
legal, they required a detailed design and permit. In fact, it is estimated that in 2009 there were 
fewer than a dozen fully-permitted systems in the state, while some residents opted to install 
unpermitted graywater systems. 
 
The revised rules have made it a great deal easier for residents to install a simple low-tech way to 
reuse water for landscape irrigation. While widespread public acceptance of graywater reuse 
appears to be low, there is a great deal of interest and enthusiasm from some quarters.  The 
ability to re-use water could have a significant impact on household water use. 

Clothes Washer Standards 
Statistics from CHAPTER 7 showed that the second biggest use of water in most homes, after 
toilets, came from washing machines. It was also noted that the water-efficient models, while 
they cost somewhat more, used around 20 gallons per wash, compared to typical models that 
averaged closer to 40 gallons per wash. For a typical household, the indoor use model shows that 
the presence of a high efficiency clothes washer translates to savings of 6,200 gallons per year.  
 
In 2002, the state legislature passed a law requiring the California Energy Commission to create 
washing machine efficiency standards. In 2006, the Department of Energy denied the state’s 
request to institute standards more stringent than the federal government. The state filed suit in 
2007, and in October of 2009, the Ninth Circuit Court of Appeals overturned DOE’s ruling, and 
ordered DOE to re-consider its ruling.  
 
As of this writing, it remains to be seen whether the federal government will allow California to 
put in place stricter clothes washer standards, or will create national standards similar to those 
proposed in the state. If such standards are allowed, they will go a long way to saving water in 
residences throughout the state. 
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Show-Me-the Water Laws and the Vineyard Decision 
Historically there has been somewhat of a lack of coordination between land use planning and 
water availability in that developments could be approved without demonstrating a firm supply 
of water.  This issue was addressed by the California legislature in 2001, when it passed SB 610 
in 2001 and SB 221, the so-called “Show Me the Water” laws. Under these laws, developers of 
large projects (usually more than 500 housing units) must demonstrate that a 20-year water 
supply is available.  
 
In 2007, the Supreme Court issued a ruling that will likely affect water planning for some time. 
In the Vineyard Area Citizens for Responsible Growth vs. City of Rancho Cordova (or the so-
called Vineyard Case). In the decision, the court laid out general principles for dealing with 
water supply under the California Environmental Quality Act. The court stated that an applicant 
for a large project must do a thorough analysis of long-term water supply for the project. They 
went on to write that “speculative sources and unrealistic allocations (e.g. “paper water”) are 
insufficient bases for decision making.” 

Water-Use of Single Family Sector 
In most cases residential water use predominates in urban systems, and single-family residences 
make up the bulk of residential use.  Consequently, savings in single-family water use, while 
small on a per unit basis are of great importance to the state as a whole due to the large numbers 
involved.  This section discusses how the results from this research project can be extrapolated to 
the state as a whole. 

Number of Single-Family Residences 
Single-family homes comprise 70-75% of the housing stock in California. In this study, no 
differentiation was made between detached houses and attached units with up to four units (i.e., 
duplex, triplex, and quadruplexes) provided each unit was individually metered. Further, no 
differentiation was made on housing tenure, i.e., whether the residents rent or own the home. 
Based on this definition of a single-family home, according to the US Census Bureau’s 
American Community Survey, in 2008 there were 9,474,895 occupied single-family residences 
in California. The stated margin of error for this estimate is ±0.1%.  
 
The number of households counted by the Census in 2000 was updated to account for population 
growth and the construction of new homes over the last 10 years. We applied a percent increase 
in the number of housing units for each county based on information from the California 
Department of Finance spreadsheet titled “Population and Housing Estimates for Cities, Counties 
and the State, 2001-2010, with 2000 Benchmark” (2010). The state’s estimates of housing 
growth do not differentiate between single-family, multi-family or other types of residences; we 
assumed that each stock of housing increased at the same overall rate. 
 
Research by the Public Policy Institute of California reveals trends in the types of housing being 
built in California. They found that the share of multi-family homes reached a peak of 58% from 
1950 to 1960, and the share has steadily declined each decade until 2000. After 2000, the trend 
began to reverse. While the construction of single-family homes still dominates with 72%, the 
share of multi-family homes began to rise after three decades of decline. In the long run, the 
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trend in housing type has important implications for urban water use, as multifamily homes 
consume less water due to lower outdoor water use per household. 
 

Table 95: Occupied housing units in California in 2008  

Units Percent Units 
1, detached 58.8% 7,160,577 
1, attached 7.0% 852,450 
2 apts 2.5% 304,446 

5.6% 681,960 3-4 apts 
5-9 apts 6.2% 755,027 
10+ apts 16.0% 1,948,456 
Mobile home or other 3.9% 474,936 
Total 100.0% 12,177,852 
Total SF    9,474,369 

Source : US Census Bureau, 2008 American Community Survey. Note shaded cells denote 
single-family 
 
We then estimated the number of single-family residences in each of the state’s 10 hydrologic 
regions. This was done using geographic information system (GIS) software to overlay 
hydrologic region boundaries with the 387 census-defined county subdivisions.  
Because the homes metered in the current study are only a subset of all the homes in the State, 
we evaluate evidence that the 733 homes in the study group are representative of single-family 
homes throughout the state. Below, we examine how the sampled households where flow traces 
and surveys were collected compare to the state as a whole. Based on their similarity, we discuss 
extrapolating the results of the survey to understand potential conservation in the state as a 
whole. 

Characteristics of Single-Family Residential Population 

Average age 
The median age in California is 33.3, according to the 2000 Census. The median age for females 
(34.4) is slightly higher than that of males (32.2). The census does not tabulate the average age 
within households of different types. They do however, report the age of the self-reported head 
of the household by household tenure (rent vs. own). Of the state’s 11.5 million occupied 
households in 2000, 57% were owned-occupied vs. 43% occupied by renters. Householders in 
owner-occupied homes tend to be somewhat older, as shown by the distributions in Figure 81. 
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Figure 81: Number of households, by age of householder and housing tenure in California in 
2000 

Average number of residents 
Overall, California households have an average of 2.87 residents (Table 8). There is some 
variance in number of residents by region, and by housing type. Owner-occupied homes are 
slightly larger on average than those occupied by renters (Table 96). Also, households appear to 
be larger in communities in the Central Valley and in Southern California (Figure 82).  
 
 
Table 96 Average household size in California 
Total   2.87 
Owner occupied   2.93 
Renter occupied   2.79 
 
We conducted a more detailed analysis of household residents using data from the US Census 
Bureau. The Bureau’s Summary File 4 data is comprised of information from a selective 
sampling of the entire census data. The table HCT19 reports household size by housing type in 
each of the state’s 387 county subdivisions, as shown in Figure 82.  
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Figure 82 Average household size (shown for each of California’s county subdivisions. Data 
from US Census Bureau, Summary File 1, Table P17 Average Household Size. 
 
We compared the household size of single-family residents in the state with household sizes in 
the study, based on the 499 returned questionnaires.  The overall average occupancy for the 
sample was 2.96, while for the state as a whole it was 2.87 this represents a variance of 3%.  
Given that the number of occupants was the only continuous variable found to be significant for 
indoor use, the close agreement between the sample and state as a whole is encouraging.  Figure 
83 shows that the sample household sizes reasonably approximate those in the state, though there 
are some differences. The sample appears to have fewer 1-person households, and a greater 
preponderance of 2-person households than the state population. It is conceivable that 2-person 
households are more likely to return questionnaires than households with a single resident. 
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Figure 83 Distribution of household sizes in this study’s sample and statewide 

 

Table 97 Single Family Households, household size, and population by hydrologic region, 
estimated for 2100 

Region Number of 
SF 

Households

Household 
Size 

(residents/hh) 

Population 

North Coast 233,821 2.52 589,000 
San Francisco Bay 1,733,198 2.70 4,680,000 
Central Coast 491,323 2.85 1,400,000 
South Coast 4,751,287 3.00 14,300,000 
Sacramento River 949,212 2.62 2,490,000 
San Joaquin River 653,547 2.98 1,950,000 
Tulare Lake 582,509 3.14 1,830,000 
North Lahontan 36,908 2.54 93,600 
South Lahontan 209,449 2.89 605,000 
Colorado River 244,399 2.79 682,000 
CALIFORNIA 9,885,653 2.89 28,600,000 

 

Average lot size 
Nationally, the median lot size is 0.35 acres, or 15,000 square feet, according to data collected by 
the Census Bureau as part of the American Housing Survey in 2007.  
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Table 98 Lot size in the United States (data in thousands) for all housing units 
 

 Units Percent 
Less than 1/8 acre   13,614 15% 
1/8 to 1/4 acre   25,775 28% 
1/4  to 1/2 acre   17,703 19% 
1/2 to 1 acre   11,216 12% 
1  to 5 acres  17,713 19% 
5  to 10 acres     2,785 3% 
10 + acres     4,402 5% 
Total 93,208 100%
 
 
Reliable figures for lot sizes throughout the state are difficult to come by. Lot size is usually 
included with the property records maintained by county assessors’ offices. While this 
information is officially part of the public record, there are difficulties in accessing it and using it 
for research. Many of California’s 58 counties maintain paper records, and have not yet 
converted records to a digital format. 
 
Researchers from the Public Policy Institute of California used county assessor data to measure 
trends in single-family lot sizes (Hanak and Davis 2006). They obtained data for 22 counties via 
the housing research firm DataQuick, which compiles parcel records from the counties. The 
authors of this study broke all single-family residences into two categories: one with small lots 
under 0.25 acre, and those over a quarter acre, which they refer to as “ranchettes.” For smaller 
lots, the authors estimate the size of the yard by subtracting the building footprint area from the 
lot, and estimate irrigated area as 35% of the yard, citing a 1995 study by the East Bay Municipal 
Utility District. The average irrigated area was from 2,000 – 3,600 square feet. For the larger 
“ranchette” properties, the irrigated area is estimated as 10% of the irrigated area, averaging 
about a quarter acre, or about 11,000 square feet. 
 

The American Housing Survey 
The American Housing Survey (AHS) collects data on the Nation's housing, including 
apartments, single-family homes, mobile homes, vacant housing units, household characteristics, 
income, housing and neighborhood quality, housing costs, equipment and fuels, size of housing 
unit, and recent movers. National data are collected in odd numbered years, and data for each of 
47 selected Metropolitan Areas are collected currently about every six years. The national 
sample covers an average 55,000 housing units. Each metropolitan area sample covers 4,100 or 
more housing units. 
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The information is collected from census-designated Primary Metropolitan Statistical Areas 
(PMSAs). 
 

Median Lot Size Metropolitan Area Survey 
Year (acres) (sq. ft.) 

Anaheim-Santa Ana PMSA 2002 0.18 7,800 
Oakland PMSA 1998 0.20 8,700 
Riverside-San Bernardino-Ontario 
PMSA 

2002 0.23 10,000 

Sacramento PMSA 2004 0.23 10,000 
San Diego MSA 2002 0.21 9,100 
San Francisco-Oakland PMSA 1998 0.16 7,000 
San Jose PMSA 1998 0.19 8,300 
Los Angeles-Long Beach PMSA 2003 0.19 8,300 
 
The Department of Water Resources estimates land and water use for the California Water Plan, 
which is updated every five years. Because the distribution of lot sizes is positively skewed, with 
a minority of households on larger lots, the median is lower than the mean, or average, lot size.  
 
Here, we use a sample of single-family homes in California to determine the average irrigation 
requirement. A geographic dataset was previously developed (Gleick and other 2009) to 
represent reference crop irrigation requirements in an average year, where rainfall and 
evapotranspiration do not stray from the normal, long-term average. Irrigation requirements may 
be lower during cool or rainy years, and will be significantly higher during hot and dry years. 
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It was found that, on average, 51% of the lot is irrigated area, according to a simple linear curve 
fit based on 604 homes. Note that only 8 of the homes are on lots greater than 1 acre (43,560 sq. 
ft.), and so we follow PPIC’s assumption that the irrigated area will increase by another 10% for 
each acre after the first acre.  

 

Household Income 
The median household income for Californians in 2008 was $61,154 with a mean of $83,970. 
The stated incomes of the 417 survey respondents were higher. For example, 29% of California 
households earn less than $35,000 per year, compared to 10% of households in the study. It was 
not possible to determine the incomes of single-family households directly. However, the census 
bureau does provide tabulations of income by housing tenure (rent vs. own). This is an imperfect 
surrogate; however it may provide a better idea of single-family residents, as it excludes 
apartment renters. 
 
In general, we can conclude that the study households included a lower percentage of low-
income households, and more high-income earners than the state population as a whole. Figure 
84 shows that households earning over $150,000 were more common in our study than in the 
state as a whole.  
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Figure 84 Household incomes for the state population and surveyed households 
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Projections of Potential Statewide Water Savings 
Based on the data presented in previous chapters on the water use within the study group, and 
data collected for the statewide population of single-family homes, it is possible to make 
reasonable projections of potential water savings for single-family customers in the state as a 
whole. 

Indoor Savings 
The performance based analysis from Table 84 showed that it would be possible to reduce indoor 
water use to 120 gphd by achieving four major water conservation goals: 

 Reducing the average gallons per load of clothes washers to 20 gpl would reduce the 
average household use by 13.6 gphd. 

 Reducing faucet use by 10%  would reduce the average by 3.3 gphd 
 Limitting household leakage and continuous uses to 25 gpd would reduce the average by 

17.5 gphd 
 Reducing toilet flushes to a maximum of 1.28 gpf would reduce the average use by 20.3 

gphd 

Clotheswashers 
Modern horizontal-axis, front-loading clothes washers use significantly less water than top 
loaders, which are the most widespread in the United States. The Pacific Institute has previously 
noted that “horizontal-axis washing machines, long popular in Europe where they have captured 
over 90 percent of the market, have only recently been introduced to the United States” (Gleick 
and others 2003).  
 
Among the 735 homes sampled in this study over 97% reported having a clothes washer in the 
home. Of these 76% were top loading and 24% were front loading.  The average load of wash 
measured by the flow traces was 36 gallons. The US Department of Energy’s EnergyStar 
program, in a 2009 analysis, found an average of water use of 14.9 gpl for efficient, EnergyStar-
rated clotheswashers. Our indoor savings analysis assumes that clothes washers using 20 gpl as a 
maximum become the norm over time. It is not necessary that this transformation occur 
immediately, but could easily occur over the next 20 to 30 years.   

Faucets 
This study found that faucets accounted for 19% of all indoor water use. It has been noted that 
this category is somewhat of a catch-all: the specific water use is diverse and difficult to 
determine without intrusive investigations into the home. As the average home used the faucet 
58 times per day, for a total of 33 gallons, conservation efforts here may be fruitful. Faucet use 
can be affected both by reducing the flow rates of the fixtures and by reducing the run times. 
 
Before 1992, faucets’ rated flow rates ranged from 2.5 to 7 gpm. In 1992, California updated its 
plumbing code to set a maximum flow rate of 2.2 gpm, but this was replaced by the new federal 
standard of 2.5 gpm in 1994, which is still in place. Previous analysis by the Pacific Institute 
pointed out that a low-flow faucet will not always reduce water use: “filling a pot will require the 
same volume of water regardless of flow rate. The amount of water used for brushing teeth while 
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leaving the faucet running, however, will be larger with a faucet that flows at a higher rate. Thus, 
a low-flow faucet may or may not reduce water needs, depending on the use and individual 
behavior.” 
 
Studies in the 1990s downplayed the water savings potential of efficient faucets and aerators 
(e.g. REUWS estimated market saturation of 2.2 gpm faucet aerators would only result in 
savings of 0.3 gpcd).  Field studies have observed significant water savings however. Seattle’s 
Home Water Saver Apartment/Condominium program installed faucet aerators in 65,702 multi-
family units and found that faucet flow rates were reduced by 0.7 gpm, resulting in an 18 percent 
reduction in faucet water use (Skeel and Hill 1998). In 2003, a study conducted in Tampa tested 
bathroom and kitchen faucet aerators and hands-free electronic faucets of the type ordinarily 
found in commercial settings (Mayer et al. 2004). This study found savings of 3.2 gallons per 
day. 
 
The latest faucet aerators on the market are available in a variety of flow rates, ranging from 0.5 
gpm (for bathroom faucets) to 2.5 gpm. Newer kitchen faucet aerators are designed with a range 
of features, such as swivel action to reach every corner of the sink, fingertip controls to 
temporarily halt water flow, and dual flow mode: a higher flow for filling pots and low flow for 
washing up. It seems more attention is being paid to providing the right amount of flow and 
pressure when and where it is needed. Aerators are also inexpensive: The retail price for aerators 
ranged from $0.99 to around $4, based on a survey of online retailers. 
 
In addition to their flow rates, the other aspect of faucets that can be addressed is their duration 
of use.  In Table 43 we see that the average duration of the faucet events in the database was 37 
seconds.  Presumably, much of this was wasted time in which the faucet was running but the 
water was simply going down the drain.  Devices which allow better control of faucet through 
sensors, foot pedals, level or other hands free devices may be worth investigating as to their 
savings potential. 
 
There is strong evidence that there is untapped conservation potential to be gained from 
contemporary low-flow faucets and aerators. Because of the low cost of aerators, these savings 
could be cost-effective. Also, because faucets often use warm or hot water, residents will save 
money on their energy bills, making these more attractive. The indoor model in this study 
assumed only a reduction of 10% in faucet use.  Given the wealth of devices available to limit 
both the flow rates and durations of faucets this seems like a modest goal. 

Leaks and continuous uses 
This study has shown that homes with large volumes of leakage and continuous uses raise the 
average indoor water use for the entire group. In order to reduce the short term leaks the best 
strategy is to improve the performance of the fixtures and appliances, e.g. reduce the frequency 
of leaky toilets.  In order to eliminate the large volume leaks from continuous events a system 
that recognizes these flows and turns the water off would be needed.  These devices would act 
the way that a circuit breaker does on an electric system, and would prevent both water waste 
and damage to homes due to burst pipes and broken valves. 
 
Strategies for finding customers with leaks include: 

Aquacraft, Inc. Water Engineering and Management                                                                                       www.aquacraft.com 
Page 253 



California Single Family Home Water Use Efficiency Study  4/20/2011 

 

 
 Audits – expensive, voluntary, limited reach 
 Data mining of billing records (look for sudden jumps, households with much higher 

non-seasonal water use than similar properties, or that would be expected from the size of 
the property. 

 Smart meters – real-time feedback to users, alert them of a sudden jump in water use that 
may signify a leak. 

 “Leak” detection devices – flow sensors installed in the service line that detect leaks, 
alert owners, and turn off the water. 

 Water Budgets – homes with leaks will exceed budgets and pay excess use rates, thus 
encouraging repair. 

Toilets 
Toilets are major indoor water users and there are significant differences in water use per toilet 
among models, especially models installed before new federal and state standards came into 
force. Data collected in this study revealed that there remains a great deal of savings potential for 
toilets. In flow trace data collected in 1996-1997, the Residential End Uses of Water Study 
revealed that toilets were the biggest component of indoor water use. Ten years later, it appears 
this is still the case, accounting for 20% of indoor water use. The indoor modeling showed that if 
the average flush volume were brough down to HET specifications (1.28 gpf) this would reduce 
average indoor use by 20.3 gphd, the largest projected savings of the group. 

Other Actions 
Conservation efforts do not need to be limited to the four categories identified from the 
performance based analysis.  Savings are possible from other indoor uses, which would provide 
additional savings, and thereby increase the potential of meeting or surpassing the conservation 
target of 120 gphd as the average for the group. 

Dishwashers 
The indoor modeling results for faucets, shown in Table 77, suggest that the presence of a 
dishwasher reduces daily faucet use by 14 gpd, or 500 gallons per year.  This matches the Energy 
Star website, which advises (without citing a source) that: “washing dishes by hand uses much 
more water than using a dishwashers. Using an ENERGY STAR qualified dishwashers instead 
of hand washing will save you annually 5,000 gallons of water, $40 in utility costs, and 230 
hours of your time.”  
 
According to Table 67, the survey results from this study, 82% of the homes have dishwashers.  
This suggests that if dishwashers were installed in the 18% of homes that do not have them, the 
average household water use would be reduced by approximately 1,000 gallons per year. 

Garbage Disposals 
Table 77 also suggests that the presence of a garbage disposal also saves water in the home, 
approximately 13 gphd.  This is counter intuitive since one would expect that the use of a 
garbage disposal would lead to more use of the faucet.  It is possible, however, that homes 
without garbage disposals actually use more water to clear the drains than do homes with them.  
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In any case, approximately 85% of the homes in the sample had disposals, so if the data are 
correct, then adding them to the 15% of homes that do not have them would save approximately 
700 gallons per year on average. Virtually all new homes are equipped with both dishwashers 
and disposals, so this is not an issue for new home standars. It does suggest, however, that water 
agencies should not consider disposals as water wasting appliances. 

Showers 
In this study it was not possible to detect a change in household water use based on the average 
flow rates of the showers in the homes.  The reason for this, as explained in CHAPTER 9, was 
due to the fact that there was so little variability among the average flow rates among the houses.  
We do know that the majority of showers flow at or below the 2.5 gpm standard for the 1992 
EPAct. This is due to a combination of plumbing restrictions and throttling by the users.  In the 
EPA Retrofit study replacement of existing showerheads with 2.5 gpm devices led to no 
significant reductions in daily shower use. In one of the sites, however, where the old 
showerheads were replaced with devices flowing at 1.7 gpm, which match existing WaterSense 
specifications, a reduction of 9.7 gpd was measured.  This is equivalent to to approximately 
3,500 gallons per year of potential savings. 

Water Monitors 
The faucet model results shown in Table 77 showed that three factors associated with peoples’ 
knowledge of how much water they were using were linked to reduced faucet uses.  These 
questions were whether people knew how much water they used in a year, whether they knew 
the cost of wastewater charges, and whether they felt that the cost of water was an important 
factor in their decisions about how much water to use.  All of these factors suggest that having 
more knowledge about the acual use of water and its costs tends to decrease discretionary uses 
such a faucet use.  This suggests that measures such as real time water monitors may play a role 
in reducing discretionary uses by informing people of their actual usage. 

Other Uses 
The other domestic use category includes items such as water treatment systems, humidifiers, 
swamp coolers and other uses that did not fall into any of the other categories.  There is no single 
measure for dealing with all of the miscellaneous uses, but the category does show that they 
account for nearly 4% of average indoor uses.  Knowing that these uses exist and insuring that 
they are properly operated and maintained by the users is an important step in managing them. 

Outdoor Savings 
In order to extrapolate the outdoor results from this study to the state as a whole, the regression 
models developed in CHAPTER 9 were used.  The variables were adjusted based on the best 
available information for the population of single-family homes across the state in order to derive 
adjusted estimates of outdoor household water use for the general single-family population. In 
areas where specific data were not available for adjustments we assume that patterns of outdoor 
water use from the study group are similar to those throughout the state, for example we assumed 
that the percentage of homes that practice irrigation (87%) found in this study can be applied 
across the state.  On the other hand, census data showed that the statewide household income was 
lower than the study group, so the outdoor use model was used to correct for this.   
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Table 99 shows the baseline estimate for outdoor water use in the state after correcting for 
household income and the percent of homes that are irrigating.  In this and the following tables 
the outdoor use model from Chapter 9 was used to estimate the predicted outdoor household use.  
This value equals the product of the factors in rows 1 through 8 of the table, plus the correction 
factor in row 9.  The baseline use is shown in row 10, which in this case is 87.103 kgal per 
household.  This value stays constant in the following case studies, and savings are taken as the 
difference between the baseline use and the use predicted by varying the values for the test cases.  
The savings per household are then multiplied by the estimated number of single-family 
households that are irrigating to arrive at estimates of statewide savings projections from 
conservation in outdoor use. 

Table 99 Baseline outdoor water use corrected for percent irrigators and income 

Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.960 0.979
Excess Irrigators (%) 3.130 0.505 0.505 2.076
In ground sprinkers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125              83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
Predicted Value (kgal)  87.103
savings (kgal)  0.000
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

-  
Total savings (MAF)   

-  

 
 

Using the outdoor regression model we can make projections of the likely impact on household 
water use among the 8.24 million irrigating single-family residences if various modifications are 
made to their outdoor water patterns.  In the first case we assume that the rate of over-irrigation 
can be cut in half from the current 50.5% to 25.25% of irrigating households that are over 
irrigating.   

Table 100 shows that this simple expedient would reduce average outdoor use from 87.103 kgal 
per year to 62.152 kgal, and results in statewide savings of 0.631 million acre feet of water.  
Based on our best estimate of 4.4 MAF of single-family water use from Table 89, this means that 
a savings of nearly 15% of total single-family use could be achieved simply by cutting the 
number of over-irrigators in half--not eliminating over irrigation, but just halving it. 
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Table 100: Outdoor case 1: reduction in rate of excess irrigators by 50% 

Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.960 0.979
Excess Irrigators (%) 3.130 0.505 0.253 1.538
In ground sprinkers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125             83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
Predicted Value (kgal)  62.152
savings (kgal)  24.951
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

205,660,996 
Total savings (MAF)   

0.631 
 
A second scenario supposes that a fraction of households’ high-water use plants such as grass are 
replaced with climate-adapted, low-water use plants, in effect reducing their landscape ratios. 
This type of landscaping is often referred to as “drought-tolerant” or “low-water using” 
plantings. Southern Californians sometimes promote drought-tolerant and native plants as 
“California Friendly Landscaping,” it is referred to as “Bay-Friendly” in the San Francisco Bay 
Area, and in Santa Rosa and Sacramento the term is “River Friendly.” Replacing grass with 
native plants, in particular, reduces water use and has other benefits including flowers that attract 
pollinators, more diverse habitat, lower fertilizer and pesticide use, less polluted runoff, and 
healthier lakes, streams, and coasts.  The California model landscape ordinance suggests a 
maximum landscape ratio of 0.8. 
 
This study found an average “landscape ratio” of 0.96. The landscape ratio captures the impacts 
of different plant materials since it is the ratio of the theoretical irrigation requirement to the 
reference irrigation requirement.  Landscape professionals and agronomists use the concept of a 
crop coefficient or a plant factor to describe the water demands of different types of plants. A 
plant factor, when multiplied by reference crop evapotranspiration, determines the amount of 
water needed by a plant. California’s Water Efficient Landscape Ordinance, AB 1881, reports 
plant factors for different types of landscapes. The factor for low-water-use plants is 0 to 0.3, for 
moderate water use plants 0.4 to 0.6, and for high water use plants 0.7 to 1.0. Plant factors cited 
in the ordinance are derived from the Department of Water Resources 2000 publication “Water 
Use Classification of Landscape Species.” 
 
For this scenario, we estimated the water savings that would result from reducing the average 
landscape ratio from its current average of 0.96 to 0.80, which is the suggested ratio in the model 
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landscape ordinance.  This would be done by replacing turf and high water-using trees and 
shrubs with plants having a lower water requirement. Note that this scenario does not involve 
reducing landscaped area, since creating additional hardscape could increase impervious cover 
and runoff, and may not be a recommended practice.  Making this modification to the outdoor 
water use model achieves an additional 0.16 MAF, bringing total outdoor savings potential to 
0.790 MAF, which is an equivalent savings to 18% of the total single-family demands. 
 

Table 101: Outdoor case 2: reduction in landscape ratio to 0.80 

Parameter Coefficient Study 
mean 

Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3802.615 275.348
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.800 0.893
Excess Irrigators (%) 3.130 0.505 0.253 1.538
In ground sprinkers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125          83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
Predicted Value (kgal)  55.872
savings (kgal)  31.231
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

257,424,478 
Total savings (MAF)   

0.790 

 
The final outdoor scenario assumes that the average irrigated area is reduced by 20% through the 
use of hardscapes, mulches, and non-irrigated areas. This would lower the average landscape 
area to 3042 sf, and would generate another 0.232 MAF of outdoor water savings.  In this case 
the total outdoor savings would amount to 1.022 MAF of water per year, as shown in Table 102. 
 

Table 102: Outdoor case 3: reduction in landscape area by 20% 

Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Factor 1.6207E-04 --  1.6207E-04
Irrigated Area (sf) 0.682 3802.615 3042 236.503
Net Eto (in) 1.659 42.193 42.193 496.060
Landscape Ratio 0.506 0.960 0.800 0.893
Excess Irrigators (%) 3.130 0.505 0.253 1.538
In ground sprinklers (%) 1.212 0.739 0.739 1.157
Swimming pool (%) 1.385 0.158 0.158 1.061
Log_household_income ($1000) 0.125              83.97 83.970 1.74 
Correction -9.200  -9.200
Observed Mean Use (kgal)  87.103
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Parameter Coefficient Study mean Assumed 
Value 

Predicted 
Outdoor Use 

Predicted Value (kgal)  46.692
savings (kgal)  40.411
Irrigating SF Homes (87% of total)   

8,242,701 
total savings (kgal)   

333,093,996 
Total savings (MAF)   

1.022 

 
The results of the three scenarios of outdoor water use are shown in Table 103.  The total savings 
estimated from the three outdoor conservation efforts described above range from 15% to 23% of 
the total single-family baseline water use. 
 

Table 103 Estimated outdoor water savings for single-family residences in California 

 Baseline 
Current estimate 
of SF outdoor 
water use 

Scenario 1  
Reduce rate of 
over-irrigation by 
50%  

Scenario 2  
Reduce Average 
Landscape Ratio 
to 0.8 

Scenario 3  
Reduce 
Average 
Irrigated Area 
by 20% 

Income corrected 
Water Use 
            (kgal/yr/) 87.103 62.152 55.872 46.692 
                    (MAF) 2.27 1.62 1.48  

Savings (kgal/yr)  24.95 31.23 40.41 

Savings       (MAF)  0.631 0.790 1.022 
% reduction for SF 
Outdoor use 

 
28% 35% 45% 

% Reduction of total 
SF use  

 
14% 18% 23% 

 
Finally, a note about “cash for grass” programs: these have become increasingly popular as tools 
for water savings, most notably in Las Vegas, which recently increased the incentive from $1.00 
to $1.50 per square-foot (Southern Nevada Water Authority 2010). We estimate that, in Los 
Angeles, each square-foot of grass replaced with “California-friendly” landscaping saves 12 
gallons of water in a normal year, and up to 18 gallons in a drought year. Beyond financial 
incentives, agencies are employing other strategies to give up water-thirsty lawns for more 
appropriate land cover. These include enforcement of local landscape ordinances as described in 
the above section on new regulations. 
 
Another approach seeks to use the techniques of social marketing to convince residents of the 
many benefits of dry gardens, both environmental and aesthetic. While it is more difficult to 
measure the impact of these “soft” approaches, they are important to bringing about a culture 
shift that will contribute to more sustainable use of California’s water resources.  
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Total Savings Potential from Single Family Homes 
This study showed that a range of water savings are available from single-family homes in 
California.  Most of these savings come from the elimination of waste and use of best available 
water technologies.  Additional savings are available from changes in life style such as landscape 
redesign or reduction of landscape areas. 
 
The indoor savings potential are limited by the end-point chosen for indoor household use.  In 
CHAPTER 9 we estimated a potential average savings of 20 kgal per home assuming that the 
indoor use benchmark would be 120 gphd.  In this chapter the estimate was 30 to 40 kgal per 
household assuming that benchmarks of 105 gphd could be achieved and more aggressive indoor 
technologies used.  Consequently, we can conceive of three levels of indoor water conservation 
benchmarks: a low, medium and high level at 20, 30 and 40 kgal per year per home.  Total 
indoor estimates are based on the estimate of 9.5 million single-family households in the state.   
 
Outdoor potential conservation savings have been estimated at a low of 0.631, medium of 0.790 
and high of 1.022 MAF. The savings in the low and medium ranges are deemed technically 
achievable, and do not require draconian demand restriction efforts. Furthermore, the low-end 
savings would more than achieve the desired 20% reduction in use.  The practicality of achieving 
savings in the high range is less clear, and closely related to the value placed on the saved water.   
Achieving the high range outdoor savings may be achievable if residents are willing to scale 
back on the size and water requirements of their landscapes.  Table 104 shows the summary of 
the estimated potential conservation savings derived from this study.  It is worth repeating that 
what is achievable is a function of the value being placed on the saved water.  As water becomes 
scarcer its value will rise which will make things that may not have appeared economically 
practical become so. 
 

Table 104 Summary of projected statewide savings (MAF) 

 Baseline Use Low Savings Medium Savings  High Savings 
Indoor 2.13 .58 .87 1.16 
Outdoor  2.27 .63 .79 1.02 
Total 4.4 1.21 1.66 2.18 
% of Total  27% 37% 50% 
 

Issues Concerning Potential Water Conservation in California 
There are a number of issues that need to be kept in mind when considering how water 
conservation might impact future water demands in California. 

The Post-Drought Rebound Effect 
The sampling for this study took place in the middle of a 3-year drought that struck California 
from 2006- 2009. This is reflected in the governor’s declaration of a drought in June 2008, 
followed by a more serious declaration of a state emergency in February 2009. During this time, 
a statewide public education plan was conducted encouraging people to conserve water. At the 
same time, newspapers, radio, and television carried stories on the drought, usually accompanied 
by an exhortation to conserve water. During a drought, water savings come from a combination 
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of changes to behavior and technology. As an example of behavioral change, customers may take 
shorter showers, or scale back on lawn watering or car washing. Some customers install water-
saving fixtures that they purchase or receive via a giveaway or rebate from the utility. A 
“rebound effect” is often observed following a drought when customers return to their former 
patterns of water use. However, a certain amount of savings are more lasting, partly due to the 
spread of water-efficient technologies, but perhaps also due to lasting behavioral changes. It is 
reasonable to assume that some households in the sample modified their water use based on 
these messages, suggesting that the sample may underestimate water use in a normal, non-
drought year. 
 

Skewed nature of use and savings potential 
The distribution of water use among single-family residents is heavily skewed. It seems that 
household water use like many other quantities in social science, obeys the law of the long tail: a 
small number of households use large amounts of water. This has important implications for the 
design of conservation programs, since a small number of customers hold the biggest 
conservation potential; targeting these customers may lead to the most savings at the lowest cost. 
Yet, there are some difficulties in identifying these customers and running targeted conservation 
programs.  
 
One strategy is to use the techniques of data mining of billing data to determine households 
where water use is unexpectedly high. It may be useful to look for sudden unexplained jumps in 
water use by a customer. This may help to identify leaks in the customer’s home which they may 
not be aware of.  
 
Billing data becomes even more useful when it is linked to other kinds of information. High 
water use may be explained by a large family or a house that is on a large lot. Comparing billing 
data to property information from assessors’ offices (often called cadastral data) may make these 
queries more informative. 
 
Agencies that use an allocation-based billing structure, based on the number of residents or size 
of the lot, already have this type of information about their customers. Irvine Ranch Water 
District in California is an example of an agency that has successfully used a “water budget” 
approach for over a decade.  
 

Need for price signals 
Many analysts have noted that California’s water customers do not all receive adequate price 
signals to indicate that water resources are scarce. In general, there are four kinds of rate 
structures at use in the state: flat, declining block, uniform, and increasing block rate. 
 
The California Urban Water Conservation Council has encouraged the use of “conservation 
pricing” since 1991. By their definition, conservation pricing means that customers should pay 
for each additional unit of consumption. These so-called volumetric rates can include either 
uniform or increasing block rates. 
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Economists had formerly assumed that demand for water was relatively inelastic. In other words, 
a household’s need for demand for water is relatively fixed, and does not respond to changes in 
price. Two decades worth of research stands this notion on its head. According to Tsai et al. 
(2009), “Literature on the price elasticity of water use – impact of water price on water demand – 
is so well-developed that meta-analysis is now possible (for example, see the meta-analysis of 64 
previous studies by Dalhuisen et al. 2003).” Arbués and others surveyed the literature on 
residential water demand and conclude that while conservation pricing remains an important tool 
for water managers, it will be most effective when “complemented by other instruments.” 
 
The fact remains, however, that water is fairly inexpensive, and comprises a small portion of a 
typical household’s budget. A spate of recent newspaper articles publicized the profligacy of the 
biggest water users. Relying solely on rate increases to bring about savings will be difficult. 
Most agencies face some opposition from the public for any rate increase, no matter how modest. 
Raising rates can also create an unfair burden on poor families. Some have proposed allocation-
based rate systems to alleviate these concerns, where a base allocation for a household is based 
on the number of residents. 
 
As of 2006, 93% of California water agencies charged volumetric rates to residential customers, 
according to a study of water rates by the engineering firm Black & Veatch (2006). Inclining 
tiered rates are becoming more widespread. Before 1991, tiered rates were used by only 20% of 
suppliers. Their use spread from 38% of suppliers in 2001 to 43% in 2006 ( 
Figure 85).  
 
The study also found that water rates across the state had increased by an average of 17% over 
the 3-year period from 2003 to 2006. The study’s authors did not attribute the rate increase to 
conservation efforts but rather to “increasing cost in construction materials, stringent water 
quality regulations and an aging infrastructure.” 
 

50%
(–0.2%)

43%
(+4.9%)

6.4%
(–3.1%)

0.4%
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Uniform
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Other

 
Figure 85 Water rate comparison for California water agencies in 2006 (percent change from 
2001 shown in parentheses) (based on 289 water suppliers surveyed by Black & Veatch, 2006) 
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Research by the Public Policy Institute of California reveals that water consumption by 
households subject to a uniform volumetric rate is 13% lower than by those paying a flat rate. 
Switching to a tiered rate reduces consumption by another 10%. 
 
 

571

497

447

Flat rate
(no charges per gallon)

Uniform rates
(same price per gallon)

Tiered rates
(increasing price per gallon)

 

Figure 86 Household water consumption (gallons per day) under different rate structures in 2003 
(adapted from Hanak, 2008) 

 
An increasing body of evidence shows that some customers will respond to “community norms” 
more readily than price signals. These efforts may fall under the heading of “social marketing”, 
the use of marketing techniques to achieve specific behavioral goals for a social good. Social 
marketing has been traditionally employed to promote health and safety, with notable campaigns 
against smoking, skin cancer, and drunk driving. Campaigns such as California’s “Save Our 
Water” can be considered a form of social marketing. Overall, social marketing may use other 
forms of persuasion. 
 
An article in On Tap magazine describes how the ubiquitous water conservation cards in hotel 
rooms were modified to test their effectiveness: 
 
There was about a 37 percent compliance rate when the card carried a standard “help save the 
environment” message. Altering the card’s message to say that 75 percent of the guests in the 
hotel reused their towels, compliance climbed to 44 percent. When upping the ante by indicating 
that 75 percent of the people who stay in this room re-used their towels, compliance again rose, 
to 49 percent. 
 
A limited body of social science research supports the idea that if you tell people, “You are 
consuming more than is normal in our community,” that they will respond by lowering their 
consumption. The idea goes thus: even residents for whom the price of water is inconsequential 
will react strongly to being considered in violation of normal behavior in their community. A 
study by the National Bureau of Economic Research in April 2010 indicates that these messages 
may backfire among certain segments of the population. In an electricity conservation program 
where customers were given feedback on their own and peers’ electricity usage, they found that 
“a Democratic household that pays for electricity from renewable sources, that donates to 
environmental groups, and that lives in a liberal neighborhood reduces its consumption by 3 
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percent in response to this nudge. A Republican household that does not pay for electricity from 
renewable sources and that does not donate to environmental groups increases its consumption 
by 1 percent.”  

Frequency of Billing 
Some have hypothesized that infrequent billing supports is an obstacle to conservation efforts. 
Customers who receive a water bill every three months or six months will be less likely to 
respond to price signals, or so the thinking goes. While we believe this reasoning to be sound, 
there has not been a great deal of study to back it up. In 2008, a group of researchers in 
Massachusetts studying conservation efforts in the water-stressed Ipswich River basin 
hypothesized that “more frequent water bills would enable customers to recognized sharp 
increases in water use at the beginning of the irrigation season and respond by voluntarily 
reducing outdoor uses” (Tsai 2008). They separately tracked a group of 500 customers who 
began receiving monthly bills, where others in the area received only two bills per year. The 
study failed to show that more frequent billing resulted in lower water use, perhaps because a 
drought resulted in regulatory water-use restrictions during the same summer. It is possible that 
other educational outreach efforts may be required in tandem with more frequent billing to 
trigger voluntary conservation. 
 
Real-time feedback 
Some utilities are beginning to upgrade water meters to so-called “smart meters,” which are a 
part of what goes by the terms AMR for “automated meter reading” and AMI for “advanced 
metering infrastructure.” These types of metering systems can automatically transmit usage data 
to the utility, saving the time and expense of deploying meter readers. Another advantage is 
providing customers greater knowledge and control of their water use.  
 

 
Figure 87 Prototype online user interface for a smart water meter. (Courtesy of Charles Bohlig at 
the East Bay Municipal Utility District.) 
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California’s experience with electric “smart meters” will be a useful guide as we move forward 
with smart water meters.  A key element of at least one brand of AMI meters is their ability to 
provide real-time data on water use through a monitor installed in the home, normally on the 
refrigerator with a magnet.  This system also has a “leak” detection alert. 
 
A Silicon Valley entrepreneur has launched a company called Aguacue to promote a real-time 
flow measurement technology similar to the one used in this study. The company’s product 
consists of a measurement device they call a “barnacle” that attaches to a water meter and online 
software that helps customers to monitor and better understand their water use patterns. Since 
there are no products available to measure end uses of water at home, this may help people to get 
a better idea of how much water they are using for different purposes.  
 
A study conducted by California State University, San Marcos, of households in Carlsbad near 
San Diego, revealed that customers who received real-time feedback and information about how 
much water their neighbors were using cut their water use significantly: 
 
...those who got the feedback used 20 percent less water compared with the same period the year 
before. The control group reduced its water use by only 11 percent compared with the previous 
year. The results also suggest that people who were already interested in reducing their water use 
before the study began, conserved the most once they got the devices and software. 
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CHAPTER 11 – CONCLUSIONS AND 
RECOMMENDATIONS  

 
The research team offers the following conclusions and recommendations.   

Conclusions 
Since the signing of the original Memorandum of Understanding, the water agencies in the State 
of California have made a concerted effort to implement water conservation programs.  These 
efforts have clearly paid off in the form of reduced water use.  The data collected for this study 
has shown that indoor water uses have been reduced by 13% compared to the 1997 demand 
patterns.  The penetration rates of toilets has increased to the point that 60% or more individual 
units are ULF or better models, and 30% of all homes appear to be fully equipped with toilets 
that are flushing at 2 gallons per flush or less. Similarly, 30% of homes now have clothes 
washers that use 30 gallons per load or less, and these volumes are falling continuously as newer, 
more efficient models come on the market.  Showers appear to be fully saturated with 2.5 gpm 
devices.  The areas where the most interesting challenges persists are in managing leaks (and 
continuous uses that appear to be leaks) and eliminating excess irrigation applications. 
 
The fundamental conclusion of this report is that there has been significant progress made in 
single-family water conservation.  Indoor use, normalized for a family of 3 has declined by 13% 
since the REUWS study was completed. The data show, however, that there is still a significant 
amount of remaining potential available.  This is true for both indoor and outdoor uses.  Tapping 
these potential savings could represent a major portion of the conservation savings goals for the 
State. 
 
In the most conservative case, indoor savings are estimated at approximately 20 kgal per year per 
household and outdoor savings at 25 kgal per household per year.  This equates to 45 kgal per 
household per year, or 1.2 MAF for the households in the state.  These savings represent 27% of 
the baseline single-family demand.  In the most aggressive conservation program investigated, 
the total household savings are 40 kgal per household indoors and 40 kgal per household 
outdoor.  In this case the total savings from the single-family category would amount to 2.18 
MAF per year, which equates to 50% of the baseline demand.   
 
Savings associated with the conservative estimates could probably be achieved without making 
any major adjustments to lifestyles, but they would require some technological and 
programmatic advances.  The primary indoor challenge is to develop ways to eliminate the long 
term “leakage” patterns seen in some homes.  Our assumption is that most of these are true leaks 
or mal-functions of some sort.  Some additional work needs to be done to determine if there are 
legitimate uses (such as water treatment, medical or other uses) that require a constant flow of 
water.  If these uses are avoidable they would reduce overall indoor water use significantly.  
There are devices on the market for detecting and interrupting these types of flows that should be 
investigated.  For outdoor uses the challenge is to find ways of eliminating over-irrigation for 
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customers where it is occurring, without simultaneously causing irrigation use to rise for 
customers who are under-irrigating. 
 
The more aggressive conservation scenarios would require increasingly lifestyle changes.  
Additional work needs to be done to determine how these scenarios might be accomplished 
technically, economically and from the perspective of customer acceptance.  This report did not 
deal with cost-effectiveness analyses. 
 
The savings projections made in this study are based on clearly defined assumptions and 
parameters.  They are theoretically possible to achieve, and have been demonstrated to be 
achievable in pilot studies. Only future studies and efforts by agencies working with their 
customers in practical situations will demonstrate how achievable they may be and what 
techniques are most promising.  It is clear, however, that the more valuable water becomes the 
more cost-effective the conservation efforts will prove.  
 
These average savings estimates are not evenly distributed over the population.  In most homes 
the savings potential is smaller than the average, but in a few homes it is far larger than the 
average.  The skewed nature of both water use and potential savings is another key finding of 
this report, and has important implications on how to best achieve water savings in the most 
practical manner and in program design. 
 
The water use in the study homes matched the water use of the populations from which they 
were drawn in both average and median annual water use.  While geography was not one of the 
selection criteria, in cases where it was checked, as, for example in San Francisco and Los 
Angeles, the proportion of study homes in zip codes was found to match the percentage of 
single-family customers therein.   
 
The research team believes that in general the study homes in this sample were fairly typical of 
single-family homes in the state.  Exceptions to this were found in that the average occupancy of 
the study homes was slightly larger than the statewide population and the income of the study 
homes was higher than for the state as a whole. The savings estimates in the study have been 
corrected to account for these differences. 
 
The basic sample of 60 homes per study site uniformly provided sufficient accuracy in results 
such that the 95% confidence intervals around the mean values of end uses was less than 10% of 
the mean, and provided sufficient accuracy to detect whether changes in the mean use were 
statistically significant and whether the percentage of homes complying with efficiency criteria 
were significant.  The pooled sample group provided a more than adequate data set for 
performing the indoor and outdoor modeling on a range of explanatory variables. 
 
The errors and inaccuracies in the data and analysis were unavoidable given the available data 
and the fact that water use was being disaggregated by examination of a flow trace from a single 
water meter.  The errors in the data, however, were mainly random in nature, creating plusses 
and minuses in the results, and we do not believe significant systematic errors occurred.  
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The data collected for this study reveal a wide array of details about single-family household use 
in the study homes and by extension for California, and how these uses have changed over time.  
Some of the key findings are: 
 

 The annual water use in the 1.3 million single-family customers from which the study 
sample was selected was 132 kgal (176 CCF) per year. This is equivalent to 361 gphd.  
Based on the average occupancy of 2.94 persons per home, this equates to an average per 
capita use of 123 gpcd for annual single-family use. 

 Analysis of the data on an annual and seasonal basis indicates that that 47% of the single-
family household use was for indoor uses and 53% was for outdoor uses.  This equates to 
62 kgal per year for indoor uses and 70 kgal per year for outdoor uses, averaged over all 
single-family households in the study. 

 Based on data logged consumption, the total indoor water use from data logging for the 
study homes was 175 gphd, which was statistically similar to both the indoor use for the 
entire REUWS group, which was 177 gphd, and just the California homes from the 
REUWS, which was 186 gphd.   

 The only continuous variable found to be significant with respect to predicting indoor 
water use was the number of residents living in the home. The age of the home, 
household income, number of bedrooms or bathrooms, and the size of the home were not 
significant predictors. 

 Indoor water use is not linear with respect to the number of residents, but follows a power 
curve relationship, with the exponent of the equation less than 1.0.  

 When corrected for the number of occupants by normalizing household demands for a 
family of three, the indoor water use from the current study group was 13% lower than 
for the REUWS group. 

 As an efficiency benchmark, this study used the data from the EPA Retrofit Study, which 
showed the water use in homes that had been retrofit with high efficiency fixtures and 
appliances.  The average indoor use for the Retrofit group was 107 gphd, although for 
projections of savings, we only sought to obtain savings down to the level of 120 gphd in 
order to be conservative. 

 There were eight indoor end uses identified, five of which are major end-uses:  
o toilets (20%),  
o clothes washers (18%),  
o showers (19%)  
o faucets (18%) and  
o leakage (16%).   

These account for 91% of indoor uses by volume. Baths, dishwashers and other uses make up 
the remaining 9%. 

 
 Of the eight indoor end-uses analyzed in this study,  

o Two categories: toilets and clothes washers showed unambiguous reductions in 
use compared to the REUWS sample. 

o Four categories: showers, faucets, leaks and baths showed increased usage;  
o Two categories: other (miscellaneous) uses and dishwasher uses remained 

unchanged. 
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There were 122,869 toilet flushes recorded in the flow trace database.  
 

 According the survey data 67% of all of the toilets in the study group are ULF or better 
devices.  The data show that this rate of penetration still leaves the majority of homes 
flushing above the 2.0 gpf threshold, which is due to a combination of the mixtures of 
high volume and ULF toilets in the homes, and the fact that many ULF design toilets 
clearly flush at more than 1.6 gpf. 

 In 1999 when the REUWS was published only 22% of all toilet flushes were at 2.5 gpf or 
less in this study 59% of all flushes are at 2.5 or less.  That represents a major 
improvement and demonstrates the benefits of the conservation efforts that have been 
made. 

 The household use for toilet flushing decreased from 45.2 gphd in the REUWS to 37.7 
gphd in this study.  

 The average toilet flush was 2.76 gallons per flush, which compares to an average flush 
volume of 3.48 gpf in the REUWS data.  The median flush volume was 2.45 gal.   

 It appears that 75% of all homes have at least one ULF or better toilet and 25% do not. 
 Overall, 30% of the houses had average toilet flush volumes at 2.0 gpf or less.  The 

remained 70% of homes have a mixture of toilets and would benefit from additional 
toilets upgrades or repairs.  

 The data show a clear improvement in the water use efficiency for toilet flushing, but 
they also show that there is still a considerable amount of remaining potential available. 

 The toilet flush data in this study suggest that around 30% of the homes use ULF or 
better toilets exclusively, 25% of the houses do not use ULF or better toilets to a 
significant extent, and 60% of the toilets in the population are ULF or better devices. 

 
There were 7,935 loads of clothes identified from the flow trace data during the logging study. 

 The data show clear improvements in clothes washer efficiencies. 
 In the REUWS group only 1% of the loads were washed at 30 gallons or less. The current 

data show that 29% of all homes use 30 gpl or less.  
 The household water use for clothes washing dropped from 39.3 gphd in the REUWS to 

33.2 gphd in this study. 
 The average gallons per load was 36 gpl, which compared to 40.9 gpl in the REUWS 

study. 
 If all clothes washers were high efficiency devices, which in this study was set at only 30 

gpl, the household use could be reduced to less than 20 gpd for clothes washing.  
Obviously, if lower wash volumes provided by the more recently produced machines 
with lower water factors this would drop further. 

 
There were 17,334 showers recorded during the logging study 

 The household use for showering increased from 31.9 to 35.3 gphd from the REUWS 
group to this. 

 The average flow rate for the showers was 2.14 gpm, which is less than the 2.5 gpm 
standard. 
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 The average minutes per day for showers in the homes was 17.1 minutes.  At 1.7 gpm 
this would require 29 gphd for showering, which gives an indication of the potential for 
conservation from shower heads when compared to the 35 gphd recorded use. 

 The average volume of water used for showers in the homes was 18 gallons per shower.  
This is approximately the volume required to fill up a standard bath tub with someone 
sitting in the tub. 

 
During the 9,021 days logged in the study period the average volume of events classified as leaks 
or leak-like events was 30.8 gphd.  

 Only 7% of the homes showed volumes for leaks and leak-like events at 100 gpd or 
more, but these homes were responsible for 44% of the total volume assigned to leakage.  
A few of these homes may have devices such as reverse osmosis systems that are being 
run continuously, and this needs further study. 

 The leaks in homes with 100 gpd or more of leakage tend to be of long duration, which 
would lend themselves to interruption by various devices currently on the market. 

 The regression model of leakage showed a 12.8 gphd difference in leakage between 
manual and sprinkler irrigators.  This implies that a significant percentage of the observed 
leakage was due to leaky irrigation systems. 

 Elimination of these long and large volume “leak” events should be a high priority for 
making residential water use more efficient. 

 If there are devices, such as whole house reverse osmosis systems, that create a 
continuous demand these should be documented, and criteria established for categorizing 
their use. 

 
In terms of the number of events per day, faucets rank number one.  

 There was an average of 57 faucet events per day in the homes, which lasted an average 
of 37 seconds at a flow rate of 1.1 gpm.  

 Faucet use appears to be reduced by having a dishwasher 
 The presence of a disposal also was associated with decreased faucet use, which was not 

anticipated 
 Faucet use accounts for 33 gphd, up slightly from the REUWS sample of 26.8 gphd.  
 A combination of reduced flow rates and devices to reduce flow durations are probably 

the best approach to reducing faucet use. 
 
The data show an increase in the penetration rates of water efficient devices in the homes. 

 In the REUWS group, only 1% of homes met high efficiency clothes washer criteria and 
10% met efficient toilet criteria.  

  The current data show that 29% of the California homes meet clothes washer criteria and 
30% meet toilet criteria. Nearly 80% of all homes meet shower criteria. 

 It is safe to conclude that approximately 30% of all clothes washers in the single-family 
group are high efficiency, since there is normally only one washer per home. 

 Since there are multiple toilets per home the percentage of these devices that are efficient 
would be substantially greater than the 30% percent of homes meeting the efficiency 
criteria.  The data suggest that a 30% household efficiency rate is equivalent to at least a 
60% toilet fixture rate. 
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 The quantification of the precise percentage of ULF or better toilets in the study group is 
complicated by the fact that ULF toilets often flush at more than 1.6 gpf. 

 
The average outdoor use for the group as a whole was 80.6 kgal (108 CCF) per year 

 Approximately 87% of the homes in the sample appeared to be irrigating, or using 
significant amounts of water for outdoor purposes. 

 The split between indoor and outdoor use, while variable from site to site averaged 
approximately 40% indoor to 60% outdoor for the houses that were irrigating. 

 Irrigation use is more heavily skewed by large users than is indoor use.  The top half of 
the irrigators (those using more than the median use of 67 kgal per year) account for 
approximately 75% of the total outdoor use. 

 The average irrigated area on these lots was 3,631 sf while the median area was 2,634 sf.  
 There was a fairly good relationship between lot size and irrigated area for these homes 

which were included in the outdoor analysis. 
 The actual application rate for the sites equaled 58.3 inches, compared to the average ET 

requirement of 42.1 inches, implying that the overall application ratio was 138% of the 
required irrigation amount, but this was not evenly distributed. Most homes are not over-
irrigating. 

 Roughly 50% of the irrigators, 42% of all homes are over-irrigating. 
 The average volume of over-irrigation was 27.9 kgal per year for all irrigators 
 The average excess irrigation on just the lots that were over irrigating was 60 kgal. 

 
Since most of the water agencies were following similar practices in their water conservation 
programs it was difficult to identify differences in water use patterns that could be attributed to 
individual conservation programs. 
 
Most of the survey respondents had little knowledge about how much water they use or how 
much money they spend on water. Most respondents also did not consider price when deciding 
how much water to use either indoors or outdoors.  Only 16% of respondents agreed with the 
statement “I conserve water mainly for environmental reasons”, while 80% of respondents 
disagreed with this statement. This may simply point out that there are more reasons for 
conserving water than just the environmental benefits.  
 
The factors that were found to be significant in modeling indoor water use were  

 the number of residents in the home,  
 whether there was a significant leak,  
 whether youth were present, and  
 the presence of high efficiency fixtures and appliances.  

The factors that affected outdoor use included: 
 ET,  
 irrigated area,  
 household income,  
 landscape coefficient,  
 pool,  
 sprinkler system,  
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 Whether the home is over-irrigating. 
 
The water use models derived from the study data were used to project water use and water 
savings for the general population of single-family homes across the state. As shown in Table 
104, these resulted in projected water savings ranging from a low of 1.21 MAF to a high of 2.18 
MAF of water from the single-family customers. This equates to from 27% to 50% of the 
baseline single-family demands.   
 
The data lead to the conclusion that in order to achieve maximum savings the following things 
would need to be done: 

 Reduce average indoor water use from 175 gphd to somewhere between 105 and 120 
gphd. 

o Reduce average leakage to less than 10 gphd 
o Install HET toilets over time 
o Use high efficiency clothes washers in all homes 
o Use water smart shower-heads at 1.7 gpm 
o Reduce faucet run times by >10% 

 Reduce outdoor use to an average of 46.7 kgal per year from current average of 86.1 
o Reduce rate of over-irrigation from 50% to 25% of irrigators 
o Reduce landscape ratio from 0.96 to 0.80 
o Reduce average irrigated area by 20%, from 3802 sf to 3042 sf. 

 
This study did not deal with the costs to achieve each of these savings or other issues 
surrounding economics or customer acceptance.  The main goal of this study was to quantify the 
potential savings based on an analysis of the water use patterns circa 2007. 
 
The conclusions on water savings included in this study are based on what has been shown to be 
technically feasible with respect to reducing both indoor and outdoor single-family residential 
water use.  The study, however, did not deal with the cost-effectiveness of any individual 
conservation program aimed at making these reductions.  The entire issue of cost-effectiveness 
and the economics of water conservation are topics for future studies. 
 

Recommendations 
One of the key recommendations from this study is that more attention needs to be given to the 
performance of customers measured by their water use, rather than the counting of activities such 
as rebates, audits and other conservation practices.  Accounting for activities is a necessary part 
of evaluating a conservation program, but it is not sufficient technique on its own.  The approach 
of tracking changes in measured water use is also reflected in the recent revisions to the BMP 
programs, which focus on reductions of water use by the customers.  Such performance-tracking 
could be accomplished by the creation of annual reports that are based on normalized parameters 
(e.g. gphd annual and winter use, gallons per sf of irrigated area) which can be compared and 
tracked over time.  The use of total gallons of water deliveries divided by estimated population is 
too imprecise a measure for good analysis. 
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The State of California has specified that per capita water use is to be used as the primary 
measure of water use efficiency.  The 20% reduction in water use called for by the legislature 
means that the per capita water use is to decline by 20%.  Barring a massive increase in the 
number of residents per household, a 20% reduction in single-family per capita water use is 
equivalent to a 20% reduction in household water use.  
 
 Since it is difficult to accurately determine the population served, and small errors in these 
estimates can change per-capita use estimates significantly we recommend that the procedure 
used in this study be followed, where household use is first analyzed for scientifically selected 
samples of customers, and then normalized on the basis of population.  This technique made it 
possible to identify a 13% reduction in indoor water use shown in Table 73, which was not 
evident in just the raw household use data. 
 
The number or residents per household is a highly significant factor in predicting indoor water 
use.  The fact that this relationship is non-linear has implications for the establishment of water 
budgets.  Since the water use does not rise proportionally with the number of persons in the 
home then establishing water budgets in a linear manner will results in artificially large budgets 
for larger households and inadequate budgets for small households. Some agencies, such as 
IRWD, deal with this by providing a minimum budget based on a default value for their 
residences. 
 
Use of household consumption as a primary performance indicator implies that when evaluating 
the effectiveness of a water conservation program, actual levels of household use by residential 
customers must be determined, and that a reduction of these numbers should be demonstrated 
based on a standard number of residents. This reduction in household (and per capita) use should 
be given more weight than the numerical BMP implementation numbers as is required by the 
revised MOU.  
 
The notion that water savings due to specific BMPs such as toilet and clothes washer retrofits 
will automatically carry through as household water use savings is supported by this study.  The 
study showed that there was a total reduction in toilet and clothes washer use of nearly 17 gphd, 
but that indoor water use did not decline by this amount. These data show that water savings 
from installation of higher efficiency devices tended to get obscured by increased water use 
elsewhere.  This may be an example of the rebound effect (also known as the Jeavons paradox).  
This is an area that needs additional work, and should be pursued. 
 
Water agencies should keep track of and report the number of single-family accounts, their 
average and median annual use, seasonal use and non-seasonal use.  This will allow household 
water use to be continuously compared against known efficiency benchmarks to see how well the 
conservation targets are being met.  
 
It would also be very useful if water agencies could expand their customer information systems 
to include the number of residents per home, irrigated areas, and other key parameters shown to 
be important for predicting water use in CHAPTER 9.  This would make it possible to make 
adjustments to billing data information as needed to account for changes in these key parameters 
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so that changes, say in the number of persons per house, do not mask or masquerade as changes 
in efficiency. 
 
The data in this study indicate that logical goals for indoor water conservation should be to 
achieve consumption levels of 120 gallons or less per household per day for an average home.  
Outdoor goals should be based on halving the occurrence of excess irrigation, design of 
landscapes that have landscape factors no greater than 0.8, and where more aggressive measures 
are needed, a reduction in irrigated area.  Each community will need to decide which of these it 
wishes to emphasize based on local policies. 
 
This study did not deal with the costs of achieving specific efficiency levels, only the technical 
feasibility of doing so.  Additional studies need to be done to quantify the types of measures that 
could lead to the target efficiency levels and the costs of their implementation.  It is possible that 
many of these can be developed that involve little or no cost to the customer or agency.  As the 
marginal cost of water increases, so will the value of conserved water and the cost-effectiveness 
of water conservation efforts. 
 
The fact that, according to the survey, few customers are even aware of the cost of water or how 
much water they are using suggests that there may be benefits from using rate structures that 
send strong price signals for customers that fall into the excess use category. Communication of 
this over-use (and hopefully avoiding it) could be improved by implementing improved methods 
of providing real -ime information to the customers on their water use. 
 
Even though there are problems in doing so, it would make sense to express water bills in terms 
of gallons instead of billing units (hundreds of cubic feet).  Customers find billing units or CCF 
to be highly confusing and do not know how to interpret the information.  Given that water-using 
devices in the home are measured in gallons, the basic unit of measurement in the United States, 
is seems reasonable to bill in units of gallons where practical to do so. 
 
We know of no better way of sending price signals than by developing water budgets linked to 
indoor and outdoor use.  The results of this study show clearly that the water savings available in 
the population derives from a relatively small number of users.  This is especially true for highly 
skewed categories such as leakage and excess irrigation use.  It is very inefficient and difficult to 
devise programs to be applied to the general population in order to reach a small number of 
customers.  Water budgets automatically identify the customers in need of attention, and provide 
incentives to the customers to address their water use problems in the form of price signals. 
 
To the extent that water budgets or highly tiered water rates are used, it becomes more important 
to provide the customers with real-time information on their water use.  Fortunately, there are an 
increasing number of ways to do this as more systems install AMR/AMI metering systems.  
Providing customers with targets from their water budget and feedback on their real-time 
consumption should be considered as two sides of the same coin. 
 
Even though significant progress has been made in the areas of clothes washers and toilets, just 
less than one third of the potential has been achieved for these devices.  So, continued efforts 
need to be made in upgrades to HET devices and repairs of malfunctioning units. That does not 
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mean, however, that this necessarily involves rebates.  Building codes, water budgets, retrofit on 
sale ordinances and other incentives may be a more cost-effective method of accomplishing 
upgrades and replacements of obsolete devices.   
 
Additional research should be done on the degree to which toilets that are rated as ULF models 
are actually flushing at their design levels, and on ways to correct the problem of over-flushing 
through repairs and design changes. A significant number of toilets in this study that were 
flushing between 1.6 and 3.5 gpf may be mal-functioning ULF devices. 
 
Leakage is a category that has increased as a dilemma.  Leaking water does nothing useful, and 
should be eliminated to the degree practical.  There are increasingly effective technical devices 
such as smart meters, and sensor linked valves that are capable of recognizing and interrupting 
leaks.  The issue of what types of “uses” of water may be creating continuous demands that 
mimic leaks also needs further investigation.  A water budget rate structure is effective at leak 
reduction by making the customer aware of their excess consumption through their bills. 
 
Faucet use has also been shown to decrease with the presence of dishwashers and disposals, and 
with increased knowledge about water use and costs.  One-touch faucets and hands-free faucet 
controllers could help shorten the duration of faucet events.  Clearly these are expensive devices 
which would have to be introduced on a voluntary basis and after additional investigation.  
 
The data showed a strong correlation between automatic sprinkler systems and leakage.  One 
excellent way to reduce leakage in sprinkler systems is to equip these systems with master valves 
which de-pressurize the system when active irrigation is not taking place.  When a zone valve is 
open this acts to reduce pressure in the system so most of the water goes to the actively irrigating 
zone.  When all zone valves are closed, the pressure in the system rises, and any leaks are 
exposed to the full static pressure of the system.  These leaks will continue indefinitely.  A 
master valve, however, shuts off the water at the top end of the system, and will eliminate 
leakage. Master valves should be required on all automatic sprinkler system to the extent it is 
practical to do so. 
 
Adopting more aggressive building codes provides an opportunity to ensure that new homes 
constructed in the state use the best available technologies described above.  The most practical 
time to install water conserving devices is when the home is built. The CalGreen building codes 
were adopted in California in 2010.   
 
The results of this study suggest some items that should be considered for new homes and 
retrofits of existing homes: 

 Water Sense fixtures and appliances 
 High efficiency clothes washers meeting WaterSense criteria 
 Hands free faucet controllers, or other devices for limiting run times, for kitchen and 

bathrooms should be investigated to determine their effectiveness in reducing faucet use 
and the acceptability to customers. 

 Real time feedback on water use for the customer 
 Devices that sense and interrupt continuous uses of water due to leakage 
 Master valves on irrigation systems 
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 Landscapes that have landscape factors or 0.8 or less 
 Appropriate limits on irrigated areas 
 Systems that discourage over-irrigation while allowing deficit irrigation to continue 
 Water budgets for all single-family residential customer based on WaterSense criteria for 

indoor uses and locally appropriate water conserving landscapes outdoors. 
 
The State of California has adopted a goal of reducing per capita water use by 20% by the year 
2020.  Single-family residential water use can meet or beat this goal by reducing waste and 
leakage, use of high efficiency fixtures and appliances, reducing the number of  customers who 
are over-irrigating and by making modest modifications to landscape plant material and irrigated 
area. 
 
Efforts at improving single-family residential water use efficiency should not be discontinued, 
but should be refocused on achieving measurable reductions in household water use towards the 
efficiency benchmarks described in this report.  By doing so in an aggressive manner savings 
from 1.2 to 2.2 million acre feet per year are achievable from existing single-family households. 
 
The approach of sampling scientifically selected groups of customer and collecting highly 
detailed information on their water use and other characteristics could provide a way of 
understanding baseline use and changes in water use patterns in the States single-family 
customers on a much timelier basis than reliance on reports prepared from billing data.  Small 
changes in water use can be identified using the data logging technique which are not apparent 
from billing data analysis.  Just as the comparison between this study and the 1997 REUWS 
results provided information on changes in residential water use, future studies using similar 
techniques can provide additional information on how water demands in the single-family sector 
are changing during coming years.  
 
 
 
 
 
 
 
 
 
 



 

APPENDICES 

APPENDIX A: Utility Water Conservation Program Questionnaire 
Agency Information   
Agency   
Address   
City   
State   
Zip   
Coordinator name   
Coordinator phone   
Coordinator email   
General   
Population served   
Number of Employees in 
Program 

  

Annual Budget   
O&M   
Capital   
 
Conservation Measure Code Comment 
Residential Indoor   
Toilet replacements   
Showerhead replacement   
Faucet aerators   
Dishwashers   
Clothes Washers   
Audits   
Hot Water Recirc   
Other Res. Indoor?   
Residential Outdoor   
Controller replacement   
Rotating water days   
Xeriscape   
Irrigation audits   
Other Residential?    
CII Indoor   
CII Audits   
HET toilet program   
Cooling tower inspections   
Pre rinse spray nozzles   
Waterless urinals   
Bleed controllers   
Commercial Washers   
Other CII?   
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Conservation Measure Code Comment 
Irrigation Accounts   
Irrigation audits   
Xeriscape   
Rotating water days   
Workshops   
Budget rates for Irrigation   
Controller replacement   
System Measures   
“leak” detection   
System Audits   
Tiered Billing Systems   
Water Budgets   
Revolving loans   
Water Recycling   
Public Education programs   
Other Water Cons. Measures?   
New homeowner outreach   
Advertising   
Provision of ET data   
Meter feedback devices   
Conservation Plan   
Date of last update   
Copies currently available   
How is it evaluated   
Part of an IRP?   
Drought Plan?   
Date of last update   
Drought Taskforce in place?   
Linkage with Water Cons. Plan?   
 
 
Codes for type of installation program 
0=None 
1= Direct (or Yes) 
2= Distribution  
3= rebate or owner install 
4= upgrade on sale 
 
 
 
 
 
 
 
Have any of the following ordinances been adopted by you or others over last 5 years 
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that affect your customers? 
Anti-Water Waste   
Toilet standards   
Clothes washer standards   
Water reuse ordinances   
Drought restriction enabling   
Other building codes   
Others   
 
 
Water and Sewer Rate Information  
Are your SF customers metered?   
Units of billing   
Billing period (months)   
Current SF Rate Structure type:  <---Fill in code in column B 
Block $/unit Number of units included or percent of 

budget 
Fixed charge   
Block 1   
Block 2   
Block 3   
Block 4   
Block 5   
Date Water Rates took effect   
Percent increase from old rates   
Are sewer charges included?   
If so, what rate structure  <---Fill in code in column B 
Fixed charge   
Block 1   
Block 2   
Block 3   
Block 4   
Block 5   
 
 
 
Codes to describe Water Rate Structure 
0= Flat rate (charges are not based on amount used) 
1= Uniform Rate (all water [purchased at same rate) 
2= Increasing block rate (rates jump at breakpoints) 
3= Water Budget Rates (jump points based on budget) 
4= Decreasing block rate 
5= Other (please provide description) 
 
 
 



 

APPENDIX B – UTILITY SPECIFIC INFORMATION 
 

The Redwood City  
Redwood City Utility serves the residents of Redwood City and parts of unincorporated San 
Mateo County including Emerald Lake Hills, and Cañada College.56  Redwood City is a deep 
water port, located in the Bay Area 25 miles south of San Francisco, and about 27 miles north of 
San Jose. The 14 square mile service area57 varies in elevation from sea level along the port to 
over 800 feet in the Emerald Lake Hills area. 

Demographics and Census Information58 
Redwood City is a center of high-tech industry.59  Of the population over the age of 25, 82.9% 
have a high school diploma or higher and 35.7% have a college degree or higher.  The median 
annual household income is $66,748; only 3.9% of families live below the poverty level.  The 
median home price of $517,800 is the highest of the sites in the study; 53% of the homes are 
owner occupied with a median monthly mortgage of $2,351.  Table 105 gives some additional 
information about the homes in Redwood City.  
 

Table 105: Demographic and household statistics for Redwood City 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $2,351 53% 2.61 2.8 1959 9.4 

Rental $1,014 47% 2.63 1.5 1965 4.1 

Climate 
Redwood City’s slogan is “Climate Best By Government Test” based on climate surveys and 
meteorological data gathered by the United States and German governments starting before 
World War I.60  At present there is no CIMIS weather station located near Redwood City or in 
San Mateo County, although one was in the process of being installed at the time of this report.  
 

                                                 
56 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter2.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Chapter 2 – Service Area Characteristics. 2.2 Description of Service Area. Accessed June 28, 
2006. 

57 Redwood City’s 2005 Urban Water Management Plan does not include a map of its service area. 
58 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Redwood 

City, California. Fact Sheet. Housing Characteristics. Physical Characteristics. Financial Characteristics. 
Accessed June 13, 2006 

59 http://www.redwoodcity.org/about/index.html. Redwood City, California. About the City. Accessed June 28, 
2006. 

60 http://www.rcpl.info/services/climatebesthistory.html. Redwood City Public Library. Local History. Climate Best. 
Accessed June 28, 2006.  
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Table 106 contains weather data compiled for Redwood City’s Urban Water Management Plan 
from NOAA weather station No. 047339 for the period from January 1, 1931 to July 1, 2005. 
Average annual rainfall is approximately 20 inches; most rainfall occurs from November through 
April with less than a half inch falling during the summer months.   Redwood City is located in 
Zone 8 on the CIMIS Reference ET Zone map which is described as Inland San Francisco Bay 
Area with some marine influence. 
 

Table 106:  NOAA weather data from Redwood City station No. 047339 for the period of record 
from 1/1/1931 – 7/1/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Avg 
Max 
Temp 
(F) 

58.0 61.8 65.5 69.9 74.7 79.6 82.4 82.0 80.8 74.6 65.3 58.7 71.2 

Avg 
Min 
Temp 
(F) 

39.2 41.9 43.6 45.2 48.6 52.1 54.5 54.3 52.9 48.9 43.5 40.0 47.1 

Avg 
Monthly  
Precip 
(in) 

4.3 3.6 2.8 1.2 0.4 0.1 0.0 0.1 0.2 0.9 2.3 3.8 19.7 

Avg  
Monthly 
ETo (in) 

1.7 2.1 3.4 4.6 6.0 6.6 7.0 6.3 5.0 3.5 2.1 1.5 49.8 

Customer Base 
In 2005, Redwood City water utility had 22,980 accounts. There were 18,519 single-family 
residential accounts (80.5%), 1,680 multi-family accounts (7.3%), 1,570 commercial accounts 
(6.8%), 523 irrigation accounts (2.2%) and 688 institutional accounts (3.0%).61  Figure B1 shows 
the percentages of 2005 metered accounts by sector in Redwood City.  

                                                 
61 Customer account information provided by Manny Rosas, Water Resources Superintendent for Redwood City 
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Figure B 1: Percentage of 2005 metered accounts by sector in the Redwood City 

Water Supply and Demand 
One hundred percent of the potable water supply for Redwood City is currently derived from the 
Hetch Hetchy water system supplied by the Bay Area Water Supply and Conservation Agency.  
Redwood City’s contracted supply is 12,243 AF/yr (3,988 MG/yr); however in recent years 
Redwood City has exceeded their contractual amount by 9%, or approximately 1,100 AF/yr.62  
Reducing the demands so that they fall within the city’s allocation is one of the major goals of 
the water conservation program. 
 
In 2004 the city began the design and construction of a recycled water project in an effort to 
reduce its dependence on Hetch Hetchy water.  First Step is Redwood City’s pilot project 
implemented to supply recycled water to ten landscape irrigation customers resulting in a 
reduction of demand on the Hetch Hetchy water supply of 30 acre-feet annually.  Redwood City 
plans to expand its First Step customer base to include commercial and residential landscape 
irrigation, cooling, industrial uses, and new development.63  
 
During 2005 the utility sold 5,186,660 CCF (3,880 MG) (11,911 AF) of water. Residential 
customers accounted for 69% of the total water demand (49% single-family and 19% multi-
family), commercial customers used 18%, residential and commercial irrigation accounts used an 

                                                 
62 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter3.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Redwood City Water Supply Contract. Accessed June 29, 2006. 
63 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter7.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Water Recycling. Accessed June 29, 2006. 
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additional 13%, and the remaining 1% was for other uses.64  As much as 38% of the total annual 
billed consumption is related to outdoor use.65 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers are billed bimonthly.  In addition to the basic bi-monthly service charge of 
$24 there is a 4-tiered inclining rate structure as shown in Table 107 residential single-family 
customers pay $26.27 bimonthly for sewer. 
 

Table 107: Redwood City 2006 water rate billing structure 

Tier CCF66 Kgal Cost/unit 
Tier 1 (lifeline rate)  Up to 10 units 0 – 7.48 $1.18 
Tier 2 11 – 25 units 7.49 – 18.7 $2.16 
Tier 3 26 – 50 units 18.8 – 37.4 $2.74 
Tier 4 51 – 75 units 37.5 – 56.1 $3.53 
 
The City is transitioning to a water budget rate structure as part of its water conservation and 
drought response programs.  Water budgets are being developed that provide each customer with 
an adequate amount of water for reasonable use.  Charges for water use within the budgets are 
strictly based on the cost of service, but use for water above the budgets is charged at much 
higher rates (both marginal costs for new firm supplies or penalty rates) with the intention of 
discouraging wasteful use.  The water budgets are expected to provide the necessary incentives 
for customers to implement water conservation measures and to respond to droughts by reducing 
use relative to their budgets (not their previous year’s water use). 

Water Conservation Program 
Redwood City has an active water conservation program that includes measures addressing all of 
the major water use categories.  In 2006 the program had a staff of 5, which included the 
program coordinator, a specialist, two technicians and a receptionist.  The annual O&M budget 
was just under $1 million.  Capital programs, mainly for the toilet replacement program, were 
initially funded with a $4.5 million fund, with an annual increment of $250,000 to fund ongoing 
capital expenses. 
 
The water conservation program is part of the larger urban water management plan submitted by 
Redwood City to the California Department of Water Resources.  The goal of the plan is to 
reduce demand by 800 acre feet by the year 2009.  This represents a 6.7% reduction, and will 
bring the City’s use safely under its allocation of water from the regional raw water authority. 
Copies of the plan are available in print and online.  The City evaluates its performance with 
respect to the plan by tracking monthly water use over time, and comparing actual use to the 
projections.  

                                                 
64 Historical billing data provided by Manny Rosas, Water Resources Superintendent for Redwood City 
65 http://www.redwoodcity.org/publicworks/water/uwmp2005/Chapter5.pdf. City of Redwood. 2005 Urban Water 

Management Plan. Who Uses Redwood City’s Water? Accessed June 29, 2006. 
66 One unit is 100 CCF or 748 gallons 
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Residential Conservation Program 
Redwood City is a signatory to the California Urban Water Conservation Council Memorandum 
of Understanding.  Currently a major effort is underway to upgrade residential toilets in both 
single-family and multi-family accounts.  Rather than relying on rebates or distribution, the City 
has adopted a direct install program where customers can select a toilet from several models, 
which is then installed by a licensed plumber at no cost to the customer.  To be eligible, the 
replaced toilets must be 3.5 gpf or greater, and the replacement toilets must be on the list of 
qualifying high efficiency toilets with a flush volume of 1.28 gallons or less. The City 
experimented with rebates and distribution programs, and installed 1,300 toilets through a 
distribution program in 2004-2005. They found that the rates at which customers were 
participating were too low to achieve the desired penetration rates, so, in order to accelerate the 
rate of toilet replacement the direct install approach was adopted in 2005.  A total of 5,000 toilets 
were installed in 2005-2006.  The goal is to have a total of 10,000 toilets replaced in the city, at 
which time they estimate that they should achieve their goal of 75% saturation. 
 
The City provides residential audits and as part of the program all of the showerheads and 
aerators are upgraded free of charge. The audits also include “leak” detection analysis and a 
report for the customer. The City also has a program that distributes low-flow showerheads and 
efficient faucet door-to-door. The City offers irrigation audits for residential customers.  These 
include an overall check of the irrigation system for leaks, poor coverage, damaged heads etc. 
While there is no zone-by-zone distribution uniformity analysis done, the customers are provided 
with a written schedule for their systems which tells them the appropriate durations for each zone 
of their systems on a monthly or seasonal basis. 
 
Clothes washer replacements are encouraged through rebates.  The size of the rebate increases 
with the efficiency of the machine being purchased.  A rebate of $100 is provided for washers 
that meet Tier 3a specifications of the Council on Energy Efficiency. Rebates of $200 are offered 
for machines in the more efficient Tier 3b category. There are currently no rebates offered for 
dishwashers or hot water recirculation systems. 

CII Conservation Programs 
The program for commercial and industrial customers includes audits upon request of the 
customer.  CII customers are eligible for the high efficiency toilet replacement program.  
Laundries are offered a $450 rebate for installation of high efficiency washing machines.  In co-
operation with the CUWCC a total of 237 pre-rinse spray nozzles have been installed in area 
restaurants and food preparation systems.  The City will be starting a pilot program for 
inspection of cooling towers that will include the installation of conductivity controllers for 
managing blow-down more efficiently. 
 
Large irrigation accounts are offered detailed irrigation audits. These include zone-by-zone 
determinations of application rates and distribution uniformities.  Schedules are developed for 
the systems based on the data collected as part of the audits.  Customers are provided with 
reports that include irrigation schedules and a water budget.  Follow-up meetings are normally 
arranged in order to check on how well the report recommendations are being implemented and 
the water budgets are adhered to.   
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Education programs are offered by Redwood City for irrigation contactors. These programs are 
offered twice a year and are aimed at improving the knowledge of the contractors on how to 
manage irrigation systems in a way that minimizes water waste.  An important topic that is 
covered in the education programs is how water budgets are developed, and the importance of 
staying within the budgets. The City is moving to a system where each customer will have a 
water budget, and the costs for water use over the budget limits will be much higher than costs 
for use within the budget. Water budgets, as described below, are planned to be a central element 
in the City’s water demand management and drought response programs. 
 
The City will begin a pilot program of replacing standard irrigation controllers with weather 
based controllers during 2007.  So called “smart” controllers automatically adjust the irrigation 
in response to real time weather patterns.  A properly installed and programmed smart controller 
is able to match actual irrigation applications to the theoretical requirement of the landscape.  
This offers good water conservation potential, especially in larger and commercial accounts 
where over-irrigation is more common. 
 
System measures employed by the City for water management include annual calculation of 
percentage of unmetered water use, an increasing block rate billing system, and the gradual 
conversion to a full water budget rate structure for residential and irrigation accounts.  Water 
budgets are calculated for indoor and outdoor uses.  Indoor budgets are based on 70 gallons per 
person per day. Outdoor use is based on the irrigated areas of turf and non-turf plant types within 
the landscape and local ETo.  Turf areas are allocated 100% of ETo and non-turf areas are 
allocated 80% of ETo.  Surveys were sent out to all customers asking for information needed to 
develop the budgets.  Customers have a strong incentive to return the surveys since the default 
budgets are intentionally set on the low end of the range. 
 
Currently the water budgets are provided for educational purposes and are not linked to the 
billing system.  It is the intention of the City, however, to link the rates to the budgets, starting 
with the irrigation accounts in 2008.  Residential customers will have their budgets linked to 
their rates the next time drought conditions require use restrictions to be implemented.  Water 
budgets are a key element of the City’s drought plan.  Having budgets for each customer based 
on their actual water requirement allows use restrictions to be set relative to the budget: a fair 
starting point for each customer.  This is preferable to asking customers to reduce their use as a 
percentage of their previous year’s water consumption since both conserving and wasteful 
customers would be expected to reduce their water use by the same percentage, and this may be 
much more difficult for a customer that is already using water sparingly than it is for a heavy 
user.  In a water budget system customers who are using less than their budget will have this 
accounted for during droughts, and will have a smaller or perhaps no reduction in use required. 
 
In summary, then, Redwood City has a fairly aggressive water conservation program in place.  
The most prominent feature of the plan at this time is the direct installation program for toilets.  
The City has been able to greatly increase the penetration rates of high efficiency toilets using 
this approach.  At the same time they have reported virtually no complaints or liability problems 
with the installations. Once the toilet replacements are completed they will be able to move on to 
other conservation opportunities.  The other strong feature of the Redwood City water 
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conservation program is their development of a water budget program that is closely linked to 
both long term conservation and drought response. 
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San Francisco Public Utilities Commission 
The City of San Francisco is home to 776,773 people within a 49 square mile area67; New York 
City is the only U.S. city that is more densely populated.  Fisherman’s Wharf, the Golden Gate, 
Alcatraz Island, and Coit Tower are a just a few of many landmarks for which San Francisco is 
famous.  Tourism is a leading industry in San Francisco with as many as 15 million tourists in 
2004.68 Water services are provided to the City by the San Francisco Public Utilities 
Commission. 

Demographics and Census Information69 
The residents of San Francisco have a high median age of 36.5 years which is second only to Las 
Virgenes MWD in the study group.  Of the population over the age of 25, 81.2% have a high 
school diploma or higher and 45.0% have a college degree or higher. 
 
Although the median annual household income is $55,221, 11.3% of families live below the 
poverty level.  The median home price is $396,400 and only 35% percent of the homes are 
owner occupied, with a median monthly mortgage of $1,886.  The homes in San Francisco are 
the oldest of all the sites in the study; the median year the homes were built is 1940. Table 4 
gives some additional information about the homes in San Francisco. 
 

Table 108: Demographic and household statistics for the City of San Francisco70 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes  

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,886 35% 2.73 2.5 1940 2.5 

Rental $883 65% 2.06 1.3 1941 1.8 

Climate71 
Mark Twain is attributed with describing the weather in San Francisco with the famous quote 
"The coldest winter I ever saw was the summer I spent in San Francisco."72  Whether or not 
Mark Twain actually said this, the quote aptly describes the weather in San Francisco.  Located 
on the northern tip of a peninsula, San Francisco is cooled by the Pacific Ocean to the west and 
waters in the San Francisco Bay to the east.  The moderating influence of the water means that 
there is very little variation between daytime and nighttime temperatures or between summertime 

                                                 
67 San Francisco’s 2005 Urban Water Management Plan does not contain a map of the service area. 
68 http://en.wikipedia.org/wiki/San_Francisco,_California. San Francisco, California. Accessed July 10, 2006.  
69 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Fact Sheet. 

Housing Characteristics. Physical Characteristics. Financial Characteristics. Accessed July 11, 2006. 
70 Sites are being selected within the City of San Francisco therefore demographic information is given for San 

Francisco. 
71 http://www.wrh.noaa.gov/mtr/sfd_sjc_climate/sfd/SFD_CLIMATE3.php. NOAA Technical Memorandum NWR 

WS-126. Climate of San Francisco. Jan Null. January 1995. Accessed July 10, 2006.  
72 While this quote has often been attributed to Mark Twain, the attribution has not been verified. 
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and wintertime temperatures.  Maximum daytime summer temperatures are between 60 and 
70 F and nighttime summer minimums are between 50 and 55 F.  Daytime winter 
temperatures are between 55 and 60 F and night time minimums average 45 to 50 F.  San 
Francisco receives an average of 21.5 inches of rainfall annually, most of which falls from 
October through April.  Fog is a common occurrence year round.       
 
According to the CIMIS ETo Zone Map, San Francisco is located in Zones 1 and 2.  Zone 1 is 
described as Coastal Plains Heavy Fog Belt and has the lowest ETo in all of California.  Zone 2 
is Coastal Mixed Fog Area with less fog and higher ETo than Zone 1.  Currently there is no 
CIMIS station located on the San Francisco peninsula; weather data for San Francisco is from 
three WRCC sites: Richmond Station No. 047767, Mission Delores Station No. 047772, and 
WSO Airport Station No. 047769.  The Richmond Station (Table 109) located on the northern 
end of the peninsula near the Pacific Coast, the Dolores Station is located on the bay side on the 
northern end of the peninsula and the WSO AP Station (Table 111) is centrally located on the 
peninsula at the airport.73  
 

Table 109: NOAA weather data from San Francisco – Richmond Station No. 047767 for the 
period of record from 7/1/1948 to 12/31/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Avg 
Max 
Temp 
(F)  

57.4 59.5 60.0 60.7 61.0 62.4 63.1 64.2 66.0 65.8 62.2 57.7 61.7 

Avg 
Min 
Temp 
(F)  

44.1 45.9 46.6 47.5 49.7 51.5 53.5 54.6 54.4 52.2 48.1 44.6 49.4 

Avg 
Monthly 
Precip 
(in.)  

4.2 3.5 2.8 1.2 0.5 0.2 0.0 0.1 0.2 1.0 2.7 3.7 20.0 

 

 
 
 
 

Table 110: NOAA weather data from San Francisco – Dolores Station No. 047772 for the period 
of record from 1/1/1914 to 12/31/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

                                                 
73 http://www.wrcc.dri.edu/summary/climsmsfo.html. Western Regional Climate Center. San Francisco Bay Area, 

California Climate Summaries. Accessed July 11, 2006.   
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Avg 
Max 
Temp 
(F)  

56.4 59.8 61.6 62.9 63.9 66.1 65.8 66.6 69.8 69.2 63.7 57.3 63.6 

Avg 
Min 
Temp 
(F)  

45.6 47.9 48.9 49.7 51.1 52.9 53.6 54.5 55.6 54.4 51.0 46.9 51.0 

Avg 
Monthly 
Precip 
(in.)  

4.4 3.8 2.8 1.4 0.6 0.2 0.0 0.1 0.2 1.0 2.6 4.1 21.1 

 

Table 111: NOAA weather data from San Francisco – WSO AP No. 047769 for the period of 
record from 7/1/1948 to 12/31/2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp(F)  

55.7 59.1 61.3 63.9 66.8 70.0 71.4 72.1 73.4 70.2 62.9 56.4 65.3 

Ave 
Min 
Temp 
(F)  

42.4 44.9 46.1 47.6 50.2 52.6 53.9 54.9 54.7 51.8 47.3 43.2 49.1 

Ave 
Monthly 
Precip 
(in.)  

4.5 3.6 2.8 1.4 0.4 0.1 0.0 0.1 0.2 1.0 2.4 3.8 20.3 

 
The data in the three tables demonstrate clearly that there is very little difference in the weather 
at the three sites.  Average annual precipitation and average minimum temperatures are very 
nearly the same; however the coastal station of Richmond has lower average maximum 
temperatures than the other two stations due primarily to lower temperatures during the months 
from June through October.  

 

Customer Base 
 During the study period there were a total of 171,366 customer accounts billed by the San 
Francisco Public Utilities Commission. Nearly 87% of the customer accounts were residential 
(64% single-family and 23% multi-family), 12% were commercial and the remaining 1% were 
irrigation, industrial, building and contractors, and municipal.  Figure 88 is a graphical 
representation of the customer breakdown in the city of San Francisco by water use sector. 
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Figure 88: Percentage of 2005 metered accounts by sector in the City of San Francisco 

 

Water Supply and Demand 
Approximately 85% of San Francisco’s water supply is from the Hetch Hetchy watershed 
located in Yosemite National Park.  The Hetch Hetchy reservoir, the largest reservoir in the 
SFPUC system, is filled as a result of spring runoff in the Tuolumne River.  The remaining 15% 
is from the Alameda and Peninsula watersheds where surface water from rainfall and runoff, is 
captured and stored in six reservoirs mixed with groundwater from the Sunol Filter Galleries 
located near the Town of Sunol.74   
 
Table 112 is a breakdown of projected water deliveries supplied by San Francisco Public 
Utilities Commission (SPUC) to San Francisco customers for the years 2000 and 2005.  Only 
55% of the water is delivered to residential customers.  “Due to the moderate climate and the 
high density housing in San Francisco, water use within the residential sector is used almost 
entirely indoors. For multi-family units, the average outdoor water use is considered negligible. 

                                                 
74 http://sfwater.org/msc_main.cfm/MC_ID/13/MSC_ID/165. San Francisco Public Utilities Commission. Water 

Sources & Water Supply Planning. The Hetch Hetchy Source. The Alameda and Peninsula Sources. Accessed 
July 13, 2006.  
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For single-family residential units, the average, outdoor water use is less than ten percent of their 
total use.”75  Unaccounted-for water losses, services, and retail trade make up an additional 36%.   
 
Water deliveries are projected to decrease from 2000 to 2005 by 1.4%.  Although the non-
residential sector is predicted to increase slightly, the single-family and multi-family are 
predicted to decrease by 0.2% and 0.9% respectively, a decrease of 439 million gallons annually. 
 

Table 112: Annual in-city deliveries by sector to SFPUC customers for 2000 and 200576 

Sector Deliveries 

2000 (MG) 

% of Total 

Deliveries 

Deliveries 2005 

(MG) 

% of Total 

Deliveries 

Single Family1 6,8622 22.4 6,716 22.2 

Multi-Family1 10,512 34.3 10,111 33.4 

Non-Residential1,5 10,184 33.2 10,658 35.2 

Other (B&C and D&S)4 883 0.3 88 0.3 

Unaccounted for Water 

(losses) 

3,030 9.9 2,665 8.8 

Total 30,676 100 30,237 100 

1 Includes the impact of water savings due to plumbing code changes. 

2 Current water use based on FY 1999-00 billing records 

3 Current water use based on FY 1996-97 – FY 2000-01 billing records 

4 Builders & Contractors and Docks and Shipping 

5 Includes agriculture, mining, construction, manufacturing, transportation, wholesale 

 trade, retail trade, F.I.R.E. (Finance, Insurance, and Real Estate), services, and 

 government 

Water Rates, Rate Structure, and Sewer Charges77 
Residential customers in San Francisco are billed on a bi-monthly basis.  In 2005, the monthly 
base charge for water was $4.60 and then customers with a conservation affidavit were billed at a 
uniform rate of $1.71 per CCF ($2.29/kgal).  Description of the affidavit is found in Chapter 12A 
of the San Francisco Housing Code - Residential Water Conservation.  The uniform rate for 
customers without a conservation affidavit is $2.57 per ccf ($3.43/kgal).    
                                                 
75 http://sfwater.org/mto_main.cfm/MC_ID/13/MSC_ID/165/MTO_ID/286.  2005 Urban Water Management Plan 

for the City and County of San Francisco. Retail Residential Water Use. Accessed July 13, 2006. 
76 http://sfwater.org/mto_main.cfm/MC_ID/13/MSC_ID/165/MTO_ID/286.  2005 Urban Water Management Plan 

for the City and County of San Francisco. Projected Retail Demands. Accessed July 13, 2006.  
77 http://sfwater.org/detail.cfm/MC_ID/14/MSC_ID/117/C_ID/2447/Keyword/water%20rates. SFPUC Proposed 

Rates Schedules for Water and Sewer Service. July 1, 2005. Schedule W-21 and Schedule. Accessed July 13, 
2006. 
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Residential customers are charged for wastewater based on a tiered system. The first tier is $2.54 
per Discharge Unit for the first 3 discharge units, $6.36/Discharge Unit for the next 2 discharge 
units, $7.27/Discharge Unit for each additional discharge unit.  A discharge unit is based on the 
customer’s metered water use multiplied by a flow factor which represents the quantity of water 
use that is returned to the system. 

Water Conservation Programs78 
SFPUC was the recipient of the “Best Conservation Program-Large Utility” awarded by the 
California Municipal Utilities Association in March 2000. As a result of several droughts and 
ongoing conservation programs residential use is estimated to be 62 gpcd. The conservation 
program is run by five full-time employees who train and are assisted by as many as five high 
school interns throughout the year. As one of the original signatories of the 1991 Memorandum 
of Understanding Regarding Urban Water Conservation in California (MOU), SFPUC has 
incorporated the Best Management Practices (BMPs), outlined in the MOU, in their conservation 
program. 

Residential Conservation Measures 
The SFPUC conservation department provides its customers with a number of services aimed at 
reducing consumption.  Free water audits, “leak” identification, rebates, and bill reduction are 
some of the tools utilized.   
 
Since the 1990s, the SFPUC has provided programs to incentivize the replacement of older, high 
flush volume toilets with more efficient models – toilets with a flush volume of 1.6 gallons until 
2008 and since then high efficiency toilets (HETs) with a flush volume of 1.28 or lower.  As of 
2011, the SFPUC provides rebates of $125 for the replacement of tank style toilets that flush at 
3.5 or higher with HETs.   Other rebates amounts are provided for replacement of commercial 
toilets and urinals, and all rebate amounts are subject to yearly adjustment.   In 2009, the SFPUC 
launched a HET direct install program for its low-income customers.    
 
In 2009, San Francisco updated its indoor conservation ordinances to require all existing 
commercial properties to undergo leak detection and replace inefficient toilets, urinals, 
showerheads and faucets with efficient models by 2017, and that all residential properties meet 
the same requirements upon resale.   In 2011 San Francisco updated its local building code to 
reflect state CalGreen requirements, among other things, and requires the installation of HETs 
and 0.5 gpf urinals.     

The SFPUC began a clothes washer rebate program in 1999.  It currently participates in a 
regional residential clothes washer rebate program, providing combined energy/water rebates of 
$125 and runs an in-house commercial washer rebate program, providing current rebates of up to 
$200.  

 

                                                 
78 http://sfwater.org/detail.cfm/MC_ID/13/MSC_ID/165/MTO_ID/286/C_ID/2776. 2005 Urban Water Management 

Plan for the City and County of San Francisco. Water Resources Planning. Published: 12/23/2005.   Updated: 
04/27/2009. Accessed December 18, 2009. 
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To satisfy BMP 6, High Efficiency Washing Machine Rebate, San Francisco began a rebate 
program for high efficiency clothes washers in 1999. Customers were provided rebates of $75; 
current rebates range from $100 to $200 per clothes washer and are based on the efficiency and 
size of the clothes washer. The utility has provided over 3,000 rebates for high efficiency clothes 
washers.  

Commercial, Industrial and Institutional Conservation Measures 
As with its residential customers, SFPUC also provides auditing services for its CII customers. 
The goal of these audits it to reduce water wasted from cooling towers, large landscapes, and 
leakage while making customers aware of the potential savings available to them through rebates 
and lower water bills. The City has had a program of replacing inefficient showerheads and 
toilets in all of its municipal buildings and since 1999 has replaced 9,900 toilets and 1,000 
showerheads. Before receiving a certificate of occupancy, all new commercial and industrial 
buildings must be inspected and the installation of water-efficient fixtures and other devices must 
be verified.  

Additional Conservation Measures 
Water pricing and pricing structure were limited by Proposition H which expired in 2006.  As a 
way to encourage conservation SFPUC implemented a three-tiered rate structure for wastewater 
and is in the process of developing a tiered rate structure for water.  
 
Although only three percent of the City’s water is used for irrigation SFPUC’s landscape 
conservation program targets customers with landscaped areas of 1,000 sf or more. Water 
intensive landscape (such as turf) is restricted to 25% of the total landscaped area on all new 
landscapes and renovated landscapes involving between 1,000 and 2,500 sf of area.  All large, 
irrigated areas must be separately metered and irrigation is limited to times between 5 p.m. and 
10 a.m. Landscaping of slopes and narrow strips is limited; soil analysis is required and 
deficiencies must be rectified.  
 
The City has an extensive public education program that includes many “how-to” brochures, 
some of which are printed in multiple languages. School presentations and calendar contests help 
teachers, children, and their families learn about conservation, the water supply, and even 
possible careers in the Water Department.    
 
In addition to toilet rebates the SFPUC provides rebates for both commercial and residential 
horizontal axis clothes washers.  Four hundred rebates were provided for clothes washers in 1999 
alone. Over 2,000 pre-rinse spray valves have been distributed through a free replacement 
program. 
 
SFPUC continues to seek opportunities to reduce water consumption and evaluate the 
effectiveness as well as the cost of implementing new programs.  Although demand in the 
residential sector is expected to remain stable in the future, projected growth in the non-
residential sector requires continued attention to reducing demand and providing adequate supply 
for its customers.   
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City of San Diego79  
San Diego is California’s second largest city and home to 1,305,736 people. The City’s 330 
square mile service area is located in the south central portion of San Diego County.80  
  
San Diego is known for its good weather year round, miles of beaches and tourist attractions 
such as Sea World, Legoland, and San Diego Wild Animal Park.81  In 2005, there were 
10,000,000 visitors from June through August, alone.82   In addition, it is home to the University 
of California, San Diego, as well as numerous high-tech and biotech companies.83   
 

Demographics and Census Information 
2000 U.S. Census data reveals that the median age of the residents of San Diego is 32.5 years.  
Eighty-three percent of those over the age of 25 have a high school diploma or higher and 35% 
have a college degree or higher.  The median home price is $233,100 and the median household 
income is $45,733.  Nine percent of families live below poverty level.  The median monthly 
mortgage is $1,543 and 51.3% of the homes are owner occupied.  Table 113 gives some 
additional information about the homes in San Diego.    
 

Table 113:  Demographic and household statistics for San Diego 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,546 51.3% 2.71 2.9 1975 6.7 

Rental $714 48.7% 2.52 1.6 1975 4.5 

Climate 
San Diego has mild weather year-round with cool summers and warm winters due to the 
modifying influence of the Pacific Ocean.  The hottest temperatures are most likely to occur in 
September and October when hot dry winds, known as the Santa Ana winds, blow in off the 
desert from the east.  Typically, San Diego receives only 10 inches of precipitation annually 
most of which occurs between November and April.84  However, it is clear from, Figure 89, a 
35-year rainfall graph, located at Lindbergh Field in San Diego, that there can be tremendous 
variation in annual precipitation ranging from a low of 3 inches to a high of 22 inches. 

                                                 
79http://www.sdcwa.org/manage/pdf/2005UWMP/Sections_1-9.pdf  
80 The 2005 Urban Water Management Plan for the City of San Diego does not have a map of its service area. 
81 http://www.sandiego.org/nav/Visitors/VisitorInformation/AboutSanDiego. Convention and Visitor’s Bureau. 

Visitor Information. About San Diego, Weather. Accessed June 29, 2006.  
82 http://www.sandiegomag.com/issues/july06/business0706.asp. San Diego Magazine. Business. Keep ‘Em Coming 

Back.  Accessed July 6, 2006. 
83 http://en.wikipedia.org/wiki/San_Diego,_California. San Diego, California. Accessed June 29, 2006.  
84 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. City of San Diego. 2005 Urban Water Management Plan. City 

of San Diego Water Department. Climate Data. Accessed July 6, 2006 
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Figure 89: City of San Diego Annual Rainfall measured at Lindbergh Field Station85 

 
 
 
There is also considerable variability in the climate from the coastal regions to the inland regions 
of the city. The areas located along the coast are subject to fog in the morning and daily 
temperatures rarely fluctuate more than 15 degrees; inland neighborhoods have more sunshine, 
warmer temperatures and can experience daily temperatures fluctuations of 30 degrees.86  
According to the CIMIS Reference Evapotranspiration Zones map there are three ETo zones in 
San Diego; Zone 1 is described as Coastal Plains Heavy Fog Belt, Zone 4 is South Coast Inland 
Plains, and Zone 6 along the eastern edge of San Diego is Upland Central Coast and Los Angeles 
Basin.   
 
Table 114 shows some of the variation in the weather as a result of the location of the weather 
station.  Table 114 contains CIMIS data for South Coast Valleys Station #150, located in 
Miramar, which is in northern San Diego and inland approximately six miles.  Although average 
annual rainfall is nearly identical to that of South Coast Valley, San Diego II, Station #184, 
shown in  
 
 
Table 116, the average annual ETo at the Miramar Station is nearly 2 inches higher.  The 
Miramar and San Diego II stations are located at nearly the same longitude; however the 
Miramar Station is located approximately 11 miles north of the San Diego station (based on 
                                                 
85 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. City of San Diego. 2005 Urban Water Management Plan. City 

of San Diego Water Department. Figure 1-1 (Lindbergh Field Station). Accessed July 3, 2006. 
86http://www.wrh.noaa.gov/sgx/climate/san-san.htm.National Weather Service Forecast Office. Unique Local 

Climate Data. San Diego (Lingbergh Field).  Climate Summaries for Area Cities. ISMCS Station Climatic 
Narrative for San Diego. Accessed June 30, 2006. 
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latitude and longitude measurements of the station locations from CIMIS).  South Coast Valley 
Station #173 is a coastal station located approximately six miles east of Stations #150 and #184, 
just north of Miramar Station #150, in Torrey Pines, near the Pacific Ocean.  The ocean 
influence at the Torrey Pines station (located in ETo Zone 1) is apparent with an 8-inch annual 
decrease in ETo compared to inland stations Miramar and San Diego, which is most dramatic 
July through September.  It is important to note that there has not been long-term monitoring at 
many of the CIMIS stations; the period of record for these three stations is less than six years and 
in fact Station #184 has only been active since April 2002.  
 

Table 114: South Coast Valleys – Miramar #150   Lat 3253’09” Long 11708’31” – period of 
record April 1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

66.3 64.8 65.9 66.3 70.7 72.2 77.2 78.4 77.5 73.8 69.3 66.6 70.7 

Ave 
Max 
Temp 
2005 
(F) 

65.9 63.7 65.2 67.9 71.5 70.7 78.0 78.3 76.6 72.9 72.8 66.7 70.9 

Ave 
Min 
Temp 
(F) 

43.9 44.8 48.1 47.7 53.2 58.1 61.6 62.7 60.4 55.5 47.7 42.7 52.2 

Ave 
Min 
Temp 
2005 
(F) 

47.4 49.2 51.2 47.6 54.7 58.5 63.1 63.5 58.5 54.8 48.5 45.1 53.5 

Ave 
Monthly 
Precip 
(in) 

1.9 3.4 1.2 0.7 0.2 0.0 0.2 0.0 0.1 1.0 0.6 1.1 10.4 

Monthly 
Precip 
2005 
(in) 

6.4 5.9 2.0 ----- 0.2 0.0 0.3 0.0 0.2 0.0 0.2 0.4 15.6 

Ave 
Monthly 
ETo (in) 

2.2 2.4 3.7 4.0 5.2 5.2 6.1 5.8 4.5 3.3 2.4 2.1 46.9 

Monthly 
ETo 
2005 

1.9 1.9 3.6 4.7 5.6 5.0 6.3 5.7 4.6 3.3 2.6 1.9 47.0 
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(in) 

 
 

Table 115: South Coast Valleys – Torrey Pines #173   Lat 3254’04” Long 11715’00” – period 
of record November 2000 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

61.8 60.9 60.0 58.7 60.6 64.9 68.1 69.7 70.1 66.1 63.9 61.7 63.9 

Ave 
Max 
Temp 
2005 
(F) 

61.8 61.6 61.7 62.2 65.2 65.6 68.0 70.1 69.9 66.9 66.4 61.6 65.1 

Ave 
Min 
Temp 
(F) 

48.3 48.0 48.1 47.9 51.1 58.0 61.0 62.0 60.8 56.5 51.8 48.2 53.5 

Ave 
Min 
Temp 
2005 
(F) 

50.6 51.1 52.4 50.4 56.9 58.4 61.7 62.8 59.6 56.8 54.6 49.5 55.4 

Ave 
Monthly 
Precip 
(in) 

1.3 2.7 1.2 0.9 0.4 0.3 0.2 0.2 0.1 1.2 0.5 1.0 10.1 

Monthly 
Precip 
2005 
(in) 

4.5 6.1 2.1 0.9 0.4 0.4 0.4 0.3 0.3 0.9 0.3 0.5 17.1 

Ave 
Monthly 
ETo (in) 

2.1 2.3 3.2 4.0 3.9 4.0 4.5 4.5 3.6 2.5 1.9 1.9 38.3 

Monthly 
ETo 
2005 
(in) 

1.8 2.0 3.2 4.3 4.8 4.2 4.5 4.2 4.0 2.9 2.4 1.8 39.9 
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Table 116: South Coast Valleys – San Diego II #184   Lat 3243’47” Long 11708’22” – period 
of record March 2002 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

67.5 65.0 65.5 66.3 68.2 68.7 75.0 76.2 76.9 71.7 69.9 65.7 69.7 

Ave 
Max 
Temp 
2005 
(F) 

65.9 64.5 65.3 67.2 69.6 69.6 75.0 77.2 76.2 72.2 71.9 67.1 70.1 

Ave 
Min 
Temp 
(F) 

47.5 47.6 50.5 51.8 56.0 58.7 62.6 63.4 62.1 57.9 50.8 47.4 54.7 

Ave 
Min 
Temp 
2005 
(F) 

49.1 49.6 52.2 51.4 56.8 59.1 62.7 63.4 59.4 56.6 52.0 49.2 55.1 

Ave 
Monthly 
Precip 
(in) 

0.9 3.5 1.5 2.3 0.3 0.1 0.1 0.1 0.1 1.4 1.0 1.4 12.6 

Monthly 
Precip 
2005 
(in) 

2.6 3.3 2.9 0.7 0.1 0.1 0.1 0.0 0.1 0.4 0.2 0.3 10.7 

Ave 
Monthly 
ETo (in) 

2.4 2.5 3.7 4.0 5.0 4.6 5.6 5.5 4.5 2.9 2.5 2.0 44.9 

Monthly 
ETo 
2005 
(in) 

2.0 2.1 3.6 4.8 5.4 4.8 5.9 5.5 4.6 3.1 2.7 2.1 46.6 
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Customer Base  
Table 117 shows that as of 2005, there were a total of 270,526 customer accounts served by San 
Diego Water Department. These consisted of 245,995 residential connections (217,893 single-
family and 28,102 multi-family), 15,300 commercial, 247 industrial, 1,845 Institutional 1 
(military, university, and school), 1,822 Institutional 2 (city, public, and government), 5,524 
landscape, and 1,383 other (outside city).  Figure 90 shows the percentage of 2005 metered 
accounts by sector in the City of San Diego. 

 

Multi-Family
20%

Commercial
18%

Industrial
2%

Institutional 1 (Military, 
University, and School)

5%

Institutional 2 (City, 
Public, and 

Government)
6%

Landscape
10%

Other (outside city 
1%)

Single Family
38%

 

Figure 90: Percentage of 2005 metered accounts by sector in the City of San Diego  

Water Supply and Demand 
The City of San Diego purchases between 75 and 90 percent of its water from the San Diego 
County Water Authority (SDCWA). The remaining 10 to 25 percent is collected as runoff in 
various city reservoirs.  SDCWA purchases Colorado River water from Lake Havasu from 
Metropolitan Water District of Southern California. This water is transferred via aqueduct to a 
facility in Riverside County where it is blended with water from the State Water Project and then 
transferred, stored, and treated at various facilities throughout the city.  During the last twenty 
years the amount of water the City of San Diego has purchased annually has ranged from 
100,000 AF to 228,000 AF.87    
 
Table 117 shows the number of 2000 and 2005 metered water accounts and the amount of water 
delivered in each sector annually in both acre-feet and gallons.  In 2005, the City of San Diego 
supplied 200,460 acre-feet (65,320 MG) of water to 270,526 accounts.  Residential customers 
accounted for 58% of the water deliveries (38% single-family and 20% multi-family), 

                                                 
87 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. City of San Diego. 2005 Urban Water Management Plan. City 

of San Diego Water Department. Water Sources. Imported Supplies. Accessed July 7, 2006.  
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commercial customers received 18%, landscape customers used 10% and industrial, institutional 
and other accounted for the remaining 14%.   
 
It is interesting to note that while the number of accounts increased in five of the sectors from 
2000 to 2005 by 10,860 (4.2%), water deliveries decreased by 4,101 MG (5.9%) in those same 
sectors during that same time period.  The most significant change was in the Institutional 1 
sector where the number of accounts increased 33% while water use decreased by 25%.  The 
number of landscape accounts increased by 15% during this time period and yet water use 
supplied for landscape accounts decreased by 2%.  
 

Table 117: Annual water delivery to accounts by sector for 2000 and 2005 in the City of San 
Diego88 

Sector Number 
of 
Connect
ions  
2000 

Deliveri
es (AF) 

Deliver
ies 
(MG) 

% of 
Total 
Deliveri
es 

Number 
of 
Connect
ions 
2005 

Deliveri
es (AF) 

Deliveri
es (MG) 

% of 
Total 
Deliveri
es 

Single 
Family 

208,377 77,801 25,351 36.5 217,893 76,529 24,937 38.2 

Multi Family 27,832 41,729 13,597 19.6 28,102 40,271 13,121 20.1 
Commercial 15,381 38,694 12,608 18.2 15,300 35,277 11,495 17.6 
Industrial 356 4,350 1,417 2.04 247 3,617 1,179 1.8 
Institutional 
1* 

1,392 14,487 4,721 6.80 1,845 10,905 3,553 5.4 

Institutional 
2** 

1,715 13,528 4,408 6.34 1,822 11,596 3,779 5.8 

Landscape 4,550 21,334 6,952 10.0 5,254 20,882 6,804 10.4 
Other 
(outside city) 

57 1,124 366 0.53 57 1,383 451 0.69 

Total 259,666 213,047 69,420 100% 270,526 200,460 65,319 100% 
*Military, University, and School 

** City, Public, and Government 

Water Rates, Rate Structure, and Sewer Charges 
The City of San Diego bills its residential water and sewer customers monthly.  The base rate for 
water is $15.87 per month; in addition there is a 3-tiered rate structure.  Customers pay $1.73 per 
CCF 89 for use between 0 and 7 CCF, $2.16 per CCF for use between 7 and 14 CCF, and $2.37 
per CCF for use over 14 CCF.90  The monthly base rate for sewer is $11.32.  In addition 

                                                 
88 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. . City of San Diego. 2005 Urban Water Management Plan. 

City of San Diego Water Department. Water Use By Customer-Type. Table 2-5 Past, Current, and Projected 
Water Deliveries. Accessed July 6, 2006. 

89 One CCF is equivalent to 748 gallons  
90 http://www.sandiego.gov/water/rates/rates.shtml. The City of San Diego. Water and Sewer Bill/Rates. Single 

Family Domestic Customers. Accessed July 7, 2006.   
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customers pay $3.218 per CCF based on average winter consumption up to a maximum of 14 
CCF.91 

Water Conservation Programs92 
The City of San Diego’s Water Conservation Program has developed and implemented 
innovative approaches to water conservation that have resulted in savings of 30,000 acre-feet of 
potable water annually since its inception in 1985.  The City has created policies, ordinances, 
education campaigns and other tools to reduce its use of potable water. The City’s Water 
Department recently received Community Service/Resource Efficiency Award from the 
California Municipal Utilities Association for its conservation efforts in public outreach and 
education. They received another award from the EPA for developing the Landscape Watering 
Calculator a tool that can be used by their customers to determine appropriate irrigation durations 
and amounts. The tool reduces over-watering of landscapes by providing weekly irrigation 
schedules based on the weather data, plants and soil in San Diego. Other innovative programs 
include Ms. Frizzle’s World of Water, an educational program for young children and the 
Rinse n’ Save Program for restaurants whereby nearly 1,400 water saving pre-rinse spray valves 
were installed in restaurants around the city. 
 
The City continues to find innovative methods to reduce water use with a goal of reducing use by 
60,000 AF by 2030. These include satellite imagery for developing water budgets for existing 
landscape, landscape requirements for new development including water budgets and irrigation 
schedules developed with the City’s Watering Calculator and incentives for the installation of 
“smart” irrigation controllers. 

Residential Conservation Programs 
The City of San Diego’s free Residential Water Survey Program is available for its entire single-
family and small, multi-family customer base. Customers can schedule an appointment for a 
survey with a water conservation specialist. These surveys provide customers with information 
that will help them to reduce their household and irrigation water use. Where needed, customers 
will be provided with free faucet aerators, showerheads, hose nozzles, drip gauge as well as 
literature and information that will reduce water use and water waste. Beginning in September 
2009, residents of the City of San Diego can apply for rebates through the “Be WaterWise” 
program (http://www.bewaterwise.com/rebates01.html). Rebates are provided on a first-come 
first-served basis for high efficiency clothes washers, high efficiency toilets, weather-based 
irrigation controllers, rotating nozzles, and synthetic turf. 

Commercial Conservation Programs 
Commercial customers are eligible to receive rebates through the Save Water Save a Buck 
program. Funding for this program is used to provide conservation products such as cooling 
tower pH and conductivity controllers, central and weather-based irrigation controllers, water 
brooms, rotary nozzles, high efficiency toilets and urinals, water brooms and air-cooled 
icemakers.  The estimated annual savings from this program is 3,400 acre-feet of water.   
                                                 
91 http://www.sandiego.gov/mwwd/residential/rates.shtml. Metropolitan Wastewater. Residential Concerns. Sewer 

Rates. Accessed July 7, 2006. 
92 http://www.sandiego.gov/water/pdf/uwmpfinal.pdf. The 2005 City of San Diego Urban Water Management Plan. 

2005. Accessed December 18, 2009.   
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Builders are also provided with financial incentives to install water-conserving devices as part of 
the California Friendly Home Program (http://www.bewaterwise.com/CAF_brochure.pdf). 
High-efficiency clothes washers and toilets, rotating nozzles, and synthetic turf are among the 
items eligible for rebates.   
 
Long-term drought has resulted in permanent, mandatory restrictions that prohibit water waste 
from excess irrigation, hosing down impermeable surfaces, leakage, and single-pass cooling 
systems.    
 
The City of San Diego began a commercial landscape survey program in 2003 that has provided 
landscape analyses to commercial accounts in the City’s service area. 
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Las Virgenes Municipal Water District 
Las Virgenes Municipal Water District (LVMWD) provides water service to a population of 
71,000 over a 122 square mile service area. LVMWD is located in western Los Angeles County 
and includes portions of the Ventura County/Los Angeles boundary on the west and the north 
and the City of Los Angeles to the east.  The service area (see Figure 91) includes the cities of 
Calabasas, Agoura Hills, Hidden Hills, and Westlake Village as well as unincorporated areas of 
Los Angeles County.93  

 

Figure 91: Graphic of Las Virgenes Municipal Water District service area94 

Demographics and Census Information95 
Agoura Hills and Calabasas are the two largest water providers in the LVMWD service area. 
Demographic information is supplied for Agoura Hills, however, which seems to be the most 
typical of the demographics in the rest of the service area.  The median age for Agoura Hills is 
37.6 years.  Of the population over the age of 25, 94.8% have a high school diploma or higher 

                                                 
93 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. LVMWD Water Service Area. Location. Accessed July 24, 2006. 
94 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Las Virgenes Municipal Water District 2005 Urban Water Management Plan. Location. Accessed 
July 24, 2006.  

95 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Agoura Hills 
City, California. Fact Sheet. Housing Characteristics. Physical Characteristics. Financial Characteristics. 
Accessed July 24, 2006. 
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and 48.4% have a college degree or higher.  The median annual household income of $87,000 is 
the highest in the study group, and only 3.5% of families live below the poverty level.  The 
median home price is $366,600 and 86% of the homes are owner occupied with a median 
monthly mortgage of $2,138. Table 118 gives some additional information about the homes in 
Agoura Hills from the 2000 census. 
 

Table 118: Demographic and household statistics for Agoura Hills 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $2,784 84.2 2.9 3.6 1981 7.0 

Rental $1,167 15.8 2.3 1.9 1985 4.5 

Climate 
The climate in the Las Virgenes MWD service area is described as semi-arid, with mild winters 
and warm summers.  Most rainfall occurs between November and April; annual rainfall averages 
16.5 inches and average annual ETo is 46.6 inches.96  Currently, the closest CIMIS station is 
located in Camarillo which is further west than any of the sites in LVMWD and experiences 
cooler temperatures lower ETo, and higher precipitation.  The weather data provided in Table 
119 were obtained from the LVMWD 2005 Urban Water Management Plan.  
 

Table 119: Las Virgenes Municipal Water District weather data 

 Average High 
Temperature (F) 

Average Low 
Temperature (F) 

Average Precipitation 
(in) 

January 68 38 3.3 

February 71 40 2.9 

March 72 42 2.9 

April 77 44 1.0 

May 81 48 0.3 

June 87 54 0.0 

July 95 57 0.0 

August 95 58 0.3 

September 91 55 0.3 

October 84 48 0.5 

                                                 
96 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Las Virgenes Municipal Water District 2005 Urban Water Management Plan. LVMWD Water 
Service Area. Climate. Accessed July 26, 2006.  
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November 74 44 2.5 

December 68 38 2.1 

  Total Rainfall 16.5 

Source: [on-line] http://countrystudies.us/united-states/weather/ 

Customer Base 
 Table 120 shows that as of 2005, there were a total of 20,324 customer accounts served 
by LVMWD.  These consisted of 18,282 residential connections (17,728 single-family and 554 
multi-family), 676 commercial and industrial accounts, 247 landscape, 34 agricultural, 572 
recycled and non-domestic, 336 detector check, and 177 temporary or other accounts.97  Figure 
92 shows the percentage of 2005 metered accounts by sector in LVMWD.   Although residential 
customers make up 90% of the accounts in the water district they receive only 65% of total 
deliveries. 

Single Family
87.2%

Temporary/Other
0.9%

Detector Check
1.7%

Landscape/Irrigation
1.2%

Multi-Family
2.7%

Recycled & Non-Domestic
2.8%

Agricultural
0.2%

Commercial & Industrial
3.3%

Single Family

Multi-Family

Commercial & Industrial

Landscape/Irrigation

Agricultural

Recycled & Non-Domestic

Detector Check

Temporary/Other

 

Figure 92: Percentage of 2005 metered accounts by sector in Las Virgenes Municipal Water 
District 

Water Supply and Demand 
Las Virgenes MWD stores potable water in the Las Virgenes Reservoir located in Los Angeles 
County. This 160 acre reservoir holds 9,600 acre-feet of water. This is a six month supply of 
water (at winter use levels) which provides a degree of protection against emergencies or in the 
event of service interruption by Metropolitan. The stored water is imported from the State Water 

                                                 
97 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Las Virgenes Municipal Water District 2005 Urban Water Management Plan.  
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Project and the Colorado River and purchased wholesale from Metropolitan Water District. 
Recycled water from Tapia Water Reclamation Facility meets nearly 20 percent of the City’s 
water supply and is used primarily for summertime irrigation. 
 
Table 120 shows the number of metered water accounts in 2000 and 2005 and the amount of 
water delivered in each sector annually in both acre-feet and gallons.  In 2005, the Las Virgenes 
Municipal Water District supplied 27,734 acre-feet (9,037 MG) of water to 20,324 accounts.  
Residential customers accounted for 65% of the water deliveries (60% single-family and 5% 
multi-family), commercial and industrial customers received 6%, landscape customers used 4%, 
recycled and non-domestic customers received 17%; all other categories receive 8%.  
 
It is interesting to note that while the number of connections increased between the years 2000 to 
2005, the volume of deliveries decreased during the interval.  The most notable change is in the 
recycled and non-domestic accounts sector which increased by 2% from 2000 to 2005 while 
water use decreased by 16%.  

 

Table 120: Annual water delivery to accounts by sector for 2000 and 2005 in LVMWD98 

Sector Number 
of 
Connect
ions  
2000 

Deliveri
es (AF) 

Delive
ries 
(MG) 

% of 
Total 
Delive
ries 

Numb
er of 
Conne
ctions  
2005 

Deliveri
es (AF) 

Deliveries 

(MG) 

% of Total 

Deliveries 

Single 
Family 

17,512 16,716 5,447 58.7 17,728 16,575 5,401 59.7 

Multi 
Family 

529 1,603 522 5.6 554 1,380 450 5.0 

Commercia
l & 
Industrial 

658 1,964 640 6.9 676 1,700 554 6.1 

Landscape/ 
Irrigation 

240 1,054 343 3.7 247 1,060 345 3.8 

Agricultura
l 

23 NA NA  34 195 63 0.70 

Recycled & 
Non-
Domestic 

561 5,437 1,772 19.1 572 4,587 1,495 16.5 

Detector 
Check 

NA NA NA  336 32 10 0.11 

Temporary/ 
Other 

354 410 134 1.4 177 885 288 3.2 

Unaccounte
d for Water 

 1,298 423 4.6  1,320 430 4.8 

                                                 
98 http://www.cityofcalabasas.com/pdf/documents/environmental-services/LVMWD-Urban-Water-Management-

Plan-2005.pdf. Water Use Provisions. Past, Current and Projected Water Use Among Sectors. Accessed July 24, 
2006.  
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Total 19,877 28,482 9,281 100 20,324 27,734 9,037 100 

 

Water Rates, Rate Structure, and Sewer Charges99 
The bi-monthly service charge for single-family residential customers in LVMWD is $14.05.  In 
addition, customers pay a potable water charge that is based both on their consumption and their 
elevation above the pumping station.  Customers live in one of five service zones defined by 
their elevation or hydraulic gradient; ninety-five percent of customers live in zones 1 and 2.   
Table 121 shows the effect of both the elevation and water use on the cost per unit of water as of 
2006100.  Sewer rates range from $57.19 to $60.26 bi-monthly depending on where the sewage is 
treated and if it is necessary to pump the sewage to the treatment plant. 
 

Table 121: Water rate table for customers in LVMWD by hydraulic gradient 

 Tier 1                
(first 12 units) 

Tier 2 
(next 12 units)

Tier 3 
(next 91 units)

Tier 4 
(over 115 units) 

Zone 1 $ 1.18 per unit $ 1.31 per unit $ 1.91 per unit $ 2.48 per unit 
Zone 2 $ 1.49 per unit $ 1.62 per unit $ 2.22 per unit $ 2.79 per unit 
Zone 3 $ 1.70 per unit $ 1.83 per unit $ 2.43 per unit $ 3.00 per unit 
Zone 4 $ 2.10 per unit $ 2.23 per unit $ 2.83 per unit $ 3.40 per unit 
Zone 5 $ 3.03 per unit $ 3.16 per unit $ 3.76 per unit $ 4.33 per unit 

Water Conservation Programs 
Las Virgenes Municipal Water District is a signatory to the CUWCC’s MOU and continues to 
implement the BMP program where economically feasible. Many of its conservation programs 
have been active since the early 90’s. LVMWD relies on imported water and as a result 
conservation plays an important role in reducing demand. 

Residential Conservation Programs 
LVMWD has been offering free residential surveys since 1991. These surveys provide customers 
with information that will help them to reduce their household and irrigation water use. Where 
needed, customers are provided with free low-flow showerheads and water-saving faucet 
aerators. Customers are given rebates of $60 for the replacement of one toilet with a ULF toilet 
and $40 for each additional toilet. By 1998 there had been 4,892 single-family and 1,657 multi-
family toilet retrofits. To date LVMWD has provided rebates for as many as 8,000 ULF toilets. 
  
LVMWD also has a rebate program for the purchase of high efficiency clothes washers with a 
water factor of 9.5 or better. Rebates were $100 in 2002 and 2004 and $300 in 2003. As a result 
of this program rebates have been provided for 1,402 high efficiency clothes washers.  A four-
tiered rate structure further encourages customers to reduce their water use and the City is very 
active in providing education in schools and for its water customers. 
  

                                                 
99 http://www.lvmwd.dst.ca.us/cust/cust3rates.html#rates. Rates. Potable Water Charge ~ Single Family Residential, 

Sewer Rates. Accessed July 24, 2006.  
100 A unit of water is defined as 1 CCF or 748 gallons.  
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Customers can request free irrigation audits with recommendations on improving the efficiency 
of the irrigation system and a personalized irrigation schedule. Homeowners can request weekly 
phone calls from any of several local weather stations to further assist them in adjusting their 
irrigation schedule. 

CII Conservation Programs   
LVMWD provides free survey services for its large landscape customers. Surveys include a 
system check, distribution uniformity, measurement of irrigated area, irrigation scheduling, and 
follow-up. Many irrigation customers have dedicated irrigation meters and some are using 
voluntary water budgets to manage their water use. Customers with mixed use accounts can 
request ETo-based landscape budgets in lieu of a survey. 
 
All large, non-residential landscapes that are located along the district’s reclaimed water 
distribution lines are required to use reclaimed water for landscape irrigation. Currently 70% of 
dedicated irrigation accounts use reclaimed water.  
 
Free water surveys are available to CII customers.  Surveys provide customers with 
recommendations of ways to improve the efficiency of process water use, fixtures and 
appliances, any agency incentives, and the payback period. Rebates are provided to CII 
customers for the installation of ULF toilets.  
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City of Davis  
The City of Davis Utility is located in Yolo County in the Central Valley of Northern California 
70 miles northeast of San Francisco and 15 miles west of Sacramento. The utility supplies water 
to approximately 66,000 customers in the City of Davis, El Macero, and additional areas to the 
north, south, east and west of the City.  The Davis service area and its relationship to West 
Sacramento and the University of California at Davis are shown in Figure 93. 

 

Figure 93: Graphic of City of Davis Utility service area. Provided courtesy of West Yost 
Associates for City of Davis 2005 Urban Water Conservation Plan101 

Demographics and Census Information102 
The City of Davis is a very young community with a median age of 25.2 years.  Of the 
population over the age of 25, 96.4% have a high school diploma or higher and 68.6% have a 
college degree or higher.  “Davis is a university-oriented city with a progressive, vigorous 
community noted for its small-town style, energy conservation, environmental programs, parks, 
preservation of trees, red double-decker London buses, bicycles, and the quality of its 
educational institutions.”103  

                                                 
101 http://www.city.davis.ca.us/pw/water/watersupply/index.cfm?topic=4. 2002 Water Supply Feasibility Study. 

Davis Water System. Figure A Water Service Areas.  
102 http://factfinder.census.gov/home/saff/main.html?_lang=en. U.S. Census Bureau. 2000 Census Data. Fact Sheet. 

Housing Characteristics. Physical Characteristics. Financial Characteristics. Accessed June 13, 2006 
103 http://www.city.davis.ca.us/aboutdavis/cityprofile/. Davis, California. Profile Welcome. City of Davis Profile. 

Accessed June 27, 2006. 
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The median annual household income is $42,457; only 5.4% of families live below the poverty 
level.  The median home price is $238,500 and only 44.6 percent of the homes are owner 
occupied with a median monthly mortgage of $1,897.  Table 122 gives some additional 
characteristics about the homes in the City of Davis.  
 

Table 122: Demographic and household statistics for the City of Davis104  

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,547 44.6 2.64 3.3 1978 18.5 
Rental $775 55.4 2.39 1.9 1976 8.3 

Climate 
The City of Davis is characterized as having a Mediterranean climate because of its hot dry 
summers and mild wet winters105; it receives approximately 16” of precipitation annually with 
most of the precipitation falling between November and April. The average annual maximum 
temperature is 75.1 degrees and the average annual minimum temperature is 47.1 degrees. 
Snowfall in Davis is rare.  The hottest month of the year is July with an average maximum 
temperature of 91.5 degrees and precipitation of 0.1 inches.  According to the CIMIS ETo Zone 
Map, Davis is located in Zone 14, described as Mid-Central Valley, Southern Sierra Nevada, 
Tehachapi and High Desert Mountains with high summer sunshine and wind in some locations. 
 
Weather and ETo information was obtained from CIMIS Station #6 located at the University of 
California, Davis campus.  Table 123 compares the average monthly minimum and maximum 
temperatures, average monthly rainfall, and average monthly ETo from January 1987 to 
December 2005, with the same data from 2005.  The table shows that although maximum and 
minimum temperatures in 2005 were very similar to the 20-year average, ETo was lower in 2005 
than the 20-year average (56.37 inches vs. 59.02 inches) and rainfall was 3 inches above the 20-
year average.  
 
 
 
 
 
 
  

                                                 
104 The City of Davis is the largest urban area serviced by the utility.  Therefore census information and weather data 

is given for the City of Davis. 
105 http://www.city.davis.ca.us/aboutdavis/cityprofile/index.cfm?topic=weather. Davis. California. City of Davis 

Profile. Weather. Accessed June 27, 2006. 
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Table 123: Davis – #6   Lat 3832’09” Long 12142’32” – period of record July 1982 to 
December 2005106 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

54.4 59.9 67.0 72.5 79.5 86.3 91.5 90.8 87.7 79.0 64.3 54.7 74.0 

Ave 
Max 
Temp 
2005 
(F) 

50.5 60.5 67.1 69.7 77.6 81.9 95.2 93.2 83.7 77.0 66.4 56.4 73.3 

Ave 
Min 
Temp 
(F) 

38.1 39.9 43.0 45.2 50.4 54.7 56.6 55.7 53.4 49.0 41.7 37.4 47.1 

Ave 
Min 
Temp 
2005 
(F) 

37.8 42.4 43.6 42.7 50.2 53.4 58.4 55.8 50.5 48.4 41.3 40.9 47.1 

Ave 
Monthly 
Precip 
(in) 

1.1 4.1 2.4 0.9 0.7 0.3 0.1 0.1 0.2 0.7 1.7 3.6 15.9 

Monthly 
Precip 
2005 
(in) 

0.7 3.1 2.6 0.8 0.8 0.4 0.0 0.0 0.0 0.0 1.4 9.2 19.0 

Ave 
Monthly 
ETo (in) 

3.5 1.9 3.7 5.4 7.0 8.2 8.5 7.5 5.9 4.2 2.0 1.2 59.0 

Monthly 
ETo 
2005 
(in) 

3.5 1.6 3.6 4.9 5.9 7.5 8.5 7.8 5.7 4.3 2.3 0.9 56.4 

 

Customer Base 
Table 124 shows that in 2005, there were approximately 16,680 customer accounts served by 
The City of Davis Water Department. These consisted of 15,062 residential connections (14,514 

                                                 
106 http://wwwcimis.water.ca.gov/cimis/monthlyReport.do. California Irrigation Management Information System. 

Department of Water Resources. Office of Water Use Efficiency. Monthly Report. Sacramento – Davis – #6. 
Accessed June 27, 2006.  
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single-family and 548 multi-family), 646 commercial/industrial, 254 irrigation, 480 city 
facilities, and 238 for El Macero for a total of 16,680 connections.  During the study period the 
number of connections is expected to increase by 1.57% annually.107 This estimate was reduced 
to between 0.5% and 1% in 2010. 

Water Supply and Demand 
As of 2000, groundwater from the Sacramento Valley groundwater basin was the sole source of 
water for the City of Davis. Water was pumped from 22 wells (19 intermediate wells, depth 300-
600 feet and 3 deep wells (700-1,500 feet) which supply 14,000 acre-feet of water annually.108   
 
The utility sold 14,095 acre-feet (4,591 MG) of water in 2000 (Table 124); residential customers 
accounted for 66% of the total water demand (46% single-family and 20% multi-family), 
commercial and industrial customers used 11%, irrigation deliveries used 2.2%, water for 
construction 4.6%, deliveries to the El Macero service area 3.7% and unaccounted losses in the 
system an additional 5%.  Unconstrained water use is expected to increase to 15,236 acre-feet 
(4,965 MG) in 2005 based on a projected increase of 1.57% annually.109 

 
107 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. San Diego County Water Authority. 2005 

Urban Water Management Plan. History and Description of the Water Authority. Service Area. Accessed July 27, 
2006. 

108 http://www.city.davis.ca.us/pw/water/pdfs/2000_sample_plan1.pdf. City of Davis, California. July 2001. 2000 
Urban Water Management Plan. Groundwater. Accessed July 7, 2006. 

109 http://www.city.davis.ca.us/pw/water/pdfs/2000_sample_plan1.pdf. City of Davis, California. July 2001. 2000 
Urban Water Management Plan. Past Current and Projected Water Use. Accessed July 10, 2006. 



 

 

Table 124: Actual and projected number of connections and deliveries in the City of Davis for 2000 and 2005 110  

Sector Number 
of 
Connectio
ns 2000 

Deliveries 
(AF) 

Deliveri
es (MG) 

% of Total 
Deliveries 

Number 
of 
Connectio
ns 2005* 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single Family 13,427 6,472 2,109 45.9 14,514 6,996 2,280 45.9 
Multi Family 507 2,805 914 19.9 548 3,033 988 19.9 

Commercial/ 
Industrial** 

602 1,604 523 11.4 646 1,734 565 11.4 

Irrigation 235 310 101 2.2 254 335 109 2.2 
City Facility 234 980 319 6.9 480 1,059 345 6.9 

El Macero 480 564 184 3.7 238 564 184 3.7 

Construction 
Water 

 655 213 4.6  708 231 4.7 

Unaccounted 
Losses 

 704 229 5.0  807 263 5.3 

Total 15,485 14,095 4,593 100 16,680 15,236 4,965 100 
*Projected accounts and water use 
** 535 connections are small Commercial/Industrial and 67 are large Commercial/Industrial 

                                                 
110 http://www.city.davis.ca.us/pw/water/pdfs/2000_sample_plan1.pdf. City of Davis, California. July 2001. 2000 Urban Water Management Plan. Past Current 

and Projected Water Use. Accessed July 10, 2006. 
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Water Rates, Rate Structure, and Sewer Charges 
The City of Davis customers are billed on a bi-monthly interval.  The base rate for single-family, 
residential customers is $6.22 per month and there is a two-tiered rate structure.  The first tier is 
$0.77 per CCF for consumption from 0-36 CCF, $0.86 per CCF for consumption over 36 CCF.  
The base rate for sewer is $26.69 per month.  

Water Conservation Programs111 
The City of Davis has been a signatory to CUWCC’s MOU since 1994. All BMPs have been 
implemented with the exception of BMP 2, the replacement of faucets and showerheads and 
BMP 14 which provides rebates for the ULF toilets. The City has filed a request for exemption 
for these BMPs since they are no longer considered cost effective to implement. 

Residential Conservation Programs 
The City of Davis had a toilet rebate program that ended in 2001. In 1993, rebates of $75 were 
funded jointly by the City and Pacific Gas and Electric. The City provided rebates of $50 for 
toilet rebates from 1993-99 and then for the next few years increased the rebate to $100. Most of 
the rebates were distributed to single-family residential customers and were issued as a credit on 
the utility bill. Toilet rebates were discontinued at the end of 2001 because of the City’s concern 
about free-ridership. The number of rebates being distributed was less than the expected number 
of toilet replacements that should occur through natural replacement.  
 
The City provides rebates for high efficiency clothes washers and plans to continue this program 
until funding runs out. Rebates of $150 and $225 were reported in the BMPs in 2003 and $100 
and $150 in 2004.  Matching rebates of $75 are being funded with grant funds through the 
Department of Water Resources Water Use Efficiency Program. This grant has been in place 
since 2002. Nearly 2,400 clothes washer rebates have been distributed since the beginning of the 
rebate program. 
 
The City offers free residential surveys to its single-family and multi-family customers. As part 
of the survey the City provides toilet “leak” detection tablets and keeps customers informed of 
the rebate programs available to them.  Currently showerheads and aerators are no longer 
provided through the survey program because these items are widely available and very 
affordable. 
 
The City provides gpd usage for the current billing period which is compared to the same period 
the year before. The bill contains one year water-use history as well. There is a two-tiered rate 
structure for residential customers. 

CII Conservation Programs 
The City has water budgets for its parks. Large irrigation customers have dedicated water meters 
and the City has developed water budgets for some of their large irrigation customers. The City 

                                                 
111 http://cityofdavis.org/pw/water/uwmp/pdfs/uwmp/10-Urban_Water_Management_Plan.pdf. City of Davis Urban 

Water Management Plan 2005 Update. Final Draft. Brown and Caldwell. March 2006. Accessed January 26, 
2010. 
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assumes water budgets apply to accounts that are effectively ET controlled via a central 
irrigation control station, such that budgeted use equals actual use. (3) It is assumed accounts 
with water budgets use approximately 15% less water than non-budgeted accounts. Therefore, 
irrigation meter accounts with water budgets use approximately is 85% of the proportion of 
budgeted irrigation meter accounts to total irrigation meter accounts.112  
 
CII audits are provided at the request of the customer. However, many of the City’s CII 
customers already have low water use and most are billed using a two-tier rate structure.  
 
The City has high efficiency clothes washer rebate program known as LightWash for its CII 
customers. At this time there are no industrial accounts in the City of Davis. The ULF toilet 
rebate program for CII customers was discontinued in 2001 because so few customers had taken 
advantage of the program.  
The City will continue to investigate the effectiveness of programs that are aimed at reducing 
water use including: 
 
Regional ET Controller Pilot Program 
Regional Clothes Washer Rebate Program 
California SFR Water Use Efficiency Study 
Pre-rinse Spray Valve Program 
Water Loss “leak” Detection Survey  
Parks Water Budget Program 
Landscape Water Conservation Ordinance Update 
 

                                                 
112 http://cityofdavis.org/pw/water/uwmp/pdfs/uwmp/10-Urban_Water_Management_Plan.pdf. City of Davis Urban 

Water Management Plan 2005 Update. Appendix D. BMP 05: Large Landscape Conservation Programs and 
Updates.  Comments. Accessed January 26, 2010. 
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San Diego County  
San Diego County is the third most populous county in California behind Los Angeles and 
Orange County.  The San Diego County Water Authority (SDCWA) is a wholesale water 
provider for 24 member agencies and one military base in San Diego County serving nearly three 
million people. The population, and number and type of accounts served by each agency are 
shown in Table 125113. The member agencies include six cities, five water districts, three 
irrigation districts, eight municipal water districts, one public utility district, and one federal 
agency (military base).  Figure 94 shows the area served by SDCWA, bordered by Riverside and 
Orange County to the north, the Pacific Ocean to the west and the Mexico border on the south.  
The service area encompasses 1,438 square miles in the western third of San Diego County.114 
 

 

Figure 94: Graphic of San Diego County Water Authority service area115 

 
 
 
 

                                                 
113 http://www.sdcwa.org/about/pdf/member-2005-rate-survey.pdf. San Diego County Water Authority, May 2006. 

Prepared by the Water Resources Department. Accessed December 16, 2009. 
114 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. History and Description of the Service 

Area. Service Area. Accessed August 23, 2006.  
115http://sandiegodialogue.org/pdfs/Water_Paper_Sept01.pdf#search=%22water%20agencies%20serving%20San%

20Diego%20County%22. Briefing Paper prepared for San Diego Dialogue’s Forum Fronterizo program on: 
Providing a Reliable Water Supply in the San Diego/Imperial Valley/Baja California. September 2001. Accessed 
August 23, 2006.  
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Table 125: Population and accounts served by San Diego County Water Authority in 2005 

Water 
Provider 

Population 
Served 

Residential
Accts 

Agriculture 
Accts 

Indus & 
Com 
Accts 

Reclaimed 
Accts 

Irrig 
Accts 

Pub & 
Other 
Accts 

Carlsbad 
MWD 

80,874 22,790 40 1,422 209 1,105 229 

City of Del 
Mar 

4,555 1,567 0 106 0 128 17 

City of 
Escondido 

141,000 22,717 251 1,598 10 513 123 

Fallbrook 
PUD 

32,000 7,373 742 498 23 0 38 

Helix WD 260,158 60,656 0 3,369 0 468 496 

City of 
Oceanside 

175,805 39,313 111 1,501 1 1,040 277 

Olivenhain 
MWD 

56,000 18,498 352 427 62 635 40 

Otay Water 
District 

186,000 43,220 33 1,225 549 1,137 222 

Padre Dam 
MWD 

130,199 20,512 11 888 172 237 112 

City of 
Poway 

50,675 12,632 77 563 195 237 179 

Rainbow 
MWD 

17,825 3,832 866 560 0 0 0 

Ramona 
MWD 

40,000 8,437 256 328 3 81 65 

Rincon Del 
Diablo MWD 

28,200 6,530 62 550 42 145 0 

City of San 
Diego 

1,305,736 246,482 NA 15,377 366 7,399 2,669 

San Dieguito 
WD 

38,295 10,103 169 510 50 193 112 

Santa Fe Irrig 20,958 5,880 38 325 43 143 30 
Sweetwater 
Auth 

177,000 29,401 8 2,570 0 652 281 

Vallecitos 
WD 

80,650 17457 212 912 0 690 84 

Valley Center 
MWD 

25,040 6,665 1,682 222 1 0 29 

Vista 
Irrigation 

119,916 23,098 721 1,431 0 663 68 

Yuima MWD 1870 65 24 0 0 0 0 

Total 2,972,756 607,228 5,655 34,382 1,726 15,466 5,071 
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Demographics and Census Information 
The median annual household income is $47,064; 8.9% of families live below the poverty level.  
The median age of the population is 33.2 years.  The median monthly mortgage is $1,541. Of the 
population over the age of 25, 82.6% have a high school diploma or higher and 29.5% have a 
college degree or higher. Table 126 gives some additional characteristics about the homes in San 
Diego County.  
 

Table 126: Demographic and household statistics for San Diego County 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,541 55.4 2.78 3.0 1975 8.1 

Rental $710 44.6 2.68 1.7 1974 4.0 

Climate 
The climate along the coast of San Diego County is typically Mediterranean with mild year-
round temperatures and low average rainfall (average 10 inches).  Further inland weather is more 
variable with greater variation in temperatures; summer temperatures can exceed 90 degrees 
Fahrenheit and winter temperatures occasionally drop below freezing.  Rainfall can exceed 33 
inches in the inland mountain areas.116    Currently there are five active CIMIS stations in San 
Diego County, three of which provide weather data for the City of San Diego.  Weather data 
from three of the CIMIS stations is provided in Table 114, Table 115, and  
 
 
Table 116.  Weather data for the additional two CIMIS stations in San Diego County can be 
found in Table 127 and 
 
 
 
Table 128.  Both of these sites are inland sites and it is clear from the tables that the weather at 
these sites tends to be hotter and drier than the City of San Diego. This is reflected in the 
significantly higher annual ETo of 50.36 inches in Otay and 53.71 inches in Escondido. 
 
 
 
 
 
 
 
 
 

                                                 
116 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. San Diego County Water Authority. 2005 

Urban Water Management Plan. Service Area Characteristics. Climate. Accessed July 27, 2006. 
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Table 127: South Coast Valleys – Otay #147   Lat 3237’48” Long11656’18” – period of 
record April 1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

68.2 66.3 67.7 69.4 71.7 74.2 78.9 80.2 80.1 75.6 69.4 66.8 72.4 

Ave 
Max 
Temp 
2005 
(F) 

68.3 65.1 67.4 69.6 72.7 72.8 79.9 80.8 79.2 74.8 74.6 68.8 72.8 

Ave 
Min 
Temp 
(F) 

44.7 45.8 47.7 48.7 53.3 56.6 59.8 60.6 58.8 55.1 48.2 44.4 52.0 

Ave 
Min 
Temp 
2005 
(F) 

48.0 48.9 49.9 49.0 54.9 57.4 60.8 61.7 57.6 55.5 50.8 46.0 53.4 

Ave 
Monthly 
Precip 
(in) 

0.4 2.4 1.1 0.5 2.4 0.3 0.1 0.0 0.2 0.3 0.5 0.4 8.6 

Monthly 
Precip 
2005 
(in) 

0.3 4.2 1.6 0.5 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.2 7.2 

Ave 
Monthly 
ETo (in) 

2.3 2.6 3.9 4.4 5.7 5.8 6.3 6.1 4.7 3.6 2.5 2.2 50.1 

Monthly 
ETo 
2005 
(in) 

1.9 2.0 3.7 4.7 5.9 5.4 6.5 5.9 5.0 3.5 3.0 2.2 49.7 

 
 319



 

 

 

 

 

Table 128: South Coast Valleys – Escondido SPV#147   Lat 3237’48” Long11656’18” – 
period of record February 1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

68.8 66.8 69.3 71.0 76.5 79.9 86.0 87.4 85.3 79.0 72.8 68.9 76.0 

Ave 
Max 
Temp 
2005 
(F) 

67.2 65.2 69.0 72.4 77.4 78.5 88.3 88.4 84.7 77.8 76.0 70.7 76.3 

Ave 
Min 
Temp 
(F) 

37.0 39.4 42.3 43.9 49.5 53.2 56.4 56.6 53.4 48.8 40.1 36.2 46.4 

Ave 
Min 
Temp 
2005 
(F) 

41.3 43.4 45.6 42.4 50.5 53.8 57.8 57.6 49.2 47.9 40.6 36.9 47.3 

Ave 
Monthly 
Precip 
(in) 

1.4 2.5 1.1 1.1 0.7 0.1 0.0 0.0 0.0 1.0 0.6 0.9 9.4 

Monthly 
Precip 
2005 
(in) 

6.3 5.1 1.6 1.3 0.7 0.0 0.0 0.0 0.0 1.1 0.0 0.2 16.2 

Ave 
Monthly 
ETo (in) 

2.3 2.6 3.9 4.8 5.9 6.4 7.1 6.7 5.2 3.8 2.7 2.3 53.7 

Monthly 
ETo 
2005 
(in) 

1.9 1.9 3.7 5.0 6.0 6.0 7.3 6.7 5.3 3.7 2.9 2.1 52.5 
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Customer Base 
Figure 95 shows the distribution of customers by sector served by San Diego County Water 
Authority in 2005.  Just over half of the customers served are residential; industrial and 
commercial customers comprise 24% of the customer base, 13% are agricultural, and 8% are all 
other types of customers.  
 
 

Residential
55%

Indus/Com 
24%

Agricultural
13%

Other
8%

Residential

Industrial/Commercial 

Agricultural

Other

 

Figure 95: Water use by sector in San Diego County 

Water Supply and Demand 
As of 2005 as much as 90% of SDCWA water supply came from the Colorado River and the 
State Water Project, under contract with the Metropolitan Water District. “The rest comes from 
local water sources including groundwater, local surface water, recycled water, seawater 
desalination and conservation.”117  In addition to the water supplied by SDCWA, increasingly 
member agencies are developing and managing local sources of water to improve the diversity 
and reliability of their supply.  Groundwater, surface water, and recycled water help to drought-
proof supplies and reduce demand on imported water.118   
 
San Diego County Water Authority sold 589,062 acre-feet (191,896 MG) of water in 2000 
(Table 129) as shown in Table 113. Residential customers accounted for 57% of the total water 
demand, commercial and industrial customers used 21%, agricultural deliveries accounted for 
16.1%, of the demand and water for public and other uses 6.4%.  Water sales decreased by more 
than 36,000 acre-feet between 2000 and 2005 nearly all of which was in the residential sector.  

                                                 
117 http://www.sdcwa.org/about/faqs.phtml#watercomefrom. About Us. Frequently Asked Questions. Where does 

San Diego County’s water come from? Accessed July 27, 2006.   

118 http://www.sdcwa.org/manage/pdf/2005UWMP/Final2005UWMP.pdf. San Diego County Water Authority. 2005 
Urban Water Management Plan. Section 5 - Member Agency Supplies. 
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Table 129: Annual water use by sector to SDCWA customers for 2000 and 2005 

Sector Water 
Use  
(AF) 
2000* 

Water 
Use 
(AF) 
2000 

% of 
Total  

Water Use 
(AF) 
2005** 

Water Use 
(MG) 
2005 

% of Total 
Water Use 

Single Family 396,311 129,139 57 355,799 115,938 55 
Commercial/ 
Industrial 

142,445 46,416 20.5 151,492 49,364 24 

Agricultural 111,653 36,382 16.1 85,662 27,913 13 
Public & Other 44,586 14,528 6.4 51,893 16,909 8 

Total 694,995 226,465 100 644,846 210,125 100 
*[on-line source] http://www.sdcwa.org/about/annual-2000ar.pdf 

** [on-line source] http://www.sdcwa.org/about/annual_2005.pdf.  

 

Projected Demand 
The population served by SDCWA is projected to increase by 33,700 people per year (1.1 
percent annually) resulting in a projected population of 3.7 million people by 2030.119  As of 
2005, water use was 642,152 AF eighty-seven percent of which is municipal and industrial. It is 
anticipated that by 2030 the demand will increase to 829,030 AF despite ongoing conservation 
measures. While conservation is expected to reduce demand by 108,396 AF much of this savings 
is offset by the increase in population and by the demands of various pending annexations to San 
Diego County.  

Water Rates, Rate Structure, and Sewer Charges 
Because SDCWA is a wholesale water provider, water rates, rate structures, and sewer charges 
are determined by each of the individual service providers. In order to comply with the CUWCC 
MOU, SDCWA and most of its member agencies must comply with BMP 11 which requires 
implementation of a conservation rate structure.     

Water Conservation Programs120 
SDCWA is a signatory to the CUWCC MOU and most of its member agencies are signatories to 
the MOU as well. SDCWA manages most of the BMP programs for its member agencies and 

                                                 
119 http://www.sdcwa.org/manage/pdf/2005UWMP/Sections_1-9.pdf. Updated 2005 Urban Water Management 

Plan. San Diego County Water Authority. 1.6.3 Population. April 2007. Accessed January 15, 2010. 
120 http://www.sdcwa.org/manage/pdf/2005UWMP/Sections_1-9.pdf. Updated 2005 Urban Water Management 

Plan. San Diego County Water Authority. 3.2 Demand Management. April 2007. Accessed January 26, 2010. 
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provides approximately 20 percent of all of the conservation funding. To date, SDCWA has 
invested more than $12 million dollars towards conservation programs. During the 2005 fiscal 
year SDCWA and its member agencies budgeted nearly $6 million towards various conservation 
programs which are expected to save approximately 68,000 AF over the useful life of the 
conservation measures.  

Residential Conservation Programs 
Many SDCWA providers offer free indoor and outdoor residential surveys to their customers. 
Residential conservation programs include rebates for installation high efficiency clothes 
washers and various irrigation products. Since the inception of these programs SDCWA and 
member agencies have provided incentives for more than 90,000 high efficiency residential 
clothes washers and installation of 528,000 ULF toilets. During this same time period more than 
500,000 showerheads have been distributed as well. 
 
Beginning in 2004, residential customers were provided with financial incentives for installing 
weather-based irrigation controllers to replace an existing controller. In order to qualify for the 
incentive, customers must have an irrigated area and an in-ground irrigation controller.  
Incentives are also provided for irrigation devices that improved the efficiency of residential 
irrigation. Funding was also provided for a demonstration Water Conservation Garden, 
conservation literature, and efficient irrigation training programs. 

CII Conservation Programs 
SDCWA provides conservation incentives for its commercial customers as well. To date, CII 
customers have installed 355 cooling tower conductivity controllers, 3,200 pre-rinse sprayers, 
and 7,600 coin-operated high efficiency clothes washers.  
 
CII customers are provided incentives for installing weather-based irrigation controllers. 
Irrigation customers, with dedicated irrigation meters, can request free water budgets.   
  

Free surveys are also available with water-saving tips for both indoor and outdoor water use, 
provide an optimal watering schedule and review existing landscapes for irrigation system 
improvements. Availability of home surveys varies by water district. 

Water budgets are also provided as a free service to water district customers, property managers 
and landscape contractors for commercial sites. Water budgets compare the amount of water 
used to the optimal amount of water that sites need. Water budgets are available as a stand-alone 
service upon request, for sites with dedicated irrigation meters. 
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East Bay Municipal Utility District 

Demographics 
East Bay Municipal Utility District comprises a large geographical area made up of several urban 
areas that lie both east and west of a range of hills running north to south from East Richmond 
down to the Castro Valley.  The climate varies significantly from the east to west.  The areas 
west of the hills: Walnut Creek, Lafayette, San Ramon and Dublin are warmer and drier than the 
areas west of the hills: Richmond, Berkeley, and Oakland.  In estimating the irrigation demands 
for the logging sample weather data were used from a range of weather stations.  For this section 
climate and demographic information will be provided for Oakland, the largest of the Cities in 
the service area.  Because there are so many diverse communities in the EBMUD service area it 
was impossible to provide a properly weighted set of demographic and economic statistics for 
the area, and rather than provide misleading data, it was elected not to attempt to make a 
summary. 
  

Climate121 
  Located across the bay from San Francisco, Oakland too has cool, mild weather year-round 
with very little fluctuation between summer and winter, or daytime and nighttime temperatures.  
Weather and ETo information were obtained from CIMIS Station #149 located on the campus of 
Mills College adjacent to a densely urbanized area.  Table 130 compares the average monthly 
minimum and maximum temperatures, average monthly rainfall, and average monthly ETo from 
March 1999 to December 2005, with the same data provided for 2005.  The table shows that 
although maximum and minimum temperatures in 2005 were very similar to the 6-year average, 
ETo was lower in 2005 than the 6-year average (36.06 inches vs. 39.18 inches) and rainfall was 6 
inches above the 6-year average (30.81 inches vs. 24.75 inches).  Most precipitation falls 
between October and May; precipitation in the summer months is rare.  Oakland is in CIMIS 
Reference ETo Zone 1, described as Coastal Plains Heavy Fog Belt.   
 

Table 130: Oakland Foothills #149 Lat 3746’51” Long 12210’44” – period of record March 
1999 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp(F) 

59.7 62.2 66.8 66.8 71.1 73.9 74.9 76.1 77.5 73.5 65.9 60.6 69.1 

Ave 
Max 
Temp 
2005(F) 

58.4 62.8 67.5 67.1 70.6 72.1 77.9 77.1 73.2 72.9 69.1 60.6 69.1 

                                                 
121 http://wwwcimis.water.ca.gov/cimis/frontMonthlyReport.do. California Irrigation Management Information 

System. Department of Water Resources. Office of Water Use Efficiency. Monthly Report. Oakland Foothills 
#149. Accessed July 17, 2006.  
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Ave 
Min 
Temp 
(F) 

41.9 43.5 44.5 45.5 49.7 52.2 55.0 55.6 53.6 50.2 45.4 43.1 48.4 

Ave 
Min 
Temp 
2005 (F) 

41.1 46.6 46.9 45.2 51.2 51.6 55.6 53.9 52.7 48.3 45.6 45.2 48.7 

Ave 
Monthly 
Precip 
(in) 

3.2 5.4 2.2 2.2 0.9 0.3 0.0 0.0 0.3 1.3 2.4 6.7 24.8 

Monthly 
Precip 
2005 
(in) 

2.0 4.9 5.3 2.1 1.9 1.6 0.0 0.0 0.0 0.3 1.9 10.9 30.8 

Ave 
Monthly 
ETo (in) 

1.0 1.4 2.7 3.9 5.1 5.6 5.8 4.9 3.8 2.6 1.4 1.0 39.2 

Monthly 
ETo 
2005 
(in) 

0.9 1.1 2.4 3.4 3.9 4.7 6.3 4.9 3.5 2.7 1.6 0.8 36.1 

 

Customer Base 
Residential customers make up 83% of EBMUD’s customer accounts (81% single-family and 
2% multi-family), commercial customers make up 13%, while industrial, institutional and 
irrigation customers are only 1% each of the billed accounts from the utility.   Figure 96 shows 
the projected percentage of metered accounts by sector in East Bay MUD for 2005. 
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Figure 96: Percentage of 2005 metered accounts by sector in the East Bay MUD service area 

 

Water Supply and Demand 
East Bay Municipal Utility District supplies water to 1.3 million people in a 331 square mile 
service area (shown in Figure 97).  The Mokelumne River in the Sierra Nevada provides 90% of 
the water supply for East Bay Municipal Utility District up to a maximum of 325 million gallons 
per day.  There are two large reservoirs on the river: Comanche and Pardee.  The remaining 10% 
of East Bay’s water supply comes from runoff in the East Bay watershed area that fills San Pablo 
system on the North of State Highway 24 and San Leandro reservoir system on the south of the 
highway.  The annual variability of rainfall and snowmelt, and the senior water rights of other 
users can adversely affect the supply.122  
 

                                                 
122www.ebmud.com/water_&_environment/water_supply/urban_water_management_plan/2005_uwmp/UWMP%20

2005%20Final%20Book.pdf. Water Supply and Water Supply Planning. Water Supply System. Accessed July 14, 
2006. 
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Figure 97: Graphic of East Bay MUD service area123  

 
East Bay MUD sold 648.3 million acre-feet or 211MG of water in 2005 (Table 131); residential 
customers accounted for 42 % of the total water demand, commercial and industrial customers 
used 41%, irrigation deliveries accounted for nearly 5%, of the demand and water for 
institutional uses is less than 1%.  
 

Table 131: Number of connections and deliveries in EBMUD for 2005124 

Sector Number of Accounts Deliveries 2005 (MG) % of Total Deliveries 

Single Family 319,151 89.4 42.3% 

Multi-Family 9,686 23.7 11.2% 

Commercial 51,334 62.0 29.2% 

Industrial 4,743 25.1 11.9% 

Institutional 4,606 0.87 0.4% 

Irrigation 4,950 10.0 4.7% 

Total 391,216 211,251,539 100% 

                                                 
123 

http://www.ebmud.com/water_&_environment/water_supply/urban_water_management_plan/2005_uwmp/UWM
P%202005%20Final%20Book.pdf. East Bay Municipal Utility District. 2005 Urban Water Management Plan. 
Chapter 1: General Information. EBMUD Service Area. Accessed September 1, 2006.  

124 Data provided by David Wallenstein, Associate Civil Engineer for East Bay Municipal Utility District 
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Water Rates, Rate Structure, and Sewer Charges 
East Bay MUD single-family, residential customers pay a base rate of $8.45 plus a $0.80 seismic 
improvement surcharge per month.  Additionally, there is a three-tiered rate structure; customers 
are charged $1.65 per unit up to 172 gallons per day (a unit is one CCF or 748 gallons – 172 gpd 
is approximately 7 units per month), $2.05 per unit for 173 gpd to 393 gpd, and $2.51 per unit 
for use in excess of 393 gpd.125   
 
The minimum monthly service charge for wastewater for residential customers is $4.54.  In 
addition there is a monthly San Francisco Bay Residential Pollution Prevention Fee of $0.07, a 
strength charge of $4.72, and a flow charge of $0.472 per unit of flow up to a maximum of 10 
units of wastewater discharge per month.126 

Water Conservation Programs127 
EBMUD has been a signatory to the CUWCC MOU since 1993. They have implemented all 14 
best management practices with a goal of saving 33 MGD in the year 2020. The savings goal 
will result from natural replacement, financial incentives, educational programs, water surveys, 
and fixture replacement. 

Residential Conservation Programs 
Residential customers are offered free water use surveys that provide recommendations on ways 
that customers can reduce both their indoor and outdoor demand. Surveys can be provided by the 
utility or can be “self-guided”. In an effort to make surveys cost effective, the utility targets high 
water use customers and customers with a significantly different summer and winter usage. The 
utility distributes free showerheads and faucet aerators to its customers primarily through its free 
water survey program. A study conducted in 2002 showed that the residential market has been 
saturated with efficient showerheads and faucet aerators. 
 
Since the inception of the high efficiency clothes washer rebate program in 1996, the utility has 
provided 32,500 rebates for high efficiency clothes washers. Rebates are tiered to encourage 
customers to purchase clothes washers that meet efficiency standards expected to be released in 
2007. Rebates of $50, $75, and $100 are provided depending on the efficiency rating of the 
clothes washer purchased. As a way to increase visibility of the clothes washer rebate program to 
both customers and retailers the utility partnered with other Bay Area water agencies to procure 
grant funding from the state. 
 
Toilet rebates have been available to utility customers since the mid 1990’s. The current, two-
tiered rebate program, WaterSmart Toilet Replacement Program, provides rebates for ULF and 

                                                 
125 http://www.ebmud.com/services/account_information/understanding_my_account/rates_&_charges/water_rates/. 

Water Rates and Service Charges. Effective July 1, 2006. Accessed July 14, 2006. 
126 http://www.ebmud.com/wastewater/wastewater_rates/default.htm. Wastewater Rates, Charges and Fees. 

Effective July 1, 2005. Single Family Monthly Charges (BCC 8800). Accessed July 14, 2006.    
127 http://www.ebmud.com/sites/default/files/pdfs/20080412%20-%20UWMP%202005%20Final%20Book.pdf. East 

Bay Municipal Utility District Urban Water Management Plan. November 2005. Chapter 6 Water Conservation. 
Accessed February 1, 2010.  

 
 328



 

high efficiency toilets (HET). During the 2004 fiscal year twenty-two percent of the rebates 
provided were for HETs. In 2005, toilet rebates were provided for 1,030 single-family and 176 
multi-family customers.  
 
The utility promotes conservation by using a 3-tiered inclining billing structure for water. There 
are several wastewater providers within the utility; not all wastewater providers use conservation 
billing rates.  

CII Conservation Programs 
The utility has provided a variety of water saving devices, primarily through surveys, to its CII 
customers including faucet aerators, showerheads, and toilet retrofit kits. In some cases CII 
customers could borrow devices to test in their business prior to purchasing them. As with 
residential customers, CII customers can be provided with a self-survey to improve their water 
efficiency. CII customers can also borrow water metering devices to determine the 
characteristics of their water use and allows the customer to implement the most cost-effective 
conservation measures. 
 
There are nearly 5,000 irrigation accounts in the utility and water budgets have been established 
for more than 1,200 dedicated irrigation accounts. The utility uses presentations and targeting to 
encourage HOAs and irrigation accounts to reduce their water demand. Customers are provided 
with rebates that cover 50 – 100% of the cost of installing efficient irrigation equipment.  
 
Rebates are provided as an incentive to CII customers who invest in equipment upgrades for 
processes such as cooling, water treatment, and washing. Rebates may cover as much as half of 
the cost of installing new hardware or changes processes and are based on an estimate of the 
savings. Rebates are also provided for high efficiency clothes washers, HETs, ice machines, and 
x-ray machines. As with their residential customers, the utility has distributed free low flow 
faucet aerators and showerheads.  
 
EBMUD is on the CUWCC task force designed to evaluate measures to improve the water use 
efficiency of both new and existing landscapes. The utility provides free landscape reviews to all 
of the cities and counties in their service area. The irrigation system efficiency and schedule, 
plant design and plant selection are included in the review. 

Additional Conservation Programs    
EBMUD is committed to ongoing conservation efforts and has participated in numerous 
conservation studies including: 
National Multi-Family Residential Sub-Meter Study 
Residential End-Use Study 
Market Penetration Study  
Water Closet Performance Testing 
Recycling Feasibility Study 
Oakland Zoo Conservation Study 
Irrigation Controller Pilot Study 
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Sonoma County Water Agency 
The Sonoma County Water Agency was established in 1949 and currently provides “a 
functioning infrastructure and financial organization for regional water supply, wastewater 
management and flood control.”128  Sonoma County Water Agency manages and maintains a 
water transmission system that provides naturally filtered Russian River water to nine cities and 
special districts that in turn delivers drinking water to more than 600,000 residents in portions of 
Sonoma and Marin counties, including City of Cotati, Marin Municipal Water District, North 
Marin Water District, City of Petaluma, City of Rohnert Park, City of Santa Rosa, City of 
Sonoma, Valley of the Moon Water District, and Town of Windsor..129 

Rohnert Park 
Rohnert Park130 is one of the earliest planned communities in the United States with each 
neighborhood designed around a park and elementary school.  Located between Petaluma and 
Santa Rosa in the center of Sonoma County’s business corridor, Rohnert Park is home to 
Sonoma State University; as a result education is one of Rohnert Park’s largest industries and 
employers.   

Demographics and Census Information 
Rohnert Park is a relatively young community with a median age of 31.5 years.  The median 
annual household income in Rohnert Park is $51,942. Of the population over the age of 25, 
88.0% have a high school diploma or higher and 24.7% have a college degree or higher. Table 
132 gives some additional characteristics about the homes in Rohnert Park. 
 

Table 132: Demographic and household statistics for Rohnert Park 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes  

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,520 58.4 2.83 3.1 1979 5.8 
Rental $841 41.6 2.40 1.8 1980 6.2 

 

Customer Base 
Rohnert Park has 8,717 customer accounts, 92% of which are residential accounts (87% single-
family and 5% multi-family) 5% are commercial accounts, and 3% are irrigation and industrial 
accounts.  Single-family customer used 54% of the annual water deliveries in 2005 – the 

                                                 
128 http://www.envirocentersoco.org/SCWA/structure.htm. Sonoma County Water Agency Structure. Accessed 

August 22, 2006.  
129 http://www.envirocentersoco.org/SCWA/structure.htm. Sonoma County Water Agency Structure. Accessed 

August 22, 2006. 
130 http://www.rohnertparkchamber.org/. Welcome to Rohnert Park Chamber of Commerce. A Community for 

Families. Accessed July 21, 2006. 
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remaining 46% was used by commercial customers (multi-family, industrial, and irrigation were 
grouped in this category). 
 

Table 133: Number of connections and deliveries in Rohnert Park for 2005131 

Sector Number of 
Accounts 

Deliveries 2005 
(MG) 

% of Total 
Deliveries 

Single Family 7,590 652.2 53.8 

Multi-Family 413 Included in 
commercial 

 

Commercial 462 559.3 46.2 

Industrial 2 Included in 
commercial 

 

Irrigation 250 Included in 
commercial 

 

Total 8,717  100 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers of Rohnert Park are billed for water and sewer on a bi-monthly basis.  The 
base monthly charge for water is $15.71.   Customers are charged a uniform rate for water at 
$2.57 per kgal.  Customers pay a base rate of $1.35 per month for sewer as well as $9.15 per 
kgal.    

North Marin Water District 
North Marin Water District (NMWD) serves the City of Novato in Marin County as well as 
several small districts in the West Marin area near the coast.  In addition, service is also provided 
to Point Reyes Station, Olema, Bear Valley, Inverness Park, and Paradise Ranch Estates.132  
Since Novato is the largest community in the North Marin WD service area, demographic and 
census information are provided for Novato. 

Demographics and Census Information 
The median annual household income in Novato is $71,306.  The median age of the population 
of 41.3 years is the highest of the study group.  Of the population over the age of 25, 91.2% have 
a high school diploma or higher and 51.3% have a college degree or higher. Table 134 gives 
some additional characteristics about the homes in Novato.  
 
 
 
 

                                                 
131 Data provided by Carrie Pollard, Water Conservation Specialist for SCWA 
132 http://www.nmwd.com/index.html. About North Marin Water District. Water Service. Accessed August 22, 

2005. 
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Table 134: Demographic and household statistics for Novato in North Marin Water District 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $2,344 65.7 2.42 2.8 1964 5.0 
Rental $1,105 34.3 2.21 1.7 1965 3.1 
 

Climate 
There are three climate zones in Marin County; the western half of the county is located in 
CIMIS Zone 1 known as Coastal Plains Heavy Fog Belt, the central section of the county is 
located in CIMIS Zone 4 known as South Coast Inland Plains and Mountains North of San 
Francisco and the eastern portion of the county is located in CIMIS Zone 5 known as Northern 
Inland Valleys.133  Novato is located in Zone 5 and the weather data for the station that serves 
the Novato area is shown in Table 135.  The comparison of 2005 weather data with historic data 
shows that 2005 was slightly cooler and wetter, with lower ET than previous years.  It is 
important to note however that the station is very new and weather data has only been recorded 
since June 2003.  The website for The City of Novato indicates that the weather is slightly 
warmer and drier that that found at the CIMIS station where the “mean annual temperature is 67 
degrees, with an average minimum of 46 degrees and an average maximum of 71 degrees. 
Rainfall averages approximately 27.5 inches per year.”134 
 
 

Table 135: Black Point #187   Lat 3805’28” Long 12231’36” – period of record June 2003 to 
December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

51.5 57.9 67.7 68.3 71.9 77.1 80.2 79.6 78.9 72.6 61.9 54.0 68.5 

Ave 
Max 
Temp 
2005 
(F) 

49.6 58.7 64.5 65.8 70.7 74.2 81.1 79.6 75.0 71.9 65.2 56.0 67.7 

Ave 
Min 
Temp 

36.7 40.2 41.0 39.8 44.7 47.8 50.8 50.8 47.5 43.5 38.6 36.5 43.2 

                                                 
133 http://wwwcimis.water.ca.gov/cimis/info.jsp. California Irrigation Management System. Info Center. ETo Zones 

Map. Accessed August 31, 2006.  
134 http://www.cityofnovato.org/about_nov.cfm. City of Novato. Government and Utilities. Accessed August 31, 

2006. 
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(F) 

Ave 
Min 
Temp 
2005 
(F) 

35.8 40.4 41.4 39.2 45.6 47.6 51.3 49.6 45.3 44.0 39.9 36.0 43.0 

Ave 
Monthly 
Precip 
(in) 

3.9 5.9 2.7 1.5 1.8 0.4 0.7 0.3 0.3 1.7 2.0 6.9 27.9 

Monthly 
Precip 
2005 
(in) 

5.5 5.0 4.8 2.0 3.0 0.3 1.8 0.4 0.0 0.4 1.8 6.7 31.6 

Ave 
Monthly 
ETo (in) 

1.0 1.5 3.6 4.9 5.9 6.0 7.1 6.1 4.9 3.5 1.8 1.0 47.3 

Monthly 
ETo 
2005 
(in) 

0.9 1.4 3.2 4.7 5.4 6.4 7.2 5.9 4.4 3.4 2.0 1.0 45.8 

 

Water Supply and Demand 
The North Marin WD service area, shown in Figure 98, covers approximately 100 square miles.  
NMWD receives approximately 80% of its water supply from the Russian River provided by the 
Sonoma County Water Agency.  The remaining 20% is from Stafford Lake which is used from 
late spring to early fall to supplement the supply from the Russian River.135 
 
Table 136 is a breakdown of water deliveries supplied by North Marin Water District to it’s 
customers in 2000.  Seventy-five percent of the deliveries were to residential customers (68.3% 
single-family and 6.9% multi-family).  Commercial and irrigation customers each used 
approximately 11% and the remaining 2.3% was delivered to institutional and other customers. 

 

                                                 
135 http://www.nmwd.com/novatowhere.html. North Marin Water District. Where Does My Water Come From And 

How Is It Treated? Russian River Water. Stafford Treatment Plant. Accessed August 22, 2006. 
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Figure 98: North Marin Water District Service Area136 

 

Table 136: Annual water delivery to accounts by sector for North Marin WD for 2005137 

Sector Number of Accounts 
2005 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single Family 17,706 6,946 2,263 68.3 
Multi-Family 647 704 229 6.9 
Commercial 1,022 1,117 364 10.9 
Irrigation 293 1,159 378 11.4 
Institutional 102 231 75 2.2 
Other 162 11 3.7 0.1 
Total 19,932 10,168 3,313 100 
 
 

 

                                                 
136 http://www.nmwd.com/images/Boundary%20Map.jpg. About North Marin Water District. Territory. Boundary 

Map. Accessed August 22, 2006.  
137 Data provided by Ryan Grisso, Water Conservation Coordinator for North Marin Water District, California 

 
 334



 

Irrigation
0.01%

Commercial
7.02%

Industrial
0.13%

Institutional
1.48%

Other
0.01%

Multi-Family
1.60%

Single Family
89.76%

 

Figure 99: Percentage of 2005 metered accounts by sector in North Marin WD 

Water Rates, Rate Structure, and Sewer Charges 
Residential customers in North Marin WD are billed for water and sewer on a bi-monthly basis.  
The base monthly charge for water is $5.00.  Customer rates are based on their elevation above 
the pumping station as well and an additional charge if they are located outside the improvement 
district as shown in Table 137.  Customers who use water in excess of 15,000 gallons within the 
two month billing period are charged an additional conservation fee of $3.00 per 100 cubic feet.  
Customers pay a base rate of $21.83 per month for sewer.138  
 

Table 137: Residential commodity charge for customers in North Marin Water District139 

Rate Zone Elevation Within Improvement 
District (per CCF) 

Outside Improvement 
District (per CCF) 

Zone A 0’ – 60’ $1.70 $1.85 

Zone B 61’ – 200’ $1.90 $2.05 

Zone C 201’ – 400’ $2.35 $2.50 

Zone D 401’ + $2.86 $3.01 

 

                                                 
138 http://www.studioefx.com/nsd/qanda.htm#generalrates. Novato Sanitary District. Rates – General. Accessed 

August 24, 2006.  
139 http://www.nmwd.com/novrates.html. North Marin Water District. Novato Water Charges. Accessed August 24, 

2005.  
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Petaluma 
Located on the Petaluma River, the City of Petaluma140 is one of the oldest cities in California 
and on the National Register of Historic Places.  “American Demographics magazine found this 
area to be America's number one choice among baby boomers in their mid-30s to mid-40s, who 
are affluent enough to choose where they settle.”141 

Demographics and Census Information 
The median annual household income of Petaluma is $61,679.  The median age of the population 
is one of the highest of the study groups at 37.1 years and is second only to the residents of North 
Marin Water District.  Of the population over the age of 25, 85.9% have a high school diploma 
or higher and 30.1% have a college degree or higher.  Table 138 gives some additional 
characteristics about the homes in Petaluma. 
 

Table 138: Demographic and household statistics for Petaluma 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,622 70.1 2.75 3.2 1976 11.3 
Rental $870 29.9 2.59 2 1972 6 
 

Climate 
The Petaluma Chamber of Commerce describes Petaluma's “temperate climate is as close to 
perfect as possible without boredom.”142  Summers are dry and warm with temperatures ranging 
from the mid-60s to mid-80s and nighttime cooling from ocean breezes. Winter temperatures 
range from the mid-30’s to 60 degrees. Average rainfall is 25 inches annually. 

 

Table 139: Petaluma East #144 Lat 3816’02” Long 12236’58” – period of record August 1999 
to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

54.2 58.2 64.6 64.8 69.6 74.4 77.2 78.0 78.7 73.3 62.1 56.8 67.7 

Ave 
Max 

48.3 57.3 60.8 62.4 63.8 68.8 75.8 73.4 75.6 72.9 67.1 58.0 65.4 

                                                 
140 http://www.visitpetaluma.com/. Visit Petaluma. Get Here. Accessed July 21, 2006.  
141 http://www.petalumachamber.com/pages/livework.shtml. Petaluma Area Chamber of Commerce. Affluent Baby 

Boomer Magnet. Accessed July 21, 2006. 
142 http://www.petalumachamber.com/pages/aboutpetaluma.shtml. Petaluma Area Chamber of Commerce. 

Petaluma’s Voice for Business. Climate. Accessed September 1, 2006.  
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Temp 
2005 
(F) 
Ave 
Min 
Temp 
(F) 

33.5 37.4 38.3 39.4 41.9 46.4 48.0 47.6 48.1 43.9 38.5 36.4 41.6 

Ave 
Min 
Temp 
2005 
(F) 

30.7 35.0 35.8 35.1 38.9 42.6 42.4 40.4 47.4 44.9 39.6 39.7 39.4 

Ave 
Monthly 
Rainfall 
(in) 

3.1 5.2 1.7 1.3 1.1 0.5 0.2 0.1 0.1 1.1 1.9 5.1 21.4 

Monthly 
Rainfall 
2005 
(in) 

3.9 4.2 3.0 1.9 3.1 0.3 0.0 0.0 0.0 0.3 1.9 12.1 30.6 

Ave 
Monthly 
ETo (in) 

1.1 1.5 3.3 4.5 4.8 6.3 6.4 5.0 4.6 3.2 1.6 1.1 43.4 

Monthly 
ETo 
2005 
(in) 

0.9 1.4 2.9 4.4 4.7 5.6 6.4 5.1 4.1 3.1 1.8 0.8 41.2 

 
 

Table 140:  Annual water delivery to accounts by sector for Petaluma for 2005143 

Sector Number of Accounts 
2005 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single Family 17,014 5,614 1,829 58.5 
Multi-Family 304 749 244 7.8 
Commercial 1,330 1,982 646 20.8 
Irrigation 2 457 149 4.8 
Industrial 25 346 113 3.6 
Institutional 280 417 136 4.3 
Other 1 38 12 0.38 
Total 18,956 9,603 3,129 100 
 

                                                 
143 Data provided by Brian Lee, SCWA 
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Water Rates, Rate Structure, and Sewer Charges 
Residential customers of Petaluma are billed for water and sewer on a bi-monthly basis.  The 
base monthly charge for water is $3.79.   Additionally, there is a three-tiered rate structure; 
customers are charged $2.16 per CCF for usage from 0-20 CCF, $2.37 per CCF for usage from 
21-52 CCF and $2.61 per CCF for usage of 53 CCF or more on a bi-monthly basis.  Customers 
pay $18.22 bi-monthly for sewer charges. 

Santa Rosa 
Located in the heart of Sonoma County wine country, Santa Rosa was called ‘the chosen spot of 
all the earth’ by well know botanist and horticulturalist Luther Burbank (March 7, 1849 – April 
11, 1926).  It was also home to cartoonist Charles M. Schultz, the creator of Peanuts and over the 
years numerous movies have been filmed there including Hitchcock’s Shadow of a Doubt.144 

 Demographics and Census Information 
The median annual household income in Santa Rosa is $50,931.  The median age of the 
population is 36.2 years.  Of the population over the age of 25, 85.2% have a high school 
diploma or higher and 27.6% have a college degree or higher.  Table 141 gives some additional 
characteristics about the homes in Santa Rosa. 
 

Table 141: Demographic and household statistics for Santa Rosa 

 Median 
Monthly 
Payment 
($)` 

Percent of 
Occupied 
Homes  

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,490 48.5 2.56 2.9 1976 8.5 
Rental $862 51.5 2.57 1.8 1974 4.8 
 
 
 

                                                 
144 http://www.visitsantarosa.com/didyouknow_all.asp. Santa Rosa Chamber of Congress. About Santa Rosa. Did 

You Know? Accessed August 21, 2006.   
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Figure 100: Service area for the City of Santa Rosa Utility from the 2005 Urban Water 
Management Plan145 

Climate 
Santa Rosa is located in Zone 5 on the CIMIS Reference Evapotranspiration Zones Map, 
described as Northern Inland Valleys (valleys north of San Francisco).  It is clear from the data 
in Table 142 that 2005 had higher than average rainfall and lower than average temperatures 
resulting in ETo that was lower than average.  Most of the rainfall occurs between November 
through the end of March and ETo is highest during the month of July.  The average annual 
rainfall recorded from 1990 – 2005 is higher than that recorded for Santa Rosa during the period 
of 1952 – 2005.  During that 52 year period the average annual precipitation was 29.63 inches.146 
  

Table 142: Santa Rosa #83 Lat 3824’04” Long 12247’56” – period of record January 1990 to 
December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

56.8 60.6 64.6 67.2 71.5 76.6 79.7 83.9 79.7 75.6 65.0 57.0 71.0 

                                                 
145 http://ci.santa-rosa.ca.us/wc/pdf%20files/2005UWMPComplete.pdf. City of Santa Rosa. 2005 Urban Water 

Management Plan. Accessed June 30, 2006.  
146 http://ci.santa-rosa.ca.us/wc/pdf%20files/2005UWMPComplete.pdf. 2005 Urban Water Management Plan. City 

of Santa Rosa. Description of Existing Water System. Climate. Accessed August 21, 2006.  
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Ave 
Max 
Temp 
2005 
(F) 

54.0 61.1 65.6 66.1 70.1 73.2 79.1 77.8 75.3 74.1 67.8 57.4 69.5 

Ave 
Min 
Temp 
(F) 

37.1 38.1 39.2 39.1 43.3 46.7 49.1 49.0 46.6 42.2 38.5 35.8 42.6 

Ave 
Min 
Temp 
2005 
(F) 

36.1 39.8 40.5 36.9 43.8 46.1 50.0 48.5 43.8 40.1 36.7 39.1 42.0 

Ave 
Monthly 
Rainfall 
(in) 

6.8 6.5 4.1 1.9 1.7 1.3 0.5 0.7 0.3 1.6 3.7 7.4 36.6 

Monthly 
Rainfall 
2005 
(in) 

4.0 4.0 6.2 1.9 4.7 0.4 0.0 0.4 0.0 1.6 3.2 14.5 40.8 

Ave 
Monthly 
ETo (in) 

1.0 1.6 3.2 4.4 5.6 6.2 6.5 5.9 4.6 3.2 1.5 1.0 44.6 

Monthly 
ETo 
2005 
(in) 

1.0 1.5 3.1 4.4 5.1 5.8 6.7 5.4 4.2 3.4 1.8 0.8 42.9 

 

Customer Base 
The City of Santa Rosa has 50,352 customers (connections).  There are 41,839 single-family 
residential customers, 3,085 multi-family customers, 2,768 commercial customers and 939 
accounts classified as other.  Figure 101 is a graph of the percentages of each utility customer 
category.  Single-family connections make up 84% of the customer connections – clearly the 
largest category.  When combined with multi-family accounts, residential customers make up 
90% of the customer base for Santa Rosa. 
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Figure 101: Percentage of 2005 connections by customer category in Santa Rosa 

 

Water Supply and Demand 
The City of Santa Rosa purchases water from Sonoma County Water Agency.  Most of the water 
is surface water that is diverted from the Russian River, supplemented by groundwater from the 
Santa Rosa Plain.147  Table 143 shows the number of accounts, by sector, in 2005 as well as the 
water deliveries to each sector.  Single-family customers make up 84% of the customer accounts 
and 57% of the water delivered.  
 

Table 143: Annual water delivery to accounts by sector for 2005148 

Sector Number of 
Accounts 2005* 

Deliveries 
(AF) 

Deliveries 
(MG) 

% of Total 
Deliveries 

Single-Family 41,839 12,420 4,047 57.0 
Multi-Family 3,085 3,345 1,090 15.4 
Commercial 2,768 3,455 1,126 15.9 
Irrigation 1,729 2,553 832 11.7 
Other* 931    
Total 50,352  7,095 100 
*These are fire accounts and don’t have ongoing water use associated with them 

                                                 
147 http://ci.santa-rosa.ca.us/wc/pdf%20files/2005UWMPComplete.pdf. 2005 Urban Water Management Plan. City 

of Santa Rosa. Water System Facilities Source Waters. Surface Water System Facilities. Accessed August 21, 
2006. 

148 Information provided by Jennifer Burke, Senior Water/Wastewater Planner for the City of Santa Rosa, CA  
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Water Rates, Rate Structure, and Sewer Charges 
Santa Rosa customers are billed monthly for water and sewer use. At the time of the study 
customers paid a fixed monthly charge of $5.53 for water and $12.82 for wastewater. In addition 
customers were charged $3.15 per kgal for water and $7.85 per kgal for sewer up to their “sewer 
cap”.  The “sewer cap” is the indoor allotment or average winter consumption calculated from 
average winter water usage in the months of December, January, and February where it is 
assumed that all usage during that period of time is indoors. In 2007 Santa Rosa implemented a 
3-tier rate structure. Details can be found on the City’s website at http://ci.santa-
rosa.ca.us/departments/finance/revenue/utilbill/Pages/CurrentResRates.aspx.  

Water Conservation Programs149 
The Cities of Rohnert Park, Petaluma, Santa Rosa and North Marin Water District are retail 
providers for Sonoma County Water Agency (SCWA). SCWA signed the CUWCC MOU in 
1998 and is the first wholesale agency in California to have all of its water contractor’s sign the 
MOU. The Agency works with its retail providers to implement all economically feasible 
wholesale BMPs as well as some of the retail BMPs. In some cases contractors have 
implemented conservation measures that exceed the requirements of the BMP or have developed 
conservation measures in addition to the BMPs which SCWA has identified as Tier 2 BMPs. 
SCWA has developed a model of savings projections and future water demand from four levels 
of conservation measures that include projected savings from implementing the current BMPs, 
projected savings from implementing Tier 2 BMPs, adoption of new development standards, and 
savings from future plumbing retrofits and required by plumbing code.  

 Residential Conservation Programs 
In addition to the current BMPs, SCWA has developed a more aggressive list of BMPs which 
will be implemented in the future. These Tier 2 BMPs will require high efficiency toilets, clothes 
washers, faucets and showerheads, a Cash for Grass program, rebates for irrigation upgrades, 
synthetic turf and Smart Irrigation Controllers, and financial incentives for water use below 
water budget allotment. The BMPs will encourage increased water efficiency in new 
development with products such as Smart irrigation controllers and hot water on demand 
systems. Toilet replacement programs have been in place for more than ten years through 
rebates, direct installation and community-based organizations (CBOs).   
 

                                                 
149 http://www.scwa.ca.gov/files/2005_uwmp_report.pdf. Sonoma County Water Agency 2005 Urban Water 

Management Plan. December 2006. Section 6.1 BMP Implementation. Accessed February 24, 2010. 
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Irvine Ranch Water District 
The Irvine Ranch Water District is a special district formed in 1961 to provide potable water, 
wastewater service and recycled water.  IRWD is located in the south-central portion of Orange 
County, and encompasses an area of approximately 181 square miles.  Figure 102 is a map of 
Irvine Ranch Water District and it’s location within Orange County.  Irvine Ranch Water District 
provides service to 316,287 customers in the City of Irvine, and portions of Tustin, Newport 
Beach, Costa Mesa, and Orange, Lake Forest and unincorporated areas of Orange County.150   

 

Figure 102: Map of Irvine Ranch Water District151 

 

Demographics and Census Information 
The following information on IRWD comes from the 2000 U.S. Census Bureau.152  IRWD 
serves an affluent community with an average median household income of $72,057.  Only 5% 
of families live below the poverty level.  The median home price is $316,800 and sixty percent 
of the homes are owner occupied with an average monthly mortgage of $1,897.  Table 144 gives 
some additional characteristics about the homes in Irvine. The median age of the residents in 

                                                 
150 http://www.irwd.com/AboutIRWD/servicearea.php. About IRWD. Service Area. Accessed June 26, 2006. 
151 http://www.irwd.com/BusinessCenter/UWMP-2005-F.pdf. Irvine Ranch Water District. 2005 Urban Water 

Management Plan. Section II-5: Contents of UWMP.  Accessed June 14, 2006. 
152 http://factfinder.census.gov/home/saff/main.html?_lang=en. 2000 Census Data. Fact Sheet. Housing 

Characteristics. Physical Characteristics. Financial Characteristics. Accessed June 13, 2006. 
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IRWD is 33 years. Of the population over the age of 25, 95.3% have a high school diploma or 
higher and 58.4% have a college degree or higher.153  
 

Table 144: Demographic and household statistics for City of Irvine154  

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,897 60% 2.78 3.1 1980 16.1% 
Rental $1,177 40% 2.46 1.8 1985 16.1% 

Climate 
There are three distinct climates or zones in the IRWD service area as defined by CIMIS 
(California Irrigation Management Information System).  Zone 2 is described as a Coastal Mixed 
Fog Area and has an average annual ETo of 39 inches, Zone 4 is South Coast Inland Plains and 
Mountains North of San Francisco with an average annual ETo of 46.6 inches and Zone 6 is 
Upland Central Coast and Los Angeles Basin with an average annual ETo of 49.7 inches.   
 
Weather and ETo information was obtained from CIMIS Station #75 located at the University of 
California Field Station near Irvine.  Station #75 is located in ETo Zone 6.  Table 145 compares 
the average monthly minimum and maximum temperatures, average monthly rainfall, and 
average monthly ETo from October 1987 to December 2005, with the same data from 2005.  The 
table shows that although maximum temperatures in 2005 were slightly cooler than average, 
minimum temperatures were warmer than the 20-year average.  However, ETo was slightly 
lower in 2005 than the 20-year average (48.12 inches vs. 49.12 inches) and rainfall was more 
than 5 inches above the 20-year average.  
 

Table 145: Irvine #75 Lat 3341’19” Long 11743’14” – period of record October 1987 to 
December 2005155  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

66.6 66.3 68.2 70.6 73.3 75.8 80.8 82.6 81.5 76.4 71.2 66.3 73.3 

Ave 
Max 
Temp 

65.7 65.3 67.4 70.4 74.2 73.7 81.8 81.5 79.1 74.7 73.5 66.9 72.9 

                                                 
 
 
154 The City Irvine makes up approximately 45% of the homes in the IRWD service area. Therefore weather and 

census information are given for Irvine. 
155 http://wwwcimis.water.ca.gov/cimis/monthlyReport.do. California Irrigation Management Information System. 

Department of Water Resources. Office of Water Use Efficiency. Monthly Report. South Coast Valleys – Irvine – 
#75. Accessed June 26, 2006.  
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2005 
(F) 
Ave 
Min 
Temp 
(F) 

44.5 45.6 47.2 49.2 54.0 56.2 59.7 59.8 58.4 54.6 48.1 44.0 51.8 

Ave 
Min 
Temp 
2005 
(F) 

47.2 49.4 48.9 47.8 54.8 56.5 61.8 60.9 56.0 54.4 49.9 46.8 52.9 

Ave 
Monthly 
Precip 
(in) 

2.5 5.0 2.2 0.9 0.3 0.2 0.1 0.1 0.2 0.6 0.8 2.0 14.9 

Monthly 
Precip 
2005 
(in) 

7.3 8.7 1.1 1.2 0.5 0.1 0 0 0.0 0.6 0.1 0.7 20.1 

Ave 
Monthly 
ETo (in) 

2.3 2.5 3.7 4.7 5.2 5.7 6.4 6.1 4.6 3.4 2.6 2.2 49.4 

Monthly 
ETo 
2005 
(in) 

2.0 2.1 3.6 5.0 5.7 5.0 6.6 5.7 4.5 3.4 2.8 1.9 48.1 

 

Customer Base 
As of 2006 there were a total of 91,733 accounts served by the IRWD. These consist of 77,797 
residential connections (47,650 single-family and 30,147 multi-family), 3,973 commercial, 223 
industrial, 1,757 landscape irrigation, 21 agricultural, 192 public authority, and 3,958 
construction and temporary.  In addition, IRWD provides recycled water to 3,812 connections.  
Based on overall water deliveries of 26,820 MG to 92,235 accounts average water delivery 
equates to 291 kgal/account.156 

Water Supply and Demand157 
Irvine Ranch Water District (IRWD) receives water from the State Water Project (California 
Aqueduct) and the Colorado River water imported by the Metropolitan Water District.  
Additional supply comes from the Dyer Road Wellfield which pumps water from the Orange 
County Groundwater Basin. Annually, IRWD supplies approximately 53,572 acre-feet (17,464 
MG) of treated or potable water, 6,301 acre-feet (2,053 MG) of untreated (non-potable) water, 

                                                 
156 http://www.irwd.com/AboutIRWD/facts_figures.php. About Irvine Ranch Water District. Facts and Figures. 

Accessed June 26, 2006. 
157 http://www.irwd.com/BusinessCenter/UWMP-2005-F.pdf.  Irvine Ranch Water District. 2005 Urban Water 

Management Plan. Accessed June 14, 2006. 
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and 22,434 acre-feet (7,310 MG) of recycled wastewater, totaling 82,307 acre-feet or 26,827 
MG. Residential water use is the largest sector and makes up 39% of the total use (33% single-
family and 6% multi-family).  This is followed by landscape accounts (29%), agriculture (11%), 
commercial (10%), industrial (7%), and institutional/government (4%). 158 

Water Rates, Rate Structure, and Sewer Charges 
The IRWD uses a water budget based rate structure for all of its customers.  Details can be found 
on the District web site.159 

Residential Conservation Programs 
IRWD has a 5-tiered rate structure which is designed to encourage conservation and discourage 
water waste. Residential customers receive an individualized allocation of water based on the 
number of residents, landscape area, and local weather data. Water use with this allocation is 
billed at lower rates than water use that is deemed inefficient, excessive, or wasteful. The price 
of each tier doubles which provides a strong incentive for customers to conserve. IRWD has 
shown the water allocation billing system to be “at least as effective as” surveys at reducing 
water use (landscape use in particular). Customers whose water use exceeds their allocation are 
encouraged to call IRWD. During a home survey customers are provided with free low-flow 
showerheads and faucet aerators, toilet displacement devices160, “leak” checks, and information 
on irrigation scheduling. IRWD customers can request faucet aerators and showerheads that are 
provided free of charge. IRWD provides a rebate of $100 towards the purchase of a high 
efficiency clothes washer. In 2004 the utility provided 1,084 customer rebates for clothes 
washers. Historically IRWD provided rebates on ULFT’s, but these were discontinued. 

CII Conservation Programs 
All CII customers are given a water allocation budget based on each business’s unique demand 
for water. Water use above these tailored budgets sends a significant price signal to alert 
customers to potential water waste such as a leak or excessive irrigation. Water use in this sector 
decreased by only 2.3% from 1997 to 2004 however the number of accounts has increased by 
55%. The per-account reduction during that same time period is 36%.  
 
IRWD does not have a program in place to market surveys to large landscape customers. 
However, 84% of all dedicated irrigation meter accounts have water budgets in place. 
Conservation pricing has been an effective tool in reducing wasteful water use practices at these 
sites. In addition, IRWD offers landscape irrigation training and several hundred CII customers 
with mixed-use meters have been provided with water budgets for their landscape. A notice of 
water use is provided to accounts with water budgets each billing cycle. 

                                                 
158 http://www.irwd.com/AboutIRWD/facts_figures.php. About IRWD. Facts and Figures. Accessed June 14, 2006. 
159 http://www.irwd.com/customer-care/rates-charges/residential-rates.html  
160 Toilet displacement devices were no longer distributed after 1995. 
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Los Angeles Department of Water and Power 
Los Angeles Department of Water and Power (LADWP) provides water service to the nearly 4 
million residents of the City of Los Angeles and surrounding areas.  The City of Los Angeles is 
the 10th largest economy in the world and the second most populous city in the United States 
covering an area of 224 square miles. The residents of Los Angeles are ethnically diverse with 
140 countries represented and 86 languages spoken.  Los Angeles has one of the world’s largest 
ports with exports that include aircraft and space craft, integrated circuitry, and computers. Los 
Angeles is also a leader in the fashion industry and is home to many institutions of higher 
learning.161 

Demographics and Census Information 
The following information on Los Angeles comes from the 2000 U.S. Census Bureau. The 
median annual household income in Los Angeles of $36,687 is the lowest of all the study sites 
and 9.2% of families live below the poverty level.  The median home price is $221,600 and only 
39% percent of the homes are owner occupied.  The median monthly mortgage is $1,598.  Table 
146 gives some additional characteristics about the homes in Los Angeles. The median age of the 
residents in Los Angeles is 32 years. Of the population over the age of 25, 66.6% have a high 
school diploma or higher and 25.5% have a college degree or higher. 
 
 

Table 146: Demographic and Household Statistics for the City of Los Angeles162 

 Median 
Monthly 
Payment 

Percent of 
Occupied 
Homes 

Average 
Household 
Size 

Average 
Number of 
Bedrooms 

Median 
Yr. 
Structure 
Built 

Percentage of 
Homes Built 
after 1995 

Homeowner $1,598 38.6 2.99 2.7 1956 0.4 
Rental $612 61.4 2.73 1.2 1964 0.5 

Climate 
Los Angeles has a Mediterranean climate due to its mild weather and 329 days of sunshine.  The 
center of Los Angeles is located in CIMIS Zone 6 known as the Upland Central Coast and Los 
Angeles Basin described as a higher elevation coastal region. The western portion of Los 
Angeles is in Zone 4 known as the South Coast Inland Plains and Mountains North of San 
Francisco and described as having more sunlight and higher ETo than Zone 3. There are six 
CIMIS stations located in various areas around LA County; ET, temperature and precipitation 
data used in the 2005 Urban Water Management Report are shown in Table 147 and averages the 
weather data from an inland CIMIS station (Glendale) and a station located closer to the coast 
(Santa Monica). The data for these two stations are given in Table 148 and Table 149 
respectively.       
 
                                                 
161 http://www.lachamber.org/. Los Angeles Area Chamber of Commerce. Facts About LA. Accessed August 23, 

2006.  
162 http://factfinder.census.gov/home/saff/main.html?_lang=en. 2000 Census Data. Fact Sheet. Housing 

Characteristics. Physical Characteristics. Financial Characteristics. Accessed August 23, 2006 
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Table 147: Summary table of temperatures, rainfall and ETo for Los Angeles from the LADWP 
2005 Urban Water Management Plan163 

 Jan Feb Mar April May Jun Jul Aug Sept Oct Nov Dec Annual
Standard 
Ave 
ETo 
(in)1 

2.0 2.3 3.5 4.6 5.0 5.6 6.1 6.0 4.48 3.7 2.6 2.3 48.1 

Ave 
Rainfall 
(in)2 

3.4 3.2 2.5 1.0 0.3 0.1 0.0 0.1 0.3 0.3 1.5 1.9 14.5 

Ave 
Max 
Temp 
(F)2 

67.0 68.5 69.3 72.0 74.0 78.2 83.6 84.4 83.0 78.5 72.9 67.9 74.9 

1 Average of Glendale and Santa Monica ETo stations, as there are no active stations in Los 
Angeles 
2 Downtown Los Angeles (1948-2003) 
 
 
 

Table 148: Los Angeles – Santa Monica #99 Lat 3402’28” Long 11828’34” – period of record 
December 1992 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

65.7 64.2 65.9 67.1 68.2 70.7 73.5 75.7 75.6 72.6 69.0 66.0 69.5 

Ave 
Max 
Temp 
2005 
(F) 

65.4 65.2 65.3 67.4 69.8 69.7 74.1 74.8 73.9 71.6 72.0 66.5 69.6 

Ave 
Min 
Temp 
(F) 

48.8 48.4 50.0 50.7 54.6 57.4 60.2 60.7 60.0 56.2 51.4 48.7 53.9 

Ave 
Min 
Temp 
2005 
(F) 

51.2 51.4 51.8 51.4 56.0 56.3 61.3 61.2 57.2 55.8 55.2 50.3 54.9 

Ave 
Monthly 

4.6 6.8 2.1 0.8 0.5 0.4 0.2 0.1 0.2 0.5 1.2 1.8 19.1 

                                                 
163 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf.  
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Rainfall 
(in) 
Monthly 
Rainfall 
2005 
(in) 

8.9 9.4 2.3 1.0 0.3 0.4 0.3 0.0 0.0 0.0 0.0 0.0 22.5 

Ave 
Monthly 
ETo (in) 

2.1 2.3 3.6 4.7 5.1 5.3 5.6 5.6 4.2 3.3 2.5 2.2 46.7 

Monthly 
ETo 
2005 
(in) 

2.0 2.2 3.4 4.9 5.3 5.3 5.6 5.3 4.3 3.0 2.6 1.9 45.8 

 

Table 149: Los Angeles – Glendale #133 Lat 3411’59” Long 11813’56” – period of record 
August 1996 to December 2005 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Ave 
Max 
Temp 
(F) 

64.9 63.3 67.3 68.0 73.0 75.4 82.0 84.0 81.7 75.4 69.1 65.1 72.4 

Ave 
Max 
Temp 
2005 
(F) 

63.7 62.8 65.8 69.2 73.9 74.5 83.6 83.5 79.2 73.8 72.8 66.3 72.4 

Ave 
Min 
Temp 
(F) 

43.7 43.0 45.3 46.3 51.7 54.8 58.5 59.5 58.1 52.7 46.3 42.8 50.2 

Ave 
Min 
Temp 
2005 
(F) 

45.0 46.4 45.9 46.4 52.0 53.4 60.2 59.6 54.7 53.1 48.9 44.7 50.9 

Ave 
Monthly 
Rainfall 
(in) 

3.7 5.8 1.9 1.3 0.9 0.4 0.1 0.2 0.3 0.8 1.0 3.2 19.6 

Ave 
Monthly 
ETo (in) 

2.0 2.1 3.3 4.0 4.7 4.8 5.7 5.7 4.4 3.3 2.2 1.8 43.9 
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Water Supply and Demand 
LADWP provides water to the city of Los Angeles as well as parts of West Hollywood, Culver 
City, and minor portions adjacent to the city. The primary water supply for the 295,000 acre 
service area is a gravity-feed system that reaches Los Angeles via an aqueduct which extends 
340 miles from Mono Basin to Los Angeles.  The aqueduct is fed by late spring and early 
summer runoff from the eastern Sierra Nevada’s.  Local groundwater is another source of water 
for the city and during dry years may provide and much as 30% of the water supply.  When 
supplies of water from the aqueduct and groundwater are inadequate Los Angeles can purchase 
water from Metropolitan Water District to supplement its supply.164  
 
Table 150 shows the amount of water delivered by sector to Los Angeles in 2000 and projected 
water deliveries for 2005.  In 2000, LADWP delivered 677 million gallons of water; single-
family customers used 240 MG, multi-family customers 199 MG, commercial 112 MG 
governmental customers 41 MG, industrial 24 MG and non-revenue 60.  Projected water use for 
2005 was 661 million gallons; the most noticeable decreases were in the residential, industrial, 
and non-revenue sectors. 
 

Table 150: Actual and projected annual water delivery to accounts by sector for 2000 and 2005 
in Los Angeles165 

Sector Deliveries 2000 
(MG) 

% of Total 
Deliveries 

Deliveries 2005 
(MG) 

% of Total 
Deliveries 

Single-Family 240 35 231 35 
Multi-Family 199 29 198 30 
Commercial 112 17 119 18 
Governmental 41 6 43 7 
Industrial 24 4 20 3 
Non-Revenue 60 9 48 7 
Total 677 100 661 100 
 

Water Rates, Rate Structure and Sewer Charges  
LADWP rate structure is unique among the utilities in the study; the complete rate structure is 
shown in Appendix A of this report. Customers are billed bi-monthly using a 2-tier rate structure; 
Tier 1 is based on the number of residents in the home, the lot size, the zip code, and the ETo 
zone (low, medium, high).  Tier 1 rates vary from low season to high season from $2.14 per CCF 
in the high season to $2.18 per CCF in the low season.  The high season is from June 1 – October 
31 and low season is from November 1 – May 31.  Tier 2 is for any water use that exceeds the 
allotment and is $3.18 per CCF.166 

                                                 
164 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf. 2005 Urban Water Management Plan for Los Angeles 

Department of Water and Power. Executive Summary. Current Water Supply. Accessed August 24, 2006.  
165 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf. 2005 Urban Water Management Plan for Los Angeles 

Department of Water and Power. Executive Summary. Water Demand. Water Demand Projections. Accessed 
August 25, 2006. 

166 http://www.ladwp.com/ladwp/cms/ladwp001068.jsp. Understanding the LADWP Water Bill. Schedule A – 
Single Dwelling Unit Residential Customer. Accessed August 25, 2006. 
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Sewer charges are based on the customers average daily winter consumption from the previous 
year, which is then multiplied by the number of days in the billing period to determine the 
number of CCF used in the billing period. Customers are charged $2.85 per CCF.167 

Conservation168 
LADWP’s conservation program is designed to increase awareness of and support for 
conservation from its customers. Demand-side management, infrastructure improvement, and 
conservation pricing serve to increase system reliability and efficiency. Despite a population 
increase of 750,000 residents in the past 20 years water usage has remained the same. Los 
Angeles consistently ranks among the lowest in per person water consumption when compared 
with California’s largest cities.  

Residential Conservation 
In the early 1990’s residents of Los Angeles reduced their water consumption by 30 percent in 
response to severe drought conditions and mandatory conservation measures. Because of 
ongoing conservation programs and measures LADWP customers have maintained much of the 
water savings achieved during the drought. Many of the conservation measures promoted by the 
city are designed to provide long-term savings through replacement of fixtures and appliances 
with more efficient models. Rebates, community-based organizations, and direct installation 
programs have resulted in the replacement of more than 1.24 million toilets through the Ultra-
Low Flush Toilet Rebate Program since its inception in 1990. A Retrofit on Resale ordinance 
requires the installation of ULF toilets and efficient showerheads of all single and multi-family 
residences prior to the close of escrow. In 2003, the ULF toilet distribution program was 
supplemented with free installation of toilet flappers, showerheads, and faucet aerators. 
 
The clothes washer rebate program has been popular with residential customers; 32,000 high 
efficiency clothes washer were installed between 1998 and 2005. The minimum efficiency 
standards for high efficiency clothes washers were increased in 2004 and will increase again in 
2007.  
 
More than a million water conservation kits have been distributed to customers since the drought 
and include toilet “leak” detection, toilet displacement bags, and conserving showerheads, all of 
which are provided to customers free of charge. Community involvement, customer education, 
and school programs are integral to LADWP’s conservation efforts as is ongoing research to 
determine the effectiveness of various conservation programs. Pilot programs are currently 
underway to examine the effectiveness of toilet flapper replacement and the use of weather-
based irrigation controlers.  

                                                 
167 http://www.lacitysan.org/fmd/sscbill.pdf. City of Los Angeles Bureau of Sanitation. Financial Management 

Division. Sample Bill. Accessed August 25, 2006. 
168 http://www.ladwp.com/ladwp/cms/ladwp007157.pdf. City of Los Angeles Department of Power and Water. 2005 

Urban Water Management Plan. Chapter 2 Water Conservation. Accessed January 8, 2010. 
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Commercial Conservation 
LADWP has partnered with Metropolitan Water District to promote conservation in its 
commercial customer sector. These customers, as well as industrial and institutional customers 
place some of the highest volume users served by LADWP. Financial incentives, packaged water 
efficiency measures, and rebates are available to the CII sector. Many conservation measures are 
tailored for specific businesses.     
 
The Commercial Rebate Program began in 2001 and includes rebates for high efficiency 
commercial clothes washers, ultra-low flow toilets and urinals, and cooling tower conductivity 
controllers. By 2005 rebates had been provided for 15,500 toilets and 5,600 clothes washers. 
Retrofits of water intensive equipment has been funded through TAP (Technical Assistance 
Program). Site-by-site incentives are based on the water savings achieved through retrofits of 
water-intensive equipment such as cooling towers and x-ray processors.  
 
Improving efficient landscape irrigation has significant potential for water conservation. 
Guidebooks, free training courses, demonstration gardens and surcharges are among the many 
tools used by LADWP to reduce demand. Other measures include examination of savings from 
weather-based irrigation controllers, irrigation system maintenance and upgrades, appropriate 
plant selection, and irrigation using storm water capture, cisterns, and other non-potable water 
sources. 
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 APPENDIX D: Complete End-Use Model Results 
 
Terms used in this Appendix: 
 
r² is the Pearson correlation coefficient squared. This is commonly described as the fraction of 
variance explained by a given model, and is the most common indicator of goodness-of-fit. 
Values observed in these models range from 0.29 – 0.46 and the only end-use without an r² is 
leakage, which has no regression model.  
 
p-value is the test probability for a given statistical procedure. To test the independent effect of a 
given factor, if the p-value is lower than 0.10, then the model assures a less than 10% chance that 
the effect occurred by chance alone. For each model, the p-value is calculated from the observed 
variable against the model prediction for each data point. For categorical factors, the p-value 
reported is calculated from the sample size and properties of the effect itself. More frequently, an 
arbitrary p=0.05 value is used. A p-value of 0.10 is reported here with the assumption that, if 
more samples are added to the dataset, the direction of each effect will probably not change, 
while the size of the effect will likely change.  
 
Log-Log regression coefficients are used as exponents in the log-log regression prediction 
equation: 

 
 
 
 
Where: 

Predicted y is often compared to observed y 
Constants a1…an are the output of regression, labeled Unstandardized Coefficients in SPSS 
output 
Variables x1 … xn are quantities for which log is defined; 0 cannot be a meaningful value for 
these variables.  
Constant a0 can be considered a scale or unit conversion scalar. The constant (a0) and any 
coefficients for categorical variables are calculated using the antilog of coefficients determined 
through regression.  
 
One of the properties of log-log regression versus linear regression is that the regression equation 
is forced to intercept 0. All regression models detailed in this report use water use as the 
dependent variable, so an intercept of 0 is more intuitive than a nonzero intercept.  

Clotheswasher 
r²: 0.30   
Factor coeff p-value Base-10 coeff 
(Constant)  0.60 1.31 
log_Res_No 0.58 
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0.00  
Log_CW_GPL 0.70 0.00  

na
n

a xxa 1

10y Predicted   
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q45A_agree 0.80 0.73 370 92 
q45B_agree 4.19 0.04 372 164 
q45C_agree -1.07 0.60 374 137 
q45D_agree -2.46 0.27 371 99 
q45E_agree 2.98 0.25 368 61 
q45F_agree 3.57 0.08 367 148 
survey_leaks 2.20 0.44 383 53 
Survey_ULF 0.50 0.83 349 251 
Youth 4.59 0.02 426 162 
At Home -1.39 0.50 421 297 
significant_leak 1.31 0.74 426 25 
renter 5.52 0.13 421 31 
Pay4Wtr -18.73 0.05 421 417 
Survey Softener 1.57 0.61 392 44 
Survey Cooler 13.21 0.16 387 4 
CW_Front -2.13 0.35 343 105 
renovations 3.79 0.11 379 289 
Survey Plumbing Renovated 3.53 0.10 364 144 
Survey Bathroom Renovated 3.52 0.09 374 235 
Survey Kitchen Renovated 1.64 0.43 372 236 
Survey Other Leaks -1.40 0.86 371 6 
Survey wastewater included in bill 4.30 0.32 279 258 
 

Faucet 
r²: 0.29   
Factor coeff p-value Base-10 coeff 
(Constant)  0.00 5.54 
Log_FlushesPerDay 0.46 0.00  
log_Res_No 0.44 0.00  
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q45A_agree -1.65 0.53 389 99 
q45B_agree -7.85 0.00 391 174 
q45C_agree -6.34 0.01 392 143 
q45D_agree -3.21 0.22 389 104 
q45E_agree 2.03 0.49 386 61 
q45F_agree -7.16 0.00 386 158 
survey_leaks -1.44 0.66 402 56 
Youth -4.11 0.06 448 168 
At Home 1.34 0.56 441 313 
significant_leak 0.64 † 448 25 
renter 1.97 0.61 443 35 
Pay4Wtr -9.33 0.40 442 438 
wait -2.16 0.35 382 163 
Survey Softener -5.93 0.10 412 45 
renovations 1.99 0.46 397 305 
Survey Plumbing Renovated 1.99 0.40 379 150 
Survey Bathroom Renovated 3.16 0.18 392 250 
Survey Toilet Leaking 3.19 0.51 402 23 
Survey Faucet Drips 4.41 0.46 400 15 
Survey Pool Leaks -7.38 0.43 377 6 
Survey Irrigation Leaks -3.85 0.43 390 23 
Survey Other Leaks 28.50 0.00 389 6 
Q10 0.78 0.83 370 41 
pool -5.35 0.07 385 75 
Survey Indoor Spa -1.95 0.76 372 13 
Spa_out -7.71 0.00 444 89 
Survey Garbage Disposal -13.08 0.00 403 347 
Survey Dishwasher -14.17 0.00 398 330 
Survey Cooler 8.78 0.31 407 7 
† Significant “leak” is determined from Trace Wizard, and shown only for reference.  
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pool 17.51 0.086 396 78 
Spa_out 4.15 0.795 456 91 
Survey Indoor Spa -1.08 0.834 382 13 
wait -1.23 0.577 394 165 
Survey Garbage Disposal 2.51 0.109 416 356 
Survey Cooler 24.77 0.452 419 7 
Survey Water Feature -15.05 0.146 383 11 
Survey Softener 7.47 0.011 425 47 
Survey Plumbing Renovated 1.54 0.797 391 157 
Survey Bathroom Renovated -0.79 0.770 405 261 
Survey Kitchen Renovated 5.91 0.586 401 256 
Survey Toilet Leaking 10.58 0.064 415 23 
Survey Faucet Drips -13.74 0.980 413 15 
Survey Pool Leaks 10.10 0.111 389 6 
Survey Irrigation Leaks 0.33 0.457 403 23 
Survey Other Leaks -7.57 0.610 402 6 
Q10 12.11 0.048 380 42 
Q14 19.69 0.915 394 * 
Survey Irrigator 13.34 0.269 410 396 
Survey Landscaping Contractor 10.31 0.218 394 174 
Survey Landscaping Contractor Responsible for 
Watering 0.42 0.896 215 31 
Pay4Wtr 8.46 0.590 451 447 
renter -9.90 0.531 451 35 
other_sources 3.88 0.684 461 * 
Survey Manual Irrigation -4.29 0.070 393 284 
in-ground -4.82 0.614 438 303 
Q35 22.73 0.834 225 9 
outdoor_pool_automatic 55.35 0.499 76 17 
pool_cover_months * 0.255 18 * 
renovations 8.77 0.522 410 317 
survey_number_leaks * 0.224 415 * 
survey_leaks 2.27 0.040 415 56 
Income_Hi -2.26 0.377 379 141 
Income_Low -10.76 0.388 379 35 
Youth -8.67 0.356 461 170 
At Home -0.28 0.394 
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444 316 
OwnHome 9.90 0.531 451 416 
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Fount_Out 8.18 0.247 733 59 
Fount_In -16.03 0.124 733 11 
significant_leak 188.13 † 733 48 
IrrigationController -4.51 0.977 733 51 
SprinklerSystem 8.35 0.009 733 246 
* Multiple-choice question with more than one distinct affirmative answer 
† Significant “leak” is determined from Trace Wizard, and shown only for reference.  

Shower 
r²: 0.29   
Factor coeff p-value Base-10 coeff 
(Constant)  0.01 3.49 
log_Res_No 0.84 0.00  
Log_household_income 0.27 0.01  
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q45A_agree -0.31 0.91 329 84 
q45B_agree -1.82 0.44 331 150 
q45C_agree -1.39 0.57 333 126 
q45D_agree -3.10 0.24 331 90 
q45E_agree -2.51 0.44 326 52 
q45F_agree -0.02 0.99 327 135 
survey_leaks -0.86 0.79 338 49 
Youth -0.72 0.76 372 145 
At Home -4.51 0.08 371 256 
significant_leak 0.71 0.90 372 18 
renter 13.35 0.00 369 29 
Pay4Wtr -14.39 0.27 367 364 
wait -0.69 0.78 320 139 
Survey Softener -4.00 0.30 343 39 
renovations 5.20 0.07 335 259 
Survey Plumbing 
Renovated 2.05 0.41 321 130 
Survey Bathroom 
Renovated 3.97 0.12 330 214 
Survey Other Leaks 9.75 0.32 327 5 
Survey Whirlpool -3.68 0.31 312 43 
pool -4.43 0.15 322 62 
Survey Indoor Spa -0.50 0.94 312 12 
Spa_out -5.52 0.06 368 72 
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hydra -0.96 0.84 372 23 
Survey Shower Wands * 0.67 406 * 

* Multiple-choice question with more than one distinct affirmative answer. Survey Shower 
Wands represents the number of shower wands. It is included in this analysis as a multiple-
choice answer.  
 

Toilet 
r²: 0.46   
Factor Coeff p-value Base 10 Coeff 
(Constant)  0.69 0.69 
log_Res_No 0.61 0.00  
Log_Toilet_GPF 0.86 0.00  
Log_IndoorSQFT 0.32 0.01  
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q45A_agree 5.53 0.11 186 44 
q45B_agree 2.96 0.32 187 92 
q45C_agree -1.07 0.73 187 70 
q45D_agree -0.24 0.95 185 41 
q45E_agree 9.59 0.01 186 34 
q45F_agree -0.23 0.94 187 74 
survey_leaks -3.04 0.47 194 26 
Survey_ULF -3.12 0.32 178 114 
Youth -6.79 0.02 212 93 
At Home 7.06 0.02 208 137 
significant_leak -2.55 0.81 212 4 
renter 1.22 0.79 212 22 
Pay4Wtr -1.49 0.90 209 206 
renovations 4.43 0.18 191 142 
Survey Plumbing Renovated 2.62 0.43 183 54 
Survey Bathroom Renovated 5.46 0.07 188 115 
Survey Toilet Leaking -0.98 0.87 194 12 
Survey Other Leaks -4.39 0.83 187 1 
Survey septic -6.31 0.50 185 5 
 



 

  

APPENDIX E: Results of Independent Landscape Area Verification 
 
As mentioned in CHAPTER 5, the IRWD and EBMUD independently measured the irrigated 
areas for the study lots within their service areas, and performed field verifications of these 
measurements.  The results of the analysis for IRWD are shown in Table 151.  The top portion of 
the table shows the original irrigated area measurements performed by Aquacraft from the 
photos we were able to obtain from around 2005.  These were relatively poor quality and low 
resolution.  The average irrigated area for the 102 lots measured was 1816 sf.  When IRWD did 
their verification using newer, higher resolution photos they produced an estimated irrigated area 
of 2209 sf. Since the Aquacraft estimate was 18% lower than the IRWD estimate it was decided 
that Aquacraft would repeat the measurements using copies of the new photos provided by 
IRWD.  The issue with the analysis was that IRWD believed that Aquacraft had not counted all 
of the areas as irrigated that should have been.  The middle portion of the Table 151 shows that 
when the analysis was repeated by different individuals using the new photos and copies of the 
field notes, but without reference to the IRWD results, the Aquacraft results were within 2% of 
the IRWD results.   
 
Similar results were obtained from the reassessment of the EBMUD irrigated areas.  Table 152 
compares the EBMUD estimates of irrigated area for their study group to the revised assessment 
done by Aquacraft. There were large variation for the categories with small areas, but for the 
three large categories, turf, non-turf and total irrigated areas the differences between the two 
estimates was 5% or less.  For the final analysis the Aquacraft V2 areas were used. 

Table 151: Comparison of independent assessment of irrigated areas in IRWD 

COMPARISON OF IRRIGATED AREA ASSESSMENTS     

Aquacraft Irrigated area assessment based on original photos ~2005   

  turf  non‐turf  non‐irrigated  Xeriscape  pool  Irri g.Area 

Total  70668  86760  0 27817 4645 185245 

Count  87  98  0 9 14 102 

Average  812  885  0 3091 332 1816 

Percent of IRWD Assessment  82% 

Aquacraft Irrigated area assessment based on 2010 Photos from IRWD   

  turf  non‐turf  non‐irrigated  Xeriscape  pool  Irri g. Area 

Total  78661  146822  6803 4533 3976 230015 

Count  101  102  97 98 11 102 

Average  779  1439  70 46 361 2255 

Percent of IRWD Assessment  102% 

IRWD Assessment from 2010 Photos       

      Total  223135 

      Count  101 

      Average  2209 

NOTE: Irrigated area equals turf + non‐turf + Xeriscape only 
Averages are based on totals/count of lots with category present 
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Table 152: Comparison of EBMUD Irrigated areas estimates 

 Aquacraft Areas V2 EBMUD 
Area 

Diff Diff as % of 
Aquacraft 

Non-Turf Plants 108992 114860 5868 5% 
Pool or Fountain 2643 4104 1461 55% 

Turf 64335 67219 2884 4% 
Veggie 288 875 587 204% 

Xeriscape 36985 19820 -17165 -46% 
Total Irrigated Area 210600 206878 -3722 -2% 

 
In response to comments from the Las Virgenes staff, Aquacraft inspected each of the aerial 
photos for the study group customers in their service area to double check that no irrigated areas 
were excluded from the calculations.  After careful review of the Las Virgenes photos, Aquacraft 
could not see significant areas that should have been included as irrigated, but were not. 
 
The City of San Diego performed an estimate of the landscape areas using photos in their GIS 
system. When comparing these to the original Aquacraft estimate we noticed that our original 
tabulation of areas had incorrectly listed non-irrigated areas as xeriscape.  This led us to review 
all of the photos for the City of San Diego and San Diego County and make appropriate 
adjustments, which have been include in the final version of the report. 
 
The fact that the averages of irrigated areas for IRWD and EBMUD agreed closely gives 
confidence about the overall agreement of the data.   There were still some substantial 
differences, however, in estimates of irrigated areas on individual lots.  This was due to to the 
fact that the two sets of photos were taken in different years, there were differences in resolutions 
and exposures, and the analysts who reviewed them, and visited them in the field had differences 
in opinions about how plant covers should be classified.  To demonstrate this, the irrigated area 
data for the lots were plotted as a scatter diagram in Figure 103.  In this diagram the X co-
ordinate of each point is the irrigated area estimated by EBMUD and the Y co-ordinate is the 
area for the same lot estimated by Aquacraft.  If both estimates agreed perfectly the points would 
all lie along a straight line with a slope of 1.0 going through the origin.  The best fit line of the 
actual data, in fact, do lie along this line, but the data points are scattered around the line with 
significant variances.  This scatter in the data leads one to apply the relationships with caution.  
When a large number of lots are involved the estimates will tend to agree well, but as the number 
decreases the chances of errors between the actual area and the estimates increases.  As is the 
case with all similar analyses the data should not be used for purposes for which they are not 
intended, and should be confined to analyses of populations and general trends rather than 
making predictions for individual sites.  Additional work needs to be done to determine why 
there is so much variance in the analysis of aerial photos for the same lots and see how this can 
be reduced. 
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Figure 103: Comparisons of estimates of irrigated areas between EBMUD and Aquacraft 
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Energy Efficiency Resources

The Database for Energy Efficient Resources (DEER) contains information on selected energyefficient technologies

and measures. The DEER provides estimates of the energysavings potential for these technologies in residential

and nonresidential applications. The database contains information on typical measures  those commonly installed

in the marketplace  and data on the costs and benefits of more energyefficient measures. Energyefficient

measures provide the same energy services using less energy, but they usually cost slightly more.

Updates to the Database for Energy Efficiency Resources (DEER) have been developed by the California Public

Utilities Commission (CPUC) with funding provided by California ratepayers.

What's Happening

A DEER update based on new Federal Energy Efficiency standards that begin in 2015 is now available under

the DEER2015 Code Update menu.For more information, see the READI "About" page.

The recent DEER database versions (DEER2011, DEER2014 and the combined DEER1314) have been

updated to the ex ante format published on 1 April 2014.  A new version of READI is available to access

these databases.

Pursuant to Decision (D.) 1309023, Commission staff scored the utilities on their annual ex ante review

performance as part of the Efficiency Savings and Performance Incentive.  The final 2013 ESPI memos are

published under the new "ESPI  EAR Performance Scoring" section under the main menu.  Commission

staff will be holding meetings with each utility to discuss the final scores.

Measure Energy Impact tables for DEER2014 were added to the "Document and Resources" section of the

DEER2014 page. One compressed file for each IOU contains the "New" and "Existing" building vintage

energy impact records from the DEER2014 database.  (updated 352014)

Documentation on the DEER2014 EUL table update (updated on 252014) and a guidance document on

"Requirements for Selection of Effective Useful Life for Lighting Measures" have been added to the

DEER2014 Code Update page.

Two additional documentation support workbooks were added to the DEER2014 page; one workbook

documents the weights used in DEER2014 (updated 3/18/2014) to create the weighted energy impacts and

one lists the building types used for each measure when creating the sectorwide building types.

http://eestats.cpuc.ca.gov/StandardTables/GuidanceDocument.aspx
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-MeasureID_and_BldgType_Matrix.xlsx
http://www.deeresources.com/files/DEER2013codeUpdate/download/EUL-RUL_CalculatingDEERValuesForLighting_2014-02-05.pdf
ftp://deeresources.com/DEER/READI_ABOUT.html
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EUL-table-update_2014-02-05.xlsx
http://www.deeresources.com/files/DEER2013codeUpdate/download/DEER2014-EnergyImpact-Weights-Tables-v2.xlsx
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3900 Wisconsin Avenue, NW 

Washington, DC 20016-2892 
 

INSTRUCTIONS FOR PERFORMING A 
MULTIFAMILY PROPERTY CONDITION ASSESSMENT 

(Version 2.0) 
 
 

APPENDIX F 
 

ESTIMATED USEFUL LIFE TABLES 
 
 

These Estimated Useful Life Tables for multifamily property systems and components 
are intended to represent standardized average estimated useful life (“EUL”) values and are not 
intended to replace the professional judgment of the PCA Consultant in determining the 
Effective Age and Remaining Useful Life of the systems and components at the Property.  The 
PCA Consultant should consider preventive maintenance practices, as well as environment, 
geographic, resident, and other factors when determining Effective Age and Remaining Useful 
Life of the systems and components of a multifamily Property.  In addition to providing guidance 
on EUL values typically considered capital expenditure items, the EUL tables may include items 
that are typically considered general maintenance and repair items to be handled by in-house 
maintenance staff. 
 

 

 

Estimated Useful Life (EUL) Tables 
 

FLATWORK, PARKING AREAS AND WALKWAYS 
Multifamily / 

Coop 
Seniors Students 

Asphalt pavement 25 25 25 

Asphalt seal coat 5 5 5 

Concrete pavement 50 50 50 

Curbing, asphalt 25 25 25 

Curbing, concrete 50 50 50 

Parking, stall striping 5 5 5 

Parking, gravel surfaced 15 15 15 

Security gate (site ingress/egress)  - rolling gate / lift arm 10 10 10 

Sidewalk, asphalt 25 25 25 

Sidewalk, brick paver 30 30 30 

Sidewalk, concrete 50 50 50 
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SITE LIGHTING 
Multifamily / 

Coop 
Seniors Student 

Building mounted exterior lighting 10 10 10 

Building mounted High Intensity Discharge (HID) lighting 10 20 10 

Lighting (pole mounted) 25 25 25 

SITE FENCING AND RETAINING WALLS 
Multifamily / 

Coop 
Seniors Students 

Bulkhead (barrier) / partition wall /embankment 10 20 10 

Fencing, chain-link (4' height) 40 40 40 

Fencing, concrete masonry unit (CMU) 30 30 30 

Fencing, dumpster enclosure (wood) 12 15 10 

Fencing, PVC (6' height) 25 25 25 

Fencing, Tennis Court (10' height)-Chain link 40 40 40 

Fencing, wood privacy (6' height) 15 20 10 

Fencing, wrought iron (4-6' height and decorative) 50 50 50 

Retaining walls, 80 lb block type 50 50 50 

Retaining walls, concrete masonry unit  (CMU) with brick face 40 40 40 

Retaining walls, timber (railroad tie) 25 25 25 
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STRUCTURAL FRAME AND BUILDING ENVELOPE 

BUILDING STRUCTURES 
Multifamily / 

Coop 
Seniors Students 

Carports 40 40 40 

Canopy, concrete 50 50 50 

Canopy, wood / metal 40 40 40 

Garages 50 50 50 

Storage Sheds 30 30 30 

Penthouse (mechanical room) 50 50 50 

FOUNDATIONS 
Multifamily / 

Coop 
Seniors Students 

Foundations 50+ 50+ 50+ 

Waterproofing (foundations) 50+ 50+ 50+ 

FRAMING 
Multifamily / 

Coop 
Seniors Students 

Brick or block 40 40 40 

Precast concrete panel (tilt-up) 40 40 40 

Wood floor frame 50+ 50+ 50+ 
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BUILDING ENVELOPE / CLADDING / EXTERIOR WALL 
FINISHES 

Multifamily / 
Coop 

Seniors Students 

Aluminum Siding 40 40 40 

Brownstone 40 40 40 

Brick or Stone Veneer 50+ 50+ 50+ 

Cement-board siding (Hardi-plank)/  Cementitious (mfgr) siding 45 45 45 

Exterior Insulation Finishing Systems (EIFS) 20 20 20 

Glass block 40 40 40 

Granite block 40 40 40 

Insulation, wall 50+ 50+ 50+ 

Metal/ glass curtain wall 30 30 30 

Painting, Exterior 5-10 5-10 5-10 

Pre-cast concrete panel 45 45 45 

Stucco systems 50+ 50+ 50+ 

Vinyl siding 25 25 25 

Wood shingle/ clapboard/ plywood, stucco,  composite wood 20 20 20 
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ROOF SYSTEMS 
Multifamily / 

Coop 
Seniors Students 

Asphalt shingle (3-tab) 20 20 20 

Built-up roof - Ethylene Propylene Diene Monomer (EPDM) / 
Thermoplastic Polyolefin (TPO) 

20 20 20 

Metal 40 40 40 

Parapet wall 50+ 50+ 50+ 

Caps, copings (aluminum/ terra-cotta) - Parapet 25 25 25 

Roof drainage exterior (gutter/ downspout) 10 10 10 

Roof drainage interior (drain covers) 30 30 30 

Roof railing 25 25 25 

Roof structure 50+ 50+ 50+ 

Roof hatch 30 30 30 

Roof skylight 30 30 30 

Slab 50+ 50+ 50+ 

Slate, clay, concrete tile 40 40 40 

Soffits (wood/ stucco) 20 20 20 

Soffits (aluminum or vinyl) 25 25 25 

Wood shingles (cedar shake) 25 25 25 
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APPURTENANCES: 
Multifamily / 

Coop 
Seniors Students 

Chimney 40 40 40 

Exterior stairs, wood 15 20 15 

Exterior stairs, metal pan- concrete filled 30 30 30 

Exterior stairs, concrete 50 50 50 

Fire Escapes 40 40 40 

Porches, concrete 50 50 50 

Wood Decks 20 20 20 

DOORS AND WINDOWS 
Multifamily / 

Coop 
Seniors Students 

Exterior common door, aluminum and glass 30 30 30 

Exterior common door, solid core wood or metal clad 25 25 25 

Exterior unit door, solid wood/ metal clad 25 30 20 

Residential Sliding Glass Doors 25 30 20 

Residential French Glass Doors 25 30 20 

Ceilings, open or exterior 30 30 30 

Service door (roof) 25 30 20 

Storm/ screen doors 7 10 5 

Storm/ screen windows 10 15 7 

Windows (frames and glazing), vinyl or aluminum 30 30 30 



 
Instructions For Performing a Multifamily PCA Form 4099.F Page 7 

Estimated Useful Life Tables 10/14 © 2014 Fannie Mae 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

AMENITIES 
Multifamily / 

Coop 
Senior Student 

Basketball court 25 25 25 

Mail kiosk 10 15 10 

Mail facility, interior 20 25 20 

Pool deck 15 15 15 

Pool/ spa plaster liner 8 8 8 

Tennis court / basketball court surface (paint markings) 5 7 5 

Tennis court Surface (acrylic emulsion) 10 12 10 

Tot-lot (playground equipment) 10 15 10 

Tot-lot, uncompressed ground cover 2+ 3+ 2+ 
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MECHANICAL/ELECTRIC/ PLUMBING SYSTEMS 

WATER DISTRIBUTION AND DOMESTIC HOT WATER 
SYSTEMS 

Multifamily / 
Coop 

Seniors Students 

Feedwater only (hydronic) 10 10 10 

Condensate and feedwater (steam) 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

Cooling Tower 25 25 25 

DHW Circulating Pumps by size by size by size 

Domestic Hot Water (DHW) - supply / return 30 30 30 

Tank only, dedicated fuel 10 10 10 

Exchanger in storage tank 15 15 15 

Exchanger in boiler 15 15 15 

External tankless 15 15 15 

Instantaneous (tankless type) 10 10 10 

Domestic Hot Water Storage Tanks, Small (up to 150 gallons) 15 15 15 

Domestic Hot Water Storage Tanks, Large (over 150 gallons) 15 15 15 

Domestic Cold Water Pumps 15 15 15 

Heating Water Circulating Pumps by size by size by size 

Heating Water Controller 15 15 15 

Hot and Cold Water Distribution 50 50 50 

Solar Hot Water 20 20 20 

Water Softening and Filtration 15 15 15 
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SANITARY WASTE AND VENT 
Multifamily / 

Coop 
Seniors Students 

Purchased Steam Supply Station 50+ 50+ 50+ 

Sanitary Waste and Vent System 50+ 50+ 50+ 

Sewage Ejectors 50 50 50 

SUMP PUMP 
Multifamily / 

Coop 
Seniors Students 

Residential Sump Pump 7 7 7 

Commercial Sump Pump 15 15 15 

HEATING/COOLING SYSTEM AND CONTROLS 
Multifamily / 

Coop 
Senior Student 

Pad/ roof condenser 20 20 20 

A/C window unit or through wall 10 10 10 

Evaporative Cooler 15 15 15 

Fan coil unit, electric 20 20 20 

Fan coil unit, hydronic 30 30 30 

Furnace (electric heat with A/C) 20 20 20 

Furnace (electric heat with A/C) 20 20 20 

Furnace (gas heat with A/C) 20 20 20 

Packaged terminal air conditioner ( PTAC) 15 15 15 

Packaged HVAC (roof top units) 20 20 20 

Heat pump condensing component 20 20 20 

Heater, electric baseboard 25 25 25 

Heater, wall mounted electric or gas 20 20 20 

Hydronic heat/ electric A/C 20 20 20 

Line Dryers 15 15 15 

Master TV System 10 10 10 

Motorized Valves 12 12 12 

Outdoor Temperature Sensor 10 10 10 

Pneumatic lines and Controls 30 30 30 
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BUILDING HEATING WATER TEMPERATURE 
CONTROLS 

Multifamily / 
Coop 

Seniors Students 

Chilled Water Distribution 50+ 50+ 50+ 

Chilling Plant 15 15 15 

Cooling Tower 25 25 25 

Fuel Oil Storage 25 25 25 

Fuel Transfer System 25 25 25 

Gas Distribution 50+ 50+ 50+ 

Heat Sensors 15 15 15 

Heat Exchanger 35 35 35 

Heating Risers and Distribution 50+ 50+ 50+ 

VENTILATION SYSTEMS 
Multifamily / 

Coop 
Seniors Students 

Combustion Air, Duct with fixed louvers 30 30 30 

Combustion Air, Motor louver and duct 25 25 25 

Flue Exhaust w/boiler w/boiler w/boiler 

Free Standing Chimney 50+ 50+ 50+ 

ELECTRICAL SYSTEMS 
Multifamily / 

Coop 
Seniors Students 

Common area 15 15 15 

Buzzer/Intercom, central panel 20 20 20 

Central Unit Exhaust, roof mounted 15 15 15 

Compactors 15 15 15 

Dumpsters 10 10 10 

Electrical distribution center 40 40 40 

Electric main 40 40 40 

Emergency Generator 25 25 25 

Gas lines 40 40 40 

Gas main 40 40 40 

Heating supply/ return 40 40 40 

Power distribution 40 40 40 

Transformer 30 30 30 
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VERTICAL TRANSPORTATION - ELEVATORS 
Multifamily / 

Coop 
Senior Student 

Electrical Switchgear 50+ 50+ 50+ 

Electrical Wiring 30 30 30 

Elevator, Controller, dispatcher 15 20 10 

Elevator, Cab 15 20 10 

Elevator, Machinery  30 30 30 

Elevator, Shaft-way Doors 20 20 20 

Elevator, Shaft-way Hoist rails, cables, traveling 25 25 25 

 Elevator, Shaft-way Hydraulic piston and leveling 25 25 25 

    

BOILER ROOM EQUIPMENT 
Multifamily / 

Coop 
Seniors Students 

Blowdown and Water Treatment 25 25 25 

Boiler Room Pipe Insulation 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

Boiler Room Piping 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

Boiler Room Valves 15 15 15 

Boiler Temperature Controls 
Included in 

boiler 
Included in 

boiler 
Included in 

boiler 

BOILERS 
Multifamily / 

Coop 
Seniors Students 

Oil-fired, sectional 22 22 22 

Gas/ dual fuel, sectional 25 25 25 

Oil/ gas/ dual fired, low MBH 30 30 30 

Oil/ gas/ dual fired, high MBH 40 40 40 

Gas fired atmospheric 25 25 25 

Electric 20 20 20 
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FIRE SAFETY AND FIRE PROTECTION SYSTEMS 
Multifamily / 

Coop 
Senior Student 

Call station 10 15 10 

Emergency Generator 25 25 25 

Emergency Lights 8 10 5 

Fire Extinguisher 10 15 5 

Fire Pumps 20 20 20 

Fire Suppression 50+ 50+ 50+ 

Smoke and Fire Detection System, central panel 15 15 15 
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INTERIOR ELEMENTS (COMMON AREA / DWELLING UNIT) 

INTERIOR / COMMON AREA FINISHES 
Multifamily / 

Coop 
Seniors Students 

Common area doors, interior (solid wood/ metal clad) 20 20 20 

Common area floors, ceramic / quarry tile, terrazzo 50+ 50+ 50+ 

Common area floors, wood (strip or parquet) 30 30 30 

Common area floors, resilient tile or sheet 15 15 15 

Common area floors, carpet 5 5 5 

Common area floors, concrete 50+ 50+ 50+ 

Common area railing 20 20 20 

Common area ceiling, concrete 50+ 50+ 50+ 

Common area ceiling, acoustic tile (drop ceiling), drywall / plaster 10 10 10 

Common area countertop and sink 20 20 20 

Common area, refrigerator 10 10 10 

Common area dishwasher 15 15 10 

Common area disposal 5 7 3 

Common area kitchen cabinets, wood  15 20 10 

Common area walls 15 25 10 

Interior railings 20 25 15 

Interior lighting 15 20 10 

Public bathroom accessories 7 12 5 

Public bathroom fixtures 15 20 10 
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*Tested annually, batteries changed annually. 
 
 

 
 
 
 

DWELLING UNIT FIXTURES 
Multifamily / 

Coop 
Senior Student 

Bathroom:  Vanity 10 15 10 

Bathroom:  Fixtures / Faucets 15-20 20+ 15-20 

Bathroom:  Fiberglass Bath / Shower 20 25 18 

Bathroom:  Toilet 50+ 50+ 40 

Bathroom:  Toilet Tank Components 5 5 5 

Bathroom:  Vent / Exhaust 10 10 10 

Interior Doors 15 30 10 

Kitchen:   Cabinets (wood construction) 20 25 15 

Kitchen:  Cabinets (particle board) 15 20+ 13 

Kitchen:  Dishwasher 5-10 10-12 5-8 

Kitchen:  Microwave 10 12 8 

Kitchen:  Range 15 25 15 

Kitchen:  Range-hood 10 20 10 

Kitchen:  Refrigerator 10 20 10 

Window covering 3 5 1+ 

DWELLING FIRE, SAFETY AND SECURITY 
Multifamily / 

Coop 
Seniors Students 

Unit Smoke/Fire Detectors * 5 5 5 

Unit Carbon Monoxide Detectors * 5 5 5 

Unit Buzzer/Intercom 20 20 20 

DWELLING UNIT CEILINGS 
Multifamily / 

Coop 
Seniors Students 

Concrete 50+ 50+ 50+ 

Acoustic Tile / Drywall / Plaster 10 15 10 
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DWELLING UNIT FLOORS 
Multifamily / 

Coop 
Senior Student 

Ceramic /  Tile /  Terrazzo 20 25 20 

Wood (strip/ parquet) 15 20 20 

Resilient Flooring 10 15 7 

Carpet 7 10 3+ 

Concrete 50+ 50+ 50+ 

DWELLING UNIT HVAC AND MECHANICAL 
EQUIPMENT 

Multifamily / 
Coop 

Senior Student 

A/C window unit or through wall 10 10 10 

Evaporative cooler 15 15 15 

Fan coil unit, electric 20 20 20 

Fan coil unit, hydronic 30 30 30 

Furnace (electric heat with A/C) 20 20 20 

Furnace (gas heat with A/C) 20 20 20 

Packaged terminal air conditioner (PTAC) 15 15 15 

Packaged HVAC (roof top unit) 15 15 15 

Heat pump condensing component 15 15 15 

Heater, electric baseboard 25 25 25 

Heater, wall mounted electric or gas 20 20 20 

Hydronic heat/ electric AC 20 20 20 

Unit Electric Panel 50+ 50+ 50+ 

Unit Level Boiler 25 25 25 

Unit Level Domestic Hot Water 10 15 10 

Unit Level Hot Air Furnace 25 25 25 

Unit  Radiation - Steam/ Hydronic (baseboard or freestanding) 30 30 30 

Unit Wiring 30 30 30 
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DP04 SELECTED HOUSING CHARACTERISTICS

2010-2012 American Community Survey 3-Year Estimates

Supporting documentation on code lists, subject definitions, data accuracy, and statistical testing can be found on the American Community Survey
website in the Data and Documentation section.

Sample size and data quality measures (including coverage rates, allocation rates, and response rates) can be found on the American Community
Survey website in the Methodology section.

Although the American Community Survey (ACS) produces population, demographic and housing unit estimates, it is the Census Bureau's Population
Estimates Program that produces and disseminates the official estimates of the population for the nation, states, counties, cities and towns and
estimates of housing units for states and counties.

Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

HOUSING OCCUPANCY

    Total housing units 43,611 +/-785 43,611 (X)
  Occupied housing units 35,216 +/-648 80.8% +/-1.5
  Vacant housing units 8,395 +/-723 19.2% +/-1.5

  Homeowner vacancy rate 1.6 +/-0.9 (X) (X)
  Rental vacancy rate 6.1 +/-3.8 (X) (X)

UNITS IN STRUCTURE

    Total housing units 43,611 +/-785 43,611 (X)
  1-unit, detached 35,054 +/-893 80.4% +/-1.5
  1-unit, attached 2,208 +/-350 5.1% +/-0.8
  2 units 463 +/-205 1.1% +/-0.5
  3 or 4 units 366 +/-160 0.8% +/-0.4
  5 to 9 units 1,097 +/-315 2.5% +/-0.7
  10 to 19 units 1,855 +/-331 4.3% +/-0.8
  20 or more units 1,295 +/-308 3.0% +/-0.7
  Mobile home 1,273 +/-300 2.9% +/-0.7
  Boat, RV, van, etc. 0 +/-115 0.0% +/-0.1

YEAR STRUCTURE BUILT

    Total housing units 43,611 +/-785 43,611 (X)
  Built 2010 or later 101 +/-75 0.2% +/-0.2
  Built 2000 to 2009 4,169 +/-516 9.6% +/-1.2
  Built 1990 to 1999 5,431 +/-518 12.5% +/-1.2
  Built 1980 to 1989 6,282 +/-660 14.4% +/-1.5
  Built 1970 to 1979 8,356 +/-676 19.2% +/-1.5
  Built 1960 to 1969 8,632 +/-673 19.8% +/-1.6
  Built 1950 to 1959 6,714 +/-711 15.4% +/-1.6
  Built 1940 to 1949 2,398 +/-474 5.5% +/-1.1
  Built 1939 or earlier 1,528 +/-353 3.5% +/-0.8

ROOMS

    Total housing units 43,611 +/-785 43,611 (X)
  1 room 99 +/-134 0.2% +/-0.3
  2 rooms 557 +/-186 1.3% +/-0.4
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Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

  3 rooms 2,573 +/-446 5.9% +/-1.0
  4 rooms 7,122 +/-675 16.3% +/-1.5
  5 rooms 8,023 +/-677 18.4% +/-1.5
  6 rooms 8,333 +/-700 19.1% +/-1.6
  7 rooms 6,332 +/-605 14.5% +/-1.4
  8 rooms 5,070 +/-620 11.6% +/-1.4
  9 rooms or more 5,502 +/-478 12.6% +/-1.1
  Median rooms 5.9 +/-0.1 (X) (X)

BEDROOMS

    Total housing units 43,611 +/-785 43,611 (X)
  No bedroom 145 +/-144 0.3% +/-0.3
  1 bedroom 2,845 +/-479 6.5% +/-1.1
  2 bedrooms 13,338 +/-952 30.6% +/-2.0
  3 bedrooms 15,528 +/-777 35.6% +/-1.8
  4 bedrooms 9,559 +/-782 21.9% +/-1.7
  5 or more bedrooms 2,196 +/-323 5.0% +/-0.8

HOUSING TENURE

    Occupied housing units 35,216 +/-648 35,216 (X)
  Owner-occupied 28,481 +/-859 80.9% +/-1.8
  Renter-occupied 6,735 +/-640 19.1% +/-1.8

  Average household size of owner-occupied unit 2.59 +/-0.06 (X) (X)
  Average household size of renter-occupied unit 2.45 +/-0.16 (X) (X)

YEAR HOUSEHOLDER MOVED INTO UNIT

    Occupied housing units 35,216 +/-648 35,216 (X)
  Moved in 2010 or later 3,567 +/-597 10.1% +/-1.7
  Moved in 2000 to 2009 15,700 +/-870 44.6% +/-2.3
  Moved in 1990 to 1999 8,549 +/-623 24.3% +/-1.7
  Moved in 1980 to 1989 3,900 +/-470 11.1% +/-1.3
  Moved in 1970 to 1979 2,344 +/-338 6.7% +/-0.9
  Moved in 1969 or earlier 1,156 +/-235 3.3% +/-0.7

VEHICLES AVAILABLE

    Occupied housing units 35,216 +/-648 35,216 (X)
  No vehicles available 1,962 +/-371 5.6% +/-1.0
  1 vehicle available 11,454 +/-774 32.5% +/-2.0
  2 vehicles available 13,978 +/-884 39.7% +/-2.5
  3 or more vehicles available 7,822 +/-628 22.2% +/-1.8

HOUSE HEATING FUEL

    Occupied housing units 35,216 +/-648 35,216 (X)
  Utility gas 29,400 +/-799 83.5% +/-1.7
  Bottled, tank, or LP gas 136 +/-75 0.4% +/-0.2
  Electricity 2,705 +/-443 7.7% +/-1.3
  Fuel oil, kerosene, etc. 2,786 +/-363 7.9% +/-1.0
  Coal or coke 0 +/-115 0.0% +/-0.2
  Wood 80 +/-48 0.2% +/-0.1
  Solar energy 0 +/-115 0.0% +/-0.2
  Other fuel 35 +/-42 0.1% +/-0.1
  No fuel used 74 +/-81 0.2% +/-0.2

SELECTED CHARACTERISTICS

    Occupied housing units 35,216 +/-648 35,216 (X)
  Lacking complete plumbing facilities 73 +/-69 0.2% +/-0.2
  Lacking complete kitchen facilities 197 +/-142 0.6% +/-0.4
  No telephone service available 502 +/-179 1.4% +/-0.5
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Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

OCCUPANTS PER ROOM

    Occupied housing units 35,216 +/-648 35,216 (X)
  1.00 or less 34,947 +/-645 99.2% +/-0.4
  1.01 to 1.50 248 +/-152 0.7% +/-0.4
  1.51 or more 21 +/-34 0.1% +/-0.1

VALUE

    Owner-occupied units 28,481 +/-859 28,481 (X)
  Less than $50,000 815 +/-212 2.9% +/-0.7
  $50,000 to $99,999 1,249 +/-318 4.4% +/-1.1
  $100,000 to $149,999 1,414 +/-307 5.0% +/-1.1
  $150,000 to $199,999 1,759 +/-340 6.2% +/-1.2
  $200,000 to $299,999 9,476 +/-636 33.3% +/-2.0
  $300,000 to $499,999 10,071 +/-695 35.4% +/-2.0
  $500,000 to $999,999 3,488 +/-392 12.2% +/-1.4
  $1,000,000 or more 209 +/-93 0.7% +/-0.3
  Median (dollars) 295,400 +/-5,642 (X) (X)

MORTGAGE STATUS

    Owner-occupied units 28,481 +/-859 28,481 (X)
  Housing units with a mortgage 19,291 +/-735 67.7% +/-2.0
  Housing units without a mortgage 9,190 +/-662 32.3% +/-2.0

SELECTED MONTHLY OWNER COSTS (SMOC)

    Housing units with a mortgage 19,291 +/-735 19,291 (X)
  Less than $300 0 +/-115 0.0% +/-0.3
  $300 to $499 91 +/-63 0.5% +/-0.3
  $500 to $699 218 +/-97 1.1% +/-0.5
  $700 to $999 916 +/-209 4.7% +/-1.0
  $1,000 to $1,499 2,751 +/-455 14.3% +/-2.3
  $1,500 to $1,999 4,447 +/-558 23.1% +/-2.7
  $2,000 or more 10,868 +/-655 56.3% +/-2.8
  Median (dollars) 2,144 +/-61 (X) (X)

    Housing units without a mortgage 9,190 +/-662 9,190 (X)
  Less than $100 0 +/-115 0.0% +/-0.6
  $100 to $199 99 +/-73 1.1% +/-0.8
  $200 to $299 214 +/-135 2.3% +/-1.4
  $300 to $399 487 +/-147 5.3% +/-1.5
  $400 or more 8,390 +/-601 91.3% +/-2.1
  Median (dollars) 714 +/-27 (X) (X)

SELECTED MONTHLY OWNER COSTS AS A
PERCENTAGE OF HOUSEHOLD INCOME (SMOCAPI)
    Housing units with a mortgage (excluding units where
SMOCAPI cannot be computed)

19,237 +/-736 19,237 (X)

  Less than 20.0 percent 5,097 +/-559 26.5% +/-2.7
  20.0 to 24.9 percent 2,544 +/-408 13.2% +/-2.1
  25.0 to 29.9 percent 3,245 +/-443 16.9% +/-2.3
  30.0 to 34.9 percent 1,872 +/-387 9.7% +/-2.0
  35.0 percent or more 6,479 +/-643 33.7% +/-3.0

  Not computed 54 +/-44 (X) (X)

    Housing unit without a mortgage (excluding units
where SMOCAPI cannot be computed)

9,140 +/-664 9,140 (X)

  Less than 10.0 percent 1,983 +/-372 21.7% +/-3.4
  10.0 to 14.9 percent 1,735 +/-246 19.0% +/-2.8
  15.0 to 19.9 percent 1,385 +/-301 15.2% +/-2.9
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Subject Toms River township, Ocean County, New Jersey

Estimate Margin of Error Percent Percent Margin of
Error

  20.0 to 24.9 percent 1,048 +/-251 11.5% +/-2.6
  25.0 to 29.9 percent 482 +/-144 5.3% +/-1.5
  30.0 to 34.9 percent 499 +/-154 5.5% +/-1.7
  35.0 percent or more 2,008 +/-336 22.0% +/-3.5

  Not computed 50 +/-40 (X) (X)

GROSS RENT

    Occupied units paying rent 6,339 +/-615 6,339 (X)
  Less than $200 99 +/-83 1.6% +/-1.3
  $200 to $299 154 +/-112 2.4% +/-1.7
  $300 to $499 196 +/-75 3.1% +/-1.2
  $500 to $749 261 +/-170 4.1% +/-2.6
  $750 to $999 834 +/-237 13.2% +/-3.8
  $1,000 to $1,499 2,437 +/-364 38.4% +/-5.2
  $1,500 or more 2,358 +/-475 37.2% +/-5.8
  Median (dollars) 1,290 +/-93 (X) (X)

  No rent paid 396 +/-138 (X) (X)

GROSS RENT AS A PERCENTAGE OF HOUSEHOLD
INCOME (GRAPI)
    Occupied units paying rent (excluding units where
GRAPI cannot be computed)

6,261 +/-607 6,261 (X)

  Less than 15.0 percent 597 +/-268 9.5% +/-4.1
  15.0 to 19.9 percent 569 +/-252 9.1% +/-3.9
  20.0 to 24.9 percent 703 +/-212 11.2% +/-3.3
  25.0 to 29.9 percent 494 +/-194 7.9% +/-3.0
  30.0 to 34.9 percent 750 +/-303 12.0% +/-4.4
  35.0 percent or more 3,148 +/-500 50.3% +/-7.3

  Not computed 474 +/-182 (X) (X)

Data are based on a sample and are subject to sampling variability. The degree of uncertainty for an estimate arising from sampling variability is
represented through the use of a margin of error. The value shown here is the 90 percent margin of error. The margin of error can be interpreted
roughly as providing a 90 percent probability that the interval defined by the estimate minus the margin of error and the estimate plus the margin of
error (the lower and upper confidence bounds) contains the true value. In addition to sampling variability, the ACS estimates are subject to
nonsampling error (for a discussion of nonsampling variability, see Accuracy of the Data). The effect of nonsampling error is not represented in these
tables.

The median gross rent excludes no cash renters.

In prior years, the universe included all owner-occupied units with a mortgage. It is now restricted to include only those units where SMOCAPI is
computed, that is, SMOC and household income are valid values.

In prior years, the universe included all owner-occupied units without a mortgage. It is now restricted to include only those units where SMOCAPI is
computed, that is, SMOC and household income are valid values.

In prior years, the universe included all renter-occupied units. It is now restricted to include only those units where GRAPI is computed, that is, gross
rent and household Income are valid values.

The 2009, 2010, 2011, and 2012 plumbing data for Puerto Rico will not be shown. Research indicates that the questions on plumbing facilities that
were introduced in 2008 in the stateside American Community Survey and the 2008 Puerto Rico Community Survey may not have been appropriate
for Puerto Rico.

Median calculations for base table sourcing VAL, MHC, SMOC, and TAX should exclude zero values.

Telephone service data are not available for certain geographic areas due to problems with data collection. See Errata Note #93 for details.
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While the 2010-2012 American Community Survey (ACS) data generally reflect the December 2009 Office of Management and Budget (OMB)
definitions of metropolitan and micropolitan statistical areas; in certain instances the names, codes, and boundaries of the principal cities shown in
ACS tables may differ from the OMB definitions due to differences in the effective dates of the geographic entities.

Estimates of urban and rural population, housing units, and characteristics reflect boundaries of urban areas defined based on Census 2000 data.
Boundaries for urban areas have not been updated since Census 2000. As a result, data for urban and rural areas from the ACS do not necessarily
reflect the results of ongoing urbanization.

Source: U.S. Census Bureau, 2010-2012 American Community Survey

Explanation of Symbols:

    1.  An '**' entry in the margin of error column indicates that either no sample observations or too few sample observations were available to
compute a standard error and thus the margin of error. A statistical test is not appropriate.
    2.  An '-' entry in the estimate column indicates that either no sample observations or too few sample observations were available to compute an
estimate, or a ratio of medians cannot be calculated because one or both of the median estimates falls in the lowest interval or upper interval of an
open-ended distribution.
    3.  An '-' following a median estimate means the median falls in the lowest interval of an open-ended distribution.
    4.  An '+' following a median estimate means the median falls in the upper interval of an open-ended distribution.
    5.  An '***' entry in the margin of error column indicates that the median falls in the lowest interval or upper interval of an open-ended distribution. A
statistical test is not appropriate.
    6.  An '*****' entry in the margin of error column indicates that the estimate is controlled. A statistical test for sampling variability is not appropriate.
    7.  An 'N' entry in the estimate and margin of error columns indicates that data for this geographic area cannot be displayed because the number of
sample cases is too small.
    8.  An '(X)' means that the estimate is not applicable or not available.
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Allison Chan

From: John Hudson
Sent: Tuesday, November 25, 2014 1:31 PM
To: Heather Larson; Nick Dirr; jill@horizonh2o.com
Subject: RE: Eden Ltr of Commitment 

Hi Heather, 
 
For Eden Lodge, there are 143 senior units.  You can use 161 as approx. # of residents 
 
_____________________________________________________ 
John Hudson | Asset Manager 
Eden Housing, Inc.  |   22645 Grand Street  |  Hayward, CA 94541 
Phone: 510.247.8151 |  Fax: 510.582.6523 
Email: JHudson@edenhousing.org  Visit us on the web: www.edenhousing.org 
 
 
 
 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Heather Larson [mailto:hlarson@stopwaste.org] 
Sent: Tuesday, November 25, 2014 1:06 PM 
To: John Hudson; Nick Dirr; jill@horizonh2o.com 
Subject: RE: Eden Ltr of Commitment 
 
 
Hi John and Nick, 
Just wanted to let you know that Jill from Horizon, copied here, may be in touch directly regarding any follow‐up 
information necessary to pull together the DWR grant application. 
John‐ can you quickly confirm the number of dwelling units, and approximate number of residents, at this property? 
Nick‐ I think Jill was going to reach out to you to see if you had already broken out the project cost information between 
equipment and labor?  If so please send that over to here as both are reimbursable but they ask for that level of detail in 
the grant app. 
 
Thanks again all. 
Heather 
________________________________________ 
From: John Hudson [JHudson@edenhousing.org] 
Sent: Wednesday, November 19, 2014 5:16 PM 
To: Heather Larson; Nick Dirr 
Subject: Eden Ltr of Commitment 
 
Nick, Heather 
 
Attached is the  attached signed commitment letter to Heather just to make sure to reserve our place in the grant line. 
_____________________________________________________ 
John Hudson | Asset Manager 
Eden Housing, Inc.  |   22645 Grand Street  |  Hayward, CA 94541 



 

 

 

 

 

 

Supporting Documentation for Project #3 

Industrial Laundry Upgrades in Oakland and San Leandro 

   



Assumptions: Ozone Traditional

------------------------------------------------------------------- - -

1 Gallons/pound - light soil 1.500 2.000

2 Gallons/pound - medium/heavy soil 2.000 2.250

3 Percentage hot water - light soil 0% 70%

4 Percentage hot water - medium/heavy soil * 20% 80%

5 Pounds/ per day 2,500 2,500

6 Percentage of linen - light soil 95% 95%

7 Percentage of linen - medium/heavy soil 5% 5%

8 Average ambient water temperature 65 65

9 Average hot water temperature at boiler/heater 160 160

10 Cost per therm of heating source $1.25 $1.25

11 Cost of Water/sewer per/1,000 gallons ** $8.50 $8.50

12 Hours of dryer usage per day 9 15

13 Labor rate per pound $0.08 $0.08

14 % Labor savings 10% 0%

15 Annual Linen Replacement *** $10,000.00 $10,000.00

16 % Linen replacement savings 20% 0%

17 Days per year of operation 365 365
18 Total washing machine capacity 160 160

* Items 1-4 were compiled through testing done by nationally recognized washer mfg. Using a nationally known chemical co.'s
traditional cycles vs. Total Ozone Solutions ozone cycles in conjunction with lab test swatches proving as good if not better results.
** Items 5-11 are actual costs / % / temperatures at your property/facility per your records or if records were not available local avg's.
*** Item 15 is actual cost per your records or industry averages per a nationally recognized consulting firm.

Savings Summary                         

Gas and Water Savings:
Hot Water Gallons Saved Annually 98.59% 1,277,500

Total Gallons Saved Annually 24.22% 444,844

12,591.36

Therm Savings from Dryer Usage Reduction 4,258.31

Annual Dollar Savings:
Annual Water Savings from Total Water Reduction $3,781.17

Annual Gas Savings from Hot Water Reduction $15,739.20

Annual Dryer Savings from Reduced Drying Time $5,322.89

Annual Laundry Labor Savings  $7,300.00

Annual Linen Replacement Savings  $2,000.00

Annual and Monthly Utility and Total Savings:
Annual Utility Savings $24,843.26

Monthly Utility Savings  $2,070.27

Annual Total Savings from Total Ozone Solutions $34,143.26

   Monthly Total Savings from Total Ozone Solutions $2,845.27

System and Rebates:
Complete ozone system (Equipment $10,250 Installation $4,250) $14,500.00

Estimated Rebates Available to Property PG&E Deemed: 6,240.00 $6,240.00

Cost of System after Estimated Rebate     $8,260.00

ROI:
Monthly ROI based on Utility Savings 3.99

Monthly ROI including additional  Linen and Labor Savings 2.90

150 Hegenberger Road

Oakland, CA 94621

Ozone Savings Analysis

TOS-103e

Red Lion Hotel

Therm Savings from Washer Hot Water Reduction

The savings projections are calculated from the data shown below.  This data is based on information received from the 

customer, chemical representative and industry averages.  Due to variations in operations and accuracy of data received, 

these numbers are intended as a guide to reflect potential savings. 



Ozone Savings Analysis

Red Lion Hotel

Oakland, CA 94621

TOS-103e

Gas Savings Analysis - Washers  
--------------------- --------------------                         ------------------ -

Temperature rise in degrees 95   95
Annual gallons hot 18,250  1,295,750

Therms used 179.88   12,771.24
Cost/therm $1.25   $1.25

                                                                       

Gas Savings Analysis - Dryers  
--------------------- --------------------                         ------------------ -

Daily therms used 17.50 29.17
Annual therms used 6,387.47 10,645.78
Cost per day to operate dryers $21.87 $36.46
Annual gas cost for dryers $7,984.34 $13,307.23

Water Savings Analysis

Hot Water/Total Water Analysis:

 ------------------ -------------------- ------------------ -
Traditional wash Cold Hot Cold Hot

Gallons per pound 0.600 1.4 0.450 1.8
Pounds per day 2,375 2,375 125 125
Gallons per day 1,425 3,325 56 225
Days per year 365 365 365 365
Total Gallons 520,125 1,213,625 20,531 82,125

    

Total Gallons Cold & Hot each 540,656 1,295,750

Total Gallons 1,836,406

Ozone wash

Gallons per pound 1.500 0 1.600 0.4
Pounds per day 2,375 2,375 125 125
Gallons per day 3,563 0 200 50
Days per year 365 365 365 365
Annual Gallons 1,300,313 0 73,000 18,250

    

Total Gallons Cold & Hot each 1,373,313 18,250

Total Gallons 1,391,563

Savings Analysis Summary  
Metered:

Annual cost to heat water $224.85 $15,964.04

Gallons of water/sewer 1,391,563  1,836,406
Cost/1,000 gallons $8.50  $8.50

Annual cost for water/sewer $11,828.28 $15,609.45

Total Utility Costs $12,053.13 $31,573.50

Additional:  

Annual cost for gas dryers $7,984.34 $13,307.23

Washer and Dryer therms used 6,567.34 23,417.02

 

Toll free:  866.696.6348  (ozone 4 u)  Fax:  916.237.4366

       Total Ozone Solutions Traditional

LIGHT SOIL MEDIUM/HEAVY SOIL

Prepared By Your Provider Of Laundry Solutions

Total Ozone Solutions

       Total Ozone Solutions Traditional

We Help You Save Gr$$N While Going Green!

       Total Ozone Solutions Traditional



Assumptions: Ozone Traditional

------------------------------------------------------------------- - -

1 Gallons/pound - light soil 1.350 2.000

2 Gallons/pound - medium/heavy soil 1.750 2.250

3 Percentage hot water - light soil 0% 70%

4 Percentage hot water - medium/heavy soil * 20% 80%

5 Pounds/ per day 1,200 1,200

6 Percentage of linen - light soil 95% 95%

7 Percentage of linen - medium/heavy soil 5% 5%

8 Average ambient water temperature 65 65

9 Average hot water temperature at boiler/heater 125 125

10 Cost per therm of heating source $1.00 $1.00

11 Cost of Water/sewer per/1,000 gallons ** $8.50 $8.50

12 Hours of dryer usage per day 4 7

13 Labor rate per pound $0.08 $0.08

14 % Labor savings 10% 0%

15 Annual Linen Replacement *** $10,000.00 $10,000.00

16 % Linen replacement savings 20% 0%

17 Days per year of operation 365 365
18 Total washing machine capacity 120 120

* Items 1-4 were compiled through testing done by nationally recognized washer mfg. Using a nationally known chemical co.'s
traditional cycles vs. Total Ozone Solutions ozone cycles in conjunction with lab test swatches proving as good if not better results.
** Items 5-11 are actual costs / % / temperatures at your property/facility per your records or if records were not available local avg's.
*** Item 15 is actual cost per your records or industry averages per a nationally recognized consulting firm.

Savings Summary                         

Gas and Water Savings:
Hot Water Gallons Saved Annually 98.77% 614,295

Total Gallons Saved Annually 31.93% 281,415

3,823.99

Therm Savings from Dryer Usage Reduction 2,043.99

Annual Dollar Savings:
Annual Water Savings from Total Water Reduction $2,392.03

Annual Gas Savings from Hot Water Reduction $3,823.99

Annual Dryer Savings from Reduced Drying Time $2,043.99

Annual Laundry Labor Savings  $3,504.00

Annual Linen Replacement Savings  $2,000.00

Annual and Monthly Utility and Total Savings:
Annual Utility Savings $8,260.00

Monthly Utility Savings  $688.33

Annual Total Savings from Total Ozone Solutions $13,764.00

   Monthly Total Savings from Total Ozone Solutions $1,147.00

System and Rebates:
Complete ozone system (Equipment $9,000 Installation $2,500)) $11,500.00

Estimated Rebates Available to Property PG&E Deemed: 4,680.00 $4,680.00

Cost of System after Estimated Rebate $6,820.00

ROI:
Monthly ROI based on Utility Savings 9.91

Monthly ROI including additional  Linen and Labor Savings 5.95

Therm Savings from Washer Hot Water Reduction

The savings projections are calculated from the data shown below.  This data is based on information received from the 

customer, chemical representative and industry averages.  Due to variations in operations and accuracy of data received, 

these numbers are intended as a guide to reflect potential savings. 

66 Airport Access Road

Oakland, CA 94603

Ozone Savings Analysis

OS-102e
 

Holiday Inn Express Oakland Airport



Ozone Savings Analysis

Holiday Inn Express Oakland Airport

Oakland, CA 94603

OS-102e

Gas Savings Analysis - Washers  
--------------------- --------------------                         ------------------ -

Temperature rise in degrees 60   60
Annual gallons hot 7,665  621,960

Therms used 47.71   3,871.70
Cost/therm $1.00   $1.00

                                                                       

Gas Savings Analysis - Dryers  
--------------------- --------------------                         ------------------ -

Daily therms used 8.40 14.00
Annual therms used 3,065.98 5,109.97
Cost per day to operate dryers $8.40 $14.00
Annual gas cost for dryers $3,065.98 $5,109.97

Water Savings Analysis

Hot Water/Total Water Analysis:

 ------------------ -------------------- ------------------ -
Traditional wash Cold Hot Cold Hot

Gallons per pound 0.600 1.4 0.450 1.8
Pounds per day 1,140 1,140 60 60
Gallons per day 684 1,596 27 108
Days per year 365 365 365 365
Total Gallons 249,660 582,540 9,855 39,420

    

Total Gallons Cold & Hot each 259,515 621,960

Total Gallons 881,475

Ozone wash

Gallons per pound 1.350 0 1.400 0.35
Pounds per day 1,140 1,140 60 60
Gallons per day 1,539 0 84 21
Days per year 365 365 365 365
Annual Gallons 561,735 0 30,660 7,665

    

Total Gallons Cold & Hot each 592,395 7,665

Total Gallons 600,060

Savings Analysis Summary  
Metered:

Annual cost to heat water $47.71 $3,871.70

Gallons of water/sewer 600,060  881,475
Cost/1,000 gallons $8.50  $8.50

Annual cost for water/sewer $5,100.51 $7,492.54

Total Utility Costs-Metered $5,148.22 $11,364.24

Additional:   (Unmetered)

Annual cost for gas dryers $3,065.98 $5,109.97

Washer and Dryer therms used 3,113.70 8,981.68

 

Toll free:  866.696.6348  (ozone 4 u)  Fax:  916.237.4366

       Total Ozone Solutions Traditional

LIGHT SOIL MEDIUM/HEAVY SOIL

Prepared By Your Provider Of Laundry Solutions

Total Ozone Solutions

       Total Ozone Solutions Traditional

We Help You Save Gr$$N While Going Green!

       Total Ozone Solutions Traditional



Assumptions: Ozone Traditional

------------------------------------------------------------------- - -

1 Gallons/pound - light soil 1.350 2.000

2 Gallons/pound - medium/heavy soil 1.750 2.500

3 Percentage hot water - light soil 0% 70%

4 Percentage hot water - medium/heavy soil * 20% 80%

5 Pounds/ per day 1,500 1,500

6 Percentage of linen - light soil 95% 95%

7 Percentage of linen - medium/heavy soil 5% 5%

8 Average ambient water temperature 65 65

9 Average hot water temperature at boiler/heater 140 140

10 Cost per therm of heating source $1.00 $1.00

11 Cost of Water/sewer per/1,000 gallons ** $8.50 $8.50

12 Hours of dryer usage per day 5 9

13 Labor rate per pound $0.08 $0.08

14 % Labor savings 10% 0%

15 Annual Linen Replacement *** $15,000.00 $15,000.00

16 % Linen replacement savings 20% 0%

17 Days per year of operation 365 365
18 Total washing machine capacity 150 150

* Items 1-4 were compiled through testing done by nationally recognized washer mfg. Using a nationally known chemical co.'s
traditional cycles vs. Total Ozone Solutions ozone cycles in conjunction with lab test swatches proving as good if not better results.
** Items 5-11 are actual costs / % / temperatures at your property/facility per your records or if records were not available local avg's.
*** Item 15 is actual cost per your records or industry averages per a nationally recognized consulting firm.

Savings Summary                         

Gas and Water Savings:
Hot Water Gallons Saved Annually 98.78% 773,344

Total Gallons Saved Annually 32.35% 358,613

6,017.58

Therm Savings from Dryer Usage Reduction 2,554.99

Annual Dollar Savings:
Annual Water Savings from Total Water Reduction $3,048.21

Annual Gas Savings from Hot Water Reduction $6,017.58

Annual Dryer Savings from Reduced Drying Time $2,554.99

Annual Laundry Labor Savings  $4,380.00

Annual Linen Replacement Savings  $3,000.00

Annual and Monthly Utility and Total Savings:
Annual Utility Savings $11,620.77

Monthly Utility Savings  $968.40

Annual Total Savings from Total Ozone Solutions $19,000.77

   Monthly Total Savings from Total Ozone Solutions $1,583.40

System and Rebates:
Complete ozone system (Equipment $10,250 Installation $3,750)) $14,000.00

Estimated Rebates Available to Property PG&E Deemed: 5,850.00 $5,850.00

Cost of System after Estimated Rebate     $8,150.00

ROI:
Monthly ROI based on Utility Savings 8.42

Monthly ROI including additional  Linen and Labor Savings 5.15

Therm Savings from Washer Hot Water Reduction

The savings projections are calculated from the data shown below.  This data is based on information received from the 

customer, chemical representative and industry averages.  Due to variations in operations and accuracy of data received, 

these numbers are intended as a guide to reflect potential savings. 

77 Hegenberger Road

Oakland, CA 94621

Ozone Savings Analysis

TOS-103e
 

Holiday Inn



Ozone Savings Analysis

Holiday Inn

Oakland, CA 94621

TOS-103e

Gas Savings Analysis - Washers  
--------------------- --------------------                         ------------------ -

Temperature rise in degrees 75   75
Annual gallons hot 9,581  782,925

Therms used 74.55   6,092.14
Cost/therm $1.00   $1.00

                                                                       

Gas Savings Analysis - Dryers  
--------------------- --------------------                         ------------------ -

Daily therms used 10.50 17.50
Annual therms used 3,832.48 6,387.47
Cost per day to operate dryers $10.50 $17.50
Annual gas cost for dryers $3,832.48 $6,387.47

Water Savings Analysis

Hot Water/Total Water Analysis:

 ------------------ -------------------- ------------------ -
Traditional wash Cold Hot Cold Hot

Gallons per pound 0.600 1.4 0.500 2
Pounds per day 1,425 1,425 75 75
Gallons per day 855 1,995 38 150
Days per year 365 365 365 365
Total Gallons 312,075 728,175 13,688 54,750

    

Total Gallons Cold & Hot each 325,763 782,925

Total Gallons 1,108,688

Ozone wash

Gallons per pound 1.350 0 1.400 0.35
Pounds per day 1,425 1,425 75 75
Gallons per day 1,924 0 105 26
Days per year 365 365 365 365
Annual Gallons 702,169 0 38,325 9,581

    

Total Gallons Cold & Hot each 740,494 9,581

Total Gallons 750,075

Savings Analysis Summary  
Metered:

Annual cost to heat water $74.55 $6,092.14

Gallons of water/sewer 750,075  1,108,688
Cost/1,000 gallons $8.50  $8.50

Annual cost for water/sewer $6,375.64 $9,423.84

Total Utility Costs $6,450.19 $15,515.98

Additional:  

Annual cost for gas dryers $3,832.48 $6,387.47

Washer and Dryer therms used 3,907.03 12,479.60

 

Toll free:  866.696.6348  (ozone 4 u)  Fax:  916.237.4366

       Total Ozone Solutions Traditional

LIGHT SOIL MEDIUM/HEAVY SOIL
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       Total Ozone Solutions Traditional

We Help You Save Gr$$N While Going Green!

       Total Ozone Solutions Traditional



Assumptions: Ozone Traditional

------------------------------------------------------------------- - -

1 Gallons/pound - light soil 1.350 2.000

2 Gallons/pound - medium/heavy soil 1.750 2.500

3 Percentage hot water - light soil 0% 70%

4 Percentage hot water - medium/heavy soil * 20% 80%

5 Pounds/ per day 1,500 1,500

6 Percentage of linen - light soil 95% 95%

7 Percentage of linen - medium/heavy soil 5% 5%

8 Average ambient water temperature 65 65

9 Average hot water temperature at boiler/heater 150 150

10 Cost per therm of heating source $1.00 $1.00

11 Cost of Water/sewer per/1,000 gallons ** $8.50 $8.50

12 Hours of dryer usage per day 5 9

13 Labor rate per pound $0.08 $0.08

14 % Labor savings 10% 0%

15 Annual Linen Replacement *** $15,000.00 $15,000.00

16 % Linen replacement savings 20% 0%

17 Days per year of operation 365 365
18 Total washing machine capacity 180 180

* Items 1-4 were compiled through testing done by nationally recognized washer mfg. Using a nationally known chemical co.'s
traditional cycles vs. Total Ozone Solutions ozone cycles in conjunction with lab test swatches proving as good if not better results.
** Items 5-11 are actual costs / % / temperatures at your property/facility per your records or if records were not available local avg's.
*** Item 15 is actual cost per your records or industry averages per a nationally recognized consulting firm.

Savings Summary                         

Gas and Water Savings:
Hot Water Gallons Saved Annually 98.78% 773,344

Total Gallons Saved Annually 32.35% 358,613

6,819.93

Therm Savings from Dryer Usage Reduction 2,554.99

Annual Dollar Savings:
Annual Water Savings from Total Water Reduction $3,048.21

Annual Gas Savings from Hot Water Reduction $6,819.93

Annual Dryer Savings from Reduced Drying Time $2,554.99

Annual Laundry Labor Savings  $4,380.00

Annual Linen Replacement Savings  $3,000.00

Annual and Monthly Utility and Total Savings:
Annual Utility Savings $12,423.12

Monthly Utility Savings  $1,035.26

Annual Total Savings from Total Ozone Solutions $19,803.12

   Monthly Total Savings from Total Ozone Solutions $1,650.26

System and Rebates:
Complete ozone system (Equipment $10,250 Installation $3,745)) $13,995.00

Estimated Rebates Available to Property PG&E Deemed: 7,020.00 $7,020.00

Cost of System after Estimated Rebate     $6,975.00

ROI:
Monthly ROI based on Utility Savings 6.74

Monthly ROI including additional  Linen and Labor Savings 4.23

Oakland, CA 94621

8350 Edes Ave

Ozone Savings Analysis

TOS-103e
 

Days Hotel

Therm Savings from Washer Hot Water Reduction

The savings projections are calculated from the data shown below.  This data is based on information received from the 

customer, chemical representative and industry averages.  Due to variations in operations and accuracy of data received, 

these numbers are intended as a guide to reflect potential savings. 



Ozone Savings Analysis

Days Hotel

Oakland, CA 94621

TOS-103e

Gas Savings Analysis - Washers  
--------------------- --------------------                         ------------------ -

Temperature rise in degrees 85   85
Annual gallons hot 9,581  782,925

Therms used 84.49   6,904.42
Cost/therm $1.00   $1.00

                                                                       

Gas Savings Analysis - Dryers  
--------------------- --------------------                         ------------------ -

Daily therms used 10.50 17.50
Annual therms used 3,832.48 6,387.47
Cost per day to operate dryers $10.50 $17.50
Annual gas cost for dryers $3,832.48 $6,387.47

Water Savings Analysis

Hot Water/Total Water Analysis:

 ------------------ -------------------- ------------------ -
Traditional wash Cold Hot Cold Hot

Gallons per pound 0.600 1.4 0.500 2
Pounds per day 1,425 1,425 75 75
Gallons per day 855 1,995 38 150
Days per year 365 365 365 365
Total Gallons 312,075 728,175 13,688 54,750

    

Total Gallons Cold & Hot each 325,763 782,925

Total Gallons 1,108,688

Ozone wash

Gallons per pound 1.350 0 1.400 0.35
Pounds per day 1,425 1,425 75 75
Gallons per day 1,924 0 105 26
Days per year 365 365 365 365
Annual Gallons 702,169 0 38,325 9,581

    

Total Gallons Cold & Hot each 740,494 9,581

Total Gallons 750,075

Savings Analysis Summary  
Metered:

Annual cost to heat water $84.49 $6,904.42

Gallons of water/sewer 750,075  1,108,688
Cost/1,000 gallons $8.50  $8.50

Annual cost for water/sewer $6,375.64 $9,423.84

Total Utility Costs $6,460.13 $16,328.26

Additional:  

Annual cost for gas dryers $3,832.48 $6,387.47

Washer and Dryer therms used 3,916.98 13,291.89

 

Toll free:  866.696.6348  (ozone 4 u)  Fax:  916.237.4366
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Assumptions: Ozone Traditional

------------------------------------------------------------------- - -

1 Gallons/pound - light soil 1.350 1.750

2 Gallons/pound - medium/heavy soil 1.750 2.250

3 Percentage hot water - light soil 0% 80%

4 Percentage hot water - medium/heavy soil * 20% 90%

5 Pounds/ per day 5,000 5,000

6 Percentage of linen - light soil 90% 90%

7 Percentage of linen - medium/heavy soil 10% 10%

8 Average ambient water temperature 65 65

9 Average hot water temperature at boiler/heater 140 140

10 Cost per therm of heating source $1.00 $1.00

11 Cost of Water/sewer per/1,000 gallons ** $8.50 $8.50

12 Hours of dryer usage per day 18 29

13 Labor rate per pound $0.08 $0.08

14 % Labor savings 10% 0%

15 Annual Linen Replacement *** $0.00 $0.00

16 % Linen replacement savings 20% 0%

17 Days per year of operation 365 365
18 Total washing machine capacity 455 455

* Items 1-4 were compiled through testing done by nationally recognized washer mfg. Using a nationally known chemical co.'s
traditional cycles vs. Total Ozone Solutions ozone cycles in conjunction with lab test swatches proving as good if not better results.
** Items 5-11 are actual costs / % / temperatures at your property/facility per your records or if records were not available local avg's.
*** Item 15 is actual cost per your records or industry averages per a nationally recognized consulting firm.

Savings Summary                         

Gas and Water Savings:
Hot Water Gallons Saved Annually 97.61% 2,605,188

Total Gallons Saved Annually 22.78% 748,250

20,271.62

Therm Savings from Dryer Usage Reduction 8,516.62

Annual Dollar Savings:
Annual Water Savings from Total Water Reduction $6,360.13

Annual Gas Savings from Hot Water Reduction $20,271.62

Annual Dryer Savings from Reduced Drying Time $8,516.62

Annual Laundry Labor Savings  $14,600.00

Annual Linen Replacement Savings  $0.00

Annual and Monthly Utility and Total Savings:
Annual Utility Savings $35,148.36

Monthly Utility Savings  $2,929.03

Annual Total Savings from Total Ozone Solutions $49,748.36

   Monthly Total Savings from Total Ozone Solutions $4,145.70

System and Rebates:
Complete ozone system (Equipment $17,500 Installation $5,000) $22,500.00

Estimated Rebates Available to Property PG&E NRR: 11,250.00    $11,250.00

Cost of System after Estimated Rebate $11,250.00

ROI:
Monthly ROI based on Utility Savings 3.84

Monthly ROI including additional  Linen and Labor Savings 2.71

Therm Savings from Washer Hot Water Reduction

The savings projections are calculated from the data shown below.  This data is based on information received from the 

customer, chemical representative and industry averages.  Due to variations in operations and accuracy of data received, 

these numbers are intended as a guide to reflect potential savings. 

2993 Teagarden Street

San Leandro, CA 94577

Ozone Savings Analysis

(2) TOS-102e
 

Bay Linen



Ozone Savings Analysis

Bay Linen

San Leandro, CA 94577

(2) TOS-102e

Gas Savings Analysis - Washers  
--------------------- --------------------                         ------------------ -

Temperature rise in degrees 75   75
Annual gallons hot 63,875  2,669,063

Therms used 497.03   20,768.64
Cost/therm $1.00   $1.00

                                                                       

Gas Savings Analysis - Dryers  
--------------------- --------------------                         ------------------ -

Daily therms used 35.00 58.33
Annual therms used 12,774.94 21,291.56
Cost per day to operate dryers $35.00 $58.33
Annual gas cost for dryers $12,774.94 $21,291.56

Water Savings Analysis

Hot Water/Total Water Analysis:

 ------------------ -------------------- ------------------ -
Traditional wash Cold Hot Cold Hot

Gallons per pound 0.350 1.4 0.225 2.025
Pounds per day 4,500 4,500 500 500
Gallons per day 1,575 6,300 113 1,013
Days per year 365 365 365 365
Total Gallons 574,875 2,299,500 41,063 369,563

    

Total Gallons Cold & Hot each 615,938 2,669,063

Total Gallons 3,285,000

Ozone wash

Gallons per pound 1.350 0 1.400 0.35
Pounds per day 4,500 4,500 500 500
Gallons per day 6,075 0 700 175
Days per year 365 365 365 365
Annual Gallons 2,217,375 0 255,500 63,875

    

Total Gallons Cold & Hot each 2,472,875 63,875

Total Gallons 2,536,750

Savings Analysis Summary  
Metered:

Annual cost to heat water $497.03 $20,768.64

Gallons of water/sewer 2,536,750  3,285,000
Cost/1,000 gallons $8.50  $8.50

Annual cost for water/sewer $21,562.38 $27,922.50

Total Utility Costs-Metered $22,059.40 $48,691.14

Additional:   (Unmetered)

Annual cost for gas dryers $12,774.94 $21,291.56

Washer and Dryer therms used 13,271.96 42,060.20
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Allison Chan

From: Cal Eshbach
Sent: Thursday, December 04, 2014 11:26 AM
To: 'Jill Sunahara'
Cc: 'Heather Larson'; 'Grant Cooke'; 'Karen Kho'; 'Stephanie Stern'
Subject: RE: Cost info for Water-Energy Grant

Jill, unfortunately I just lost the entire answer to your message below that took a lot of time to research and prepare but 
hopefully I can recreate this timely because of more obligations I have today.  Not being sure of all you need on the 
forms from us, I will provide a bullet point discussing each of the forms that seem to request information.  Hopefully 
these comments will allow you to edit the forms as desired. 
 
Att2: 
I am not sure if you need additional data for sections number 3, 8, 9 and 10 on this form.  This is not information we 
would be able to provide. 
 
Att3: 
Under the Project Description section you asked for the number of employees, number of rooms and, in the case of Bay 
Linen, their hotel customers.  The only area that I can be of assistance is the number of rooms for the hotels since I don’t 
have the other information. They are:  Red Lion #189, Holiday Inn Express #95, Holiday Inn #146 and Days Hotel 
#138.   Regarding a sentence on the property, we feel you can better create this description since you know what would 
better assist as related to your request for a grant. 
 
Att4: 
 The link you reference regarding the PG&E Customized Retrofit Incentive looks good.  This is the new name for 

the NRR‐Dr incentive. 
 Yes, as shown above, each of the hotels have less than 250 rooms per their websites.  As a result, they would 

qualify for the Deemed program. 
 In our 10 years of working with PG&E, we have never had an incentive rejected.  Regarding whether our 

company would cover the remaining cost, we cover this in our Purchase Agreements signed by our customers 
with the following:  “It is understood that Customer will be the responsible party in ensuring all requirements of 
the Utility Provider’s rebate/incentive contract or agreement are met.  TOS will assist Customer in any manner 
possible to help in this pursuit but will not be held responsible by the Utility Company or Customer in any way as 
a result of this assistance.”  We will not commit to being responsible for the rebate.  If this is a serious concern, 
my suggestion is to talk with PG&E to get  a level of comfort regarding any possibility of a rejection, whether for 
a deemed application or customized application where pre‐approval from PG&E is required prior to system 
purchase.   If the customer is required to cover the difference and this is explained in the presentation of the 
program, my expectations are that they will not proceed with the project. 

 The total costs for the projects would need to be adjusted for the applicable sales tax (9% as you mentioned in 
your earlier message?) and possible shipping costs.  In researching past costs, the typical cost was $200.  You 
might want to bump this up to $250 to cover any unknown situations. 

 
I hope this helps in completing your application.   Let me know if I missed a question. 
 

Cal Eshbach 
Total Ozone Solutions 
Office:  866‐696‐6348 
Fax:  916‐237‐4366 
Mobile:  281‐923‐6665 
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Allison Chan

From: Cal Eshbach
Sent: Monday, December 01, 2014 10:27 AM
To: jill@horizonh2o.com
Cc: Heather Larson; Grant Cooke
Subject: RE: heather larson shared "Att2_WE14

_StopWaste_WEGHG_Project3OzoneLaundry.docx" with you

Good morning, Jill.  I looked for the draft work plan you referenced and couldn't find where it was received.  I have 
asked for it to be resent but if you have a copy could you please send?   
 
Regarding scheduling the installations, a typical installation takes approximately two days to install and monitor the 
results.  I would allocate an extra day for Bay Linen since it is a larger installation.  I will need at least a month's notice to 
have the systems built and available for shipment to the property.  As far as scheduling, my preference would be to have 
the installations all occur within a two week timeframe so that I can personally be available to keep an eye on each 
during this time.  I realize this may make funding more difficult for you so you would need to let me know of any 
limitations that may exist.  In other words, if installations are available to start in July 2015, with proper notice, I could 
have all of the five properties currently under discussion installed in the month of July.   
 
Cal Eshbach 
Total Ozone Solutions 
Office:  866‐696‐6348 
Fax:  916‐237‐4366 
Mobile:  281‐923‐6665 
www.TotalOzoneSolutions.com 
 
 
 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Jill Sunahara [mailto:jill@horizonh2o.com]  
Sent: Tuesday, November 25, 2014 3:46 PM 
To: cal@totalozonesolutions.com 
Cc: Heather Larson 
Subject: RE: heather larson shared "Att2_WE14_StopWaste_WEGHG_Project3OzoneLaundry.docx" with you 
 
Hi Cal~ 
 
Thanks for filling in the water/energy savings file. Your numbers match ours. Everything else makes sense and we will 
include the water analyses as the documentation for this section of the application. 
 
I believe Heather sent you the draft work plan that has the description of the facilities and discussion of the installation 
plan.  Please send that back no later than Monday afternoon. 
 
Also, provide a schedule for the installations...how long does it take to install one system. Will you do one per month 
over 6 months, or some sort of phased installation process.  When will all the installations be complete, if work is 
initiated in July 2015? 
 
I think this is all we need (but I can't promise that just yet) Thanks! 



Ozonated Laundry Systems 
in Hospitality Facilities

FACT
SHEET

Pacific Gas and Electric Company (PG&E) 
recommends hospitality owners and operators
consider the benefits of adding ozone to their
laundering operations. PG&E has partnered
with several hospitality facilities, providing 
technical assistance and paying incentives on
projects that incorporated ozone into laundering
operations. Installing an ozone generator into
your facility’s plumbing system may help lower
the consumption of natural gas, electricity and
water, and decrease sewage costs. The use of
ozone is an obvious choice for reducing energy
use and saving money.

WHAT IS OZONE?

Ozone is a form of oxygen found naturally 
in the Earth’s atmosphere. It has strong 
oxidizing properties and reacts quickly with a
wide range of substances. In addition, ozone
is one of the most effective cleaning agents,
better even than chlorine and other commonly
used disinfectants. Ozone has found a safe
and useful application in commercial 
laundering systems.

Ozone can be generated easily from dry air,
removes soils effectively, and works in cold
water. It cleans fabrics by removing electrons
from the soils, breaking down the molecules
so that they are released from the linens.
After a wash cycle, excess ozone breaks 
down into oxygen gas and mixes harmlessly
with the atmosphere. For hotel owners and
operators, the use of ozone can mean less
energy consumption and lower costs.

APPLYING OZONE TO A 
LAUNDRY SYSTEM

Ozone generators are integrated into the
building’s plumbing system. They generate
ozone as needed and introduce it into the
water during the wash cycle.

BENEFITS OF OZONE IN LAUNDRY
OPERATIONS

Reduced Energy Costs
Using ozone can lower energy costs through: 

Reduced Hot Water Consumption
Sanitizing is typically accomplished with hot
water. Ozone works best with cold water.
Using less hot water can significantly
reduce your use of natural gas. 

Reduced Drying Time
Adding ozone reduces the need for fabric
softener, thereby decreasing drying time.
Shorter drying times may lower your 
electricity usage.

Reduced Chemical and Detergent Costs
Using ozone may decrease the need for
rewashing heavily soiled items which may
save money on chemicals and detergents. 
It also reduces the need for bleach in many
applications—white and colored linens can
often be washed together.

I

Ozone injector venturi Ozone supply

Cold water supply
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Reduced Labor Costs
Shorter laundering cycles and less time 
spent sorting and rewashing can mean lower
staff costs.

Reduced Water and Sewer Costs
Fewer rinse cycles are needed because not 
as many chemicals are used in the laundry
process. This means reduced water 
consumption and sewer discharge.

Increased Life of Linens
Cleaning fabrics in laundry systems that use
ozone decreases their exposure to chemicals
and heat. This may mean they last longer. 

Increased Fabric Softness, Fluffiness, and
Brightness Improved Fabric Smell 
Washing linens in ozone may improve the
guest experience by keeping linens fresher.

CASE STUDY: THE HILTON 
GARDEN INN–EMERYVILLE

The Hilton Garden Inn–Emeryville installed an
ozone generator and associated plumbing at 
a total cost of $14,000. Minimal modifications to
the existing plumbing were required, which kept
labor costs down. Incentives and rebates from
PG&E and East Bay Municipal Utility District
(EBMUD) covered part of the project cost. 

Water & Sewage Savings 
The flow of hot and cold water into each of 
the three washer-extractors was monitored 
for 30 days prior to installation of the ozone
system and for 30 days after installation.
During that time, hot water consumption
decreased by over 91%, while cold water 
use increased by only about 41%. Total water
consumption for laundry operations decreased
by an average of 2,432 gallons per day or over
35%. This is equivalent to consuming 863,000
fewer gallons of water per year—and much
less water going down the sewer. 

Estimated water and sewer cost savings:
$18.72 per day or $6,835 per year. 

Electricity Savings
Shorter washer-extractor operating cycles and
shorter drying times mean shorter operating
times for the motors within laundry equipment.
The estimated annual washer-extractor and
dryer electricity savings due to the ozone 
system is 8,651 kWh. 

Estimated electricity savings: $779 per year,
3.5% of overall energy savings. 

Natural Gas Savings
The decrease in hot water consumption by 
1.32 million gallons annually is estimated to
decrease gas usage by 28.4 therms per day 
or 10,383 therms per year. 

Estimated natural gas savings from reduced
hot water consumption: $12,397, or nearly 
89% of the cost to install the ozone system.

Shorter dryer run times reduce natural gas use
by an additional 0.133 therms per load. Based
on 40 dryer loads per day, daily savings are
5.34 therms or 1,948 therms per year. 

Estimated natural gas savings from reduced
dryer time: $2,326 per year. 

The total annual natural gas savings due to 
the ozone system are 12,331 therms, having 
a value of $14,723 to the Hilton Garden
Inn–Emeryville. The natural gas savings 
represent two-thirds of the savings resulting
from the ozone system and more than cover
the cost of the ozone system.

Short Payback
The ozone system has a simple payback of 
7.5 months from quantifiable energy savings. 
With available rebates and incentives, the 
payback is significantly shorter. The Hilton
Garden Inn–Emeryville received incentives 
from EBMUD for $1,740 and from PG&E for
$7,086, for a total of $8,826. These incentives
reduced the payback period to just 83 days.



LEARN MORE

The energy- and money-savings benefits of ozone make its adoption in the laundering process 
an obvious choice for hospitality facilities. For additional information, contact your local PG&E
representative, or call the Business Customer Service Center at 1-800-468-4743 to find out how
your business can reap the benefits of using ozone and other energy efficiency measures.

Location
Guest
Rooms Savings

Savings/
Guest Room

Total Water
Savings

Hot Water
Savings

Water
Savings/

Guest Room/
Year Project Cost

PG&E Paid
Incentive 

Hotel # Therms Therms Gallons Gallons Gallons

Hilton Garden Inn Mountain
View 160 2,944 18.40 465,950 473,828 2,912 $15,140 $2,159

The Toll House Hotel Los Gatos 115 4143 36.03 238,296 523,022 2,072 $13,500 $3,314

AG Inn at the Mall Pleasanton 170 6698 39.40 1,150,488 1,606,852 6,768 $14,165 $5,358

El Rancho Motel Inc. Milbrea 306 13,126 42.90 529,630 1,166,099 1,731 $23,165 $10,501

Renaissance Club Sport Walnut
Creek 175 12,816 73.23 4,475 1,220,474 26 $14,165 $7,083

Vintner's Inn/ 
John Ash & Company Santa Rosa 44 3,411 77.52 157,375 296,740 3,577 $13,000 $2,729

Hilton Garden Inn/APF
Emeryville Lease Co Emeryville 278 9,948 35.78 654,896 1,401,742 2,356 $14,171 $7,086

Wyndham Hotel San Jose 126 15,006 119.10 857,867 1,281,875 6,808 $15,669 $7,835

Hotel Valencia San Jose 213 10,530 49.44 1,418,304 2,066,792 6,659 $15,662 $7,831

Woodfin Suites Emeryville 202 9744 48.24 459,313 936,288 2,274 $14,636 $7,795

Napa Valley Marriott 
Hotel & Spa Napa 273 14,117 51.71 1,839,500 1,684,030 6,738 $21,000 $10,500

SUMMARY OF SAVINGS FOR 11 HOTELS

Several additional hotels have installed ozone generators in their laundry facilities and realized
water, gas, and electrical savings, as shown in the chart below. 



“PG&E” refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. These offerings are funded by California
utility customers and administered by PG&E under the auspices of the California Public Utilities Commission. 

© 2009 Pacific Gas and Electric Company.  All rights reserved. June 2009 C-4665   
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Rebate Catalog 
Saving energy for a brighter future

Pacific Gas and Electric Company 
 Energy-efficiency Rebates for Your Business



Pacific Gas and Electric Company (PG&E) offers financing with 0 percent 
interest to help you replace inefficient and worn-out equipment. With 
our Energy Efficiency Financing (EEF), loans range from $5,000 to 
$100,000, and loan payments are made conveniently through your 
PG&E energy statement. Visit www.pge.com/eef for more information, 
eligibility requirements and steps to apply for a loan.
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Process Heating 
Process Boilers

Requirements:
•	This	rebate	is	available	to	industrial	end-use	customers	

who	manufacture	a	saleable	product,	typically	in	North	
American	Industry	Classification	System	(NAICS)	codes		
31-33,	but	other	NAICS	codes	may	apply.

•	Application	must	include	the	manufacturer’s	name	and	
model	name/number	for	the	equipment.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

Exclusions:
Boilers	used	primarily	for	domestic	hot	water,	space	
conditioning,	pools	or	spas	do	not	qualify	for	this	rebate.

Carefully read the specifications below to ensure 
that you are installing qualifying products. All PG&E 
incentives apply towards the purchase of new or 
replacement energy-efficient equipment. Used or
rebuilt equipment is not eligible, and customers 
must include proof that the appliances meet all the 
required energy-efficiency specifications. Please 
note that funding for these programs is limited 
and available on a first-come, first-served basis 
until allocated funds are exhausted or the program 
ends, whichever comes first. This program may be 
modified or terminated without prior notice, and 
additional terms and conditions may apply.

For our most up-to-date catalogs, please visit  
www.pge.com/businessrebates.

Rebate   Rebate/ Performance and
Code Description Unit Measure Eligibility Requirements

H11 Water  $2/MBtu/h
 Process 
 Boiler

• Replacement of process water 
boiler with new boiler

• Must have a combustion test 
under full-load conditions to 
document achieving a minimum 
combustion efficiency of 85% or 
better, as well as an input rating 
of < 20,000 MBtu/h

• Replacement of process steam 
boiler with new boiler

• Must have a combustion test 
under full-load conditions to 
document achieving a minimum 
combustion efficiency of 83% or 
better, as well as an input rating 
of < 20,000 MBtu/h

H15 Steam $2/MBtu/h
 Process 
 Boiler
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Direct Contact Water Heaters

Requirements:
•	Rebate	covers	direct	contact	water	heaters	for	process	

end-uses,	typically	in	NAICS	codes	31-33,	but	other	NAICS	
codes	may	apply.

•	Heater	must	meet	efficiency	requirements	based	on	input	
ratings	shown	in	the	Direct Contact Water Heater Rebate 
table	to	the	right.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

Hot Water Heating
Large Domestic Hot Water Boilers

Requirements:
•	Only	boilers	with	an	input	rating	greater	than		

75,000	Btu/h	qualify.

•	Boiler	must	meet	a	minimum	thermal	efficiency	of		
84	percent	or	higher.

•	Manufacturer’s	specification	sheet	documenting	the	input	
rating	and	efficiency	of	the	boiler	must	be	included	with	
your	application.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.	

•	Applicant	must	be	a	commercial	end-use	customer.

Exclusions:
Water	heaters	used	primarily	for	domestic	hot	water,	space	
conditioning,	pools	or	spas	do	not	qualify	for	this	rebate.

Exclusions:
•	Boiler	cannot	be	used	for	space	conditioning.

•	Boiler	cannot	be	used	for	industrial	(process)	end-use.

ENERGY STAR® High-efficiency Gas Storage Water Heaters

Requirements:
•	Gas	water	heater	must	be	ENERGY	STAR-qualified	and	

have	an	Energy	Factor	(EF)	of	0.67	or	greater.

•	Heater	must	be	a	residential-sized	unit.	

•	Heater	must	be	new	and	meet	or	exceed	all	applicable	
local,	state	and	federal	standards.

•	Check	with	your	contractor	for	installation	requirements		
for	your	installation	address	as	regulations	vary	in	CA.

•	Go	to	www.energystar.gov/productfinder/product/
certified-water-heaters	for	a	list	of	qualifying	residential	
gas	storage	water	heaters	that	meet	or	exceed	the		
EF	requirements.

•	Customer	must	purchase	and	install	this	qualifying	
appliance	between	January	1,	2013	and	December	31,	2014.

•	Installation	address	must	have	a	natural	gas	account		
with	PG&E.

Exclusions:
•	Instantaneous	or	tankless	water	heaters	do	not	qualify.

•	New	construction	(residential	development	projects,		
e.g.	subdivisions)	installations	do	not	qualify.	

•	Commercial-sized	units	do	not	qualify.

•	Thermal	Efficiency	(TE)-rated	units	do	not	qualify.

Water Heater Input Rating Required Efficiency (exceeds Title 20 and 24 standards)

≤ 300 MBtu/h AFUE of ≥ 88%

> 300 MBtu/h Thermal efficiency > 90%

Direct Contact Water Heater Rebate

Rebate    Rebate/
Code Description Unit Measure

H16 Direct Contact Water Heater $2/MBtu/h

Rebate    Rebate/
Code Description Unit Measure

H105 Large Domestic Hot Water Boiler $1.50/MBtu/h

Rebate    Rebate/
Code Description Unit Measure

HA58 ENERGY STAR High-efficiency  $200/unit
 Gas Storage Water Heater 
 EF of 0.67 or greater



Apply or check the status of your rebate online through eRebates at www.pge.com/mybusiness/erebates. For more information and for  
the most up-to-date catalogs, visit www.pge.com/businessrebates or call our Business Customer Service Center at 1-800-468-4743.
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Ozone Laundry System

Requirements:
•	Customer	must	have	a	natural	gas-fired	boiler	or	natural	

gas	water	heater	that	supplies	hot	water	to	the	on-premise	
laundry	equipment.

•	This	rebate	only	applies	to	the	following	types	of	facilities	
with	on-premise	laundry	operations:

§	Hotels	and	motels	with	fewer	than	250	guest	rooms

§	Fitness	and	recreational	sports	centers

•	The	ozone	laundry	system	must	be	a	new,	purchased	
product	and	must	be	added	onto	a	new	or	existing	
commercial	washing	machine.

•	The	ozone	laundry	system	must	transfer	ozone	into	the	
water	through	Venturi	Injection	or	bubble	diffusion.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

ENERGY STAR® Electric Heat  
Pump Water Heaters

Requirements:
•	Electric	heat	pump	water	heater	must	have	an	Energy		

Factor	(EF)	of	2.0	or	greater.

•	Heater	must	be	a	residential-sized	unit.	

•	Heater	must	be	new	and	meet	or	exceed	all	applicable	local,	
state	and	federal	standards.

•	Check	with	your	contractor	for	installation	requirements		
for	your	installation	address	as	regulations	vary	in	CA.

•	Go	to	www.energystar.gov/productfinder/product/ 
certified-water-heaters	for	a	list	of	qualifying	residential	
electric	heat	pump	water	heaters	that	meet	or	exceed	the		
EF	requirements.

•	Customer	must	purchase	and	install	this	qualifying	appliance	
between	January	1,	2013	and	December	31,	2014.

•	Installation	address	must	have	an	electric	account	with	PG&E

Exclusions:
•	Instantaneous	or	tankless	water	heaters	do	not	qualify.

•	New	construction	(residential	development	projects,	e.g.	
subdivisions)	installations	do	not	qualify.	

•	Commercial-sized	units	do	not	qualify.

•	Thermal	Efficiency	(TE)-rated	units	do	not	qualify.

Application process:
•	Hotel	customers	must	provide	their	total	number	of		

guest	rooms	on	the	invoice.

•	Application	must	include	a	manufacturer’s	specification	
sheet	documenting	the	manufacturer’s	name,	the	
equipment	model	and	the	ozone	laundry	system’s		
serial	number.

•	Application	must	include	total	washer	capacity	in	pounds	
for	operating	washer	units	with	ozone	laundry	systems.

Rebate    Rebate/
Code Description Unit Measure

HA47 ENERGY STAR Electric Heat Pump $500/unit  
 Water Heater 
 EF of 2.0 or greater

Rebate   Rebate/
Code Description Unit Measure

B85 Ozone Laundry System $39/lb washing
  machine capacity 
  which is connected  
  to the ozone 
  laundry system
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Pool Heating
Commercial Pool and Spa Heaters

Requirements:
•	Heater	must	replace	existing	commercial	pool	heater.

•	Heater	must	be	certified	to	meet	the	following	requirements:

§	Must	be	equal	to	or	greater	than	84	percent		
thermal	efficiency

§	Must	have	an	on/off	switch	and	have	no	pilot	light

•	Go	to	www.appliances.energy.ca.gov/quicksearch.aspx		
and	select	the	“Pool	Products”	category	for	a	list	of	qualifying	
products	with	a	thermal	efficiency	of	84	percent	or	greater.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

Space Heating 
Space Heating Boilers

Purchase and install a qualifying space heating boiler and 
PG&E will help pay for it.

Requirements:
•	Must	be	used	for	space	heating	for	human	comfort	per		

CEC	Title	20	and	24.	

•	Must	provide	with	rebate	application	the	manufacturer’s	
specifications	sheet	showing	specified	efficiency	rating.	

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

Space Heater Boiler Rebates

Rebate    Rebate/
Code Description Unit Measure

HV011 Space heating atmospheric  $1/MBtu/h 
 water boiler AFUE ≥ 84.5% 
 and input rating < 300 MBtu/h
HV012 Space heating forced draft  $1/MBtu/h 
 water boiler AFUE ≥ 84.5% 
 and input rating < 300 MBtu/h
HV013 Space heating condensing  $2/MBtu/h
 water boiler AFUE ≥ 94% 
 and input rating < 300 MBtu/h
HV014 Space heating atmospheric water boiler  $1/MBtu/h
 thermal efficiency of ≥ 85% and input 
 rating 300 MBtu/h and ≤ 2500 MBtu/h
HV015 Space heating forced draft water boiler  $1/MBtu/h
 thermal efficiency of ≥ 85% and input 
 rating 300 MBtu/h and ≤ 2500 MBtu/h
HV016 Space heating condensing water boiler  $2/MBtu/h
 thermal efficiency of ≥ 94% and input 
 rating 300 MBtu/h and ≤ 2500 MBtu/h
HV017 Space heating atmospheric water boiler  $1/MBtu/h
 combustion efficiency of ≥ 85% and 
 input rating > 2500 MBtu/h
HV018 Space heating forced draft water boiler  $1/MBtu/h
 combustion efficiency of ≥ 85% or 83% 
 TE and input rating > 2500 MBtu/h
HV019 Space heating condensing water boiler  $2/MBtu/h
 thermal efficiency of ≥ 94% and input 
 rating > 2500 MBtu/h
HV020 Space heating atmospheric  $1/MBtu/h
 steam boiler AFUE ≥ 82% and 
 input rating < 300 MBtu/h
HV021 Space heating forced draft  $1/MBtu/h
 steam boiler AFUE ≥ 82% and 
 input rating < 300 MBtu/h
HV022 Space heating atmospheric steam boiler  $1/MBtu/h
 thermal efficiency of ≥ 85% and input 
 rating 300 MBtu/h and ≤ 2500 MBtu/h
HV023 Space heating forced draft steam boiler  $1/MBtu/h 
 thermal efficiency of ≥ 85% and input 
 rating 300 MBtu/h and ≤ 2500 MBtu/h
HV024 Space heating atmospheric steam boiler  $1/MBtu/h
 combustion efficiency of ≥ 80% or 81% 
 TE and input rating > 2500 MBtu/h
HV025 Space heating forced draft steam boiler  $1/MBtu/h
 combustion efficiency of ≥ 80% or 81% 
 TE and input rating > 2500 MBtu/h

Rebate    Rebate/
Code Description Unit Measure

H103 Commercial Pool and Spa Heater $2/MBtu/h



Apply or check the status of your rebate online through eRebates at www.pge.com/mybusiness/erebates. For more information and for  
the most up-to-date catalogs, visit www.pge.com/businessrebates or call our Business Customer Service Center at 1-800-468-4743.
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Steam Traps
Steam Traps

Requirements:
•	Industrial	steam	traps	are	for	end-use	customers	who	

manufacture	a	saleable	product	(some	exceptions	apply).	
New	industrial	steam	traps	must	replace,	one-for-one,	
existing	failed	steam	traps.

•	For	Industrial	low-pressure	steam	traps	(rebate	code	H201)	
and	industrial	high-pressure	steam	traps	(rebate	code	
H202),	the	following	conditions	must	be	met:

§	Steam	trap	must	replace	a	failed	industrial	steam	trap.

§	Facilities	with	less than 100	existing	industrial	steam	
traps	at	a	given	location	must	fill	out	a	pre-installation	
datasheet.	To	receive	the	datasheet,	please	contact	
your	PG&E	account	representative	or	call	our	Business	
Customer	Service	Center	1-800-468-4743.

§	Facilities	with	more than 100	existing	industrial	steam	
traps	at	a	given	location	must	undergo	a	steam	trap	
measurement	survey	before	installation.	To	schedule	a	
pre-installation	steam	trap	measurement	survey,	please	
contact	your	PG&E	account	representative	or	call	our	
Business	Customer	Service	Center	1-800-468-4743.

•	Application	must	be	accompanied	by	the	manufacturer’s	
specification	sheet	for	the	steam	trap	that	replaces	the	
existing	trap,	as	well	as	the	invoice	for	the	purchase.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

Exclusions:
Please	note	that	new	construction	projects	are	not	eligible	
for	this	rebate.

Insulation
Pipe Insulation

Requirements:
•	Minimum-qualifying	nominal	pipe	diameter	is	0.5	inch		

and	minimum-qualifying	insulation	thickness	is	1	inch.

•	The	pipes	must	transfer	fluid	directly	from	gas-fired	
equipment,	and	insulation	materials/accessories	must		
be	installed	according	to	manufacturer	instructions.

•	Application	must	include	the	manufacturer’s	name,	
insulation	material	type	and	material	K-value	rating.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.	Only	customer	accounts	with	annual	
use	of	less	than	250,000	therms	qualify.

Exclusions:
•	Pipe	with	preexisting	insulation	does	not	qualify,	and		

this	rebate	cannot	be	used	for	the	replacement	of	old		
or	damaged	insulation.

•	California	Building	Energy	Efficiency	Standards	(Title	24),	
Section	123,	establishes	requirements	for	pipe	insulation	
in	the	design	and	installation	of	space-conditioning	and	
service	water	heating	systems	and	equipment.	Any		
pipe	requiring	insulation	according	to	these	standards		
does	not	qualify	for	a	rebate.	Details	are	available	at		
www.energy.ca.gov/title24.

•	Pipe	insulation	for	exposed	steam	and	hot-water	pipes	
within	7	feet	of	the	floor	that	are	not	otherwise	guarded	
in	such	manner	as	to	prevent	contact	does	not	qualify	for	
rebate.	Occupational	Safety	and	Health	Administration	
(OSHA)	standards	require	that	exposed,	heated	surfaces		
be	covered	to	prevent	injury.

Rebate    Rebate/
Code Description Unit Measure

H201 Industrial Low-pressure Steam Traps  $100/unit
 ≤ 15 PSIG  
H202 Industrial High-pressure Steam Traps $290/unit 
 > 15 PSIG 

Rebate    Rebate/
Code Description Unit Measure

H664  Pipe Insulation (1" thick), installed on hot $2/linear ft. 
 water pipes with a diameter between 0.5" 
 and < 1", which are connected to gas-fired 
 equipment

H665  Pipe Insulation (1" thick), installed on hot $2/linear ft.  
 water pipes with a diameter ≥ 1", which 
 are connected to gas-fired equipment

H666  Pipe Insulation (1" thick), installed on $3/linear ft. 
 low-pressure steam pipes (< 15 PSIG) 
 with a diameter between 0.5" and < 1", 
 which are connected to gas-fired equipment 

H667  Pipe Insulation (1" thick), installed on $3/linear ft.
 low-pressure steam pipes (< 15 PSIG) 
 with a diameter ≥ 1", which are connected 
 to gas-fired equipment

H668  Pipe Insulation (1" thick), installed on $3/linear ft. 
 high-pressure steam pipes (≥ 15 PSIG) 
 with a diameter between 0.5" and < 1", 
 which are connected to gas-fired equipment

H669  Pipe Insulation (1" thick), installed on  $3/linear ft.
 high-pressure steam pipes (≥ 15 PSIG) 
 with a diameter ≥ 1", which are connected 
 to gas-fired equipment
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Tank Insulation

Requirements:
•	One	or	two	inches	of	fiberglass	or	foam	insulation		

must	be	added	to	existing	bare	liquid,	solution	storage		
or	transfer	tanks.	The	insulation	thickness	and	tank	
solution	temperature	will	determine	the	rebate	amount.

•	The	tanks	must	be	coupled	to	gas-fired	commercial	or	
industrial	equipment	that	transfers	heat	to	the	contained	
liquid	or	solution.

•	Insulation	materials	and	accessories	must	be	installed	
according	to	manufacturer	instructions.

•	Application	must	include	the	manufacturer’s	name,	
insulation	material	type	and	material	K-value	rating.

•	Installation	address	must	have	a	commercial	natural	gas	
account	with	PG&E.

Exclusions:
•	Tanks	with	preexisting	insulation	do	not	qualify	for	a		

rebate.	This	rebate	cannot	be	used	for	the	replacement		
of	old	or	damaged	insulation.

•	California	Building	Energy	Efficiency	Standards		
(Title	24),	Section	123,	establishes	requirements	for	
tank	insulation	in	the	design	and	installation	of	space-
conditioning	and	service	water	heating	systems	and	
equipment.	Any	tank	requiring	insulation	per	these	
standards	does	not	qualify	for	a	rebate.	Details	are	
available	at	www.energy.ca.gov/title24.

•	Tanks	insulated	within	7	feet	of	the	floor	do	not	qualify		
for	rebates.	The	Occupational	Safety	and	Health	
Administration	(OSHA)	standards	require	that	exposed,	
heated	surfaces	be	covered	to	prevent	injury.

Rebate    Rebate/
Code Description Unit Measure

H115  1" Tank Insulation, Low Temp. Solution $2/sq. ft.
 (120° F–170° F) 

H114  1" Tank Insulation, High Temp. Solution $3/sq. ft. 
 (170° F–200° F)  

H18 2" Tank Insulation, High Temp. Solution $4/sq. ft. 
 (170° F–200° F) 



Apply or check the status of your rebate online through eRebates at www.pge.com/mybusiness/erebates. For more information and for  
the most up-to-date catalogs, visit www.pge.com/businessrebates or call our Business Customer Service Center at 1-800-468-4743.
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Definitions 
Annual Fuel Utilization Efficiency (AFUE):	Measures	
the	percentage	of	fuel	that	is	converted	into	usable	
heating	energy.	For	example,	a	90	percent	AFUE	furnace	
means	that	90	percent	of	the	fuel	is	used	in	heating	your	
facility,	while	10	percent	escapes	as	exhaust	with	the	
combustion	gases.

Btu:	British	thermal	unit,	which	refers	to	the	amount		
of	heat	required	to	raise	the	temperature	of	1	pound		
of	water	by	1	degree	Fahrenheit.

Btu/h:	British	thermal	unit	per	hour.

Bubble Diffusion:	A	laundry	method	of	inserting	ozone	
into	water	by	continuously	bubbling	ozone	directly	into	
the	drum	of	the	washer	throughout	the	wash	cycle.

End-use Customers:	Customers	who	acquire		
energy	for	their	own	consumption.

Energy Factor (EF):	The	measure	of	a	water	heater’s	
efficiency.	EF	is	based	on	recovery	efficiency,	standby	
losses	and	cycling	losses.	The	higher	the	EF,	the	more	
efficient	the	water	heater.

K-value: This	refers	to	thermal	conductivity	and		
has	a	unit	of	Btu	inch,	per	hour,	per	square	foot,		
per	degree	Fahrenheit.

MBtu: 1,000	British	thermal	units.

MBtu/h: 1,000	British	thermal	units	per	hour.	

Pressure per Square Inch (PSIG):	Refers	to	the	pounds	
of	steam	pressure	per	square	inch,	as	shown	on	a	
gauge.	The	steam	system	should	have	a	steam	pressure	
gauge	attached	which	reads	the	pressure	of	the	steam	
in	the	pipes.	The	pressure	gauge	will	read	out	in	pounds	
of	pressure	per	square	inch	(PSIG).

Total Washer Capacity: Refers	to	the	rated	capacity		
of	installed	and	operating	washing	machine	units	that	
will	be	connected	to	an	ozone	laundry	system.

Venturi Injection:	A	laundry	method	of	inserting		
ozone	directly	into	the	cold	water	supply	line	leading		
to	a	washer	using	very	high	pressure.



More ways for your business to save money.

Looking for more information on PG&E rebates and incentives for your business?  
Visit www.pge.com/businessrebates to access the latest rebate information and  
catalogs. If you are ready to apply for a rebate, you can download an application at  
www.pge.com/businessrebates. You may also apply online and check the status of  
your rebate(s) through PG&E’s eRebates at www.pge.com/mybusiness/erebates.

PG&E offers a wide range of tools and resources at www.pge.com/mybusiness/
energysavingsrebates that can help your business save energy and money and  
help the environment:

• Sign up for Automated Benchmarking Service at www.pge.com/benchmarking, so  
that you can use the ENERGY STAR® Portfolio Manager to track and compare your  
facility’s energy performance over time.

• Use PG&E’s audit tools to identify options for saving energy and money at your facility,  
and get started on developing a comprehensive energy management plan. Visit the  
Business Energy Checkup at www.pge.com/waystosave.

• Find a suite of customized incentives for retrofitting outdated, inefficient equipment, 
as well as incentives to optimize existing equipment through PG&E’s Retrocommissioning 
(RCx) Program.

• Explore PG&E’s Demand Response programs, which offer incentives for managing your 
energy use during times of peak demand.

• Check out PG&E’s incentives for solar, wind and fuel cell self-generation equipment,  
if you are considering generating your own electricity.

You may also learn more about these programs, tools and offers by contacting your local  
PG&E account representative or by calling our Business Customer Service Center at  
1-800-468-4743. 

Ready to get started with your next project and need the help of a contractor? Find local  
vendors who participate in PG&E’s Energy-efficiency Rebates for Your Business program  
at www.pge.com/tradeprodirectory.
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Your Bill & Account Save Money Rates Services

Customized Retrofit Incentives
Save energy and money with PG&E's customized incentives for business energy efficiency retrofit projects involving the
installation of highefficiency equipment or systems.

Incentives for 2014

Businesses that install energysaving equipment are rewarded with cash payments, based on the actual annual kWh or
therm savings that are achieved.

2014 Incentives Rates

Basic Lighting $0.03 / kWh Targeted Lighting $0.08 / kWh

Basic NonLighting $0.08 / kWh Targeted NonLighting $0.15 / kWh

Natural Gas $1.00 / therm Peak Demand $150 / kW

The 2014 program opens January 1, 2014. Applications are accepted until December 31, 2014 or until all of the Utility
Administrator's customized incentive funds are committed.

Eligibility

You must be a PG&E customer and pay the Public Goods Charge on your electric and/or natural gas bill.

You must submit a project application.

PG&E must inspect and approve the project prior to the removal of the existing equipment/systems and the installation
of new equipment/systems.

PG&E finalizes the incentive amounts after completing project approval. The actual incentive amount may vary from
the submitted amount.

California Public Utilities code states that all customers must certify compliance with applicable permitting and
licensing requirements via the Incentive Recipient Certification Form.

For projects that include HVAC replacement measures, the licensed contractor installing or overseeing the installation
of the HVAC measure must also certify compliance via the Contractor Certification Form.

Customized Retrofit – Demand Response

PG&E also offers technology incentives for the installation of equipment or control software that provide Demand
Response for Customized Retrofit. Businesses that install and utilize demand response equipment are rewarded with
incentives based on the amount of peak load reduction they are able to achieve.

Some Examples of Eligible Measures

Interior and Exterior Lighting retrofits

Chiller replacements

VariableSpeed Drive installations

Reflective Window Film installations

Boiler replacements

See Section 1 of the Statewide Customized Offering Manual for more examples

Total incentive payments are based on actual reduction in energy usage. Customers and/or their consultants may sponsor
projects under this approach. Be sure to contact PG&E early in the process and before you start your project, so that we
can help you identify the appropriate application forms, confirm your eligibility, offer advice on the technical aspects of
your application, generally, and walk you through the process.

How To Apply

Fill out Customized Retrofit Application Form. (XLS)

Rebates & Incentives

By Business

By Equipment

eRebates

Rethink HVAC

Lighting

Customized Retrofit
Incentives

New Construction Incentives

Tax CreditsEnergy Policy
Act

Retrocommissioning (RCx)

Energy Efficiency Financing

Energy Management
Programs

Business Resource Center

Energy Advisor Newsletter

Tips & HowTo's

Solar and Renewables

Energy Efficiency Partners

For My Business About Contact Us Safety English Go Log inSearch

Rate Information

TimeVarying Pricing

http://www.aesc-inc.com/download/spc/2014SPCDocs/PGE/2014%20PGE%20app%20forms.xlsm
http://www.pge.com/en/mybusiness/rates/index.page?
http://www.pge.com/mybusiness/
http://www.pge.com/en/mybusiness/account/index.page?
http://www.pge.com/en/mybusiness/save/solar/solar.page?
http://www.pge.com/en/mybusiness/save/tips/index.page?
http://www.pge.com/en/mybusiness/save/rebates/onbill/index.page?
http://www.pge.com/en/mybusiness/save/rebates/byequipment/index.page?
http://www.pge.com/en/mybusiness/save/rebates/hvac/index.page?
http://www.pge.com/en/mybusiness/save/rebates/inc/index.page?
http://www.pge.com/en/mybusiness/save/rebates/ief/index.page?
http://www.pge.com/en/mybusiness/save/energymanagement/index.page?
http://www.pge.com/en/mybusiness/save/rebates/bybusiness/index.page?
http://www.pge.com/en/mybusiness/save/newsletter/index.page?
https://www.pge.com/csol
http://www.pge.com/mybusiness/
http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/rebatesincentives/ief/contractor_certification_form.pdf
http://www.pge.com/en/mybusiness/rates/rateinfo/index.page?
http://www.pge.com/mybusiness/energysavingsrebates/demandresponse/adrp/
http://www.pge.com/
http://www.pge.com/en/about/index.page?
http://www.pge.com/en/mybusiness/rates/tvp/index.page?
http://www.pge.com/en/mybusiness/save/rebates/index.page?
http://www.pge.com/en/mybusiness/services/index.page?
http://www.pge.com/en/mybusiness/save/rebates/retrocommissioning/index.page?
http://www.pge.com/en/mybusiness/save/rebates/lighting/index.page?
http://www.pge.com/en/mybusiness/save/energyefficiencycontractors/index.page?
http://www.pge.com/en/mybusiness/save/rebates/taxcredit/index.page?
http://www.pge.com/en/mybusiness/save/index.page?
http://www.pge.com/en/mybusiness/save/rebates/erebates/index.page?
http://www.pge.com/en/mybusiness/save/smbblog/index.page?
http://www.pge.com/mybusiness/customerservice/contact/
http://www.pge.com/safety/
http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/rebatesincentives/ief/incentive_recipient_certification_form.pdf
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About Careers Contact Us Privacy Newsroom Regulation

"PG&E" refers to Pacific Gas and Electric Company, a subsidiary of PG&E Corporation. © 2014 Pacific Gas and Electric Company. All rights reserved.

Mail it to your PG&E representative or to the address on the application.

Statewide Customized Offering Manual

Introduction: Summary of Offering Rules (PDF)

Section 1: Offering Overview and Policies (PDF)

Section 2: Customized Calculated Savings Guidelines (PDF)

Section 3: Demand Response Program Overview and Policies (PDF)

Appendices

Appendix A: Sample Agreement (PDF)

Appendix B: Table of Standard Fixture Wattages and Sample Lighting Table (PDF)

Appendix C: Minimum Equipment Efficiency Standards (PDF)

Appendix D: Building Descriptions and Climate Zones (PDF)

Appendix E: Table of PreQualified LED Fixtures/Luminaires and Qualification Process (EPDF) (EExcel) – Updated
November 15, 2014

Appendix F: Table of PreQualified Integral LED Lamps & Qualification Process (FPDF) (FExcel) – Updated
November 15, 2014

PG&E Custom Lighting Template (ZIP) – Updated May 2014

Archives

2012 CRDR Manual, Forms and Software

2011 CRDR Manual, Forms and Software

2010 CRDR Manual, Forms and Software

For more information, contact your PG&E representative at 18004684743 or email the Business Customer Service
Center. We encourage you to contact PG&E before submitting your application and other required documentation.

Energy Efficiency Financing

Fund your energy efficiency retrofits using PG&E’s Energy Efficiency Financing progam. Commercial customers may
borrow up to $100,000, and government agencies may borrow up to $250,000 to perform lighting, HVAC, refrigeration and
other retrofits – with 0% interest loans repaid through your utility bill! 
Learn More >>

http://careers.pge.com/
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/App%20C%20Min%20Equipment%20Efficiency.pdf
http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/incentiveapplicationnrrdr/index2010.shtml
http://www.pge.com/campaigns/2009/p3/smartmeter01-home.html
http://www.pge.com/campaigns/2009/p3/diversityinclusion-bus.shtml
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/App%20D%20Building%20Descriptions.pdf
http://twitter.com/pge4me
mailto:businesscustomerhelp@pge.com
http://www.facebook.com/pacificgasandelectric
http://www.pge.com/about/newsroom/
http://www.youtube.com/user/pgevideo
http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/incentiveapplicationnrrdr/index2011.shtml
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/App%20B%20Standard%20Fixture%20Watts.pdf
http://www.aesc-inc.com/download/spc/2012SPCDocs/UnifiedManual/Customized%203.0%20Demand%20Response%20-%20PG&E.pdf
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/Customized%201.0%20Policy.pdf
http://www.pge.com/en/myhome/addservices/contactus/index.page?
http://www.pge.com/en/about/company/regulation/index.page?
http://www.pge.com/en/mybusiness/save/rebates/onbill/index.page
http://www.pge.com/en/about/company/privacy/index.page?
http://www.pgecurrents.com/
http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/incentiveapplicationnrrdr/index2012.shtml
http://www.pge.com/campaigns/2011/p3/food_service.shtml
http://www.pge.com/en/about/index.page?
http://www.aesc-inc.com/download/spc/2014SPCDocs/UnifiedManual/App%20E%20Approved%20LED%20Lighting.pdf
http://www.aesc-inc.com/download/spc/2014SPCDocs/UnifiedManual/App%20E%20Approved%20LED%20Lighting.xls
http://www.aesc-inc.com/download/spc/2014SPCDocs/UnifiedManual/App%20F%20LED%20Lamps%20Qualification%20Process.pdf
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/App%20A%20Sample%20Agreement.pdf
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/Customized%20Summary%20of%20Program%20Rules.pdf
http://www.aesc-inc.com/download/spc/2013SPCDocs/PGE/Customized%202.0%20Energy%20Savings.pdf
http://www.pge.com/includes/docs/word_xls/mybusiness/energysavingsrebates/rebatesincentives/ief/PGE_CustomLightingTemplate.zip
http://www.aesc-inc.com/download/spc/2014SPCDocs/UnifiedManual/App%20F%20LED%20Lamps%20Qualification%20Process.xls
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Your Bill & Account Save Money Rates Services

Customized Retrofit Incentives

(previously known as Non Residential Retrofit – NRR, also
known as the Statewide Customized Offering for Business)
Save energy and money with Pacific Gas and Electric Company’s
customized incentives for business energy efficiency retrofit projects
involving the installation of highefficiency equipment or systems.

Incentives for 2011
Businesses that install energysaving equipment are rewarded with
cash payments, based on the actual annual kWh or therm savings that
are achieved.

The 2011 program opens January 1st 2011. Applications are accepted
until December 31, 2011 or until all of the Utility Administrator's
customized incentive funds are committed.

Eligibility

You must be a PG&E customer and pay the Public Goods
Charge on your electric and/or natural gas bill.

You must submit a project application.

PG&E must inspect and approve the project prior to the removal
of the existing equipment/systems and the installation of new
equipment/systems.

PG&E finalizes the incentive amounts after completing project
approval. 
The actual incentive amount may vary from the submitted
amount.

Customized Retrofit – Demand Response

PG&E also offers technology incentives for the installation of
equipment or control software that provide Demand Response for
Customized Retrofit. Businesses that install and utilize demand
response equipment are rewarded with incentives based on the amount
of peak load reduction they are able to achieve.

Some Examples of Eligible Measures

Interior and Exterior Lighting retrofits

Chiller replacements

VariableSpeed Drive installations

Reflective Window Film installations

Boiler replacements

See Section 1 of the Statewide Customized Offering Manual for
more examples

Total incentive payments are based on actual reduction in energy
usage. Customers and/or their consultants may sponsor projects under
this approach. Be sure to contact PG&E early in the process and

OnBill Financing

Customized Retrofit and Technology
Incentives Fact Sheet 

2009 Operating Report Form

Additional Info

Related Links

Rebates & Incentives

Energy Management
Programs

Business Resource Center

Energy Advisor Newsletter

Tips & HowTo's

Solar and Renewables

Energy Efficiency Partners

2011 Incentives Rates

Lighting $0.05 / kWh Other $0.09 / kWh

AC&R I $0.15 / kWh AC&R II $0.09 / kWh

Natural Gas $1.00 / therm All Measures $100 / Peak KW

For My Business About Contact Us Safety English Go Log inSearch

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/taxcredit/onbillfinancing/
http://www.pge.com/mybusiness/customerservice/contact/
http://www.pge.com/en/mybusiness/account/index.page?
http://www.pge.com/en/mybusiness/save/tips/index.page?
http://www.pge.com/en/mybusiness/services/index.page?
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http://www.pge.com/en/mybusiness/save/smbblog/index.page?
http://www.pge.com/en/mybusiness/save/newsletter/index.page?
http://www.pge.com/en/mybusiness/rates/index.page?
http://www.pge.com/mybusiness/
https://www.pge.com/csol
http://www.pge.com/safety/
http://www.pge.com/en/mybusiness/save/rebates/index.page?
http://www.pge.com/mybusiness/energysavingsrebates/demandresponse/tatip/
http://www.pge.com/en/mybusiness/save/energyefficiencycontractors/index.page?
http://www.pge.com/
http://www.pge.com/en/mybusiness/save/energymanagement/index.page?
http://www.pge.com/en/mybusiness/save/solar/solar.page?
http://www.pge.com/en/about/index.page?
http://www.pge.com/mybusiness/
http://www.spc-nrrdr.com/download/2009SPCDocs/PGE/2009%20PG&E%20OR%20form.xls
http://www.pge.com/en/mybusiness/save/index.page?
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before you start your project, so that we can help you identify the
appropriate application forms, confirm your eligibility, offer advice on
the technical aspects of your application, generally, and walk you
through the process.

Use our Statewide Customized Calculation Tool to estimate your
potential energy savings financial incentive and to support your
application. The 2011 program manual and application for the non
residential retrofit are also included with this calculator.

How To Apply

2011 Customized Retrofit Application Form. (XLS, 781 KB)

Mail it to your PG&E representative or to the address on the
application

Statewide Customized Offering Manual

Introduction Summary of Offering Rules (PDF, 51 KB)

Section 1 Offering Overview and Policies (PDF, 349 KB)

Section 2 Estimating Energy Savings and Incentives (PDF, 490 KB)

Section 3 Demand Response Program Overview and Policies
(PDF, 160 KB)

Appendices

Appendix A. Sample Agreement (PDF, 105 KB)

Appendix B. Table of Standard Fixture Wattages and Sample
Lighting Table (PDF, 929 KB)

Appendix C. Minimum Equipment Efficiency Standards (PDF, 1.9
MB)

Appendix D. Building Descriptions and Climate Zones (PDF, 683 KB)

Appendix E. Table of PreQualified LED Fixtures/Luminaires and
Qualification Process (PDF, 527 KB)

Appendix F. Table of PreQualified Integral LED Lamps &
Qualification Process (PDF, 106 KB)

Archives

2010 CRDR Manual, Forms and Software

For more information, contact your PG&E representative at 1800468
4743 or email the Business Customer Service Center. We encourage
you to contact PG&E before submitting your application and other
required documentation.

OnBill Financing

Fund your energy efficiency retrofits using PG&E’s Energy Efficiency
Retrofit Loan Program, also known as OnBill Financing. Commercial
customers may borrow up to $100,000, and government agencies may
borrow up to $250,000 to perform lighting, HVAC, refrigeration and
other retrofits – with 0% interest loans repaid through your utility bill! 
Learn more >>

http://www.aesc-inc.com/download/SPC/2010/SPC2010install.exe
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/Customized%203.0%20Demand%20Response%20-%20PG&E.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/pge/2011%20PG&E%20app%20forms.xls
http://www.pge.com/campaigns/2011/p3/federal_government.shtml
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/App%20A%20Sample%20Agreement.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/Customized%20Summary%20of%20Program%20Rules.pdf
http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/incentiveapplicationnrrdr/index2010.shtml
http://www.aesc-inc.com/download/SPC/2011SPCDocs/UnifiedManual/App%20E%20Approved%20LED%20Lighting.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/App%20D%20Building%20Descriptions.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/Customized%202.0%20Energy%20Savings.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/App%20C%20Min%20Equipment%20Efficiency.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/App%20B%20Standard%20Fixture%20Watts.pdf
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/App%20F%20LED%20Lamps%20and%20Qualification%20Process.pdf
http://www.pge.com/campaigns/2011/p3/high_tech.shtml
http://www.pge.com/campaigns/2008/p3/foodagriculture01-bus.html
http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/taxcredit/onbillfinancing/
http://www.aesc-inc.com/download/spc/2011SPCDocs/UnifiedManual/Customized%201.0%20Policy.pdf
mailto:businesscustomerhelp@pge.com


From: Lin, Jin Lu (Jim)@DWR
To: Jill  Sunahara
Cc: Saltsman, Cory@DWR
Subject: RE: Question for the Water-Energy Grant Application
Date: Friday, December 05, 2014 3:04:02 PM

Correct.
By doing so, you will receive the credits from GHG emissions reduction as well as from energy
savings.
 
Jim
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Friday, December 05, 2014 3:01 PM
To: Lin, Jin Lu (Jim)@DWR
Cc: Saltsman, Cory@DWR
Subject: RE: Question for the Water-Energy Grant Application
 
Hi Jim~
 
Thanks for the follow up call.
As instructed, we will not show hot water savings in Steps 3 and 4. Instead, we will show energy
savings in Step 10 (therms converted to kWh/Year)
 
Thank you!!
~Jill~
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Friday, December 05, 2014 2:42 PM
To: 'Lin, Jin Lu (Jim)@DWR'
Cc: 'Saltsman, Cory@DWR'
Subject: FW: Question for the Water-Energy Grant Application
 
Hi Jim~
 
Thanks for the information on the Btu conversions.
 
However, the issue below is still unresolved.  Please advise on how to represent the water/energy
savings of industrial ozone laundry systems.
 
Thanks,
~Jill~
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Monday, November 24, 2014 11:53 AM
To: 'laura.peters@water.ca.gov'
Cc: 'ted.daum@water.ca.gov'
Subject: FW: Question for the Water-Energy Grant Application
 

mailto:Jim.Lin@water.ca.gov
mailto:Jill@horizonh2o.com
mailto:Cory.Saltsman@water.ca.gov
mailto:jill@horizonh2o.com
mailto:jill@horizonh2o.com
mailto:laura.peters@water.ca.gov
mailto:ted.daum@water.ca.gov


Hi Laura~
 
Also, we have another question. One of our projects involves installation of industrial ozone laundry
upgrades at a handful of hotels. 
We are having an issue with the Attachment 2 water/energy savings spreadsheet.
When we enter the basic 10 steps, an error pops up in Cell D24.  This is because for the ozone
systems, the volume of hot water saved exceeds the volume of water savings.
 
Below is an explanation from the ozone system installers:
 
“We get this comment a lot and we understand how it can be confusing to see hot water savings
greater than total water savings.  The reason is this.  When washing with ozone, we are able to
reduce the use of hot water in the wash formulas between 90 to 98%.  The hot water instead is
being replaced by cold water so water is still being used.  In washing with ozone, we are also able to
shorten the wash formulas resulting in the reduction of the wash time and total amount of water
used.  These are two separate issues that explain how the therms and water savings are each
achieved.
 
Attached is an Ozone Fact Sheet prepared by PG&E a few years ago.  The data they used in this
report was provided by us, Total Ozone Solutions, as a result of monitoring water usage both pre
and post installation of the ozone system at these accounts, our customers.  We installed meters,
monitored the activity and provided a documented report to PG&E.  If you look at page 3, you will
see two columns discussing both the hot and total water savings.  They show how the hot water
exceeds the total water savings.”
 
Please advise us on how to fill in the Excel spreadsheet.  Is it ok to have the error in Cell D24?
Thanks and have a wonderful Thanksgiving holiday!
~Jill~
 
Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612
P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com
 
 
 
 

From: Jill Sunahara [mailto:jill@horizonh2o.com] 
Sent: Wednesday, November 19, 2014 4:49 PM
To: 'laura.peters@water.ca.gov'
Cc: 'ted.daum@water.ca.gov'
Subject: Question for the Water-Energy Grant Application
 

mailto:jill@horizonh2o.com
file:////c/www.horizonh2o.com
mailto:jill@horizonh2o.com
mailto:laura.peters@water.ca.gov
mailto:ted.daum@water.ca.gov
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1  
Executive Summary 

kW Engineering performed an ASHRAE Level 2 energy audit of this 204,000 sq.ft. high school 

campus located at 8601 Macarthur Street in Oakland, California. The site visit took place on 

June 11, 2012.  

The goal of energy audits is to identify, evaluate and prioritize possible energy-savings measures 

in order to empower building owners and managers to reduce their energy and water bills. 

Building managers can use the measures laid out in this audit to build a realistic roadmap for 

financing and implementing energy-efficiency measures. Measures are divided into no-cost, low-

cost and capital-intensive measures to facilitate financial planning. Finally, we completed a brief 

analysis of energy billing data, including benchmarking comparisons against data for schools in 

northern California. 

We have identified nine potential measures, totaling 225,635 kWh and 9,106 therms of annual 

savings, amounting to $36,000 of savings per year or about 14% of the current annual utility 

bills. These measures would require an investment of about $100,000 and could qualify for 

utility incentives of $14,400, resulting in a net payback after incentives of 2.3 years. In addition, 

these measures will contribute to upgrading the existing mechanical and lighting systems, 

improving occupant comfort and reducing maintenance costs.  
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1.1 Your Cost Reduction Opportunities  

The following tables summarize the measures that are recommended for this site. 

Annual Savings Costs and Payback

Peak 

Savings 

(kW)

Electricity 

Savings 

(kWh/yr)

Gas Savings 

(therms/yr)

 Total Cost 

Savings ($/yr) 

at current 

rate 

(13.15ct/kWh) 

Savings As 

% Of 

Annual 

Energy Bills

 Emissions 

Reduction (lbs 

CO2/yr) 

Measure Cost
Potential 

Incentive

Net Measure 

Cost

Estimated 

Payback After 

Incentive (yr) 

at current rate 

(13.15ct/kWh)

 NPV ($) at 

current rate 

(13.15ct/kWh) 

NCM-1
Utilize Existing Pool Covers Any 

Time Pool is Unoccupied
0.0 -             3,794 2,663$           1.0% 51,017 -$                   -$                 -$                    0.0 13,961$          

LCM-1

Kitchen Walk-In Cooler: Install 

Electronically Commutated Motors 

on Evaporator Fans, Replace Door 

Auto Closer and Gaskets

0.2 2,842 0 374$             0.1% 1,489 1,638$            250$             1,388$             3.7 2,517$            

LCM-2
Replace the Circuit Breaker for the 

Condensate Pump Return
0.0 3,221 0 424$             0.2% 1,688 1,370$            -$                 1,370$             3.2 2,341$            

LCM-3
Desktop Computers: Install Network 

Power Management Software
0.0 37,115 0 4,881$           1.9% 19,448 6,825$            2,625$          4,200$             0.9 (323)$              

LCM-4
Install a VFD on the Pool 

Recirculation Pump Motor
0.0 53,121 0 6,985$           2.7% 27,836 7,509$            3,755$          3,755$             0.5 70,158$          

LCM-5

Install Programmable Thermostats 

to Control Building 300 Classroom 

Furnaces

0.0 0 5,311 3,728$           1.4% 71,418 2,022$            1,011$          1,011$             0.3 30,639$          

CIM-1

Lighting Controls: Install Daylight 

Harvesting Controllers in Bld 300 

Classrooms, Stairwells, and 2nd 

Floor Hallways; Bld 100 and Bld 

200 2nd Floor Hallways and 

Stairwells; Library; Cafeteria; 

Locker Room Area; and EOSA 

Classrooms and Hallways

0.0 25,758 0 3,387$           1.3% 13,497 23,128$          1,288$          21,840$           6.4 (323)$              

CIM-2

Lighting Controls: Install 

Occupancy Sensors in Classrooms, 

Restrooms, Offices, Cafeteria, 

Auditorium, and Library

0.0 85,357 0 11,224$         4.3% 44,727 34,728$          4,268$          30,460$           2.7 40,843$          

CIM-3
Install Scheduling Controls for the 

HHW Booster Pumps
3.2 18,221 0 2,396$           0.9% 9,548 20,884$          1,956$          18,928$           7.9 106$               

3.4 225,635 9,106 36,062$         13.9% 240,668 98,104$          15,153$        82,952$           2.3 159,919$        

Measures Evaluated but not Recommended

LPM-1
Gym Lighting: Metal Halide to 

Linear Fluorescent Upgrade
2.8 3,842 0 505$             0.2% 2,013 12,588$          470$             12,117$           24.0 ($6,971)

Totals for Recommended Measures

ACOE Energy Audits - OUSD              

Castlemont High School                        

Measure Summary



kW Engineering  Energy Audit – Castlemont High School 

 9/10/2012 6 

2  
Project Team and Facility Information 

2.1 Project Contacts 

Name Role Organization Contact Information 

Tadashi Nakadegawa Director of Facilities 

 
Oakland Unified School 
District 

(510) 879-2962 

Tadashi.Nakadegawa@ousd.k12.ca.us 

Cesar E. Monterrosa 

 

Coordinator of Facilities 
Planning and Management 

 

Oakland Unified School 
District 

(510) 879-8627 

Cesar.Monterrosa@ousd.k12.ca.us 

Peter Pollard, Project 
Manager 

Nicolas Fauchier-Magnan, 
Project Engineer 

Duane Kubischta, Project 
Engineer 

Auditors kW Engineering 287 17th Street, Suite 300 
Oakland, CA 94612 

(510) 834-6420 
(510) 834-6421 fax 

pollard@kw-engineering.com 
fauchier@kw-engineering.com 

dkubischta@kw-engineering.com 

Puck Ananta, P. E. Program Manager Alameda County Office of 
the Education (ACOE) 

pananta@acoe.org 

office: (510) 670-7759 

cell: (415) 754-9508 

313 W. Winton Ave. 

Hayward, CA 94544-1136 

Yvonne Tom, PhD Program Manager Alameda County Office of 
the Education (ACOE) 

ytom@acoe.org 

office: (510) 670-4237 

313 W. Winton Ave. 

Hayward, CA 94544-1136 

 

2.2 General Site Information 

The Castlemont campus is comprised of three small schools: Castlemont Leadership Preparatory 

School (LPS), Castlemont Business and Information Technology School (BITS), and the East 

Oakland School of the Arts (EOSA). The three schools share a common gymnasium, auditorium, 

cafeteria, library, pool, and athletic field. There are a total of approximately 1100 students and 

about 65 classrooms on campus.  

mailto:Tadashi.Nakadegawa@ousd.k12.ca.us
mailto:Cesar.Monterrosa@ousd.k12.ca.us
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Figure 2.1:   Castlemont High School Overhead View 

Note that there is an ongoing retro-commissioning project sponsored by PG&E at this site. These 

measures have been installed and are undergoing commissioning. Measures from the RCx 

project include: 

 Boiler Scheduling and Automatic Staging 

 Troubleshoot/Repair HWP Scheduling 

 Reduce system pressure drop in hot water distribution system so that one of the HWPs 

can be turned off 

This report looks at other opportunities that were not included in the scope of the RCx study. 

2.3 Building Occupancy 

Classes are typically 8:25 am to 3:25 pm Monday, Tuesday, Thursday and Friday and 8:25 am to 

1:25 pm on Wednesdays during the academic year. The campus also has limited use during a 

summer session.   

2.4 Energy Using Systems 

HVAC 

Buildings on the Castlemont high school campus use a variety of sources for heating. The 

Leadership Preparatory School (LPS) 300 building is heated by individual gas furnaces located 

in each room and controlled by local, non-programmable thermostats. The East Oakland School 

of the Arts (EOSA) 200 building, EOSA N1-N4, and Portables are heated by rooftop and wall-

mounted package units. The rest of the buildings are heated by radiators and fan-coil units, with  

heating hot water supplied by natural gas boilers located in the central plant. The central plant is 

comprised of 7 boilers: 3 for heating hot water, 3 for domestic hot water, and one steam boiler 

 

Building 100 

Building 200 

EOSA 

Gym 

Central  

Plant 

Building      

300 

Auditorium 

Cafeteria 

Library 
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used to heat the gymnasium. There is no air conditioning in any of the buildings, except for the 

kitchen area, the music wing and the auditorium.  

Table 2.1:   Central Plant Boilers 

Boiler Function Boiler Type Boiler Rated Capacity 

Heating Hot Water Non-condensing boiler with 
forced-draft combustion fan 

7,000 kBtu/h rated input –    
5,740 kBtu/h rated output 

Steam Non-condensing boiler with 
forced-draft combustion fan 

1,250 kBtu/h rated input –    
1,000 kBtu/h rated output 

Domestic Hot Water Natural draft boiler 1,800 kBtu/h rated input –    
1,512 kBtu/h rated output 

   

Figure 2.2:   Room Furnace in LPS Building (Left), Heating Hot Water Boilers in Central Plant 
(Right) 

The Castlemont campus buildings are not controlled by a central energy management system. 

The majority of rooms are controlled by non programmable thermostats. A few thermostats are 

equipped with twist timers, and are located in the LPS computer room, portables, and EOSA 

building 200 and N1-N4. The central plant is equipped with pneumatic controls which are meant 

to be scheduled by a mechanical timeclock; however, the timeclock is not set with any “off” 

periods, and as a result the plant appears to be enabled at all times.  
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Figure 2.3:   Thermostat with wist timer in EOSA building (Left), Heating Supply Duct in 
Gymnasium (Right) 

Lighting 

Classrooms, offices, and hallways are lit with 4-foot linear fluorescent fixtures. Most classroom 

fixtures are surface-mounted with prismatic diffusers. Hallways generally use recessed fixtures, 

and the library and cafeteria use suspended fixtures. All fixtures are equipped with T8 lamps and 

electronic ballasts. Classrooms in the LPS 300 building have light fixtures that originally 

contained 3 fluorescent lamps per fixture, and have been de-lamped to use only 2 lamps per 

fixture with reflectors.  Other types of lighting used are CFLs in the auditorium and HID lights in 

the gym and outdoor areas. Lighting is controlled by manual switches in all buildings.  

  

 

Figure 2.4:   2
nd

 Floor Hallway Fixtures and Skylights in Building 200 (Left), Surface Mounted 
Fluorescent Light Fixtures in a Building 300 Classroom (Center), De-lamped Fixture in oilers in a 

Building 300 Classroom (Right) 

The cafeteria, library, gymnasium, stairwells, most classrooms, and second floor hallways all 

receive substantial day light during operating hours.  
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Figure 2.5:   CFL Lighting in the Auditorium (Left), HID Lighting in the Gymnasium (Right) 

   

Figure 2.6:   Sunlight Provides Substantial Lighting in the Cafeteria (Left) and Building 300 
Classroom (Right) 

Other Equipment 

Swimming Pool  

The swimming pool has one 20 hp pump that circulates pool water through the filtration system 

and the pool natural gas boiler. The pump currently runs continuously. The pool boiler has an 

82% rated efficiency. When we visited, the pool was not being used but the pool covers were not 

in place.  
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Figure 2.7:   Pool Recirculation Pump (Left), Pool Heater (Right) 

Kitchen Equipment 

The school has a commercial kitchen preparing food for students and staff. The kitchen has 

several gas ranges, ovens, several storage and display refrigerators, and a walk-in cooler and 

freezer. Several of the refrigerators and ovens were Energy Star-certified. 

  

Figure 2.8:   Entrance to Walk-in Cooler (Left), Energy Star Certified Refrigerator (Right) 
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3  
Site Energy Use and Costs 

3.1 Electricity Consumption 

In a recent 12 months (July 2011 to June 2012) the site used 1,487,620 kWh with a total cost of 

$195,643.00.  

Table 3.1:   Summary of 2011-2012 Monthly Electrical Consumption and Cost 

 

 

 

Figure 3.1:   2011-2012 Monthly Electrical Consumption  

Month

Maximum 

Demand 

(kW)

 Electricity 

Consumption 

(kWh) 

 Total 

Electricity 

Cost ($) 

Jun-12 0 120,149 $17,964

May-12 0 127,939 $16,527

Apr-12 0 120,988 $13,662

Mar-12 0 133,128 $14,717

Feb-12 0 152,977 $16,565

Jan-12 0 127,678 $14,505

Dec-11 0 129,850 $15,034

Nov-11 0 142,123 $18,593

Oct-11 0 123,391 $19,464

Sep-11 0 110,895 $17,864

Aug-11 0 88,615 $13,885

Jul-11 0 105,811 $16,327

Annual 

Totals
0 1,487,620 $195,643

$0.1315Average Total Cost of Electricity ($/kWh)
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The figure above shows reasonably steady electricity use through the year. The lowest use 

months are the summer months of July and August. The decrease in electricity use during the 

summer is minor, indicating that the campus is used for summer school or other uses.     

3.2 Natural Gas Consumption 

In a recent 12 months (July 2011 to June 2012) the site used 90,327 therms with a total cost 

estimated at $63,400. The school purchases natural gas from SPURR (School Project for Utility 

Rate Reduction); it pays commodity charges to SPURR and transportation charges to PG&E. 

 

Table 3.2:   Summary of 2011-2012 Monthly Natural Gas Consumption and Cost  

 

Month

Natural Gas 

Consumption 

(therms)

 Total Natural 

Gas Cost ($) 

Jun-12 913 $709

May-12 5,360 $3,906

Apr-12 10,905 $7,166

Mar-12 8,176 $5,961

Feb-12 12,783 $8,801

Jan-12 15,139 $10,253

Dec-11 11,926 $8,273

Nov-11 12,464 $8,604

Oct-11 4,552 $3,431

Sep-11 2,707 $2,102

Aug-11 2,667 $2,071

Jul-11 2,735 $2,124

Annual 

Totals
90,327 $63,402

$0.702
Average Total Cost of 

Natural Gas ($/therm)
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Figure 3.2:   2011-2012 Monthly Natural Gas Consumption 

This graph presents a highly seasonal pattern associated with space heating. The low usage 

during June through October most likely represents other gas uses such as domestic hot water.   

3.3 Daily Electrical Load Profile 

We gathered electrical interval data from the utility to create average daily load profiles for the 

school, for a weekday and a weekend day. Only data from January to July 2012 was available. 

 

Figure 3.3:   Average Weekday Load Profile – Typical Summer and Winter Month 
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Figure 3.4:   Average Weekend Load Profile – Typical Summer and Winter Month 

These graphs reveal several things:  

 The electricity usage profiles in February and May are very similar, indicating that 

there is little change in equipment operation as seasons change throughout the year. 

 There is a rise in electricity consumption at 6:30 pm. This may be the result of lights 

and heating systems turning on after school hours when they may not be required.  

 The overnight and weekend energy demand is very high at 150 kW. Overall the after-

hours (5 pm – 7 am) energy consumption of the school represents about 750,000 kWh 

per year, roughly 50% of the annual electricity consumption of the school. This 

indicates that much of the equipment remains on during unoccupied hours and offers 

opportunities for energy savings; this includes:  

o Interior lighting that is left on by occupants – see CIM-2 for more information 

on how to address this 

o Pumps and fans related to heating and ventilation remain are not controlled by 

a central EMS and operate 24/7. Scheduling of the central plant heating 

systems is currently being implemented as part of an ongoing PG&E 

sponsored RCx project. Additional controls for continuously operating booster 

pumps are recommended – see CIM-3 for more information. 

o The pool pump, which runs continuously – see LCM-4 for more information 

on how to reduce off-hours pool pump consumption 

o Refrigeration equipment, which has to operate continuously – see LCM-1 for 

more information on reducing walk-in cooler and freezer consumption 

o Computers that are left on after-hours – see LCM-3 for more info on how to 

address this 
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3.4 Energy Use Benchmarking 

Benchmarking compares the energy use of a facility to those of similar size and purpose. 

Typically we compare facilities with survey data of similar facility types in California. To put 

facilities of different size on an equal footing, the energy use is compared on a “per square foot” 

basis. 

The PG&E CEUS benchmark uses average end use intensity from PG&E's 2006 Commercial 

Building Survey Report (Commercial End Use Survey) in all climate zones served by PG&E. 

The charts below show how recent annual energy use at Castlemont High School compares with 

CEUS/Cal-Arch data for schools. 

In these graphs, a lower percentile indicates lower energy use. For both electricity and gas, 

Livermore high school falls between the 25
th
 and 50

th
 percentile for the given data set. This 

indicates average energy performance with potential for improvement.  

 

Figure 3.5:   Annual Electricity Consumption Benchmark  
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Figure 3.6:   Annual Natural Gas Consumption Benchmark 
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3.5 Energy Balance 

In order to estimate potential energy savings, an energy use baseline is necessary. The baseline 

conditions represent how the facility operates without proposed energy efficiency measures in 

place. The collected information was used to perform an energy balance at the facility. The usage 

of the various components of the lighting and mechanical systems were estimated and compared 

with the utility bills. These estimates were adjusted using engineering judgment until a good 

agreement was found between historical energy use and the estimated baseline use found through 

engineering calculations. 

An electricity end-use breakdown based on that analysis is shown in the following chart. 

 

 

Figure 3.7:   Energy Balance - Electricity  
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4  
Energy Efficiency Measures 

4.1 Energy Analysis Methodology 

An energy survey was performed on-site to collect nameplate and operational data for 

mechanical equipment, the lighting systems, and to identify potential energy efficiency 

measures. During the site visit, engineers collected the following data: 

 An inventory of lighting fixtures and controls 

 Mechanical system nameplate specifications and control means 

 Operation documents and mechanical drawings 

 Observations and photographs of conditions and controls. 

Spreadsheet models were used to estimate energy savings from potential measures in mechanical 

and lighting systems. More information about specific methods is provided below in this section. 

Measure Order 

There are interactive effects among several of the measures modeled in the analysis that may 

overstate or understate the savings for any individual measure. The sequence of measure 

implementation was that recommended by the California Energy Commission’s Guide to 

Preparing Feasibility Studies for Energy Efficiency Projects, which recommends first analyzing 

measures that affect load, then working “upward” from load to plant. When reviewing the results 

of this report, please note that the best estimate of actual savings will be for the entire package of 

measures recommended. The savings of individual measures may be more or less than shown if 

not all of the other measures are implemented. 

4.2 Spreadsheet Simulations 

Weather 

Weather data from the NREL’s Typical Meteorological Year (TMY3) database for Oakland was 

summarized into 2-degree bins for the analysis. 

Lighting Spreadsheet 

Portions of the lighting were counted on-site and the existing wattage for each fixture was 

multiplied by the corresponding annual hours. This determines the baseline lighting usage. For 

the proposed case, the corresponding retrofit light fixture wattage was gathered from the standard 

lighting wattage table from California IOUs incentive programs. The proposed wattage 

multiplied by the annual hours yielded the proposed lighting usage. Subtracting the proposed 

usage from the baseline usage provided the total lighting savings. The baseline lighting usage 

and demand were included in the energy balance. 

Temperature Bin-Simulations 

The air handler model uses a temperature-bin method approach to estimate the energy use of the 

HVAC system. The model uses HVAC performance data to calculate the efficiency under the 

existing and proposed operating conditions. The efficiency is multiplied by the HVAC load at 
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the facility, which is based on the design conditions at the site and a linear load profile. The 

equipment demand is then multiplied by the hours of operation in each temperature bin to 

determine the energy consumption. Standard performance curves for all the air-side fans are used 

to estimate the existing and proposed fan energy consumption. The results of this simulation at 

existing conditions were used for the energy balance. 
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4.3 No-Cost Measures (NCM) 

No-cost measures are energy conservation, energy efficiency, or time-of-use management 

projects that have no associated cost (not including internal labor). These measures reduce 

energy usage and costs with no capital investment, except for the time and effort of the on-site 

maintenance personnel. 

NCM-1 Utilize Existing Pool Covers Any Time Pool Is Unoccupied 

Observations 

Castlemont High School has an outdoor pool which is heated by a 2,499 kBtu/hr input / 2,049 

kBtu/hr output pool heater. During the audit, we observed that the heated pool was unoccupied 

and the existing pool covers were not being used. We were unable to obtain a schedule for when 

the pool is to be covered.  

 

Figure 4.1:   Pool Covers were not Being Used During Site Inspection 

Recommendations 

When the pool is unoccupied, utilize the available pool covers to prevent heat losses to the 

environment. Reducing heat loss will reduce the heating load of the boiler and reduce natural gas 

consumption. 

Costs and Assumptions 

It is assumed that pool is maintained at 80°F year round and the pool is covered each night 

between 8:00 pm and 7:00 am (on average). The savings for this measure is based on the 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

- - 3,794 $2,663 - - immediate 
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assumption that the pool can be covered an additional 25% of the time, such as reduced hours 

during the winter, vacation, and any other periods where the pool is unused. The annual energy 

required to heat the pool based on various of amounts of coverage is outlined below. 

 

 

 

We calculated the pool heat losses during covered and uncovered cases based on weather-based 

bin simulations using PG&E provided hourly weather data of a typical year in Oakland, CA. The 

actual pool covering and heating schedule at Castlemont High School may differ from these 

assumptions. The intent of presenting this saving measure is to demonstrate the effectiveness of 

using pool covers to save energy. The proposed schedule may not reflect the actual hours that the 

pool is covered. Note that even during warmer days and evenings, heat losses may occur due to 

evaporative cooling.     

Pool Cover Schedule

Energy 

Use  

(therms)

Energy 

Cost    

($)

Pool Uncovered at all times 44,265 $31,070

Pool Covered Overnight Only (8pm - 7am) Year Round 23,671 $16,615

Pool Covered an additional 25% 19,877 $13,952



kW Engineering  Energy Audit – Castlemont High School 

 9/10/2012 23 

4.4 Low-Cost Measures (LCM) 

Low-cost measures are energy conservation, energy efficiency, or time-of-use management 

projects with a capital cost of less than $10,000. These measures significantly reduce energy 

consumption and costs while requiring relatively little capital investment. 

LCM-1:  Install Electronically Commutated Motors on Walk-In Cooler and Freezer 
Evaporator Fans, Replace Door Gaskets, and Install Door Auto-Closer 

Observations 

There is a walk-in cooler and a walk-in freezer in the kitchen area, with a total of five evaporator 

fans. Based on nameplate data we found on the evaporator coils, the fans are old split-capacitor 

motors with low efficiencies of less than 50%. The walk-in cooler has an old wooden door with 

worn gaskets and without a reliable door auto-closer.  

  

Figure 4.2:   Evaporator Fans in Walk-In Freezer (Left), Old Door with Worn Gasket (Right) 

Recommendations 

We recommend upgrading those fan motors to electronically-commutated motors, which have 

much higher efficiencies than the existing ones. They will consume significantly less energy 

themselves, and will also add less heat to the refrigerated space, reducing compressor load. 

Replacing the gaskets and installing a new door auto-closer will ensure that the door properly 

closes and seals to prevent heat gain from the kitchen area. Due to the old age of the walk-in 

cooler door, we recommend replacing the entire door assembly. However note that our savings 

estimates do not account for the higher insulation value of a new door, and our costs do not 

account for the cost of a new door.  

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.2 2,842 0 $374 $250 $1,388 3.7 
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Costs and Assumptions 

We used the DEER database to estimate energy savings for the ECM motors (DEER D03-203) 

and for the door auto-closer (D03-208). For the door gaskets, we used a PG&E workpaper 

(PGECOREF105.  

We included material costs from the Grainger and McMaster website and estimated labor costs 

to replace all fan motors described above and to install door gaskets and a door auto-closer.  

We based the potential incentive on the deemed catalog rate of $50 per fan motor replaced for 

walk-in coolers and freezers (R176). For more information please visit: 

www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/incentivesbyindustry/refrige

ration_catalog_final.pdf#page=3   
  

http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/incentivesbyindustry/refrigeration_catalog_final.pdf#page=3
http://www.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/incentivesbyindustry/refrigeration_catalog_final.pdf#page=3
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LCM-2: Replace the Circuit Breaker on the Condensate Return Pump 

Observations 

The circuit breaker panel that controls the condensate return pump for the Gym Heating boiler in 

the central plant is broken and the condensate return pump cannot be turned off. A note on the 

panel observed during the audit indicates that staff is aware of its malfunction.  

 

 

Figure 4.3:   Broken Condensate Pump Circuit Breaker in the Central Plant 

 

Recommendations 

We recommend replacing the circuit breaker controlling the condensate pump to allow the 

condensate return pump to be switched off when it is not needed. This will reduce the operating 

hours of the pump and save electricity. 

 

Costs and Assumptions 

The condensate return pump only needs to operate when the gym requires heating. We assumed 

that the gym is heated, whenever the outside air temperature is below 65°F and the gym is 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.0 3,221 0 $424 $0 $1,409 3.3 
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occupied (Monday through Friday, between 6am and 10pm). The savings is based on the pump 

being shut off during all other times. 

Our cost estimates for this measure include installed costs for a new circuit breaker panel from 

RS MEANS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



kW Engineering  Energy Audit – Castlemont High School 

 9/10/2012 27 

LCM-3 Desktop Computers: Install Network Power Management Software 

Observations 

We estimated that there are 175 desktop computers located in the school are used only during 

daytime hours. Currently, each of these desktop computers have independent power settings, and 

it is likely that many computers are left on overnight. This represents a significant opportunity to 

reduce annual electricity use and cost. 

 

Figure 4.4:   Screenshot From Library Computer Showing Potential Annual Savings of $50 For 
That Computer 

Recommendations 

We recommend installing power management software for all computers. The software should 

be configured to hibernate the computers after an hour of non-use, and to turn off monitors and 

hard disks after 15 minutes of non-use. This will essentially eliminate the energy consumption of 

the PCs overnight, and reduce consumption during parts of the day. 

Depending on the needs of the IT staff, the power management software can be a simple stand-

alone program, a fully integrated IT management solution, or something in-between. Most 

network-based solutions offer a “wake-on-LAN” feature where desktops can be remotely turned 

on for software updates.  

The following pictures show sample user interfaces and savings reports for two power 

management software options: 

As mentioned above, several different companies offer this type of software with the main 

difference being the level of integration with the other needs of the IT department. The following 

table compares different features of a few software vendors: 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.0 37,115 0 $4,881 $2,625 $4,200 0.9 
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Table 4.1:   Comparison Table of IT Management Capabilities 

    
Wake on 

LAN 
(via Web) 

Wakeup 
PCs on 

Schedule 

Backups 
User Files 

MAC 
Client 

Support 

Additional 
Features 

Software Company 

Surveyor Verdiem X X 
 

X 
 

PowerSave Faronics X X X X X 

NightWatchMan 1E X X X X 
 

Power Management LANDesk X X 
 

X X 

Tivoli Endpoint Manager 
(Formerly BigFix) 

IBM X X 
 

X X 

Costs and Assumptions 

We used computer counts from our site visit. We assumed that all existing computers are Energy 

Star rated, consuming on average 65 watts, and we ignored potential savings from turning off 

monitors. We assumed typical computer shutdown rates based upon a 2004 Lawrence Berkeley 

National Lab Report (LBNL) on after-hours office equipment
1
. This study suggested that 

typically only 36% of computers are turned off when they are not being used. 

We estimated implementation costs based on similar projects which priced the software at $30 

per computer (including installation), plus a contingency for soft costs such as installation and IT 

training. 

The potential incentive was based on the deemed Rebate Catalog for lighting, which offers 

$15.00 per computer with power management installed (M03). We recommend the deemed 

incentive route (as opposed to a customized incentive) for this measure because the application 

and rebate process is much simpler.  Please contact us or your LEEP (leadership in energy 

efficiency program) representative for assistance with incentive applications. The rebate catalog 

can be accessed here: http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/  

 

 

  

                                                

1 LBNL “After-hours Power Status of Office Equipment and Energy Use of Miscellaneous Plug-Load Equipment” 
May 2004. <http://enduse.lbl.gov/info/LBNL-53729_REV.pdf> 

http://www.verdiem.com/surveyor.aspx
http://www.faronics.com/enterprise/power-save/
http://www.1e.com/software/nightwatchman-enterprise/
http://www.landesk.com/products/power-manager.aspx
http://www-01.ibm.com/software/tivoli/products/endpoint-power-mgmt/
http://www-01.ibm.com/software/tivoli/products/endpoint-power-mgmt/
http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/
http://enduse.lbl.gov/info/LBNL-53729_REV.pdf
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LCM-4:  Install VFD on Pool Pump and Reduce Speed When Pool is Closed 

Observations 

Castlemont High School has a swimming pool used for PE classes and for various varsity teams.  

A 20 hp pump circulates the water from the pool through filters and a heater. This pump runs 

continuously, currently consuming about 121,000 kWh/year at a cost of approximately 

$16,000/year at recent rates. 

 

Figure 4.5:   Pool (Left), Pool Pump (Middle), Current Measurement on Pump Motor (Right, 45.9A) 

Recommendations 

Pool pumps only need to run at full speed when the pool is occupied and maximum filtration is 

required. During unoccupied hours, the pump can run at lower speed.  

We recommend installing a variable frequency drive (VFD) on the existing pump motor to 

reduce pump speed when the pool is unoccupied. The VFD should be connected to the existing 

energy management system (EMS) and programmed with the following sequence of operation:  

 From 2 hour before pool opening until 2 hours after pool closing, the pool pump 

should run at full speed.  

 From 2 hours after pool closing until 2 hours before pool opening, the pool pump 

should run at 50% speed. 

The opening and closing times of the pool should be easily adjustable in the EMS so that 

operators can adjust the pump schedule to match seasonal variations in pool use. This will help 

maximize energy savings from this measure.  

This measure has substantial energy savings potential because a small reduction in pumping 

power can result in a large reduction in pump energy. For example, at 50% speed, the pump only 

consumes about 20% of its full speed power.  

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.0 53,121 0 $6,985 $3,755 $3,755 0.5 



kW Engineering  Energy Audit – Castlemont High School 

 9/10/2012 30 

  

Figure 4.6:   Recommended Pump VFD Speed Profile – Assuming Summer Pool Schedule of 6:00am -
9:00pm 

Costs and Assumptions 

We estimated current pump energy consumption based on measured pump motor current and 

assumed continuous operating hours. Our proposed case assumes the pump runs at full speed 

typically from 6:00 am to 9:00 pm in the summer, and from 8:00 am to 3:00 pm in the winter, 

and that the pump runs at 50% speed otherwise.  

Our cost estimates for this measure include installed costs for one custom-engineered 20 hp 

variable frequency drive (VFD) from RS MEANS, and an allowance for connecting the VFD to 

the energy management system and programming the recommended control sequence.  

We based the potential incentive on our estimated savings and on the PG&E customized rebate 

rates of $0.09 per kWh and $100.00 per kW for motor projects, with an incentive cap of 50% of 

the measure cost.  Please see the following web link for information on applying for customized 

(calculated) incentives: 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/ 

 

50%

100%
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20%

40%

60%

80%

100%

12:00 AM 3:00 AM 6:00 AM 9:00 AM 12:00 PM 3:00 PM 6:00 PM 9:00 PM 12:00 AM

VFD Pump - Recommended Speed Profile
Assumed Pool Hours: 6:00am-9:00pm (summer schedule)

Full Speed: 2 hours before opening until 2 hours after closing

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/
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LCM-5:  Install Programmable Thermostats in Building 300 

Observations 

Classrooms in Building 300 are heated by individual gas-

fired furnaces. These furnaces are controlled by manually 

set, non programmable thermostats. Non-programmable 

thermostats are often left on after-hours, causing classrooms 

to stay heated during unoccupied periods, which wastes 

energy. 

 

Figure 4.7:   Thermostat to for the Corner Furnaces in 
Building 300 

Recommendations 

We recommend installing programmable thermostats in 

building 300 classrooms. This measure will prevent 

unnecessary heating of unoccupied spaces. It will also 

enable furnaces to turn on automatically to warm classrooms 

just before the start of classes. 

Specifically, we recommend programming thermostats as 

follows:  

 Set occupied / unoccupied heating setpoints at 68ºF / 

50ºF 

 Set the occupied period to start at 7:00 am (or 1 hour 

before the start of classes) and to end at 3:00 pm (or 

right when the classes end), on weekdays 

 Set weekends to be on the unoccupied schedule 

Programmable Thermostats: 

It is inefficient to maintain a 

building at a comfortable 
temperature when it is unoccupied 

(overnight and on weekends, for 

instance). Instead, space 

temperatures should be allowed to 
float during unoccupied periods and 

then brought back to a desired 

setpoint before occupancy starts.   

Programmable thermostats can be 

used to program different 

temperature setpoints for occupied 
and unoccupied periods. They can 

also be used to implement a “warm-

up” period before occupants arrive 

in the building. 7-day 
programmable thermostats allow 

the user to define different 

schedules for weekdays and 
weekends.  

When selecting a programmable 

thermostat, user-friendliness is an 

important criterion. It will ensure 
that users can easily adjust settings 

(within a pre-defined range) and 

retain some control over space 
temperatures.  

 

 

 

 

 

 

 

 

 

 

 

 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.0 0.0 5,311 $3,728 $1,011 $1,011 0.3 
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Costs and Assumptions 

We used weather-based bin simulations to model the energy consumption of the furnaces. In the 

base case, we assumed that on average, 1 in 4 furnaces remain enabled during unoccupied hours. 

In the proposed case we assume that all furnaces operate according to the schedule suggested 

above.  

We estimated measure costs based on the pexsupply website for replacement thermostats and RS 

MEANS for installation labor costs.  

We based the potential incentive on our estimated savings and on the PG&E customized rebate 

rates of $1.00 per therm. Please see the following web link for information on applying for 

customized (calculated) incentives: 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/ 

  

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/
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4.5 Capital-Intensive Measures 

Capital-intensive measures are energy conservation, energy efficiency, or time-of-use 

management projects with a capital cost of greater than $10,000. These measures significantly 

reduce energy consumption and costs, but also require significant capital investment. 

In the context of this ASHRAE Level I audit, we have not estimated in detail the costs and 

savings for these measures but provide initial judgment on the measures potential.   

CIM-1: Lighting Controls: Install Daylight Harvesting Controllers in Classrooms, 
Stairwells, Hallways, Library, Kitchen, and Locker Rooms  

Observations 

Several spaces within buildings of the Castlemont High 

School Campus receive large amounts of daylight through 

skylights or through extensive window area. These spaces 

include:  

 Building 300: 

o Classrooms 

o Second Floor Hallway 

o Stairwells 

 Building 200: 

o Second Floor Hallway 

o Stairwells 

 Building 100: 

o Second Floor Hallway 

o Stairwells 

 East Oakland School of the Arts: 

o Classrooms 

o Hallways 

 Cafeteria 

 Library 

 Locker rooms 

 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.0 25,758 - $3,387 $1,288 $21,840 6.4 

Daylighting: 

Daylighting is the practice of using 
only daylight to meet the lighting 

requirements in a localized space. 

Daylighting can be accomplished 
with switching or dimming. 

Switched daylighting controls will 

turn off lamps within a fixture. 
Dimmed daylighting controls will 

uniformly reduce the lighting in all 

of the lamps of a fixture. Switched 

controls are generally the most cost 
effective daylighting option; while 

dimming controls offer a seamless 

transition from artificial lighting. 
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In several of these areas, we measured light levels well above IESNA
2
 recommendations 

from daylight only, indicating potential to turn off artificial lighting when enough daylight is 

available.  

Table 4.2:   Measured and Recommended Light Levels in Several Areas  

Area Measured Light Level  IESNA-Recommended 

Light Level 

Bld 300 2
nd

 floor hallway 13-20 fc 

(lights on) 

10 fc 

Bld 300 2
nd

 floor hallway 20 fc 

(lights on) 

10 fc 

Bld 300 Classroom 35-40 fc  30 fc 

Library 40 – 60 fc  (average),  

up to 80 fc near 

windows 

30-50 fc 

Cafeteria 50 - 70 fc (lights on) 30 fc 

 

   

Figure 4.8:   Vertical Light Levels on Cafeteria Floor (Left), Significant Daylight Brought In By 
Windows In Cafeteria (Right) 

                                                
2 Illumination Engineering Society of North America 
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Figure 4.9:   Daylight in Building 300 Classrooms (Left), and EOSA Hallway (Right) 

Recommendations 

We recommend installing daylight harvesting sensors to automatically shut off artificial lights in 

the areas listed above when enough natural light is available to the spaces. We recommend using 

a daylight controller specifically designed for indoor applications, such as the Wattstopper LS-

101. Photocells designed for outdoor use should not be used. In the classrooms, we recommend 

using the photocells to control only the row of fixtures closest to the windows. In the hallways, 

the fixtures farthest between the skylights may need to remain on, with only the fixtures nearest 

the skylights controlled. 

When installing the sensors, the setpoint should be adjusted to match space type: 10 footcandle 

(fc) for circulation areas, 30 fc for classrooms and the cafeteria and 50 fc for the library. The 

sensors should be programmed with a large enough deadband (at least 40%) to ensure that there 

will not be excessive switching of the lights on days with varying ambient light.  

To achieve control of lighting fixtures, a certified electrician may have to re-wire lighting 

circuitry so that appropriate lighting will be shut off by the sensors. 

 

Figure 4.10:   Sample Daylight Controller (source:wattstopper.com) 

Costs and Assumptions 

We estimated energy savings for this measure based on sample lighting counts in the areas listed 

above, assumed operating hours based on class schedule and general building occupancy, and on 

the existing fixture wattages. We assumed that daylighting controls could reduce operating hours 

by 2.5 hours per day in classrooms and the cafeteria, and 6 hours per day in circulation areas. 
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We estimated measure costs based on the Goodmart website for material costs and RS MEANS 

for labor costs. We included an allowance for re-wiring of classrooms and hallways.  

We based the potential incentive on our estimated savings and on the PG&E customized rebate 

rates of $0.05 per kWh and $100.00 per kW for lighting projects. Please see the following web 

link for information on applying for customized (calculated) incentives: 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/ 

 

 

 

  

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/
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CIM-2:  Install Occupancy Sensors in Classrooms, Restrooms, Offices, Cafeteria, 
Auditorium, and Library 

Observations 

Lighting in all buildings is controlled by manual switches. 

There were no lighting controls and lights in some 

unoccupied spaces were left on.  

         

Figure 4.11:   Typical Manual Light Switch in Building 300 

Recommendations 

We recommend installing dual technology occupancy 

sensors to control lights in all classrooms, restrooms, offices, 

the auditorium, library, and cafeteria. This will save energy 

by ensuring that lights are turned off whenever the spaces 

are unoccupied. We recommend installing the sensors along 

with local override switches, and setting the sensors to 

“manual-on” mode where occupants have to turn the lights 

on when they get into the room, and the sensor can turn off 

the lights if it detects no occupancy for a set period of time.  

We recommend using ceiling-mounted sensors for most 

areas listed above. For smaller spaces such as private offices 

we recommend installing wall-mounted switch replacements 

that include a manual override.  

We recommend that the all retrofitted ballasts (if any) be 

programmed-rapid-start type for spaces where occupancy 

sensors are to be installed.  Unlike instant-start type, 

programmed-rapid-start ballasts are designed for integration 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

0.0 85,357 - $11,224 $4,268 $30,460 2.7 

 Occupancy Sensors: 

Occupancy sensors provide 
automated control of equipment 

depending on the occupancy of the 

space. There are two types of 
sensor technologies: passive 

infrared and ultrasonic. Infrared 

sensors are triggered by movement 

of a heat source such as a person, 
but the sensor must have a direct 

line of sight to detect motion. 

Ultrasonic sensors emit high-
frequency waves and are triggered 

by disturbances in the returning 

signals. Ultrasonic sensors do not 

need a direct line of sight; however, 
they often receive false triggers. 

Dual-technology occupancy 

sensors, as the name implies, 
combine both infrared and 

ultrasonic technologies in a single 

sensor. 
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with controls such as occupancy sensors; they buffer the lamp against any negative effect on 

lamp life that on/off cycle might have.  This allows for a shorter dwell time, and therefore more 

energy savings, without compromising lamp life.  If occupancy sensors are installed on any 

instant-start ballast, such as existing lamps and ballasts that are not retrofitted, then the dwell of 

the sensors should be set to 30 minutes – this relatively long time ensures the lamps are not short 

cycled. For smaller rooms such as personal offices, wall mounted occupancy sensors are 

recommended.  

A note on hallways: We observed several long hallways with all lights on and no one present.  

We considered recommending occupancy sensors for these hallways, but the energy savings 

would be relatively small compared to the high costs of wiring the multiple sensors required to 

cover each long hallway. Overall, the measure did not present a good payback and we are not 

recommending it in the immediate future. However, if these light fixtures are to be replaced in 

the future, we recommend installing bi-level fixtures with integrated occupancy sensors, as the 

incremental cost of those fixtures will be relatively low compared to standard fixtures. Bi-level 

fixtures operate at reduced light output (and reduced wattage) when no one is present and are 

triggered on when the sensor is activated.  Additionally, some fixtures could also be specified 

with photocell control for areas of the hallways that have significant daylight.   

Costs and Assumptions 

The reduction in operating hours were taken from Table 9-4 in the 2011 Statewide Customized 

Offering Procedures Manual for Business, which states that operating time is reduced by 45% for 

restrooms, 30% for classrooms, 15% for offices, 35% for a cafeteria, 15% for a library, 45% for 

an assembly room, and 35% for a gymnasium when occupancy sensors are installed.   

Our savings calculations did not assume any demand savings from occupancy sensors.   

We estimated measure costs based on the pexsupply website for occupancy sensors and RS 

MEANS for installation labor costs, installing at least one sensor for each space, with larger 

spaces utilizing multiple sensors.     

We based the potential incentive on our estimated savings and on the PG&E customized rebate 

rates of $0.05 per kWh and $100.00 per kW for lighting projects. Please see the following web 

link for information on applying for customized (calculated) incentives: 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/ 

 

 

 

 

 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/
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CIM-3:  Install Scheduling Controls for the HHW Booster Pumps   

Observations 

There are six booster pumps that help circulate the heating hot water (HHW) from the central 

plant to the buildings: one for the cafeteria, one for the library, two for building 200, and two for 

building 100. There appear to be no means of control for these pumps and utility bill data suggest 

that they are operating continuously.  

Recommendations 

We recommend turning off the booster pumps when they are not needed. The HHW booster 

pumps are only required when the buildings are heated, and controlling their operation will 

provide significant savings.  

The site is currently planning the installation of en energy management system (EMS) to control 

the central plant. We recommend connecting the booster pumps to this new EMS and 

programming them so that they operate on the same schedule as the primary HHW pumps 

located in the central plant.  

Costs and Assumptions 

To estimate the savings for this measure, we assumed the booster pumps will be controlled to 

operate only when the buildings they serve require heating. We assumed heating is required 

whenever the ambient temperature drops below 65° between 6am – 10pm on weekdays.  

We estimated the costs assuming the six pumps can be controlled by four 16-point DDC 

controllers (one controller for each building). We estimated material and labor costs using RS 

Means and included an allowance for wiring and connection to the primary HHW control 

system. 

We based the potential incentive on the estimated savings and the PG&E customized rebate rate 

of $0.09 per kWh and $100.00 per kW for controls projects.  Please see the following web link 

for information on applying for customized (calculated) incentives: 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/ 

 

 

 

 

 

 

 

 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

3.2 18,221 0 $2,396 $1,956 $18,928 7.9 

 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/
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4.6 Measures Analyzed But Not Recommended 

We evaluated this measure as a potential energy savings opportunity. However, we do not 

recommend implementing this measure on the basis of energy savings alone, as the energy 

savings potential is relatively small compared to the cost of implementing the measure, resulting 

in a long payback. 

LPM-1:  Replace Hi-Bay Lighting in Gyms with T5 High Output Fluorescent 
Fixtures  

Observations 

The lighting in the gymnasium currently comprises of 24 high intensity discharge (HID) fixtures. 

There is significant day lighting in the gym, and when we visited the lights were off even though 

the gym was being used. 

 

Figure 4.12:   Existing Gym Lighting Fixtures 

Recommendations 

We do not recommend replacing the existing fixtures with high-output (HO) T5 fixtures on the 

basis of energy savings alone. Due to the significant daylight available in the gym, the gym lights 

do not need to be turned on frequently, which results in a low opportunity for savings. However 

if these fixtures require replacement in the future, we recommend upgrading to T5 HO fixtures. 

These fixtures will provide similar amounts of light to the existing fixtures and also maintain 

their light output much better with time: T5 HO lamps provide 95% of their initial lumens at 

their average life, versus 70% for metal halide lamps. Linear fluorescent lamps also have longer 

lives than the existing lamps, which would reduce maintenance costs, and they provide much 

better light quality than the existing lamps, which would improve visual comfort in the gym. 

Annual Savings Payback 

Peak Period 
Savings 

(kW) 

Electricity 
Savings 

(kWh) 

Gas 
 Savings 

(therms/yr) 

Annual 
 Cost Savings 

Potential 
Utility 

Incentive 

Net 
Measure Cost 

Simple 
Payback 
(years) 

2.8 3,842 0 $505 $470 $12,588 24.0 
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Lastly, fluorescent fixtures turn on instantly and have no re-strike time, which allows them to be 

actively controlled based on occupancy and daylight. 

  

Figure 4.13:   Gym at UC Santa Cruz Featuring T5 High Output Fixtures and Occupancy Sensor 
Control 

Costs and Assumptions 

We based the savings for this measure on lighting counts taken on site. We estimated operating 

hours by assuming the lights are on 6 hours a day, 5 days a week, 46 weeks a year. Our 

calculations assume that the existing lamps are 250W metal halides; we weren’t able to confirm 

the lamp wattage, so this assumption is based on our experience. Fixture wattages were obtained 

from the 2010 Table of Standard Fixture Wattages used for California utility incentive programs.   

We estimated fixture replacement costs using the 2011 JOC Lighting Task Catalogue. 

We based the potential incentive on the estimated savings and the PG&E customized rebate rate 

of $0.05 per kWh and $100.00 per kW for lighting projects.  Please see the following web link 

for information on applying for customized (calculated) incentives: 

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/ 

 
  

http://www.pge.com/mybusiness/energysavingsrebates/rebatesincentives/ief/
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5  
Appendix 

 



Proposed Energy‐Water Efficiency Measures: Oakland USD
(as of 12/5/14) P:OaklandUSD‐Castlemont‐McClymondsenergy‐wateranalysis.xlsx

Site DAC site Address Measure
Estimated Pool 
Heated Water 

(gal) (2)
Water (gal/yr)

Hot water 
(therms) gal/yr

Energy/kWh/yr
Energy/therms/

yr
peak demand 

(kW/yr)
CO2 (lbs/yr) Savings ($/yr) Labor Materials Total Estimated Life Payback (yr)

Estimated Annual 
Usage (gal/yr) (3)

Savings % 
estim water 

usage
1. Utilize existing new pool 
covers with power winder

167,750 291,640 0 51,017 2,663$             9,000$       9,000$                        6 3.38 7.3 million 0.0%

2. install VFD pool pump 53,121 27,836 6,985$             8,260$                        10 1.18
3. fix leaking kitchen faucet 1,000 200$       25$           225$                           5
4. add 2 aerators kitchen hand 
wash stations 2,000 50$           4$              54$                             5
5. cogeneration (1) 167,750 330,257 ‐23,094 55,331$          225,000$                   15 4.07
Total McClymonds 335,500 3,000 291,640 383,378 ‐23,094 0 78,853 64,979$          250 9,029 242,539$                   3.73

315,759 ‐67619

1. Utilize existing new pool 
covers with power winder

43,985 209,940 0 36,732 1,917$             9,000$       9,000$                        6 4.69 6.3 million 0.0%

2. install VFD pool pump 38,247 20,042 5,029$             8,260$                        10 1.64

3. kitchen walk‐in cooler install 
commutated motors; replace 
gasket and auto door closer 2,842 0.2 1,489 374$                 1,802$                        8 4.82
4. install scheduling controls 
for hot water heater booster 
pumps

18,221 3.2 9,548 2,396$             22,972$                      10 9.59

5. cogeneration (1) 43,985 330,257 ‐23,094 55,331$          225,000$                   15 4.07
Total Castlemont 87,970 0 209,940 389,567 ‐23,094 3 67,811 65,047 0 9,000 267,034 4.11

321,948 ‐67619.232
Total 2 Oakland USD 423,470 3,000 501,580 772,945 ‐46,188 3 146,664 130,026$        250 18,029 509,573$                   10 3.92 13.6 million 0.0%

637,707 ‐135238

Footnote 1: this is based on a project completed at Albany USD. 
Data needs to be updated as this project was completed in 2004.
Footnote 2: this is for one estimated volume of water in pool.
The amount of times the pool is refilled is dependent on evaporation, 
usage, amount of filtration and additon of chemicals for health reasons
Footnote 3: this is estimated from invoices dated 2011 and does not
include irrigation and fire water meters

504,580

Estimated Savings Estimated Cost

2607 Myrtle 
St., Oakland 
94607

McClymonds 
High

Castlemont 
High

8601 
MacArthur 
Blvd., Oakland 
94605

yes

no



Calculations for pools

Site Dimensions Volume (ft3) Vol (gal) Therms/yr savings
McClymonds High  45' x 75' x 5'  + 37' x 30' x 5' 16,875                    3,794

5,550                     

22,425                    167,750

Castlemont High 2,732
14' x 84' x 5' 5,880                      43,985

(assume an increase in depth from 3' to 6' to determine volume



Water usage ‐ data from 2011

Site Account # Date Gal/day 60 day period Average Use/Mo Annual rate
Castlemont 28528100001 Aug‐Sept 8,681             520,860               196,245              

Sept‐Oct 7,557             453,420              

Oct‐Nov 5,764             345,840              

Nov‐Dec 4,164             249,840              

20300041 May‐Jul 14,750           885,000               418,070              

Jul‐Aug 16,920 1,015,200           

Aug‐Sept 10137 608,220              

614,315               7,371,780

Mo rate Annualized rate
McClymonds 32441400001 Oct‐Dec 784                 47,040                 33,300                 Aug‐Dec 99,900                 

Aug‐Oct 1,436 86,160                

32441700001 Aug‐Sept 3656 219,360               109,680               Aug‐Sept 219,360               less as this is high seasonal usage
24390081 Apr‐Jun 5022 301,320               497,250               Apr‐Jun 6,013,800           

Jun‐Aug 6866 411,960               505,050               Jun‐Aug
24390051 Apr‐Jun 11366 681,960               6,333,060           

Jun‐Aug 9822 589,320              

24390071 Apr‐Jun 187 11,220                

Jun‐Aug 147 8,820                   

Assumptions: May to Oct are hottest months, requriring more water. However, these are domestic water meters and need to account for vacation times.
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DOCUMENT 00 45 56 

 

LOCAL BUSINESS ENTERPRISE POLICY 

 

Administrative Regulations 

 

AR  7115 

Capital Program / Construction Related  Local, Small Local and Small Local Resident Business 

Enterprise Program ( 2014 L/SL/SLRBE) 

 

Background 

 

In order to provide economic opportunity for its residents and businesses and stimulate economic 

development, the Oakland Unified School District (“District”) implemented in December of 2008 a 

program that has directly impacted how public funds are spent.  The 2008 program, commonly referred 

to as the Local, Small Local and Small Local Resident Business Enterprise Program (2008 

S/SL/SLRBE) has proven to be a great success, stimulating economic development through the support 

and empowerment of the local community, especially groups that have historically been placed at a 

disadvantage. The District’s primary goal under the 2008 L/SL/SLRBE was to partner with the local 

community and demonstrate its leadership by harnessing local resources in order to achieve maximum 

local benefits.  

 

The 2008 L/SL/SLRBE established a twenty percent (20%) mandatory local participation requirement 

on all District contracts and professional service agreements. However, following implementation of 

the 2008 L/SL/SLRBE, the ensuing years have demonstrated that the Program was an overwhelming 

success, most particularly on District construction projects and construction related professional 

services agreement, demonstrating  that there is more than sufficient capacity among Oakland 

construction industry businesses to increase the mandatory participation thresholds for construction 

related solicitations.  

 

District Policy Effective February 1, 2014 

 

Therefore, the District has resolved to amend the 2008 L/SL/SLRBE (2014 L/SL/SLRBE) to 

require fifty percent (50%) mandatory local participation on all District capital program / 

construction related contracts and professional service agreements.  The Amended 2014 

L/SL/SLRBE program still provides for preference points on construction related professional services 

contracts and bid discounts on construction contracts, (up to 5 points or 5%) as the proposer’s level of 

local, small local and small local resident business participation increases. 

 

There is a fifty (50) % minimum participation requirement for all formally bid public works 

construction contracts over $45,000
1
 and formally solicited construction related contracts professional 

services contracts, including, but not limited to, architects, construction managers, inspectors, testing 

labs and geotechnical engineers,  over $84,100
2
.  All informal construction contracts below $45,000 

and all informal construction related professional services contracts below $84,100.00 will include 

                                                 
1
 Please note: The District uses the alternative bidding procedures of the California Uniform Public Construction Cost 

Accounting Act., Pub. Contract Code, § 22000, et seq., the “CUPCCAA”.   
2
 Subject to annual increases pursuant to Public Contract Code 20111(a). 
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outreach to certified local firms such that a minimum of three local certified firms are included in the 

solicitation.  Specifics of the new policy are detailed under the “Program Guidelines” section below. 

Verified Results of the 2008 L/SL/SLRBE Program  

Since 2008, the quantifiable impacts of the Program include: 

 

 Increases in the number of Oakland certified businesses participating in District 

construction contracting projects and construction related professional services agreements; 

 Increases in the circulation of local dollars within the Oakland community and 

revitalization of Oakland’s economic base through reinvestment of General Obligation 

bond dollars; and 

 Increases in the development and capacity enhancement of Oakland certified businesses. 

 

The Amended 2014 L/SL/SLRBE continues to provide economic opportunity to local residents and 

businesses by supporting local economic development while paying competitive prices for 

construction related goods and services.   

Part 1. 

Definitions 

 

1) Availability - The number of certified L/SL/SLRBE firms, by trade, ready and willing to compete 

for work within the District’s geographical boundaries (interchangeable with that of the City of 

Oakland).   

 

2) Commercially useful function - The business is directly responsible for providing the materials, 

equipment, supplies or services to the District as required by the solicitation or request for quotes, 

bids or proposals.  

 

3) Contractor/Consultant/Vendor - The individual, partnership, corporation, joint venture or other 

legal entity entering into a contractual agreement with the District. 

 

4) Dealer - A firm that owns, operates, or maintains a store, warehouse or other establishment in 

which the materials or supplies required for the performance of the contract are bought, kept in 

stock, and regularly sold to the public in the usual course of business.  To be a regular dealer, the 

firm must engage in, as its principal business, and in its own name, the purchase and sale of the 

product in question.  A regular dealer in such bulk items as steel, cement, gravel, stone and 

petroleum products need not keep such products in stock, if it owns or operates distribution 

equipment.  Brokers and packagers shall not be regarded as manufacturers or regular dealers. 

 

5) District – Refers to the District’s geographical boundaries which are interchangeable with that of 

the City of Oakland. Depending upon context, reference to District may also include the Oakland 

Unified School District, its Board of Education, Superintendant and other authorized 

representatives. 
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6) Emergency Work - A public works contract awarded because of imminent danger (e.g. fires, 

floods, earthquakes) or immediate threat to the health, safety and welfare of Oakland residents and 

meeting the District’s legal requirements for waiving normal bidding procedures. 

 

7)  Fixed office – A fixed office is dedicated office space, owned or leased by the local business, in 

an established, non-portable building where regular work pertinent to the contract is conducted.  

For small local business certifications, the fixed office shall be the primary business location of the 

business.  For small local business and small local resident business certifications, a residence may 

qualify as a fixed office provided that all the following conditions are met: (a) the business 

conducted in the residence complies with all applicable City of Oakland zoning regulations   

relating to Home Occupations; and (b) the residence is the primary business location of the 

business and contributes not less than 51% of the gross receipts of business. A fixed distribution 

point is a non-portable warehouse or an outside shipping yard owned or leased by the local 

business, where shipping, receiving and the owner and employees regularly and exclusively 

conduct distribution of goods and commodities on behalf of the business. 

 

8) Informal professional services contracts – For purposes of establishing a threshold for 

determining the application of the L/SL/SLRBE Program only, informal professional service 

contracts are valued at or under the current year’s threshold pursuant to Public Contract Code 

Section 20111(a). (For 2014 the threshold is $84,100.00, subject to annual adjustments). For 

informal professional services contracts, 75% of the work shall be awarded to small local firms or 

small local resident firms. 

 

9) Local Business Enterprise  (LBE) – An Oakland business (a) with a substantial presence in the 

District’s  geographic boundaries (b) fully operational for 12 consecutive months and(c) a valid 

business tax certificate. 

 

10) Local Certified Trucker – A business, locally owned and operated within the District’s  

geographic boundaries,  engaged in transporting goods on trucks to or from a specified location and 

holds a valid certification as a trucking contractor.  

 

11) Local Manufacturer - A firm that operates or maintains a factory or establishment located within 

the District’s geographic boundaries that produce on the premises the materials or supplies 

purchased. 

 

12) Public works contract - Any construction, alteration, demolition, or repair work done under 

contract and paid for in whole or in part with public funds. 

 

13) Size Standard - One factor used to determine a small business. The District follows the Size 

Standard utilized by the City of Oakland’s certification process. 

 

14) Small construction contracts - For purposes of establishing a threshold for determining the 

application of the L/SL/SLRBE Program only, small construction contracts are valued at $45,000 

and under. For informally bid small construction contracts, 75% of the work shall be awarded to 

small local or small local resident firms. 

 

15) Small Local Business Enterprise (SLBE) –A business that (a) meets the Size Standard set by the 

City of Oakland for small businesses; (b) is an independent business headquartered in the District’s 
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geographical area; (c) has a substantial presence within the District’s geographic boundaries; (d) is 

a full operation conducting business for at least 12 consecutive months, and; (e) holds a valid 

business tax certificate. 

 

16)  Small Local Resident Business Enterprise (SLRBE) –A business that (a) meets the Size 

Standard set by the City of Oakland for small businesses; (b) is an independent business 

headquartered in the District’s geographical area; (c) is wholly owned and operated by persons 

whose principal place of residence is located within the boundaries of District’s geographical area; 

(d) is a full operation conducting business for at least 12 consecutive months, and; (e) holds a valid 

business tax certificate. 

 

17) Subcontractor/Sub-consultant - The individual, partnership, corporation or other legal entity that 

contracts to perform part of or all of the obligations of another’s contract. 

 

18) Subsidiary/Affiliate - Part of a larger company with national offices located in other cities outside 

Oakland, and controlled by a home office or headquarters outside Oakland. 

 

19) Substantial Presence – A fixed and established place where work is carried on of a clerical, 

administrative, professional or production nature directly pertinent to the business being certified. 

A temporary location or movable property or one that was established to oversee a project such as 

a construction project office does not qualify. Businesses with offices both within and outside of 

the District that seek certification as a local business must demonstrate the existence of a bona fide 

local office in accordance with the following criteria: 

 

a) Independent Office Site: The local office can and does function as an independent office site.  

The local office is not merely a sham operation set up by a non-local business for the purpose 

of gaining L/SL/SLRBE certification; 

b) Fixtures and Equipment: The local office contains all fixtures and/or equipment, including but 

not limited to, as appropriate, computer(s) software, copy machine(s), furniture, vehicle(s), 

tools, appliances and/or machinery necessary to operate the business for which the certification 

is sought;  

c) Space: The local office contains all space necessary to operate the business for which 

certification is sought, including but not limited to, as appropriate, office space, warehouse 

space, parking, yard area and/or shop area; 

d) Dedicated Personnel: The local office must be the main office for assigned personnel who 

conduct a full range of the business’ activities out of the local office including but not limited 

to, as appropriate, professional, clerical and/or administrative staff assigned and dedicated to 

the local office as necessary to operate the business for which certification is sought;  

e) Daily Function: The local office functions on a daily basis, or a regular basis as otherwise 

appropriate, providing all services to operate the business for which certification is sought. 

  

20) Tier - The level of the relationship between the prime contractor and subcontractors, or between 

subcontractors. 

 

21) Waiver - An intentional action by the Board of Education, excusing a contractor or a department 

from adhering to and/or complying with a District policy.  
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Program Requirements 

 

There is a 50% minimum participation requirement for all construction contracts over $45,000 and all 

construction related professional services contracts over $84,100. (Subject to annual increases pursuant 

to Public Contract Code section 20111(a).)  All construction contracts below $45,000 and all 

professional services contracts below $84,100.00  must include outreach to certified local firms such 

that the respondent can demonstrate that a minimum of three local certified firms were included in 

the solicitation.   

 

The 50% local business participation requirement must be met with a maximum participation of 25% 

for Local Business Enterprises (LBE) and a minimum participation of 25% for Small Local and Small 

Local Resident Business Enterprises (SLBE / SLRBE). Any percentage combination of SLBE’s and 

SLRBE may be used to calculate the full 50% requirement. In the case of construction projects where 

trucking is warranted, 50% of the total trucking dollars must be allotted to certified (Oakland) Local 

Truckers. 

 

Prior to the issuance of a formal invitation for bid, the District shall insure that there are at least three 

certified businesses listed in the industry, trade or profession that constitutes a major category of work. 

If at least three L/SL/SLRBEs are not certified, then the requirement may, subject to the discretion of 

the District, be waived, or the 50% requirement may be re-set from 50 % all the way to 0%, depending 

on the particular circumstances at time of bid.  

 

The District’s awarding authority shall request an availability analysis if there is reason to believe that 

the availability of certified firms will not satisfy the 50% requirement. The request must be made in 

time for completion prior to issuing an invitation for bids, request for proposals or any other 

solicitation.  

 

Contractors are required to submit a completed Subcontractor Listing on the form provided by the 

District with the bid solicitation. The Subcontractor Listing provides the District with a formal list of 

subcontractors, the trade or service area to be provided, bid amounts and certification status on 

businesses that will be used on the project.  

 

The Subcontractor Listing will be used by the District to calculate the level of certified local business 

participation. Unless a requirement is waived due to limited availability, the determination of 

responsive and responsible will include meeting the 50% minimum participation requirement.  

 

For purposes of determining that the 50% L/SL/SLRBE business participation minimum is met and is 

valid, the District is currently utilizing the certification process, as amended in 2012, developed by the 

City of Oakland pursuant to its Local and Small Local Profit and Not for Profit business Enterprise 

Program.    

 

Each prime or lead contractor is urged to obtain, from each certified subcontractor, a copy of either the 

certification letter or certificate issued by the City of Oakland. The certification letter and certificate 

include the certification number and date of expiration.   

 

Certifications must be current and valid prior to the submittal due date in order for the local 

participation to count toward meeting the 50% businesses participation requirement. Certification 

status is confirmed during the compliance evaluation process. 
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Bid discounts are awarded for every 10% of additional contract dollars attributable to certified firms 

over the 50% minimum threshold requirement for responsive bids.  No more than five percent (5%) in 

additional bid discounts or three (3) additional preference points may be earned. 

 

Tier 1: Mandatory 
 
50% Mandatory Requirement can be met with: 
25% (or less) Local Business participation and 25% 
(or more) Small Local or Small Local Resident 
Business participation. 
 

 
 
 
 
 
 
 
 

 
Tier 2: Optional 
Participation over and above 
the 50% requirement earns 
additional bid discounts and 
points up to a maximum of a 
5% bid discount and 5 
preference points as long as 
the participation increases 
between SLBE’s and/or 
SLRBE’s or additional 

participation is achieved entirely with SLRBE’s.  
 

 
 
 
 
 

 

 

 

 

 

 

 LBE  
Maximum 
Participation 

SLBE 
Minimum 
Participation 

 
 

25% 25%* 

Total 0% to 25% 25% to 50% 

LBE  
Maximum 
Participation 

SLBE/SLRBE 
Minimum 
Participation 

Total  
LBE/SL-SLRBE 
Participation 

Bid Discount 
/ 
Preference 

25% 35% 60% 3% 

LBE  
Maximum 
Participation 

SLBE/SLRBE 
Minimum 
Participation 

Total  
LBE/SL-SLBE 
Participation 

Bid Discount 
/ 
Preference 

25% 45% 70% 4% 
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Maintaining Participation 

 

Incentives are earned based on the level of participation proposed prior to the award of a contract.  
Once a project begins, it is important to achieve and maintain the participation for which incentives 
were earned.  Prime Contractors and consultants must maintain the L/SL/SLRBE percentages 
indicated at the time of a contract award and throughout the term of the contract.   
 
Should the prime contractor or consultant fail to maintain the L/SL/SLRBE participation listed at the 
time the contract is awarded; the District may impose a penalty equal to the amount that should 
have been awarded to the listed L/SL/SLRBE businesses, and/or may stop the work upon approval by 
the full Board of Education. The Prime contractor shall be afforded the opportunity to request a due 
process hearing before the assessment of penalties and/or any decision to stop the work. 
 
If the District modifies the original scope of work, the contractor must make reasonable efforts to 
maintain the time of bid L/SL/SLRBE participation for which incentives were earned. If change orders 
affect only one discipline, staff may use their discretion to allow adjustments to L/SL/SLRBE 
percentages for the change order portion of the work. Upon request, District staff will help firms to 

determine 
methods 

of 
maintainin

g 
percentages.    
 

Substitution of Listed Subcontractors (Construction Contracts) 

 

Unless otherwise specified in the contract documents, and in accord with California law, Prime 

contractors who have entered into a contract agreement with the District cannot substitute a listed 

subcontractor, including any listed L/SL/SLRBE used to meet participation requirements, without 

prior approval of the District.   

 

The District will grant substitution of a listed subcontractor on the following conditions: 

LBE  
Maximum 
Participation 

SLBE 
Minimum 
Participation 

SLRBE 
Minimum 
Participation 

Total  
LBE/SL-SLBE 
Participation 

Bid Discount 
/ 
Preference 

25% 35% 20% 80% 5% 
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1. A written statement from the listed sub contractor agreeing to the substitution, 

2. When the listed sub contractor has been given a reasonable opportunity to execute a contract, yet 

fails to, or refuses to execute a written contract when such written contract is based upon the 

District's conditions and scope of work, 

3. When a listed sub contractor becomes insolvent, 

4. When the listed sub contractor fails or refuses to satisfy contractual agreements, 

5.  When the listed sub contractor fails to meet contract insurance requirements, or 

6.  When the District or the duly authorized officer determines that the work performed by the listed 

sub contractor is substantially unsatisfactory, or not in accordance with the contract agreement or 

that the sub contractor is substantially delaying or disrupting the progress of the work. 

 

Prior to the approval of the prime consultant request for substitution, the District shall give notice, in 

writing, to the listed sub contractor, of the Prime contractor's request for substitution and/or the reason 

for such request.  The sub contractor who has been so notified shall have five (5) working days in 

which to submit to the District written objections to the substitution.  Failure to file such written 

objection shall constitute the sub contractor’s consent to the substitution.   

 

If written objections are filed, the District shall give written notice of a hearing date to the prime and 

sub contractor within five (5) working days.  At the hearing, the prime and sub contractor will present 

their cases and the Hearing Officer will make a determination. 

Emergency Contracts 

 

L/SL/SLRBE businesses will be given first priority in the performance of emergency work as defined 

in Public Contract Code section(s) 22000-22045 which formulates and establishes procedures for 

bidding, contracting, and purchasing goods and services under the California Uniform Construction 

Cost Accounting Act.  

Compliance Monitoring and Penalties 

 

To ensure compliance with the program, the contractor or consultant shall provide records upon 

request (within ten calendar days) and permit the District to review all pertinent records and documents 

of the contractor and subcontractors. The contractor or consultant shall provide a copy of all 

subcontractor agreements, purchase orders and/or other verification of the total amount to be paid to 

each subcontractor, supplier, etc., prior to commencement of work.  A penalty of one percent (1%) of 

the contract amount or one thousand dollars ($1,000) per day (whichever is less) may be applied if 

records or documents are not provided within the specified time. The District shall deem such refusal a 

material breach of contract, in which case the District may terminate the contract and/or stop the work 

until compliance is met. In addition, the contractor or subcontractors may be debarred from 

participating in future District contracts for a period of six months to five years, and may lose 

certification. 

 

The subcontractor’s progress payment report must be submitted with each progress payment in order 

for the progress payment to be processed. Also, prime contractors and/or prime consultants will 

provide the District with executed copies of its subcontractor/sub consultant agreements to verify 

dollar amounts stated for all L/ SL/SLRBEs. Contractors must also provide information with each 

progress payment indicating payments made to L/SL/SLRBEs in order to receive subsequent progress 

payments.  
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Prevailing Wages  

State prevailing wage rates apply to all public works contracts as set forth in Labor Code Sections 

1720, 1720.2, 1720.3, 1720.4, and 1771. Workers employed on construction, alteration or demolition 

projects in California that use public funds are paid the prevailing wage, which is the basic hourly rate 

the majority of workers in a particular craft or classification earn. The prevailing wage also is based on 

the locality and nearest labor market. The California Department of Industrial Relations, (Divisions of 

Labor Statistics and Research) annually determines prevailing wages and may be reached at 

www.dir.ca.gov/DLSR/PWD. 

The Prime contractor shall include in its contracts with its sub contractors, requirements that its sub 

contractors’ employees and their subcontractors’ employees shall be compensated in an amount no less 

than the general prevailing wage rate of per diem wages pursuant to the California Labor Code 

Sections 1770, et seq.  

 

The prevailing wage requirement will be monitored and enforced by the District in accordance with 

state law. In addition to any other rights provided by California law to recover compensation, a worker 

that has been paid less than the prevailing wage rates shall have a right to commence an action or 

proceeding against the employer of the worker for the difference between the prevailing wage rates and 

the amount paid to such worker for each calendar day or portion thereof for which the worker was paid 

less than the compensation required to be paid under the provisions of this agreement. 

Local Subcontracting Outreach 

 

To ensure full disclosure of contracting and subcontracting opportunities available through the 

Oakland Unified School District, each of the District’s awarding departments must post contracting 

opportunities on the District’s website, www.ousd.org 

 

The District is in collaboration with the City of Oakland, Office of Contract Compliance & 

Employment Services, which maintains a list of certified for profit and not-for profit businesses and 

organizations. The list is divided by trade or profession and includes contact information as and if the 

certification type is either Local Business Enterprise (LBE) or a Small Local Business Enterprise 

(SLBE).  In addition, the District, through its Local Compliance Officer, maintains a list of Small 

Local Business Enterprises (SLBE's) which are also owned by residents of City of Oakland (SLRBE). 

Each agency conducting a construction related solicitation is required to obtain responses from 

certified firms appropriate to the nature and scope of the particular solicitation. Upon request, mailing 

lists of certified firms.  

 

Joint Venture Agreements 

 

A business that is bidding or competing for District construction related contracts may associate with a 

certified Small Local or Small Local Resident business to compete for contracts as a joint venture, and 

thereby meet the mandatory participation requirements of the L/SL/SLRBE policy. (The association of 

a Local Business Enterprise with a non-local business will not qualify as a joint venture under this 

Program, however, an LBE that associates with a SLBE or SLRBE will receive an additional 2% - 2 

point preference over a non-local / SLBE/SLRBE joint venture association.)  A joint venture should be 

between two entities with the same discipline or licensing   as required by the awarding department. 
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Approved Joint ventures will receive up to the maximum bid discount credit on construction and 

professional services contracts, as detailed in the Program Incentives Section of this Policy, above. 

 

The parties must agree to enter into the relationship for at least the life of the project.  

 

Basic Elements of the Joint Venture Agreement:  

A Joint Venture must submit a Joint Venture Agreement two weeks prior to the bid due date. 

Each agreement must include, but not limited to the following: 

1. Detailed explanation of the financial contribution of each partner;  

2. List of the personnel and equipment used by each partner;  

3. Detailed breakdown of the responsibilities of each partner;  

4. Explanation of how the profits and losses will be distributed;  

5. Description of the bonding capacity of each partner; and  

6. Management or incentive fees available for any one of the partners (if any). 

 

Commercially Useful Functions Performed by Joint Venture Partners:  

Each JV partner must perform a “commercially use function” as that term is defined herein. A 

SLBE/SLRBE that relies on the resources and personnel of a non-SLBE/SLRBE firm will 

not be deemed to perform a "commercially useful function”. 

 

Joint Venture License Requirements: Each joint venture partner must possess licenses 

appropriate for the discipline for which a proposal is being submitted. If a joint venture is 

bidding on a single trade project, at the time of bid submittal, each of the joint venture partners 

must hold a Joint Venture License (or demonstrate that a Joint Venture License application is 

pending with the Contractors State License Board) and possess the requisite specialty license 

for that trade bid. 

 

Delineation of Joint Venture Work: 

The SLBE/SLRBE partner must clearly define the portion of the work it will perform during 

the project. This work must be of the similar type of work the SL/SLRBE partner performs in 

the normal course of its own business. The Joint Venture Agreement must specify the project 

bid items to be performed by each individual joint venture partner. Lump sum joint venture 

participation is not acceptable. 

 

Responsibilities of the SLBE/SLRBE Joint Venture Partners: 

1. The SLBE/SLRBE partner must share in the ownership, control, management 

responsibilities, risks, and profits of the joint venture in proportion with level of 

participation in the project; 

2. The SLBE/SLRBE partner must perform work that is commensurate with its experience. 

3. The SLBE/SLRBE partner must use its own employees and equipment to perform its 

portion of the project. 

 

Application of Bid Discounts for Joint Venture Agreements 

To be eligible for a bid discount, at the time of bid submittal, each joint venture partner must 

hold a Joint Venture License (in the case of construction contracts only, successfully 

demonstrate that a Joint Venture License application is pending with the Contractors State 

License Board) and each must have the license that is appropriate for the project as required in 

the contract document of the contract award authority.  
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Other Joint Venture Conditions 

The District’s Facilities Director or designee must first approve the SLBE/SLRBE Joint 

Venture Agreement before the joint venture is eligible for bid discounts. Any changes must 

also receive the prior approval of the District’s Facilities Director or designee. In addition to 

any other information required by conditions specified herein, each SLBE/SLRBE joint venture 

must provide upon request, cancelled checks and any other financial records to the District.  

 

Additional Considerations 

 

Prime contractors shall not impose any unreasonable additional criteria on subcontractors that are not 

required by the District.  Any demand on an L/SL/SLRBE subcontractor that would change the way 

the subcontractor does business will be deemed unreasonable.  The prime contractor shall not 

selectively impose criteria upon local certified businesses that are not applied to other business in 

similar contractual relationships with the prime. 

 

All bids submitted shall be made available to the public upon bid opening as required by the Public 

Contract Code. 

 

 

END Part I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part II. 

Certification 
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The following is the certification process utilized by the City of Oakland.  It is printed in its entirety, 

adopted without modification and incorporated by reference into the Oakland Unified School District’s 

Local Business Policy.  The Board of Education reserves the right, as deemed appropriate, to develop 

the District’s own, independent certification process, which shall supersede the City of Oakland’s 

criteria. In addition, the District shall adopt a proof of residency process (similar to that used for 

enrolling students in Oakland Unified School District schools) to verify that the criteria for Small 

Local Resident Business Enterprise certifications are met.  (A list of documents that will be required 

by the District as proof of residency can be found at the end of this Part II.) 

City of Oakland Certification Criteria 

The City of Oakland now certifies both for-profit and not-for-profits operations. Certification criteria 

apply to both for profit and not-for-profit organizations.  

 

1. An established operation located and doing business or operating within the geographical 

boundaries of the City of Oakland. 

 

2. Fully operational for at least twelve (12) consecutive months prior to applying for 

certification. 

 

3. A valid City of Oakland Business Tax certificate issued no less than twelve (12) months 

prior to applying for certification.  All payments must be current and the certificate must 

reflect the address of the local business.  

 

4. A fixed office that reflects a substantial presence in the geographical boundaries of the City 

of Oakland. Post Office boxes, temporary locations, and moveable work sites will not 

establish status as a local business. In the case of trucking firms, the truck inventory must 

be located within the city limits. A fixed office is a dedicated office space, owned or leased 

by the local business, in an established, non-portable building where regular work pertinent 

to the contract is conducted.  For SLBE certification, the fixed office shall be the primary 

business location of the business.  A residence may qualify as a fixed office provided the 

following conditions are met: (a) the business conducted in the residence complies with 

Oakland Zoning Regulations relating to Home Occupations; and (b) the residence is the 

primary business location of the business and contributes not less than 51% of the gross 

receipts of business. A fixed distribution point is a non-portable warehouse or an outside 

shipping yard owned or leased by the local business, where shipping, receiving and the 

owner and employees regularly and exclusively conduct distribution of goods and 

commodities on behalf of the business. 

 

5. The owner or employees (person hired and paid directly by the local business to conduct 

work solely on behalf of the business at its fixed office or distribution point) shall be 

available during normal operating hours. 

 

6. A LBE/SLBE must comply with all applicable Federal, State and local regulations, 

including, but not limited to the City of Oakland Zoning Regulations. 

 

7. All taxes, fees, permit fees, and fines shall be current. 
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8. Upon request by the City’s certifying officer, a LBE/SLBE must possess and make 

available for inspection the following documentation citing the Oakland business street 

address: 

 

a. Executed (i.e. signed by all parties) copies of past/current contracts; 

b. Oakland Business Tax Certificate and federal tax identification number; 

c. Executed lease or other written agreement for occupancy of the Oakland office; 

d. Business cards and Utility bills (including but not limited to telephone, gas, electric, 

or water bills) 

 

9. A business requesting certification shall supply the City with all such additional 

information, as the City may deem relevant to make a determination on its eligibility for 

certification.  The City may wish to review additional documents that may include, but may 

not be limited to: 

 

a. Commercial advertising 

b. On-site signage 

c. Letterhead 

d. Previous Lease Agreements 

e. Marketing materials 

f. Listing in the telephone book. 

 

10. Small local businesses must present or make available copies of federal tax returns showing 

gross revenues for the three most recent fiscal years in order for the City to determine 

compliance with established business size standards.  

 

Certification Eligibility Standards 

Ownership and Control for Small Local Business Enterprise 

The following standards shall be used by the City to determine if a firm is owned and controlled by 

one or more owners or businesses and eligible for certification as a Small Local Business Enterprise: 

 

1. An eligible small local business shall be an independent business.  The ownership and 

control of the SLBE shall be real, substantial and continuing and shall go beyond the pro 

forma ownership of the firm as reflected in its ownership documents.   The small local 

business owner shall enjoy the customary incidents of ownership and shall share in the risks 

and profits commensurate with their ownership interests, as demonstrated by an 

examination of the substance rather than form of arrangements.  Recognition of the 

business as a separate entity for tax, corporate or local status purposes is not necessarily 

sufficient for recognition as an SLBE.  In determining whether a potential SLBE is an 

independent business, the City shall consider all relevant factors, including the date the 

business started, the adequacy of its resources for the work of the contract, and the degree 

to which financial, equipment leasing and other relationships with non local firms. 

 

2. The owner(s) of the small local business must also possess the power to direct or cause the 

direction of the management and policies of the firm. Also, the owner shall make the day-

to-day, as well as major decisions on matters of management, policy and operations. The 

firm shall not be subject to any formal or informal restrictions, which limit the customary 
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discretion of the owners.  There shall be no restrictions that would prevent the local 

business owners, without the cooperation or vote of any non-local owners, from making a 

business decision of the firm. (i.e. bylaws provisions, partnership agreements or charter 

requirements for cumulative voting rights) 

 

 Where the actual management of the firm is contracted out to individuals other than the owners, 

those persons who have the ultimate power to hire and fire the managers are, for the purposes of 

this part, considered controlling the business. 

 

 The contribution of capital or expertise by the local owner(s) to acquire their interests in the firm 

shall be real and substantial. 

 

 Newly formed firms and firms whose ownership and/or control have changed since the date of the 

advertisement of the contract are closely scrutinized to determine the reasons for the timing of the 

formation of or change in the firm. 

 

 A previous and/or continuing employer-employee relationship between or among present owners 

are carefully reviewed to ensure that the employee-owner has management responsibilities and 

capabilities. 

 

 Any relationship between a SLBE and non- SLBE, which has an interest in the SLBE, is carefully 

reviewed to determine if the interest of the non-SLBE conflicts with the ownership and control 

requirements. 

 

 SLBEs will be considered bona fide if the ownership interests are real and continuing, and not 

created solely to meet the City goals for SLBEs participation.  The SLBEs included in the contract 

must perform commercially useful services and/or supplies and not merely act as a passive conduit. 

In the event the City has reason to question the ownership of SLBEs, the burden of proof is on the 

claimant and/or contractor to provide documentation to substantiate the SLBE business enterprise 

status. 

 

Size Standards for Small Businesses 

The City has established a size limit in order to set forth criteria and define small local businesses. In 

making the determination relative to size, the City will use thirty percent (30%) of the United States 

Small Business Administration’s Small Business Size standards. Size is based on gross revenues 

realized by the firm for the three most recent fiscal years that the firm is doing business.  

 

LBE/SLBE Certification Process 

 

Step 1 – The Application: Down load Applications from the web site maintained by Contract 

Compliance & Employment Services (CC & ES).  From Oaklandnet.com, select Contract Compliance 

on the “go to” link.   Requests for certification applications can be made by phone, facsimile, 

electronic mail, in writing or in person.  When submitting the application, remember to attach a copy 

of the most recent Business Tax Certificate and have the application notarized.  If you are applying as 

a small business, attach the last three most recent business tax returns. 
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Step 2 – The Review Process: The City of Oakland employs a three-tier certification process as 

standard operating procedure.  This process is used to determine the degree of difficulty and time 

necessary to complete the review.  

 

 Tier I – The application, upon review by staff, is complete and accurate, and requires no further 

action. Analysis, recommendation and notification as to the status of the application to certify or 

deny certification will be conducted within 10 working days. Tier I applications are typically LBE 

re-certifications. 

 

 Tier II – The application, upon review by staff, requires additional information (e.g. application 

information is incomplete or requires clarification, supporting documents missing, etc.) If the 

application is incomplete, additional documentation will be requested and must be submitted 

within 10 working days. Analysis, recommendation and notification as to the status of the 

application to certify or deny certification will be conducted within 10 working days. 

 

 Tier III - The application, upon review by staff, necessitates a desk audit and site visit. The desk 

audit and site visit will be conducted within 15 working days. All parties are asked to cooperate 

fully with the investigation.  Failure or refusal to furnish requested information or failure to 

cooperate voids the application.  If the audit and review results in a satisfactory determination, 

analysis, recommendation and notification as to the status of the application to certify or deny 

certification will be conducted within 10 working days after the site visit. 

 

During the process of certification, the City may review any documentation or information it deems 

necessary to determine whether the applicant meets the definition of a local business set forth in the 

section 2.01 of this document.   

 

To ensure complete and accurate determination in a timely fashion, it is requested that all potential 

LBE/SLBE participants submit an application for certification a minimum of three (3) weeks prior to a 

bid opening or submittal of a proposal. In order to receive LBE or SLBE credit for listed 

subcontractors and suppliers certifications must be complete and existing at the date and time of bid 

opening or submittal due dates. 

 

Certification with another agency does not constitute certification with the City of Oakland. The City 

reserves the right to approve LBE/SLBE status from other government or City agencies. Firms or 

individuals who knowingly submit false information concerning their LBE/SLBE business status are 

subject to action or actions for fraud under the State and Federal False Claims Act and will be debarred 

from bidding on future City work for a period of three (3) years. 

Other Considerations 

In addition to the above the City shall give special consideration to the following circumstances in 

determining eligibility: 

 

 Newly formed firms and firms whose ownership and/or control have changed since the date of the 

advertisement of the contract are closely scrutinized to determine the reasons for the timing of the 

formation of or change in the firm. 
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 Previous and/or continuing employer-employee relationships between or among present owners are 

carefully reviewed to ensure that the employee-owner has management responsibilities and 

capabilities. 

 

 Any relationship between an LBE/SLBE and a business that is not an LBE/SLBE, which has an 

interest in the LBE, is carefully reviewed to determine if the interest of the non-LBE conflicts with 

the ownership and control requirements. 

 

 A joint venture is eligible for certification if the LBE/SLBE partner of the joint venture meets the 

standards for an eligible LBE.  The LBE partner is responsible for a clearly defined portion of the 

work to be performed and shares in the ownership, control, management responsibilities, risks and 

profits of the joint venture. The City Attorney’s office must approve joint venture agreements. 

 

 The mentor and protégé must be certified prior to the submittal of a mentor-protégé agreement for 

approval. 

Re-Certification 

A City of Oakland certification is valid for a period of two years, unless otherwise specified.  At the 

end of the certification period (October and April) the business may apply for re-certification. 

Notwithstanding the above, the City may require re-submittal of current documentation and 

information in the event a LBE/SLBE certification is challenged. 

Appeal  

Any firm that believes that it has been wrongfully denied certification as an LBE/SLBE or joint 

venture may file an appeal in writing.  The written appeal must be signed and dated. 

 

The appeal shall be filed no later than 30 days after the date of denial.  The City may extend the time 

for filing, or waive the time limit in the interest of justice.  The City may specify in writing the reason 

for so doing. 

 

Third parties, who have reason to believe that another firm has been wrongfully denied or granted 

certification as an LBE/SLBE or joint venture, may advise the City in writing.  This information is not 

considered an appeal. 

 

The City ensures a prompt investigation, and may at its discretion; decertify the LBE/SLBE or joint 

venture pending the outcome of the investigation.  

 

END Part II 

 

 

 

 

Part III 

 

 

 

OAKLAND UNIFIED SCHOOL DISTRICT 

Small Local Resident Business Enterprise 



 Page 17 of 17 

(“SLRBE”) 

 

Supplemental Certification Documentation  

 

The following will be required to qualify as a SLRBE under OUSD’s Local Business Program: 

 

 

Any three (3) of the following dated within 90 days. Must reflect the business owners’ 

CURRENT residential address: 

 

a.) One to three utility bills from different agencies,  

     i.e., PG&E, home telephone, water, garbage or cable; and/or 

 

b.) Both automobile registration and automobile insurance; and/or 

 

c.) Homeowner’s/renter’s insurance policy; and/or 

 

d.) Property tax statement; and/or 

 

e.) Official letter from a social service/government agency; and/or 

 

f.) Rental/Lease Agreement or Grant Deed or Title (minimum one (1) year lease required) 

 

END Part III 

 

 

 

 

1/29/14 



To: Jill Sunahara/ 
From: Yvonne Tom/Leadership in Energy Efficiency Program 
Date: Dec. 5, 2014 
RE: Description of energy-water measures for Oakland USD’s 2 High Schools: 

Castlemont and McClymonds 
 
Cc: Puck Ananta/LEEP 
 Caine Chan/OUSD 

Heather Larson/StopWaste 
 Hannah Wood/OUSD 
 

1. Utilize existing new pool covers with power winder. Oakland USD will be 
installing free pool covers in Dec, 2014, courtesy of a PG&E 3rd party program. 
However, it is often the case that even with new pool covers that save energy 
and water from water evaporation are underutilized. In fact, on the day of a site 
inspection, the pool was uncovered despite a week-long school vacation. This 
proposal will assist the grounds and custodial staff in making it easier to use the 
pool cover, reduce the number of staff needed to use the pool cover, and ensure 
savings are actually realized.  

a. It is estimated that the pool covers will save 501,580 gal/yr at the two 
pools. 

b. Because the pools are heated, this measure is estimated to save 6,526 
therms/yr. 

c. The cost of the power winder is $9,000 with a payback of 3.93 years 
2. Install variable frequency drive (VFD) for the pool pumps. These pools are linked 

to a pool pump that is working at a 100% level 24/7. The purposed of the VFD is 
to reduce the speed when the pool is not being used or is less utilized. This 
measure will save: 

a. 91,368 kWh/yr at the two pools 
b. The cost of this measure is estimated at $16,520 with a payback of 1.4 

years 
3. Fix leaking faucet in kitchen (at McClymonds) 

a. Estimated water savings is 1,000 gal/yr with a cost to fix (in-house) of 
$225. 

4. Add two aerators in kitchen hand washing stations, reducing the water flow rate 
from 8 gallons/minute to 0.5 gallons/minute (at McClymonds) 

a. Estimated water savings is 2,000 gal/yr with a cost to install the aerators 
(in-house) of $54. 

5. Install cogeneration at each pool. Cogeneration allows one energy unit (therm) to 
produce heat to the pools and showers and energy to the school site. While we 
have not analyzed the demand requirements of the high school site and the 
amount of heat needed for pools/showers/bathrooms, a 60 kW microturbine is 
commonly used for this purpose. 

a. Estimated energy savings and increase in energy use: 
i. 660,514 kWh/yr savings 
ii. (46,188) therms/yr used in lieu of the kWh savings 



b. Estimated cost is $450,000 with an annual savings in energy costs of 
$110,662 and a payback of 4 years 

6. Install commutated (digital) motor in walk-in cooler in kitchen; replace gaskets, 
and add auto door closer (at Castlemont) 

a. These measure will save energy by providing a more efficient motor, 
reducing cold air leakage, and having the door manually close after each 
use. 

b. Energy savings are estimated to be 2,842 kWh/yr and a cost savings of 
$374/yr. 

c. The estimated cost for these measures are $1,802 with an estimated 
payback of 4.8 years 

7. Install scheduling controls for hot water heater booster pumps (at Castlemont) 
that will schedule when the pumps when not in use 

a. Energy savings are estimated to be 18,221 kWh/yr and cost savings are 
estimated to be $22,972. 

b. Estimated savings/yr are $2,396 with a payback of 9.6 years. 
 
 
 
P:OaklandUSDCastlemont-McClymondsenergy-wateranalysis.docx 



1

Allison Chan

From: Yvonne Tom
Sent: Monday, December 08, 2014 12:37 PM
To: Jill Sunahara
Cc: Caine Chan; Hannah Wood; Heather Larson; puck ananta
Subject: Re: Cogeneration for pools at OUSD

Hi Jill: 
 
The cogeneration numbers for energy savings was done for Albany USD by QuEST at the end of 2003. The 
project was installed a few years later and continues to operate (re-installed when they built a new pool 
complex). 
 
The pool cover savings for energy (using the pool covers) was from kW Engineering's audit at Castlemont. I 
prorated the numbers for McClymonds, which is the bigger pool. I got the measurements and therms for the 
pools from Clearesult, who is the 3rd party PG&E contractor for the pool covers. These numbers became the 
basis for the evaporation of the water without a pool cover. The evaporation rate was from the following 
website: hpac.com/humidity-control/simplified-method-calculating-evaporation-swiming-pools by Mirza M. 
Shah, Fasme Fashrae, Heywood van Mezl and Shadford, Inc. of Farmington, CT, downloaded on 11/30/14. 
 
The VFD measures came from kW Engineering's audit 
 
The leaking faucet and aerators came from me, based on my experience 
 
The kitchen walk in cooler came from kW Engineering's audit 
 
Hope that helps 
 
Best regards, 
Yvonne 
Leadership in Energy Efficiency Program 
 
 
 
On Mon, Dec 8, 2014 at 12:18 PM, Jill Sunahara <jill@horizonh2o.com> wrote: 

Hi Yvonne~ 

  

Thanks for this information…I just plugged everything into our application files. 

Quick question on the cost and water savings estimates….did you base everything in the spreadsheet on the kW 
Engineering Energy Audit for Castlemont? 

Were there other information sources you used to develop the cost estimates and water/energy savings estimates? 
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Allison Chan

From: Hannah Wood
Sent: Wednesday, November 26, 2014 11:21 AM
To: Jill Sunahara
Cc: Yvonne Tom; puck ananta; Caine Chan; Heather Larson
Subject: Re: FW: High schools with pools

Hi Jill, 
 
This e-mail is a composite of Yvonne and my responses to your questions from 11/25: 
 
1. You now have a copy of kW Engineering's ASHRAE Level II audit of Castlemont HS. All the numbers, calculations, 
estimates, and costs are based on this report completed for the Leadership in Energy Efficiency Program (LEEP). This 
report was completed a couple of years ago so the costs need to adjusted for inflation (10% was added) and all rebates 
were eliminated (based on new Title 24 requirements). As with most ASHRAE reports, the costs and equipment are 
estimates and are not in the report. Labor costs are based on general labor costs from RS Means or similar.  
 
2. The costs include both labor and materials. We do not have the breakdown. In order to properly obtain current costs 
(prevailing wage labor costs) and equipment and materials, the project would need to be publicly bid. This takes months 
to complete. Equipment is specified and is part of the public bid process. 
 
3. We expect that the work will be publicly bid out. 
 
4. We expect that the costs will be obtained under a public bid. 
 
5. We assume no rebates from PG&E (due to the new Title 24 laws), and some free parts (such as kitchen spray valves) 
from EBMUD.  
 
Regarding Castlemont, we will most likely recommend 25% of work hours be conducted by DAC residents if 
Facilities/B&G have an approved contractor on its list. 
 
Yvonne and Caine will be visiting McClymonds today to gather accurate information regarding energy and water efficiency 
opportunities, rather than using measures found for Castlemont in the ASHRAE Level II audit. We will work to get you 
these findings ASAP. 
 
Heather gave Yvonne a project assumption sheet. Is this sheet still needed, and by when? 
 
Thanks for working with us on this grant opportunity. 
 
Hannah  
 
On Tue, Nov 25, 2014 at 12:47 PM, Jill Sunahara <jill@horizonh2o.com> wrote: 
Hi Hannah and Yvonne~ 
 
I'm supporting Heather to build the Water-Energy Grant Application.  I 
hope you don't mind my contacting you directly.  At this point in the 
application preparation process, it will be more efficient for us to work 
together directly. 
 
Thank you for providing the cost and energy savings information below for 
the OUSD pools and kitchens.  We will proceed with including upgrades for 
McClymonds and Castlemont. We will assume the same types and costs for 
upgrades at both schools based on the kW Engineering Castlemont audit. 
 



 

 

 

 

Supporting Documentation for Project #5 

San Leandro USD School Upgrades 

   



          

San Leandro Unified School District, San 

Leandro, CA

Meter Summary by Period BL - 01

Use#DaysStart

Date

Use / DayCost Cost / DayEnd    

Date

 Cost / Unityyyy-mm Billed 

Demand

Actual

Demand

Energy Type: Water - GalPlace:   [GES]   Garfield Elementary School

Meter:   [W-16450400001]   Garfield ES Cost Center:  [SLUSD]   San Leandro USD

Rate: EBGAL

Account:   [W-16450400001]   Garfield Elementary 

School

Vendor:   [EBMUD]   East Bay Municipal Utility 

District

3/14/2013  61  72,556 GAL $0.006 1,189.44 $7.07 $431.06 1/12/20132013 - 02

5/14/2013  61  69,564 GAL $0.006 1,140.39 $6.85 $417.86 3/14/20132013 - 04

7/12/2013  59  59,092 GAL $0.007 1,001.56 $7.37 $434.98 5/14/20132013 - 06

9/10/2013  60  112,200 GAL $0.006 1,870.00 $11.08 $664.78 7/12/20132013 - 08

11/11/2013  62  74,800 GAL $0.006 1,206.45 $7.80 $483.78 9/10/20132013 - 10

1/11/2014  61  47,872 GAL $0.007 784.79 $5.79 $353.46 11/11/20132013 - 12

3/14/2014  62  53,108 GAL $0.017 856.58 $14.72 $912.74 1/11/20142014 - 02

5/12/2014  59  51,612 GAL $0.007 874.78 $6.30 $371.56 3/14/20142014 - 04

7/15/2014  64  70,312 GAL $0.008 1,098.63 $8.30 $531.25 5/12/20142014 - 06

9/11/2014  58  47,124 GAL $0.008 812.48 $6.60 $382.84 7/15/20142014 - 08

Meter [W-16450400001]  

Garfield ES Totals:

 607 658 KGAL $4,984.31 

Page 1 of 711/17/2014  8:35:59PM
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Meter Summary by Period BL - 01

Use#DaysStart

Date

Use / DayCost Cost / DayEnd    

Date

 Cost / Unityyyy-mm Billed 

Demand

Actual

Demand

Energy Type: Water - GalPlace:   [JMMS]   John Muir Middle School

Meter:   [W-10002700001]   John Muir MS Cost Center:  [SLUSD]   San Leandro USD

Rate: EBGAL

Account:   [W-10002700001]   John Muir Middle School Vendor:   [EBMUD]   East Bay Municipal Utility 

District

1/31/2013  29  81,532 GAL $0.006 2,811.45 $15.77 $457.27 1/2/20132013 - 01

3/5/2013  33  94,248 GAL $0.005 2,856.00 $15.56 $513.37 1/31/20132013 - 02

4/4/2013  30  122,672 GAL $0.005 4,089.07 $21.29 $638.77 3/5/20132013 - 03

5/3/2013  29  145,860 GAL $0.005 5,029.66 $25.55 $741.07 4/4/20132013 - 04

6/3/2013  31  253,572 GAL $0.005 8,179.74 $39.23 $1,216.27 5/3/20132013 - 05

7/2/2013  29  177,276 GAL $0.005 6,112.97 $32.46 $941.45 6/3/20132013 - 06

8/1/2013  30  161,568 GAL $0.006 5,385.60 $29.63 $889.01 7/2/20132013 - 07

8/30/2013  29  168,300 GAL $0.005 5,803.45 $31.78 $921.59 8/1/20132013 - 08

10/1/2013  32  234,124 GAL $0.005 7,316.38 $38.75 $1,240.15 8/30/20132013 - 09

10/30/2013  29  217,668 GAL $0.005 7,505.79 $40.02 $1,160.51 10/1/20132013 - 10

12/2/2013  33  119,400 GAL $0.006 3,618.18 $20.25 $668.19 10/30/20132013 - 11

1/2/2014  31  61,000 GAL $0.006 1,967.74 $12.21 $378.59 12/2/20132013 - 12

1/31/2014  29  95,744 GAL $0.006 3,301.52 $19.67 $570.45 1/2/20142014 - 01

3/4/2014  32  260,304 GAL $0.005 8,134.50 $42.71 $1,366.85 1/31/20142014 - 02

4/3/2014  30  130,152 GAL $0.006 4,338.40 $24.57 $736.97 3/4/20142014 - 03

5/1/2014  28  111,452 GAL $0.006 3,980.43 $23.09 $646.47 4/3/20142014 - 04

6/2/2014  32  188,496 GAL $0.005 5,890.50 $31.85 $1,019.33 5/1/20142014 - 05

7/1/2014  29  173,536 GAL $0.006 5,984.00 $34.79 $1,009.00 6/2/20142014 - 06

7/31/2014  30  188,496 GAL $0.006 6,283.20 $37.17 $1,115.18 7/1/20142014 - 07

8/29/2014  29  167,552 GAL $0.006 5,777.66 $34.63 $1,004.30 7/31/20142014 - 08

9/30/2014  32  209,440 GAL $0.006 6,545.00 $38.31 $1,226.06 8/29/20142014 - 09

Meter [W-10002700001]  John 

Muir MS Totals:

 636 3,362 KGAL $18,460.85 
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Meter Summary by Period BL - 01

Use#DaysStart

Date

Use / DayCost Cost / DayEnd    

Date

 Cost / Unityyyy-mm Billed 

Demand

Actual

Demand

Energy Type: Water - GalPlace:   [MOES]   Monroe Elementary School

Meter:   [W-17483500001]   Monroe ES Cost Center:  [SLUSD]   San Leandro USD

Rate: EBGAL

Account:   [W-17483500001]   Monroe Elementary 

School

Vendor:   [EBMUD]   East Bay Municipal Utility 

District

3/15/2013  60  283,492 GAL $0.005 4,724.87 $24.10 $1,445.84 1/14/20132013 - 02

5/15/2013  61  434,588 GAL $0.005 7,124.39 $34.63 $2,112.44 3/15/20132013 - 04

7/15/2013  61  1,052,436 GAL $0.005 17,253.05 $82.12 $5,009.32 5/15/20132013 - 06

9/12/2013  59  898,348 GAL $0.005 15,226.24 $77.32 $4,561.80 7/15/20132013 - 08

11/9/2013  58  655,996 GAL $0.005 11,310.28 $58.43 $3,388.92 9/12/20132013 - 10

1/14/2014  66  268,532 GAL $0.006 4,068.67 $22.94 $1,513.76 11/9/20132013 - 12

3/15/2014  60  150,348 GAL $0.006 2,505.80 $15.70 $941.80 1/14/20142014 - 02

5/13/2014  59  333,608 GAL $0.005 5,654.37 $30.99 $1,828.70 3/15/20142014 - 04

7/16/2014  64  1,078,616 GAL $0.005 16,853.38 $87.82 $5,620.72 5/13/20142014 - 06

9/12/2014  58  741,268 GAL $0.006 12,780.48 $71.70 $4,158.88 7/16/20142014 - 08

Meter [W-17483500001]  

Monroe ES Totals:

 606 5,897 KGAL $30,582.18 

Page 5 of 711/17/2014  8:36:00PM
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Meter Summary by Period BL - 01

Use#DaysStart

Date

Use / DayCost Cost / DayEnd    

Date

 Cost / Unityyyy-mm Billed 

Demand

Actual

Demand

Energy Type: Water - GalPlace:   [WIES]   Wilson Elementary School

Meter:   [W-12664900001]   Wilson ES Cost Center:  [SLUSD]   San Leandro USD

Rate: EBGAL

Account:   [W-12664900001]   Wilson Elementary School Vendor:   [EBMUD]   East Bay Municipal Utility 

District

3/7/2013  60  68,068 GAL $0.006 1,134.47 $6.85 $411.26 1/6/20132013 - 02

5/8/2013  62  164,560 GAL $0.005 2,654.19 $13.50 $836.96 3/7/20132013 - 04

7/8/2013  61  345,576 GAL $0.005 5,665.18 $28.07 $1,712.17 5/8/20132013 - 06

9/4/2013  58  375,496 GAL $0.005 6,474.07 $33.43 $1,939.02 7/8/20132013 - 08

11/2/2013  59  317,900 GAL $0.005 5,388.14 $28.14 $1,660.28 9/4/20132013 - 10

1/7/2014  66  146,608 GAL $0.006 2,221.33 $12.60 $831.30 11/2/20132013 - 12

3/8/2014  60  212,432 GAL $0.005 3,540.53 $19.16 $1,149.86 1/7/20142014 - 02

5/6/2014  59  171,292 GAL $0.006 2,903.25 $16.11 $950.76 3/8/20142014 - 04

7/9/2014  64  305,184 GAL $0.006 4,768.50 $26.23 $1,678.70 5/6/20142014 - 06

9/3/2014  56  195,976 GAL $0.006 3,499.57 $20.91 $1,170.88 7/9/20142014 - 08

Meter [W-12664900001]  

Wilson ES Totals:

 605 2,303 KGAL $12,341.19 

Grand Totals: $66,368.53 12,221 KGAL

Requested by: cen_mgiugni

Client version: 

Report version: 4

Filters: Commodity Code Equals WATER; ; Billing Period Greater than equal Jan 2013; Place Name One of Garfield Elementary School¦John Muir Middle School¦Wilson 

Elementary School¦Monroe Elementary School; ; 

Record count: 51
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Pool Heating System
Location TITLE 24 ZONE 3 CA
Pool surface area 7000 ft^2
Pool temperature 80 F
First month of season Jan
Last month of season Dec
Cover Film
Hours per day covered 16 hr/day
Average pool depth 6 ft
Pool Location Outdoor
% of time shaded 0 %
Average windspeed 2 miles/hr
Fuel Gas
Heater Capacity 2000000 Btu/hr
Efficiency of fuel usage 70.00 %
Pipe heat loss No

Flat-Plate Collector
Number of collector panels 80
Collector panel area 40.17 ft^2
FR*UL (Test slope) 0.709 Btu/hr-ft^2-F
FR*TAU*ALPHA (Test intercept) .7
Collector slope 10 degrees
Collector azimuth (South=0) 45 degrees
Incidence angle modifier calculation Constant
    Inc angle modifier constant 0.058
Collector flowrate/area 14.640 lb/hr-ft^2
Collector fluid specific heat 0.93 Btu/lb-F
Modify test values Yes
    Test collector flowrate/area 16.390 lb/hr-ft^2
    Test fluid specific heat 1.00 Btu/lb-F

Q Coll Q Pool Load Aux f  Pool T
[106  Btu][106  Btu][106  Btu][106  Btu] [  ] [F]

Jan 43.6 153.3 486.3 442.7 0.090 80.0
Feb 40.9 148.5 411.0 370.1 0.099 80.0
Mar 79.7 262.3 344.1 264.5 0.231 80.0
Apr 116.5 358.7 191.1 74.6 0.610 80.0
May 131.6 412.8 151.2 19.6 0.870 80.0
Jun 89.2 420.6 89.2 0.0 1.000 80.0
Jul 107.1 419.0 107.1 0.0 1.000 80.0
Aug 126.2 379.2 131.5 5.3 0.960 80.0
Sep 90.8 277.9 227.8 137.0 0.399 80.0
Oct 62.2 197.4 342.0 279.8 0.182 80.0
Nov 44.8 148.3 401.5 356.7 0.112 80.0
Dec 26.3 107.3 525.2 498.8 0.050 80.0
Year 959.0 3285.5 3408.1 2449.0 0.281



 

1035 FOLGER AVENUE,   BERKELEY, CA 94710     
TEL  510.845.2997    FAX  510.845.1133 
SUNLIGHTANDPOWER.COM     LIC. 326203 

 

 
 
December 10, 2014 
 
San Leandro High School 
2220 Bancroft Ave., 
San Leandro, Ca. 94577 
 
Re: Solar Pool Heating at San Leandro High School 
Dear Greg Dyer: 
 
This Scope Letter, including all attachments and addenda, when countersigned by you, will form a binding 
agreement (the “Letter Agreement”) between San Leandro High School located at the above address (the 
“Client”), and Sun Light & Power located at 1035 Folger Avenue, Berkeley, CA 94710 (“SLP”), for the design and 
installation of a Solar Water Heating system to be built on the premises located at 2200 Bancroft Ave., San 
Leandro High (the “Project”).  Sun Light & Power proposes to perform the solar portion of the work at the 
above‐referenced project address in accordance with the referenced drawings and specifications, and the 
following clarification of scope.  Contract Price assumes that Prevailing Wages will apply and that Union Labor is 
NOT required. 
 
Contract Price for Competition pool:          $426,352 
Estimated Rebate (CSIT):            ‐$50,319 
Net Cost after rebate:              $376,033 
 
Allowances (included in price but estimated only) 

Shade Structure:      $98,000 
Lighting:        $8,500 
Piping tap between filter and heater   $4,500 
Trenching and repair:      $10,000 
 
 
 
Contract Price for Instructional pool:        $134,927 
Estimated Rebate (CSIT):          ‐$17,416 
Net cost after Rebate:            $117,511 
 
 
Allowances (included in price but estimated only) 

Piping tap between filter and heater:   $4,500 
Trenching and repair:      $10,000 
 
 
Total net cost after rebates 
 

1. Scope of Work 
 

System Components Competition Pool:              
  (80) Gobi 410 4x10 flat plate collectors 
  (1) Pool heat exchange assembly for 3200 SF of collector area including 
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     Single wall heat exchanger 
    Pentair pool side pump pump 
    Grundfos glycol side cast iron pump 
    Delta‐T pro control with Ethernet connection 
  (1) Non‐potable expansion tank 
  Shade structure to match existing PV shade structure 
  Solar specific valves and fittings (TPRV’s, PRV’s, air vents, balancing valves, etc.) 

 
System Components Instructional Pool:              

  (29) Gobi 410 4x10 flat plate collectors 
  (1) Pool heat exchange assembly for 1200 SF of collector area including 
     Single wall heat exchanger 
    Pentair pool side pump  
    Grundfos glycol side cast iron pump 
    Delta‐T pro control with Ethernet connection 
  (1) Non‐potable expansion tank 
  Solar specific valves and fittings (TPRV’s, PRV’s, air vents, balancing valves, etc.) 
 

 
 

Description of the Work: ‐  
1. Design all system components to meet standard code requirements 
2. Generate submittal drawings and interface with the site designers 
3. Coordinate with Client or Client’s representative on installation specification and timeline 
4. Secure a permit for the solar portion of the project from the appropriate jurisdiction 
5. Plumb new solar trunk lines from equipment location to collectors 
6. Coordinate with subs on roofing details 
7. Lift necessary equipment to roof and shade structure 
8. Set mounts for collectors on roof, assumes standard L bracket on top of sheet metal roof 
9. Install shade structure 
10. Install racking for solar thermal collectors 
11. Install collectors on rack 
12. Set heat exchanger and pumps package  
13. Tap piping between filters and heaters  
14. Plumb from pool piping to heat exchange package 
15. Plumb from heat exchanger package to trunk line 
16. Install required valves sensors and gauges 
17. Complete plumbing to collectors 
18. Plumb pressure relief valves and temperature pressure relief valves to drain provided by others 
19. Complete wiring to pumps and controls 
20. Charge system with glycol 
21. Commission system and provide operation and maintenance manual 
22. Insulate piping per 2013 California energy code, jacket insulation exposed to UV radiation with 

aluminum cladding 
23. Apply for California Solar Initiative‐Thermal rebate 
24. Warranties:    1 year workmanship 

10 year on the collectors 
  Assumptions: 

1. Collector mounting and tank area are structurally sound and no structural upgrades are 
required.    
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2. All areas are accessible for installation of the specified equipment, If obstructions exist, others 
are to remove obstructions as needed. 

3. Pressure relief valves on the solar tank will drain to the floor, or provided drain, or the exterior 
with maximum length of piping to be less than 20 linear feet. 

4. Trenching assumes clear underground path to mechanical room from  collectors 
5. Shade structure design assumes standard DSA structures can be utilized for solar water heating 

systems. Soils are assumed to be adequate for standard shade structure installation 
6. If internet based monitoring is required others to provide Cat5 cabling, internet connection and 

IT support.   
 

Exclusions: 
Any additions, changes, or alterations from the original drawings or specifications requested by 
Client, or changes required because of unforeseen conditions, or required by any public entity or 
utility will constitute extra work for which SLP will receive an equitable adjustment in the 
Contract Price and time for performing such changes.   

1. Structural engineering or upgrades  
2. Drain for relief valves in the mechanical room 
3. Flashing and waterproofing of roof penetrations 
4. Data connection to location of controls 
5. IT support for internet based monitoring hook up 
6. Electrical supply for pumps and control (110V 20A outlet) 
7. Roof pads 
8. Bond fees, permit fees, overtime, waterproofing, fireproofing 
9. All site work including but not limited to grading, pier drilling, pier concrete, pier steel, 

equipment pads and prep, underground conduit and piping, trenching , backfill and compaction, 
spoils handling and removal, fencing, restoring surfaces. 

10. All other materials and installation except those listed under “Description of Work” above 
 

 

2. Rebates and Incentives 
Rebates, if any, are estimated based on current incentive levels, and are based on the therms produced.  These 
rebates, if any, are paid upon approval of final application which occurs approximately 8 weeks after 
commissioning of the system.  The rebate levels are subject to change based on the program guidelines and 
California state budgeting.   With regard to federal tax credits, Client is responsible for consulting a tax 
professional and must not rely on the advice of statements of SLP.   
 

3. Change Orders  
Either Party may request a change to the Work (a “Change Order Request”) by written notice to the other Party 
in the form containing (i) a detailed description of such proposed changes in the Work, (ii) a good faith estimate 
of such proposed change’s effect, if any, on the build schedule and the Contract Price including, as applicable, 
labor and material and other cost information.   The non‐requesting Party shall in its sole discretion approve or 
disapprove any Change Order within five (5) business days of its receipt.  Upon approval from the non‐
requesting Party, such Change Order Request shall become a binding part of the Scope of Work, shall be 
deemed attached to the Scope of Work and incorporated herein by reference, shall become a part of this Letter 
Agreement, and shall be referred to herein as a “Change Order”.   If Client decides not to issue a Change Order 
after having issued a Change Order Request, SLP shall be paid an amount equal to SLP ’s actual direct cost of 
providing engineering services necessary to respond to Client’s  Change Order Request plus a fifteen percent 
(15%) mark‐up for overhead and profit.  
 
 



 
 

1035 FOLGER AVENUE,   BERKELEY, CA 94710     
TEL  510.845.2997    FAX  510.845.1133 
SUNLIGHTANDPOWER.COM     LIC. 326203 

4 
 

4. Payment  
SLP will provide invoices in accordance with a schedule of values to be agreed upon with the Client.  The Client 
shall make payment to SLP not later than thirty (30) days after the invoice date regardless of any dispute that 
may arise concerning such amounts due.  Adjustment may be made to the invoice to be issued by SLP in the 
following month, if any. 

 

Prices are good for 60 days from the date of this Scope Letter. 
 

The attached Terms and Conditions are incorporated into this Letter Agreement are made part of it. 
 
 

Sun Light & Power:    Client:  _______________________________ 

By: __________________________________    By: __________________________________ 

Gary T. Gerber    ________________________     

Its:  President    Its:  _____________________ 
 

Date:     Date:    



1

Allison Chan

From: Jill Sunahara
Sent: Wednesday, December 10, 2014 3:09 PM
To: Allison Chan
Subject: FW: Pls send me therm offset total for both pools

Follow Up Flag: Follow up
Flag Status: Flagged

  
  

From: Heather Larson [mailto:hlarson@stopwaste.org]  
Sent: Wednesday, December 10, 2014 10:28 AM 
To: Stephanie Stern; Jill Sunahara 
Subject: FW: Pls send me therm offset total for both pools 
  
  
Final Savings numbers for the SLUSD pool, I’ll convert these to kWh and insert to the GHG files. 
From: Jesse Quay [mailto:jesse@sunlightandpower.com]  
Sent: Wednesday, December 10, 2014 10:26 AM 
To: Heather Larson 
Subject: FW: Pls send me therm offset total for both pools 
  
December 10, 2014 
  
Heather, 
  
10000 therms for comp pool 
3500 therms for instructional pool 
Thanks,  
Jesse Quay, LEED AP 
Senior Design Consultant 
Sun Light & Power | 1035 Folger Avenue | Berkeley, CA 94710 
Office: (510) 845-2997 x105 Direct: (510) 809-3681 Cell: (510) 376-9957 

This e-mail message is confidential, is intended only for the named recipient(s) above, and may contain information 
that is privileged or exempt from disclosure under applicable law. If you have received this message in error, or are 
not a named recipient(s), you are hereby notified that any dissemination, distribution or copying of this e-mail is 
strictly prohibited. If you have received this message in error, please immediately notify the sender by return e-mail 
and delete this e-mail message from your computer. Thank you. 
  
  
 
 
 
  



EXCELLENCE 
   BY DESIGN

Overview
Located in the San 

Francisco Bay Area, the 

Richmond Municipal 

Natatorium is Northern 

California’s oldest and 

largest indoor swimming 

pool. The natatorium, 

otherwise known as the 

Richmond Plunge, was built in 1925 as a public swimming 

pool for its local residents. However, due to maintenance 

costs and seismic retrofits, the Plunge was forced to close 

its doors in 2001. 

Through private and public partnerships involving city 

contributions, grants, fund raising drives and private 

donations, over $7.5 million was raised to rehabilitate the 

dilapidated historic building. Todd Jersey Architects, a 

Berkeley based firm spearheaded the campaign to revive 

the Plunge and modernize it with environmentally friendly 

upgrades. 

CASE STUDY:
THE RICHMOND PLUNGE

EXCELLENCE 
   BY DESIGNTM

“It’s almost like a church.,“It’s a healthy public space, where 
everything that happens is beneficial. People leave relaxed, happy 
and rejuvenated. I’m thrilled we’re bringing it back.” 
– Todd Jersey, Todd Jersey Architects

In order to accomplish this, Bay Area based Sun Light & 

Power was brought on board to design and install a solar 

water heating system that could heat the massive 324,000 

gallon pool. To meet the heating load, a solar thermal 

system consisting of 80 Heliodyne GOBI collectors working 

in conjunction with 2 flat plate commercial grade heat 

exchangers would be installed.

The renovation project was completed and the Plunge was 

reopened to the public in August of 2010. The solar hot 

water system was one of several green upgrades done to the 

facility. Other upgrades include a 30kw solar PV system (also 

installed by Sun Light & Power) to help generate electricity 

for the building and an ultraviolet disinfectant system which 

is utilized to provide chlorine free water for the swimmers. All 

of these green building upgrades help make the Richmond 

Plunge one of the most environmentally friendly swimming Photo courtesy Sun Light & Power

Photo courtesy Sun Light & Power
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KEY NUMBERS AT A GLANCE
System size 80 GOBI 410  collectors

Total collector surface area 3,200 ft2 

Solar storage capacity 324,000 gallons

Estimated average energy produced 10,591 therms

Annual C02 offset 14,400 lbs (72 tons)

System Description
80 GOBI 410 solar collectors are mounted flush to the 

eastern side roof of the natatorium. There are a total of 10 

arrays which heat the solar fluid housed inside them. When 

this solar fluid is heated, it is pumped down to the building’s 

mechanical room where 2 heat exchangers transfer the heat 

to the water in the pool. This process will continue through 

out the day as long as there is solar radiation to be harvested.

It’s estimated that the solar hot water system will save over 

10,500 therms annually in heating costs and offset nearly 72 

tons of carbon dioxide each year.

Sun Light & Power will be able to remotely monitor the 

system via the web using a Heliodyne Delta-T Pro controller. 

The controller stores the energy production data which can 

then be shared with the city and the public.  

System Components

• 80 GOBI 410 Blue Sputtered flat plate collectors

• Custom built flush mount collector hardware

• 2 Gasketed, flat-plate heat exchangers 

• Grundfos 80-160/2 three-phase circulator pump

• Delta T Pro controller with web based monitoring system

• Propylene glycol solar fluid
August 2010 ribbon cutting ceremony

Photo courtesy Sun Light & Power

LARGE POOL HEATING DIAGRAM
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Source: 

 (July 2012). Weather- and Soild Moisture-Based Landscape Irrigation Scheduling Devices. 

Temecula, California and Denver Colorado: U.S. Department of Interior, Bureau of Reclamation; 

Lower Colorado Region, Southern California Office. 
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From: WMcKee@sanleandro.org
To: hlarson@stopwaste.org; jill@horizonh2o.com; jennifer@jenniferroberts.com
Cc: kkho@stopwaste.org
Subject: FW: Billing History Request [#779688]
Date: Wednesday, December 10, 2014 12:28:07 PM
Attachments: Electric Schedule A-1.pdf

6045037084.pdf
0860590441.pdf

Hello Heather,
 
The e-mail I just received a few min ago would seem to explain why my calculation are off. That
meter is billed at Tou (Time of use rate).
The attached files 6045037084 is for Thrasher and 0860590441 is for Halcyon. I contacted PG&E
again to confirm what the previous operator had explained how the bill should be interpreted. The
operator I talked to said I was misinformed. The last column ADU (Average Kwh used daily) can be
multiplied by 30 and that will give a very close estimate on the Kwh used.
 
The bills will automatically be cut in half given the following:
 
 

1.        Current well is so worn out that we only run one station at a time.
2.        New well will run 2 valves/stations at a time and possibly 3 at a time.
3.        Running 2 valves at a time will cut our Tou rate and Kwh in half right away
4.        Running 3 valves will cut Tou by 66% and the Kwh even more

 
The Kwh will be cut in half automatically because we will be running 2 valves at a time. Kwh savings
will be reduced further because the VFD would monitor the systems water needs and not exceed
that. To be reasonable on estimating the Kwh saved I would say 50% of current use will be saved
if the grant was issued.
 
On my end I will be looking into this further to determine if billing based on Tou is costing more
compared to billing based on Kwh used. Given the numbers you provided for charges based on Kwh I
would be saving money if I was not being billed by Tou.
 
I hope the attached files and my explanation helps to clarify things and not make it more confusing.
 
If you have any questions please let me know,
 
Winston
 
 
From: PG&E Business Customer Service [mailto:businesscustomerhelp@pge.com] 
Sent: Wednesday, December 10, 2014 11:45 AM
To: McKee, Winston
Subject: RE: Billing History Request [#779688]
 

Dear Winston,

mailto:WMcKee@sanleandro.org
mailto:hlarson@stopwaste.org
mailto:Jill@horizonh2o.com
mailto:jennifer@jenniferroberts.com
mailto:kkho@stopwaste.org
mailto:businesscustomerhelp@pge.com



 
Pacific Gas and Electric Company 
San Francisco, California 
U 39 


    
 Revised Cal. P.U.C. Sheet No. 34538-E 
Cancelling Revised Cal. P.U.C. Sheet No. 31856-E 
    
    


 
 ELECTRIC SCHEDULE A-1 Sheet 1   


SMALL GENERAL SERVICE    
    


 


     (Continued) 


Advice Letter No: 4527-E Issued by  Date Filed October 31, 2014
Decision No. 14-06-037 Steven Malnight  Effective November 1, 2014
 Senior Vice President  Resolution No. 
1C17  Regulatory Affairs     


 


APPLICABILITY: Schedule A-1 applies to single-phase and polyphase alternating-current service (for a 
description of these terms, see Section D of Rule 2*).  This schedule is not available to 
residential or agricultural service for which a residential or agricultural schedule is applicable, 
except for single-phase and polyphase service in common areas in a multifamily complex 
(see Common-Area Accounts section).   


Effective November 1, 2012, Schedule A-1 is closed to customers with a maximum demand 
of 75 kW or greater for three consecutive months in the most recent twelve months, or with 
usage of 150,000 kWh per year or greater, and who have at least twelve (12) months of 
hourly usage data available.  Eligibility for A-1 will be reviewed annually and migration of 
ineligible customers will be implemented once per year, on bill cycles each November, using 
the same procedures described below for Time-of-Use (TOU) rates adopted in Decision 10-
02-032 as modified by Decision 11-11-008. 


Effective November 1, 2014, new customers establishing service on Schedule A-1 where a 
Smart MeterTM is already in place will be charged Schedule A-1 TOU rates. 


The provisions of Schedule S—Standby Service Special Conditions 1 through 6 shall also 
apply to customers whose premises are regularly supplied in part (but not in whole) by 
electric energy from a non-utility source of supply.  These customers will pay monthly 
reservation charges as specified under Section 1 of Schedule S, in addition to all applicable 
Schedule A-1 charges.  Exemptions to Standby Charges are outlined in the Standby 
Applicability Section of this rate schedule. 


 
 
 
 
 
 
 
 
 
 
 
 
 


(N) 
(N) 


 Peak Day Pricing Default Rates:  Peak Day Pricing (PDP) rates provide customers the 
opportunity to manage their electric costs by reducing load during high cost periods or 
shifting load from high cost periods to lower cost periods.  Decision 10-02-032, as modified 
by Decision 11-11-008, ordered that beginning November 1, 2014, eligible small and 
medium Commercial and Industrial (C&I) customers (those with demands that are not equal 
or greater than 200kW for three consecutive months) default to PDP rates.  A customer is 
eligible for default when it has at least twelve (12) billing months of hourly usage data 
available and two years of experience on TOU rates.  All eligible customers will be placed on 
PDP rates unless they opt-out to a TOU rate.  Customers with a SmartMeterTM system 
installed that can be remotely read by PG&E may also voluntarily elect to enroll on PDP 
rates prior to their default dates. 


Bundled service customers are eligible for PDP.  Direct Access (DA) and Customer Choice 
Aggregation (CCA) service customers are not eligible, including those DA customers on 
transitional bundled service (TBS).  Customers on standby service (Schedule S), net-energy 
metering (NEM, NEMFC, NEMBIO, etc.), or an energy payment demand response program 
are not eligible for PDP.  In addition, master-metered customers are not eligible, except for 
commercial buildings with submetering as stated in PG&E Rule 1 and Rule 18.  Non-
residential SmartAC customers are eligible.  Smart A/C customers may request PG&E to 
activate their A/C Cycling switch or Programmable Controllable Thermostat (PCT) when the 
customer is participating solely in a PDP event. 


For additional details and program specifics, see the Peak Day Pricing Details section below. 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


(L) 


 _______________ 


* The Rules referred to in this schedule are part of PG&E’s electric tariffs.  Copies are 
available at PG&E’s local offices and website at http://www.pge.com/tariffs 
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APPLICABILITY:  
(cont’d.) 


Time-of-Use Rates:   Decision 10-02-032, as modified by Decision 11-11-008, makes 
time-of-use (TOU) rates mandatory beginning November 1, 2012, for small and medium 
C&I customers that have at least twelve (12) billing months of hourly usage data 
available . 


The transition of eligible customers to mandatory TOU rates will occur once per year with 
the start of their billing cycle on or after November 1.  Eligible customers will have at 
least 45 days notice prior to their planned transition date.  During the 45-day period, 
customers will continue to take service on their non-TOU rate.  Customers may elect any 
applicable TOU rate.  However, if the customer taking service on this schedule has not 
made that choice at least five (5) days prior to the planned transition date, their service 
will be changed to the TOU version of this rate schedule on their transition date. 


Customers with a SmartMeterTM system installed that can be remotely read by PG&E 
may also voluntarily elect to enroll on A-1 TOU rates prior to their TOU default dates. 


 


(L)
I 
I 


(L) 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* The Rules referred to in this schedule are part of PG&E’s electric tariffs.  Copies are available at PG&E’s local offices 
and website at http://www.pge.com/tariffs 
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TERRITORY: This rate schedule applies everywhere PG&E provides electric service. 


RATES: Total bundled service charges are calculated using the total rates shown below.  Direct 
Access (DA) and Community Choice Aggregation (CCA) charges shall be calculated in 
accordance with the paragraph in this rate schedule titled Billing. 


 TOTAL RATES  
 A.  Non-Time-of-Use Rates   
    
 Total Customer Charge Rates
 Customer Charge Single-phase ($ per meter per day) $0.32854  ( ) 
 Customer Charge Poly-phase ($ per meter per day) $0.65708  ( ) 
  
 Total Energy Rates ($ per kWh)  
 Summer  $0.23403  (I) 
 Winter  $0.16341  (I) 
    
 B.  Time-of-Use Rates   
    
 Total Customer Charge Rates   
 Customer Charge Single-phase ($ per meter per day) $0.32854  ( )  
 Customer Charge Poly-phase ($ per meter per day) $0.65708  ( )  
    
 Total TOU Energy Rates ($ per kWh)   
 Peak Summer $0.25470  (I)  
 Part-Peak Summer $0.24562  (I)  
 Off-Peak Summer $0.21801  (I)  
 Part-Peak Winter $0.17359  (I)  
 Off-Peak Winter $0.15381  (I)  
    
 PDP Rates (Consecutive Day and Four-Hour Event 


Option) *  
 


    
 PDP Charges ($ per kWh)   
 All Usage During PDP Event  $0.60             ( )  
  


PDP Credits   
 


 Energy ($ per kWh)   
 Peak Summer  ($0.00977)      ( )  
 Part-Peak Summer  ($0.00977)      ( )  
 Off-Peak Summer  ($0.00977)      ( )  
    
    
 * See PDP Detail, section g, for corresponding reduction in PDP credits and charges if 


other option(s) elected. 
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RATES: 
(Cont’d.) 


Total bundled service charges shown on customers’ bills are unbundled according to the 
component rates shown below. PDP charges and credits are all generation and are not 
included below. 


UNBUNDLING OF TOTAL RATES


A.  Non-Time-of-Use Rates 


Customer Charge Rates:  Customer charge rates provided in the Total Rate section above are assigned 
entirely to the unbundled distribution component. 


Energy Rates by Components ($ per kWh)  
Generation:  
  Summer $0.12067  (I)  
  Winter $0.07815  (I)  
Distribution**   
  Summer $0.07450  (I)  
  Winter $0.04640  (I)  
   
Transmission* (all usage) $0.01235   (R)  
Transmission Rate Adjustments* (all usage) $0.00429      
Reliability Services* (all usage) $0.00029      
Public Purpose Programs (all usage) $0.01421      
Nuclear Decommissioning (all usage) ($0.00030) (R)  
Competition Transition Charges (all usage) $0.00154      
Energy Cost Recovery Amount (all usage) ($0.00154)   
New System Generation Charge (all usage)** $0.00289      
DWR Bond (all usage) $0.00513      
California Climate Credit (all usage)*** ($0.00578)    
   
   


 
 
 
 
 
 
 
 
 
_______________ 


* Transmission, Transmission Rate Adjustments, and Reliability Service charges are combined for 
presentation on customer bills. 


**      Distribution and New System Generation Charges are combined for presentation on customer bills. 


*** Only customers that qualify as Small Businesses – California Climate Credit under Rule 1 are eligible for 
the California Climate Credit. 


 


 
 
 
 
 
 
 
 


 







 
Pacific Gas and Electric Company 
San Francisco, California 
U 39 


    
 Revised Cal. P.U.C. Sheet No. 34407-E 
Cancelling Revised Cal. P.U.C. Sheet No. 34258-E 
    
    


 
 ELECTRIC SCHEDULE A-1 Sheet 5   


SMALL GENERAL SERVICE    
    


 


     (Continued) 


Advice Letter No: 4506-E Issued by  Date Filed September 30, 2014
Decision No. 14-08-032 Steven Malnight  Effective October 1, 2014
 Senior Vice President  Resolution No. 
5C10  Regulatory Affairs     


 


RATES: 
(Cont’d.) 


UNBUNDLING OF TOTAL RATES


B.  Time-of-Use Rates 
  


 


Customer Charge Rates:  Customer charge rates provided in the Total Rate section above are assigned entirely 
to the unbundled distribution component. 


   
Energy Rates by Components ($ per kWh)   
Generation:   


Peak Summer $0.14134  (I)  
Part-Peak Summer $0.13226  (I)  
Off-Peak Summer $0.10465  (I)  
Part-Peak Winter $0.08833  (I)  
Off-Peak Winter $0.06855  (I)  


   
Distribution**:   


Peak Summer $0.07450  (I)  
Part-Peak Summer $0.07450  (I)  
Off-Peak Summer $0.07450  (I)  
Part-Peak Winter $0.04640  (I)  
Off-Peak Winter $0.04640  (I)  


   
Transmission* (all usage) $0.01235    (R)  
Transmission Rate Adjustments* (all usage) $0.00429     
Reliability Services* (all usage) $0.00029     
Public Purpose Programs (all usage) $0.01421     
Nuclear Decommissioning (all usage) ($0.00030)   (R)  
Competition Transition Charges (all usage) $0.00154       
Energy Cost Recovery Amount (all usage) ($0.00154)    
New System Generation Charge (all usage)** $0.00289       
DWR Bond (all usage) $0.00513       
California Climate Credit (all usage)*** ($0.00578)   


 


 


 


 


 


_______________ 


* Transmission, Transmission Rate Adjustments, and Reliability Service charges are combined for 
presentation on customer bills. 


**      Distribution and New System Generation Charges are combined for presentation on customer bills. 
*** Only customers that qualify as Small Businesses – California Climate Credit under Rule 1 are eligible for 


the California Climate Credit. 
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TIME PERIODS: Times of the year and times of the day are defined as follows:  


SUMMER  (Service from May 1 through October 31):  


Peak: 12:00 noon to 6:00 p.m. Monday through Friday (except holidays) 


Partial-peak: 8:30 a.m. to 12:00 noon  Monday through Friday (except holidays) 
AND 6:00 p.m. to 9:30 p.m. 


Off-peak: 9:30 p.m. to 8:30 a.m. Monday through Friday 
All day Saturday, Sunday, and holidays 


WINTER  (Service from November 1 through April 30):  


Partial-Peak: 8:30 a.m. to 9:30 p.m. Monday through Friday (except holidays) 


Off-Peak: 9:30 p.m. to 8:30 a.m. Monday through Friday (except holidays) 
All day Saturday, Sunday, and holidays 


Holidays: "Holidays" for the purposes of this rate schedule are New Year's Day, 
President's Day, Memorial Day, Independence Day, Labor Day, Veterans 
Day, Thanksgiving Day, and Christmas Day.  The dates will be those on 
which the holidays are legally observed. 


DAYLIGHT SAVING TIME ADJUSTMENT:  The time periods shown above will begin and 
end one hour later for the period between the second Sunday in March and the first Sunday 
in April, and for the period between the last Sunday in October and the first Sunday in 
November.  


(L) 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


(L) 
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CONTRACT: For customers who use service for only part of the year, this schedule is available only 
on annual contract. 


(L)
I 
I 


SEASONS: The summer rate is applicable May 1 through October 31, and the winter rate is 
applicable November 1 through April 30.  When billing includes use in both the summer 
and winter periods, charges will be prorated based upon the number of days in each 
period. 


I
I 
I 
I 
I 


COMMON-AREA 
ACCOUNTS: 


Common-area accounts that are separately metered by PG&E and which took electric 
service from PG&E on or prior to January 16, 2003, have a one-time opportunity to 
return to a residential rate schedule from April 1, 2004, to May 31, 2004, by notifying 
PG&E in writing. 


In the event that the CPUC substantially reduces the surcharges or substantially amends 
any or all of PG&E’s commercial or residential rate schedules, the Executive Council of 
Homeowners (ECHO) can direct PG&E to begin an optional second right-of-return 
period lasting 105 days.  However, if this occurs prior to the April 1, 2004, to May 31, 
2004, time period, the ECHO directed right of return period will be the only window for 
returning to a residential schedule. 


Newly constructed common-areas that are separately metered by PG&E and which first 
took electric service from PG&E after January 16, 2003, have a one-time opportunity to 
transfer to a residential rate schedule during a two-month window that begins 14 months 
after taking service on a commercial rate schedule.  This must be done by notifying 
PG&E in writing.  These common-area accounts have an additional opportunity to return 
to a residential schedule in the event that ECHO directs PG&E to begin a second right-
of-return period. 


Only those common-area accounts taking service on Schedule E-8 prior to moving to 
this tariff may return to Schedule E-8. 


Common-area accounts are those accounts that provide electric service to Common 
Use Areas as defined in Rule 1. 


I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


BILLING: A customer’s bill is calculated based on the option applicable to the customer. 


Bundled Service Customers receive supply and delivery services solely from PG&E.  
The customer’s bill is based on the total rates and conditions set forth in this schedule. 


Transitional Bundled Service Customers take transitional bundled service as 
prescribed in Rules 22.1 and 23, or take bundled service prior to the end of the 
six (6) month advance notice period required to elect bundled portfolio service as 
prescribed in Rules 22.1 and 23.  These customers shall pay charges for transmission, 
transmission rate adjustments, reliability services, distribution, nuclear decommissioning, 
public purpose programs, New System Generation Charges1, the applicable Cost 
Responsibility Surcharge (CRS) pursuant to Schedule DA CRS or Schedule CCA CRS 
and short-term commodity prices as set forth in Schedule TBCC. 


I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


(L) 


 


 


 


 


 


1 Per Decision 11-12-031, New System Generation Charges are effective 1/1/2012.  
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BILLING:  
(Cont’d.) 


Direct Access (DA) and Community Choice Aggregation (CCA) Customers purchase 
energy from their non-utility provider and continue receiving delivery services from PG&E.  
Bills are equal to the sum of charges for transmission, transmission rate adjustments, 
reliability services, distribution, public purpose programs, nuclear decommissioning, New 
System Generation Charges, the franchise fee surcharge, and the applicable CRS.  The CRS 
is equal to the sum of the individual charges set forth below.  Exemptions to the CRS are set 
forth in Schedules DA CRS and CCA CRS. 


  
DA /CCA CRS 


   
 Energy Cost Recovery Amount Charge (per kWh) ($0.00154) (R))  


    DWR Bond Charge (per kWh) $0.00513  (I)  
    CTC Charge (per kWh) $0.00154   (R)  
    Power Charge Indifference Adjustment (per kWh)  
           Pre-2009 Vintage ($0.00150) (I)  


            2009 Vintage $0.00937   (I)  
            2010 Vintage $0.00975   (I)  
            2011 Vintage $0.01001   (I)  
  2012 Vintage $0.00992   (I)  
  2013 Vintage $0.00964   (I)  
  2014 Vintage $0.00964   (N)  (N)
   


CARE 
DISCOUNT: 


Nonprofit Group-Living Facilities which meet the eligibility criteria in Rule 19.2 or 19.3 are 
eligible for a California Alternate Rates for Energy discount pursuant to Schedule E-CARE.  
CARE customers are exempt from paying the DWR Bond Charge.  For CARE customers, no 
portion of the rates shall be used to pay the DWR bond charge.  Generation is calculated 
residually based on the total rate less the sum of the following:  Transmission, Transmission 
Rate Adjustments, Reliability Services, Distribution, Public Purpose Programs, Nuclear 
Decommissioning, New System Generation Charges1, Competition Transition Charges (CTC), 
and Energy Cost Recovery Amount. 


STANDBY 
APPLICABILITY: 


SOLAR GENERATION FACILITIES EXEMPTION:  Customers who utilize solar generating 
facilities which are less than or equal to one megawatt to serve load and who do not sell 
power or make more than incidental export of power into PG&E’s power grid and who have 
not elected service under Schedule NEM, will be exempt from paying the otherwise applicable 
standby reservation charges. 


 


 


 


 


 


 


 


 


 


 


 


 


 


1 Per Decision 11-12-031, New System Generation Charges are effective 1/1/2012.  
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STANDBY 
APPLICABILITY: 
(Cont’d.) 


DISTRIBUTED ENERGY RESOURCES EXEMPTION:  Any customer under a 
time-of-use rate schedule using electric generation technology that meets the criteria as 
defined in Electric Rule 1 for Distributed Energy Resources is exempt from the otherwise 
applicable standby reservation charges.  Customers qualifying for this exemption shall 
be subject to the following requirements.  Customers qualifying for an exemption from 
standby charges under Public Utilities (PU) Code Sections 353.1 and 353.3, as 
described above, must transfer to Schedule A-6 or E-19, to receive this exemption until a 
real-time pricing program, as described in PU Code 353.3, is made available.  Once 
available, customers qualifying for the standby charge exemption must participate in the 
real-time program referred to above.  Qualification for and receipt of this distributed 
energy resources exemption does not exempt the customer from metering charges 
applicable to time-of-use (TOU) and real-time pricing, or exempt the customer from 
reasonable interconnection charges, non-bypassable charges as required in Preliminary 
Statement BB - Competition Transition Charge Responsibility for All Customers and 
CTC Procurement, or obligations determined by the Commission to result from 
participation in the purchase of power through the California Department of Water 
Resources, as provided in PU Code Section 353.7. 


(L)
I 
I 
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DWR BOND 
CHARGE: 


The Department of Water Resources (DWR) Bond Charge was imposed by California 
Public Utilities Commission Decision 02-10-063, as modified by Decision 02-12-082, and 
is property of DWR for all purposes under California law.  The Bond Charge applies to all 
retail sales, excluding CARE and Medical Baseline sales.  The DWR Bond Charge 
(where applicable) is included in customers’ total billed amounts. 


I
I 
I 
I 
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PEAK DAY 
PRICING 
DETAILS 


a.     Default Provision:   The default of eligible customers to PDP will occur once per 
year with the start of their billing cycle after November 1 (with the first PDP default 
starting no earlier than November 1, 2014). Eligible customers will have at least 45-
days notice prior to their planned default date when they may opt-out of PDP rates 
to take service on TOU rates. During the 45-day period, customers will continue to 
take service on their non-PDP rate.  Customers may elect any applicable PDP rate. 
However, if the Customers taking service on this schedule have not made that 
choice or elected to opt-out to a TOU rate at least five (5) days before their 
proposed default date, their service will be defaulted to the PDP version of this rate 
schedule on their default date..  Existing customers on a PDP rate eligible demand 
response program will have the option to enroll. 


 


 


 


b. Bill Stabilization:  PDP customers will be offered bill stabilization for the initial twelve 
(12) months unless they opt-out during their initial 45-day period.  Bill stabilization 
ensures that during the initial 12 months under PDP, the customer will not pay more 
than it would have had it opted-out to the applicable TOU rate. 


If a customer terminates its participation on the PDP rate prior to the initial 12 month 
period expiring, the customer will receive bill stabilization up to the date when the 
customer terminates its participation.  Bill stabilization benefits will be computed on 
a cumulative basis, based on the earlier of 1) when a customer terminates its 
participation on the PDP rate or 2) at the end of the initial 12-month period.  Any 
applicable credits will be applied to the customer’s account on a subsequent regular 
bill.  Bill stabilization is only available one time per customer.  If a customer un-
enrolls or terminates its participation on a PDP rate, bill stabilization will not be 
offered again. 


(T, L)
I 
| 
| 
| 
I 
I 
I 
I 
| 


(T, L) 
 


(D) 
I 
I 


(D) 
 


(L) 
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(L) 


 







 
Pacific Gas and Electric Company 
San Francisco, California 
U 39 


    
 Revised Cal. P.U.C. Sheet No. 31254-E 
Cancelling Revised Cal. P.U.C. Sheet No. 30085-E 
    
    


 
 ELECTRIC SCHEDULE A-1 Sheet 11   


SMALL GENERAL SERVICE    
    


 


     (Continued) 


Advice Letter No: 3993-E Issued by  Date Filed January 26, 2012
Decision No.  Brian K. Cherry  Effective March 30, 2012
 Vice President  Resolution No. 
11C13  Regulation and Rates     


 


PEAK DAY 
PRICING 
DETAILS 
(CONT’D): 


c. Notification Equipment:  At the customer’s option and expense, it is recommended, 
but not required that a customer provide a phone number or an e-mail address to 
receive automated notification messages of a PDP event from PG&E.   


If a PDP event occurs, customers will be notified using one or more of the above-
mentioned systems.  Receipt of such notice is the responsibility of the participating 
customer.  PG&E will make reasonable efforts to notify customers, however it is the 
customer’s responsibility to receive such notice and to check the PG&E website to 
see if a PDP event has been activated.  It is also the customer’s responsibility to 
maintain accurate notification contact information.  PG&E does not guarantee the 
reliability of the phone, e-mail system, or Internet site by which the customer 
receives notification. 


PG&E may conduct notification test events once a month to ensure a customer’s 
contact information is up-to-date.  These are not actual PDP events and no load 
reduction is required. 


d. PG&E Website:  The customer’s actual energy usage is available at PG&E’s “My 
Account” website.  This data may not match billing quality data, and the customer 
understands and agrees that the data posted to PG&E’s “My Account” website may 
be different from the actual bill. 


e. Program Operations:   A maximum of fifteen (15) PDP events and a minimum of 
nine (9) PDP events may be called in any calendar year.  PG&E will notify customers 
by 2:00 p.m. on a day-ahead basis when a PDP event will occur the next day.  The 
PDP program will operate year-round and PDP events may be called for any day of 
the week.    


f. Event Cancellation:  PG&E may initiate the cancellation of a PDP event before 4:00 
p.m. the day-ahead of a noticed PDP event.  If PG&E cancels an event, it will count 
the cancelled event toward the PDP limits. 
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PEAK DAY 
PRICING 
DETAILS 
(CONT’D): 


g. Program Options:  Customers may customize their PDP participation.  The following 
options are available: 


1) Days of Consecutive Operation:  Customers may choose either a) no limit on the 
number of consecutive PDP events or b) every other PDP event.  Customers 
electing every other PDP event will be divided into two groups and only be 
subject to a maximum of one-half of the PDP events called and the 
corresponding PDP rate credits will be reduced by 50%.  Customers that do not 
elect an option will be defaulted to the no limit on the number of consecutive 
PDP events. 


2) Duration of PDP Event Operations:  Customers may choose either a) 2:00 to 
6:00 p.m. (four-hour window) or b) 12:00 p.m. to 6:00 p.m. (six-hour window).  
Customers electing the longer event operation window between 12:00 p.m. to 
6:00 p.m. will only be subjected to a reduced level of PDP charges (two-thirds of 
the PDP charge listed in the rates section).  Customers that do not elect an 
option will be defaulted to the 2:00 p.m. to 6:00 p.m. operation. 


h. Event Trigger:  PG&E will trigger a PDP event when the day-ahead temperature 
forecast trigger is reached.  The trigger will be the average of the day-ahead 
maximum temperature forecasts for San Jose, Concord, Red Bluff, Sacramento and 
Fresno. 


 Beginning May 1 of each summer season, the PDP events on non-holiday 
weekdays will be triggered at 98 degrees Fahrenheit (°F), and will be triggered at 
105°F on holidays and weekends.  If needed, PG&E will adjust the non-holiday 
weekday trigger up or down over the course of the summer to achieve the range of 
9 to 15 PDP events in any calendar year.  Such adjustments would be made no 
more than once per month and would be posted on PG&E’s PDP Website. 


 PDP events may also be initiated as warranted on a day-ahead basis by 1) extreme 
system conditions such as special alerts issued by the California Independent 
System Operator, 2) under conditions of high forecasted California spot market 
power prices, 3) to meet annual PDP event limits for a calendar year, or 4) for 
testing/evaluation purposes.   


i. Program Terms:  A customer may opt-out anytime during its initial 12 months on a 
PDP rate.  After the initial 12 months, customer’s participation will be in accordance 
with Electric Rule 12.  


 Customers may opt-out of a PDP rate at anytime to enroll in another demand 
response program beginning May 1, 2011.   


j. Interaction with Other PG&E Demand Response Programs:  Customers on a PDP 
rate may participate in a day-of dispatchable program as established in D.09-08-
027. 
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Start Date End Date Current Amount Bill Days Bill Quantity ADU


10/1/2014 10/30/2014 $688.08 29 2934.9 101.2


9/2/2014 10/1/2014 $518.04 29 2390.78 82.44


7/31/2014 9/2/2014 $477.62 33 2302.28 69.77


7/1/2014 7/31/2014 $404.51 30 1966.22 65.54


6/2/2014 7/1/2014 $329.76 29 1674.84 57.75


5/1/2014 6/2/2014 $367.30 32 1832.92 57.28


4/1/2014 5/1/2014 $285.86 30 1849.68 61.66


3/3/2014 4/1/2014 $340.53 29 2195.76 75.72


1/30/2014 3/3/2014 $234.19 32 1513.6 47.3


12/30/2013 1/30/2014 $232.46 31 1527.84 49.29


12/1/2013 12/30/2013 $322.70 29 2169.56 74.81


10/29/2013 12/1/2013 $260.26 33 1675.04 50.76


Account ID 6045037826


Service ID 6045037084








Start Date End Date Current Amount Bill Days Bill Quantity ADU


10/21/2014 11/20/2014 $71.89 30 257.201 8.57


9/22/2014 10/21/2014 $162.82 29 661.528 22.81


8/21/2014 9/22/2014 $178.57 32 756.146 23.63


7/22/2014 8/21/2014 $165.00 30 699.679 23.32


6/22/2014 7/22/2014 $198.66 30 858.076 28.6


5/21/2014 6/22/2014 $194.76 32 833.587 26.05


4/22/2014 5/21/2014 $139.04 29 610.755 21.06


3/23/2014 4/22/2014 $56.32 30 252.833 8.43


2/20/2014 3/23/2014 $43.42 31 155.673 5.02


1/21/2014 2/20/2014 $41.98 30 155.397 5.18


12/19/2013 1/21/2014 $66.45 33 310.227 9.4


11/19/2013 12/19/2013 $68.25 30 336.476 11.22


10/20/2013 11/19/2013 $98.51 30 440.766 14.69


 Account ID 0860590000


Service ID 0860590441







The electric schedule for account number 0860590000 3 is attached. The electric schedule is a time of

use rate. Please see details for time of use.

The ADU column is the Average Daily Usage of the Kwh. 

If you have further concerns or questions, please do not hesitate to contact us, either by replying to this

message directly or by contacting our Business Customer Service Center at 1-800-468-4743, Monday

through Saturday 7:00am to 9:00pm. We are happy to address your concerns.

Thank you,

Business Customer Service Center

Pacific Gas & Electric Company

http://www.pge.com/business

 
 

From: PG&E Business Customer Service [mailto:businesscustomerhelp@pge.com] 
Sent: Wednesday, December 10, 2014 11:45 AM
To: McKee, Winston
Subject: RE: Billing History Request [#779688]
 

Dear Winston,

The electric schedule for account number 0860590000 3 is attached. The electric schedule is a time of

use rate. Please see details for time of use.

The ADU column is the Average Daily Usage of the Kwh. 

If you have further concerns or questions, please do not hesitate to contact us, either by replying to this

message directly or by contacting our Business Customer Service Center at 1-800-468-4743, Monday

through Saturday 7:00am to 9:00pm. We are happy to address your concerns.

Thank you,

Business Customer Service Center

Pacific Gas & Electric Company

http://www.pge.com/business

 

--Original Message--

From: WMcKee@sanleandro.org

Date: 12/9/2014 1:53:24 PM

To: businesscustomerhelp@pge.com

Subject: RE: Billing History Request [#779688]

Hello,
 
Could you tell me what the PG and E rate is per Kwh?
 

http://www.pge.com/business
mailto:businesscustomerhelp@pge.com
http://www.pge.com/business
mailto:WMcKee@sanleandro.org
mailto:businesscustomerhelp@pge.com


Also could you please confirm that the colum on the right titled ADU is the Kwh?
 
Thanks very much,
 
Winston McKee
Parks Supervisor
City of San Leandro
 
 
 
From: PG&E Business Customer Service [mailto:businesscustomerhelp@pge.com] 
Sent: Monday, November 24, 2014 11:01 AM
To: McKee, Winston
Subject: Re: Billing History Request [#779688]
 

If you have further concerns or questions, please do not hesitate to contact us, either by replying to this

message directly or by contacting our Business Customer Service Center at 1-800-468-4743, Monday

through Saturday 7:00am to 9:00pm. We are happy to address your concerns.

Thank you,

Business Customer Service Center

Pacific Gas & Electric Company

http://www.pge.com/business

 

 

 

PG&E is committed to protecting our customers' privacy. 
To learn more, please visit http://www.pge.com/about/company/privacy/customer/

 

PG&E is committed to protecting our customers' privacy. 
To learn more, please visit http://www.pge.com/about/company/privacy/customer/

mailto:businesscustomerhelp@pge.com
http://www.pge.com/business
http://www.pge.com/about/company/privacy/customer/
http://www.pge.com/about/company/privacy/customer/
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APPLICABILITY: Schedule A-1 applies to single-phase and polyphase alternating-current service (for a 
description of these terms, see Section D of Rule 2*).  This schedule is not available to 
residential or agricultural service for which a residential or agricultural schedule is applicable, 
except for single-phase and polyphase service in common areas in a multifamily complex 
(see Common-Area Accounts section).   

Effective November 1, 2012, Schedule A-1 is closed to customers with a maximum demand 
of 75 kW or greater for three consecutive months in the most recent twelve months, or with 
usage of 150,000 kWh per year or greater, and who have at least twelve (12) months of 
hourly usage data available.  Eligibility for A-1 will be reviewed annually and migration of 
ineligible customers will be implemented once per year, on bill cycles each November, using 
the same procedures described below for Time-of-Use (TOU) rates adopted in Decision 10-
02-032 as modified by Decision 11-11-008. 

Effective November 1, 2014, new customers establishing service on Schedule A-1 where a 
Smart Meter

TM
 is already in place will be charged Schedule A-1 TOU rates. 

The provisions of Schedule S—Standby Service Special Conditions 1 through 6 shall also 
apply to customers whose premises are regularly supplied in part (but not in whole) by 
electric energy from a non-utility source of supply.  These customers will pay monthly 
reservation charges as specified under Section 1 of Schedule S, in addition to all applicable 
Schedule A-1 charges.  Exemptions to Standby Charges are outlined in the Standby 
Applicability Section of this rate schedule. 

 
 
 
 
 
 
 
 
 
 
 
 
 

(N) 
(N) 

 Peak Day Pricing Default Rates:  Peak Day Pricing (PDP) rates provide customers the 
opportunity to manage their electric costs by reducing load during high cost periods or 
shifting load from high cost periods to lower cost periods.  Decision 10-02-032, as modified 
by Decision 11-11-008, ordered that beginning November 1, 2014, eligible small and 
medium Commercial and Industrial (C&I) customers (those with demands that are not equal 
or greater than 200kW for three consecutive months) default to PDP rates.  A customer is 
eligible for default when it has at least twelve (12) billing months of hourly usage data 
available and two years of experience on TOU rates.  All eligible customers will be placed on 
PDP rates unless they opt-out to a TOU rate.  Customers with a SmartMeter

TM
 system 

installed that can be remotely read by PG&E may also voluntarily elect to enroll on PDP 
rates prior to their default dates. 

Bundled service customers are eligible for PDP.  Direct Access (DA) and Customer Choice 
Aggregation (CCA) service customers are not eligible, including those DA customers on 
transitional bundled service (TBS).  Customers on standby service (Schedule S), net-energy 
metering (NEM, NEMFC, NEMBIO, etc.), or an energy payment demand response program 
are not eligible for PDP.  In addition, master-metered customers are not eligible, except for 
commercial buildings with submetering as stated in PG&E Rule 1 and Rule 18.  Non-
residential SmartAC customers are eligible.  Smart A/C customers may request PG&E to 
activate their A/C Cycling switch or Programmable Controllable Thermostat (PCT) when the 
customer is participating solely in a PDP event. 

For additional details and program specifics, see the Peak Day Pricing Details section below. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(L) 

 _______________ 

* The Rules referred to in this schedule are part of PG&E’s electric tariffs.  Copies are 
available at PG&E’s local offices and website at http://www.pge.com/tariffs 
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APPLICABILITY:  
(cont’d.) 

Time-of-Use Rates:   Decision 10-02-032, as modified by Decision 11-11-008, makes 
time-of-use (TOU) rates mandatory beginning November 1, 2012, for small and medium 
C&I customers that have at least twelve (12) billing months of hourly usage data 
available . 

The transition of eligible customers to mandatory TOU rates will occur once per year with 
the start of their billing cycle on or after November 1.  Eligible customers will have at 
least 45 days notice prior to their planned transition date.  During the 45-day period, 
customers will continue to take service on their non-TOU rate.  Customers may elect any 
applicable TOU rate.  However, if the customer taking service on this schedule has not 
made that choice at least five (5) days prior to the planned transition date, their service 
will be changed to the TOU version of this rate schedule on their transition date. 

Customers with a SmartMeter
TM 

system installed that can be remotely read by PG&E 
may also voluntarily elect to enroll on A-1 TOU rates prior to their TOU default dates. 

 

(L)
I 
I 

(L) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* The Rules referred to in this schedule are part of PG&E’s electric tariffs.  Copies are available at PG&E’s local offices 
and website at http://www.pge.com/tariffs 
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TERRITORY: This rate schedule applies everywhere PG&E provides electric service. 

RATES: Total bundled service charges are calculated using the total rates shown below.  Direct 
Access (DA) and Community Choice Aggregation (CCA) charges shall be calculated in 
accordance with the paragraph in this rate schedule titled Billing. 

 TOTAL RATES  

 A.  Non-Time-of-Use Rates   

    

 Total Customer Charge Rates
 Customer Charge Single-phase ($ per meter per day) $0.32854  ( ) 
 Customer Charge Poly-phase ($ per meter per day) $0.65708  ( ) 
  
 Total Energy Rates ($ per kWh)  
 Summer  $0.23403  (I) 
 Winter  $0.16341  (I) 
    

 B.  Time-of-Use Rates   

    

 Total Customer Charge Rates   

 Customer Charge Single-phase ($ per meter per day) $0.32854  ( )  

 Customer Charge Poly-phase ($ per meter per day) $0.65708  ( )  

    

 Total TOU Energy Rates ($ per kWh)   

 Peak Summer $0.25470  (I)  

 Part-Peak Summer $0.24562  (I)  

 Off-Peak Summer $0.21801  (I)  

 Part-Peak Winter $0.17359  (I)  

 Off-Peak Winter $0.15381  (I)  

    

 PDP Rates (Consecutive Day and Four-Hour Event 
Option) *  

 

    

 PDP Charges ($ per kWh)   

 All Usage During PDP Event  $0.60             ( )  

  
PDP Credits   

 

 Energy ($ per kWh)   

 Peak Summer  ($0.00977)      ( )  

 Part-Peak Summer  ($0.00977)      ( )  

 Off-Peak Summer  ($0.00977)      ( )  

    

    

 * See PDP Detail, section g, for corresponding reduction in PDP credits and charges if 
other option(s) elected. 
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RATES: 
(Cont’d.) 

Total bundled service charges shown on customers’ bills are unbundled according to the 
component rates shown below. PDP charges and credits are all generation and are not 
included below. 

UNBUNDLING OF TOTAL RATES

A.  Non-Time-of-Use Rates 

Customer Charge Rates:  Customer charge rates provided in the Total Rate section above are assigned 
entirely to the unbundled distribution component. 

Energy Rates by Components ($ per kWh)  

Generation:  

  Summer $0.12067  (I)  

  Winter $0.07815  (I)  

Distribution**   

  Summer $0.07450  (I)  

  Winter $0.04640  (I)  

   

Transmission* (all usage) $0.01235   (R)  

Transmission Rate Adjustments* (all usage) $0.00429      

Reliability Services* (all usage) $0.00029      

Public Purpose Programs (all usage) $0.01421      

Nuclear Decommissioning (all usage) ($0.00030) (R)  

Competition Transition Charges (all usage) $0.00154      

Energy Cost Recovery Amount (all usage) ($0.00154)   

New System Generation Charge (all usage)** $0.00289      

DWR Bond (all usage) $0.00513      

California Climate Credit (all usage)*** ($0.00578)    

   

   
 
 
 
 
 
 
 
 
 
_______________ 

* Transmission, Transmission Rate Adjustments, and Reliability Service charges are combined for 
presentation on customer bills. 

**      Distribution and New System Generation Charges are combined for presentation on customer bills. 

*** Only customers that qualify as Small Businesses – California Climate Credit under Rule 1 are eligible for 
the California Climate Credit. 
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RATES: 
(Cont’d.) 

UNBUNDLING OF TOTAL RATES

B.  Time-of-Use Rates 
  

 

Customer Charge Rates:  Customer charge rates provided in the Total Rate section above are assigned entirely 
to the unbundled distribution component. 

   

Energy Rates by Components ($ per kWh)   

Generation:   

Peak Summer $0.14134  (I)  

Part-Peak Summer $0.13226  (I)  

Off-Peak Summer $0.10465  (I)  

Part-Peak Winter $0.08833  (I)  

Off-Peak Winter $0.06855  (I)  

   

Distribution**:   

Peak Summer $0.07450  (I)  

Part-Peak Summer $0.07450  (I)  

Off-Peak Summer $0.07450  (I)  

Part-Peak Winter $0.04640  (I)  

Off-Peak Winter $0.04640  (I)  

   

Transmission* (all usage) $0.01235    (R)  

Transmission Rate Adjustments* (all usage) $0.00429     

Reliability Services* (all usage) $0.00029     

Public Purpose Programs (all usage) $0.01421     

Nuclear Decommissioning (all usage) ($0.00030)   (R)  

Competition Transition Charges (all usage) $0.00154       

Energy Cost Recovery Amount (all usage) ($0.00154)    

New System Generation Charge (all usage)** $0.00289       

DWR Bond (all usage) $0.00513       

California Climate Credit (all usage)*** ($0.00578)   
 

 

 

 

 

_______________ 

* Transmission, Transmission Rate Adjustments, and Reliability Service charges are combined for 
presentation on customer bills. 

**      Distribution and New System Generation Charges are combined for presentation on customer bills. 
*** Only customers that qualify as Small Businesses – California Climate Credit under Rule 1 are eligible for 

the California Climate Credit. 
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TIME PERIODS: Times of the year and times of the day are defined as follows:  

SUMMER  (Service from May 1 through October 31):  

Peak: 12:00 noon to 6:00 p.m. Monday through Friday (except holidays) 

Partial-peak: 8:30 a.m. to 12:00 noon  Monday through Friday (except holidays) 

AND 6:00 p.m. to 9:30 p.m. 

Off-peak: 9:30 p.m. to 8:30 a.m. Monday through Friday 

All day Saturday, Sunday, and holidays 

WINTER  (Service from November 1 through April 30):  

Partial-Peak: 8:30 a.m. to 9:30 p.m. Monday through Friday (except holidays) 

Off-Peak: 9:30 p.m. to 8:30 a.m. Monday through Friday (except holidays) 

All day Saturday, Sunday, and holidays 

Holidays: "Holidays" for the purposes of this rate schedule are New Year's Day, 

President's Day, Memorial Day, Independence Day, Labor Day, Veterans 

Day, Thanksgiving Day, and Christmas Day.  The dates will be those on 

which the holidays are legally observed. 

DAYLIGHT SAVING TIME ADJUSTMENT:  The time periods shown above will begin and 

end one hour later for the period between the second Sunday in March and the first Sunday 

in April, and for the period between the last Sunday in October and the first Sunday in 

November.  

(L) 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 
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CONTRACT: For customers who use service for only part of the year, this schedule is available only 
on annual contract. 

(L)
I 
I 

SEASONS: The summer rate is applicable May 1 through October 31, and the winter rate is 
applicable November 1 through April 30.  When billing includes use in both the summer 
and winter periods, charges will be prorated based upon the number of days in each 
period. 

I
I 
I 
I 
I 

COMMON-AREA 
ACCOUNTS: 

Common-area accounts that are separately metered by PG&E and which took electric 
service from PG&E on or prior to January 16, 2003, have a one-time opportunity to 
return to a residential rate schedule from April 1, 2004, to May 31, 2004, by notifying 
PG&E in writing. 

In the event that the CPUC substantially reduces the surcharges or substantially amends 
any or all of PG&E’s commercial or residential rate schedules, the Executive Council of 
Homeowners (ECHO) can direct PG&E to begin an optional second right-of-return 
period lasting 105 days.  However, if this occurs prior to the April 1, 2004, to May 31, 
2004, time period, the ECHO directed right of return period will be the only window for 
returning to a residential schedule. 

Newly constructed common-areas that are separately metered by PG&E and which first 
took electric service from PG&E after January 16, 2003, have a one-time opportunity to 
transfer to a residential rate schedule during a two-month window that begins 14 months 
after taking service on a commercial rate schedule.  This must be done by notifying 
PG&E in writing.  These common-area accounts have an additional opportunity to return 
to a residential schedule in the event that ECHO directs PG&E to begin a second right-
of-return period. 

Only those common-area accounts taking service on Schedule E-8 prior to moving to 
this tariff may return to Schedule E-8. 

Common-area accounts are those accounts that provide electric service to Common 
Use Areas as defined in Rule 1. 

I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

BILLING: A customer’s bill is calculated based on the option applicable to the customer. 

Bundled Service Customers receive supply and delivery services solely from PG&E.  
The customer’s bill is based on the total rates and conditions set forth in this schedule. 

Transitional Bundled Service Customers take transitional bundled service as 
prescribed in Rules 22.1 and 23, or take bundled service prior to the end of the 
six (6) month advance notice period required to elect bundled portfolio service as 
prescribed in Rules 22.1 and 23.  These customers shall pay charges for transmission, 
transmission rate adjustments, reliability services, distribution, nuclear decommissioning, 
public purpose programs, New System Generation Charges

1
, the applicable Cost 

Responsibility Surcharge (CRS) pursuant to Schedule DA CRS or Schedule CCA CRS 
and short-term commodity prices as set forth in Schedule TBCC. 

I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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BILLING:  
(Cont’d.) 

Direct Access (DA) and Community Choice Aggregation (CCA) Customers purchase 
energy from their non-utility provider and continue receiving delivery services from PG&E.  
Bills are equal to the sum of charges for transmission, transmission rate adjustments, 
reliability services, distribution, public purpose programs, nuclear decommissioning, New 
System Generation Charges, the franchise fee surcharge, and the applicable CRS.  The CRS 
is equal to the sum of the individual charges set forth below.  Exemptions to the CRS are set 
forth in Schedules DA CRS and CCA CRS. 

  
DA /CCA CRS 

   
 Energy Cost Recovery Amount Charge (per kWh) ($0.00154) (R))  

    DWR Bond Charge (per kWh) $0.00513  (I)  
    CTC Charge (per kWh) $0.00154   (R)  
    Power Charge Indifference Adjustment (per kWh)  
           Pre-2009 Vintage ($0.00150) (I)  

            2009 Vintage $0.00937   (I)  
            2010 Vintage $0.00975   (I)  
            2011 Vintage $0.01001   (I)  
  2012 Vintage $0.00992   (I)  
  2013 Vintage $0.00964   (I)  
  2014 Vintage $0.00964   (N)  (N)
   

CARE 
DISCOUNT: 

Nonprofit Group-Living Facilities which meet the eligibility criteria in Rule 19.2 or 19.3 are 
eligible for a California Alternate Rates for Energy discount pursuant to Schedule E-CARE.  
CARE customers are exempt from paying the DWR Bond Charge.  For CARE customers, no 
portion of the rates shall be used to pay the DWR bond charge.  Generation is calculated 
residually based on the total rate less the sum of the following:  Transmission, Transmission 
Rate Adjustments, Reliability Services, Distribution, Public Purpose Programs, Nuclear 
Decommissioning, New System Generation Charges

1
, Competition Transition Charges (CTC), 

and Energy Cost Recovery Amount. 

STANDBY 
APPLICABILITY: 

SOLAR GENERATION FACILITIES EXEMPTION:  Customers who utilize solar generating 
facilities which are less than or equal to one megawatt to serve load and who do not sell 
power or make more than incidental export of power into PG&E’s power grid and who have 
not elected service under Schedule NEM, will be exempt from paying the otherwise applicable 
standby reservation charges. 
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STANDBY 
APPLICABILITY: 
(Cont’d.) 

DISTRIBUTED ENERGY RESOURCES EXEMPTION:  Any customer under a 
time-of-use rate schedule using electric generation technology that meets the criteria as 
defined in Electric Rule 1 for Distributed Energy Resources is exempt from the otherwise 
applicable standby reservation charges.  Customers qualifying for this exemption shall 
be subject to the following requirements.  Customers qualifying for an exemption from 
standby charges under Public Utilities (PU) Code Sections 353.1 and 353.3, as 
described above, must transfer to Schedule A-6 or E-19, to receive this exemption until a 
real-time pricing program, as described in PU Code 353.3, is made available.  Once 
available, customers qualifying for the standby charge exemption must participate in the 
real-time program referred to above.  Qualification for and receipt of this distributed 
energy resources exemption does not exempt the customer from metering charges 
applicable to time-of-use (TOU) and real-time pricing, or exempt the customer from 
reasonable interconnection charges, non-bypassable charges as required in Preliminary 
Statement BB - Competition Transition Charge Responsibility for All Customers and 
CTC Procurement, or obligations determined by the Commission to result from 
participation in the purchase of power through the California Department of Water 
Resources, as provided in PU Code Section 353.7. 

(L)
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DWR BOND 
CHARGE: 

The Department of Water Resources (DWR) Bond Charge was imposed by California 
Public Utilities Commission Decision 02-10-063, as modified by Decision 02-12-082, and 
is property of DWR for all purposes under California law.  The Bond Charge applies to all 
retail sales, excluding CARE and Medical Baseline sales.  The DWR Bond Charge 
(where applicable) is included in customers’ total billed amounts. 

I
I 
I 
I 
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PEAK DAY 
PRICING 
DETAILS 

a.     Default Provision:   The default of eligible customers to PDP will occur once per 
year with the start of their billing cycle after November 1 (with the first PDP default 
starting no earlier than November 1, 2014). Eligible customers will have at least 45-
days notice prior to their planned default date when they may opt-out of PDP rates 
to take service on TOU rates. During the 45-day period, customers will continue to 
take service on their non-PDP rate.  Customers may elect any applicable PDP rate. 
However, if the Customers taking service on this schedule have not made that 
choice or elected to opt-out to a TOU rate at least five (5) days before their 
proposed default date, their service will be defaulted to the PDP version of this rate 
schedule on their default date..  Existing customers on a PDP rate eligible demand 
response program will have the option to enroll. 

 

 

 

b. Bill Stabilization:  PDP customers will be offered bill stabilization for the initial twelve 
(12) months unless they opt-out during their initial 45-day period.  Bill stabilization 
ensures that during the initial 12 months under PDP, the customer will not pay more 
than it would have had it opted-out to the applicable TOU rate. 

If a customer terminates its participation on the PDP rate prior to the initial 12 month 
period expiring, the customer will receive bill stabilization up to the date when the 
customer terminates its participation.  Bill stabilization benefits will be computed on 
a cumulative basis, based on the earlier of 1) when a customer terminates its 
participation on the PDP rate or 2) at the end of the initial 12-month period.  Any 
applicable credits will be applied to the customer’s account on a subsequent regular 
bill.  Bill stabilization is only available one time per customer.  If a customer un-
enrolls or terminates its participation on a PDP rate, bill stabilization will not be 
offered again. 

(T, L)
I 
| 
| 
| 
I 
I 
I 
I 
| 

(T, L) 
 

(D) 
I 
I 

(D) 
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PEAK DAY 
PRICING 
DETAILS 
(CONT’D): 

c. Notification Equipment:  At the customer’s option and expense, it is recommended, 
but not required that a customer provide a phone number or an e-mail address to 
receive automated notification messages of a PDP event from PG&E.   

If a PDP event occurs, customers will be notified using one or more of the above-
mentioned systems.  Receipt of such notice is the responsibility of the participating 
customer.  PG&E will make reasonable efforts to notify customers, however it is the 
customer’s responsibility to receive such notice and to check the PG&E website to 
see if a PDP event has been activated.  It is also the customer’s responsibility to 
maintain accurate notification contact information.  PG&E does not guarantee the 
reliability of the phone, e-mail system, or Internet site by which the customer 
receives notification. 

PG&E may conduct notification test events once a month to ensure a customer’s 
contact information is up-to-date.  These are not actual PDP events and no load 
reduction is required. 

d. PG&E Website:  The customer’s actual energy usage is available at PG&E’s “My 
Account” website.  This data may not match billing quality data, and the customer 
understands and agrees that the data posted to PG&E’s “My Account” website may 
be different from the actual bill. 

e. Program Operations:   A maximum of fifteen (15) PDP events and a minimum of 
nine (9) PDP events may be called in any calendar year.  PG&E will notify customers 
by 2:00 p.m. on a day-ahead basis when a PDP event will occur the next day.  The 
PDP program will operate year-round and PDP events may be called for any day of 
the week.    

f. Event Cancellation:  PG&E may initiate the cancellation of a PDP event before 4:00 
p.m. the day-ahead of a noticed PDP event.  If PG&E cancels an event, it will count 
the cancelled event toward the PDP limits. 
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PEAK DAY 
PRICING 
DETAILS 
(CONT’D): 

g. Program Options:  Customers may customize their PDP participation.  The following 
options are available: 

1) Days of Consecutive Operation:  Customers may choose either a) no limit on the 
number of consecutive PDP events or b) every other PDP event.  Customers 
electing every other PDP event will be divided into two groups and only be 
subject to a maximum of one-half of the PDP events called and the 
corresponding PDP rate credits will be reduced by 50%.  Customers that do not 
elect an option will be defaulted to the no limit on the number of consecutive 
PDP events. 

2) Duration of PDP Event Operations:  Customers may choose either a) 2:00 to 
6:00 p.m. (four-hour window) or b) 12:00 p.m. to 6:00 p.m. (six-hour window).  
Customers electing the longer event operation window between 12:00 p.m. to 
6:00 p.m. will only be subjected to a reduced level of PDP charges (two-thirds of 
the PDP charge listed in the rates section).  Customers that do not elect an 
option will be defaulted to the 2:00 p.m. to 6:00 p.m. operation. 

h. Event Trigger:  PG&E will trigger a PDP event when the day-ahead temperature 
forecast trigger is reached.  The trigger will be the average of the day-ahead 
maximum temperature forecasts for San Jose, Concord, Red Bluff, Sacramento and 
Fresno. 

 Beginning May 1 of each summer season, the PDP events on non-holiday 
weekdays will be triggered at 98 degrees Fahrenheit (°F), and will be triggered at 
105°F on holidays and weekends.  If needed, PG&E will adjust the non-holiday 
weekday trigger up or down over the course of the summer to achieve the range of 
9 to 15 PDP events in any calendar year.  Such adjustments would be made no 
more than once per month and would be posted on PG&E’s PDP Website. 

 PDP events may also be initiated as warranted on a day-ahead basis by 1) extreme 
system conditions such as special alerts issued by the California Independent 
System Operator, 2) under conditions of high forecasted California spot market 
power prices, 3) to meet annual PDP event limits for a calendar year, or 4) for 
testing/evaluation purposes.   

i. Program Terms:  A customer may opt-out anytime during its initial 12 months on a 
PDP rate.  After the initial 12 months, customer’s participation will be in accordance 
with Electric Rule 12.  

 Customers may opt-out of a PDP rate at anytime to enroll in another demand 
response program beginning May 1, 2011.   

j. Interaction with Other PG&E Demand Response Programs:  Customers on a PDP 
rate may participate in a day-of dispatchable program as established in D.09-08-
027. 
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Start Date End Date Current Amount Bill Days Bill Quantity ADU

10/1/2014 10/30/2014 $688.08 29 2934.9 101.2

9/2/2014 10/1/2014 $518.04 29 2390.78 82.44

7/31/2014 9/2/2014 $477.62 33 2302.28 69.77

7/1/2014 7/31/2014 $404.51 30 1966.22 65.54

6/2/2014 7/1/2014 $329.76 29 1674.84 57.75

5/1/2014 6/2/2014 $367.30 32 1832.92 57.28

4/1/2014 5/1/2014 $285.86 30 1849.68 61.66

3/3/2014 4/1/2014 $340.53 29 2195.76 75.72

1/30/2014 3/3/2014 $234.19 32 1513.6 47.3

12/30/2013 1/30/2014 $232.46 31 1527.84 49.29

12/1/2013 12/30/2013 $322.70 29 2169.56 74.81

10/29/2013 12/1/2013 $260.26 33 1675.04 50.76

Account ID 6045037826

Service ID 6045037084



Start Date End Date Current Amount Bill Days Bill Quantity ADU

10/21/2014 11/20/2014 $71.89 30 257.201 8.57

9/22/2014 10/21/2014 $162.82 29 661.528 22.81

8/21/2014 9/22/2014 $178.57 32 756.146 23.63

7/22/2014 8/21/2014 $165.00 30 699.679 23.32

6/22/2014 7/22/2014 $198.66 30 858.076 28.6

5/21/2014 6/22/2014 $194.76 32 833.587 26.05

4/22/2014 5/21/2014 $139.04 29 610.755 21.06

3/23/2014 4/22/2014 $56.32 30 252.833 8.43

2/20/2014 3/23/2014 $43.42 31 155.673 5.02

1/21/2014 2/20/2014 $41.98 30 155.397 5.18

12/19/2013 1/21/2014 $66.45 33 310.227 9.4

11/19/2013 12/19/2013 $68.25 30 336.476 11.22

10/20/2013 11/19/2013 $98.51 30 440.766 14.69

 Account ID 0860590000

Service ID 0860590441



From: WMcKee@sanleandro.org
To: jill@horizonh2o.com; jennifer@jenniferroberts.com
Cc: hlarson@stopwaste.org; kkho@stopwaste.org
Subject: RE: San Leandro updated info
Date: Friday, December 05, 2014 11:48:30 AM

Hello Jill,

Our engineering dept. can get it done by June 30th of 2016. They are busy so we would need the full
amount of time. It would be a high priority so they would make sure to have it done before the
deadline if it is awarded to us.

Winston

-----Original Message-----
From: Jill Sunahara [mailto:jill@horizonh2o.com]
Sent: Thursday, December 04, 2014 9:30 AM
To: Jennifer Roberts; McKee, Winston
Cc: Heather Larson; Karen Kho
Subject: RE: San Leandro updated info

Hi Jennifer and Winston~

I believe StopWaste wants all the projects to be finished by June 30, 2016.
There will be a few months after that for final reporting and close out of the grant contract. The grant
will wrap up by December 31, 2016.

Heather and Karen may provide more clarification.
Best,
~Jill~

Jill M. Sunahara
Senior Associate
Horizon Water and Environment, LLC
180 Grand Avenue, Suite 1405, Oakland, CA 94612 P.O. Box 2727, Oakland CA, 94612
O: 510-986-1854    C: 510-421-7665
jill@horizonh2o.com       www.horizonh2o.com

-----Original Message-----
From: Jennifer Roberts [mailto:jennifer@jenniferroberts.com]
Sent: Thursday, December 04, 2014 9:02 AM
To: WMcKee@sanleandro.org; Jill@horizonh2o.com
Subject: RE: San Leandro updated info

Jill,
Can you answer this?
Thanks,
Jennifer

-----Original Message-----
From: WMcKee@sanleandro.org [mailto:WMcKee@sanleandro.org]
Sent: Thursday, December 04, 2014 8:34 AM
To: jennifer@jenniferroberts.com
Subject: RE: San Leandro updated info

mailto:WMcKee@sanleandro.org
mailto:Jill@horizonh2o.com
mailto:jennifer@jenniferroberts.com
mailto:hlarson@stopwaste.org
mailto:kkho@stopwaste.org
mailto:jill@horizonh2o.com
mailto:jennifer@jenniferroberts.com
mailto:WMcKee@sanleandro.org


From: WMcKee@sanleandro.org
To: hlarson@stopwaste.org; jill@horizonh2o.com; jennifer@jenniferroberts.com
Cc: kkho@stopwaste.org
Subject: RE: San Leandro updated info
Date: Wednesday, December 10, 2014 11:00:19 AM

Hello Heather,

I often receive water budget allocations from EBMUD for sites. I have checked the allocations by
dividing the amount of water allocated divided by the square feet of area being irrigated at a site it
results in 25-30gallons of water used per sq ft of grass per year. On average we go over that budgeted
amount by 10-15 percent and we are working on bringing that down. Given that it is reasonable to
assume our water savings on the low end will be 25 gallons per sq ft per year. 80,000sq ft X 25 =
2,000,000 gallons of water saved on the low end. We would likely be closer to 30 gallons per sq ft
saved but I would rather estimate on the low end of that number. Our plantings will be spread out
much more than all of our other sites that were designed by consultants to be "bay friendly". This will
help me to reduce the amount of staff time spent trimming and increase the water savings.

Phase 2 of Marina Park will result in 15,000sq ft of sod being removed and on the low end we would be
saving 450,000 gallons since the area where the sod is being replaced with synthetic turf would not be
irrigated at all.

A good average of water used per sq ft of sod for this area is 30-35 gallons of water used per sq ft of
sod a year. Likely on the higher end of that number because the wind off the bay really dries out the
soil fast in the summer.

I will send you the e-mails I received from PG&E for Halcyon and Thrasher.

Winston McKee
Parks Supervisor
City of San Leandro

-----Original Message-----
From: Heather Larson [mailto:hlarson@stopwaste.org]
Sent: Tuesday, December 09, 2014 1:42 PM
To: McKee, Winston; jill@horizonh2o.com; jennifer@jenniferroberts.com
Cc: Karen Kho
Subject: RE: San Leandro updated info

Hi Winston,
Just wanted to find out if you have any clarification regarding the kWh estimates for the pumps?

I also wondered if there is any other back-up documentation you can provide for the water savings or
cost estimates (eg what was your methodology for coming up with the numbers) at the other parks? 
This can be a written text summary, but it would be good to have a little more detail on how we came
up with the numbers.

Thanks again,
Heather

-----Original Message-----
From: WMcKee@sanleandro.org [mailto:WMcKee@sanleandro.org]
Sent: Friday, December 05, 2014 11:48 AM
To: jill@horizonh2o.com; jennifer@jenniferroberts.com

mailto:WMcKee@sanleandro.org
mailto:hlarson@stopwaste.org
mailto:Jill@horizonh2o.com
mailto:jennifer@jenniferroberts.com
mailto:kkho@stopwaste.org
mailto:hlarson@stopwaste.org
mailto:WMcKee@sanleandro.org


City of San Leandro ‐ Halcyon Park Pump Energy Use and Replacement Cost Estimate

Start Date End Date Monthly Bill Bill Days Bill Quantity (KwH) Average Daily Use

10/21/2014 11/20/2014 $71.89 30 257.201 8.57
9/22/2014 10/21/2014 $162.82 29 661.528 22.81
8/21/2014 9/22/2014 $178.57 32 756.146 23.63
7/22/2014 8/21/2014 $165.00 30 699.679 23.32
6/22/2014 7/22/2014 $198.66 30 858.076 28.6
5/21/2014 6/22/2014 $194.76 32 833.587 26.05
4/22/2014 5/21/2014 $139.04 29 610.755 21.06
3/23/2014 4/22/2014 $56.32 30 252.833 8.43
2/20/2014 3/23/2014 $43.42 31 155.673 5.02
1/21/2014 2/20/2014 $41.98 30 155.397 5.18

12/19/2013 1/21/2014 $66.45 33 310.227 9.4
11/19/2013 12/19/2013 $68.25 30 336.476 11.22
10/20/2013 11/19/2013 $98.51 30 440.766 14.69

1485.67 6328.344

Cost per KWh average; project uses Time Of Use Rates which fluctuate $0.28

Total useage times 50% = 3164.17kwh savings per year 3164.172
Total utility bill cost savings per year = $884.41 $884.41
Cost of measure = $20,000 20,000
Payback = ~22 years 22.61

Assumed savings from new variable speed pump and ability to reduce pump run times is 60% of original usage; 50% reduction 

used in order to be conservative



City of San Leandro ‐ Thrasher Park Pump Energy Use and Replacement Cost Estimate

Thrasher

Start Date End Date Monthly Bill Bill Days Bill Quantity (Kwh) Average Daily Use
10/1/2014 10/30/2014 $688.08 29 2934.9 101.2
9/2/2014 10/1/2014 $518.04 29 2390.78 82.44

7/31/2014 9/2/2014 $477.62 33 2302.28 69.77
7/1/2014 7/31/2014 $404.51 30 1966.22 65.54
6/2/2014 7/1/2014 $329.76 29 1674.84 57.75
5/1/2014 6/2/2014 $367.30 32 1832.92 57.28
4/1/2014 5/1/2014 $285.86 30 1849.68 61.66
3/3/2014 4/1/2014 $340.53 29 2195.76 75.72

1/30/2014 3/3/2014 $234.19 32 1513.6 47.3
12/30/2013 1/30/2014 $232.46 31 1527.84 49.29
12/1/2013 12/30/2013 $322.70 29 2169.56 74.81

10/29/2013 12/1/2013 $260.26 33 1675.04 50.76
Total Annual $4,461.31 24033.42 30361.76

Cost per KWh average is $0.19/kWh; project uses Time Of Use Rates which fluctuate $0.19

Total useage times 50% = 12016.71kwh savings per year 12016.71
Total utility bill cost savings per year = $2,230.66 $2,230.66
Cost of measure = $20,000 20,000
Payback = ~8.97 years 8.97

Assumed savings from new variable speed pump and ability to reduce pump run times is 60% of original usage; 50% reduction used 

in order to be conservative



Project 6 ‐ City of San Leandro Park Upgrades

Name Project Type Sq Feet Cost

 Baseline Volume of 

Water 

Gallons Water 

Saved per year

Volume Water 

Delivered after 

Implementation

Gallon Saved 

over 10 years

$/gallon saved 

over 10 years

Tons of GHG 

reduced over 10 

years*

Energy Savings 

kwh per year

Cost Savings per 

year

Marina Park

Sheet mulch turf/Bay‐
Friendly Basics 
landscaping 80,000 $340,000 2,400,000                   2,000,000 400,000 20,000,000 $0.0170 96

Williams St Island Park

Sheet mulch turf/Bay‐
Friendly Basics 
landscaping 12,000 $35,000 325,000                       200,000 75,000 2,000,000 $0.0175 14

Williams St Island Park
Replace Irrigation 
Controller $11,000 50,000 500,000 $0.0220

Halcyon Park
Replace old well water 
pump $20,000

Thrasher Park
Replace old well water 
pump $20,000

TOTAL  92,000 $426,000 2,725,000                 2,250,000 475,000 22,500,000 $0.0189 110 0

* Note: GHG reduction for lawn conversion is based on benefit of compost according to CARB study, Nov 14, 2011.  Assumes 1 inch of compost application.  
GHG reduction for well pump replacement: conversion factor from http://www.epa.gov/cleanenergy/energy‐resources/calculator.html



Project 6 ‐ San Leandro USD School Upgrades Budget/Savings Worksheet December 11, 2014

Project 6 ‐ San Leandro Unified School District Upgrades

Measure #
Site Gallons/ Yr 
Water Savings

Site Therms/ 
Yr Savings

Site kWh/ Yr 
Savings

Estimated 
Material 
Cost

Estimated 
Labor Cost

Estimated 
Total Cost 
(before 

incentives)

Estimated 
Incentive

Turf Conversion to Drought 
Tolerant Landscaping with 
Efficient Irrigation System 61,318   396,600 0 0 $131,221 $196,831 $328,051 $43,222 EBMUD $.5/sf

Turf Timer Controllers Replaced 
by Weather Based Controllers 5 1,143,400 0 0 $17,500 $1,750 $19,250 $375 $75/each

Upgrade Toilets to 1.28 gpf 
from 1.5 and 1.6 gpf 27 73,600 0 0 $4,860 $3,240 $8,100

EBMUD rebates 
don't apply

Upgrade Sinks to 1 gpm 

metered at 10 sec from non‐
metered fixtures (2gpm, 

2.2gpm,1.5gpm) 27 15,500 0 0 $7,290 $4,860 $12,150

Upgrade Urinals to 0.125 gpf 
(or better) from 1.25 and 1.5 

gpf existing fixtures 13 52,400 0 0 $11,700 $7,800 $19,500 No rebate

Solar Water Heating (SL High 
Competition Pool) 1 $426,353 $50,319 CSIT Rebate

Solar Water Heating (SL High 
Instructional Pool) 1 $134,927 $17,416 CSIT Rebate

TOTAL 1,681,500          0 0 $172,571 $214,481 $948,331 $111,332

Grant 837,000$      

Lawn Conversion
sf Rebate

Wilson 138283 20,000$          
Muir 266520 20,000$          
Monroe 121170 20,000$          
Garfield 89520 20,000$          

School Students
Irrigated Area 

(sqft)

Existing 
Water Use - 
2013 (gals)

Proposed 
Water Use 

(gals/yr)

Water 
Savings 
(gals/yr)

Wilson ES 785 138,283 1,418,208 1,232,300 185,900

J. Muir MS 965 266,520 1,837,220 1,654,600 182,600

Monroe ES 358 121,170 3,593,392 2,393,500 1,199,900

Garfield ES 422 89,520 436,084 316,300 119,800

Total 2530 615,493 7,284,904 5,596,700 1,688,200

Water Use and Projected Savings Summary

School Students Fixtures

Existing 
Fixture Water 
Use (gals/yr)

Proposed 
Fixture Use 

(gals/yr)

Water 
Savings 
(gals/yr)

Wilson ES 785 93 210,272 164,300 46,000

J. Muir MS 965 112 258,487 202,000 56,500

Monroe ES 358 88 95,895 74,900 21,000

Garfield ES 422 41 113,038 88,300 24,700

Total 2530 334 677,692 529,500 148,200

Toilets, Sinks and Urinal Use Summary 2013
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Project 6 ‐ San Leandro USD School Upgrades Budget/Savings Worksheet December 11, 2014

School 

 Irrigated 

front area 

(sq ft) 

Rebate 

amount

Monroe 6,930              $5,198

Garfield 4,032              $3,024

Wilson 20,000            $15,000

Muir 30,356            $20,000 (max rebate)

Total 61,318           $43,222

Lawn conversion + drip rebate $0.75
Controller rebate (each) $75‐$300 assumed $75

Turf replacement‐materials $2.14 sq. ft
Turf replacement‐labor $3.21 sq. ft
Turf replace total $5.35
Turf replacement cost $328,051

Pool heaters $561,279
Pool + turf replacement $889,330

Total from budget doc $964,279
$74,949

# units Cost each Total cost
Toilets 27                   $300 $8,100
Sinks 27                   $450 $12,150
urinals 13                   $1,500 $19,500
Controllers 5                     $3,850 $19,500

Amount remaining 
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1600 Leonard Drive
Date Days Billed UsagRead GPD Use Save

10/31/2014 59 16 15418 203 Marina Park 2400000 2450000
9/2/2014 60 22 15402 274 Warden Park 94000 65000
7/4/2014 60 17 15380 212 Williams Park 325000 250000
5/5/2014 59 16 15363 203 2819000 2765000 gallons/year
3/7/2014 60 7 15347 87 2.819 2.765 MG/year
1/6/2014 65 79 15340 909 0.054

11/2/2013 59 21 15261 266
9/4/2013 60 22 15240 274
7/6/2013 60 40 15218 499
5/7/2013 61 22 15178 270
3/7/2013 59 14 15156 177
1/7/2013 65 15 15142 173

652 Warden Ave
Date Days Billed UsagRead GPD

10/31/2014 59 24 2912 304
9/2/2014 60 27 2888 337
7/4/2014 61 27 2861 331
5/4/2014 57 24 2834 315
3/8/2014 61 27 2810 331
1/6/2014 65 27 2783 311

11/2/2013 59 24 2756 304
9/4/2013 61 25 2732 307
7/5/2013 59 23 2707 292
5/7/2013 61 8 2684 98
3/7/2013 61 9 2676 110
1/5/2013 64 8 2667 93

1193 Warden Ave
Date Days Billed UsagRead GPD

10/31/2014 59 6 814 76
9/2/2014 60 29 808 362
7/4/2014 61 23 779 282
5/4/2014 57 0 756 0
3/8/2014 61 146 756 1790
1/6/2014 65 36 610 414

11/2/2013 59 10 574 127
9/4/2013 61 171 564 2097
7/5/2013 59 44 393 558
5/7/2013 61 6 349 74
3/7/2013 61 5 343 61
1/5/2013 64 24 338 280

14051 Neptune Drive
Date Days Billed UsagRead GPD

10/29/2014 61 1486 24484 18222
10/29/2014 61 245 804 3004
10/29/2014 61 1731 21226

8/29/2014 59 311 559 3943
8/29/2014 59 1508 22998 19118
8/29/2014 59 1819 23061

7/1/2014 40 1205 21490 22533
7/1/2014 40 248 248 4638
7/1/2014 40 1453 27171

5/22/2014 20285
5/22/2014 0
5/22/2014 0
5/22/2014 21 433 20285 15423
5/22/2014 21 41 4345 1460
5/22/2014 21 474 16883

5/1/2014 58 570 19852 7351
5/1/2014 58 62 4304 800
5/1/2014 58 632 8151
3/4/2014 61 182 19282 2232



3/4/2014 61 29 4242 356
3/4/2014 61 211 2587
1/2/2014 64 39 4213 456
1/2/2014 64 338 19100 3950
1/2/2014 64 377 4406

10/30/2013 61 1253 18762 15365
10/30/2013 61 91 4174 1116
10/30/2013 61 1344 16481

8/30/2013 59 241 4083 3055
8/30/2013 59 2261 17509 28665
8/30/2013 59 2502 31720

7/2/2013 60 1395 15248 17391
7/2/2013 60 403 3842 5024
7/2/2013 60 1798 22415
5/3/2013 59 96 13853 1217
5/3/2013 59 132 3439 1673
5/3/2013 59 228 2891
3/5/2013 62 65 3307 784
3/5/2013 62 46 13757 555
3/5/2013 62 111 1339
1/2/2013 64 26 13711 304
1/2/2013 64 86 3242 1005
1/2/2013 64 112 1309

14001 Neptune Drive
Date Days Billed UsagRead GPD

10/29/2014 61 891 80190 10926
10/29/2014 61 393 989 4819
10/29/2014 61 1284 15745

8/29/2014 59 528 596 6694
8/29/2014 59 2020 79299 25609
8/29/2014 59 2548 32303

7/1/2014 61 2113 77279 25910
7/1/2014 61 592 68 7259
7/1/2014 61 2705 33170
5/1/2014 58 710 75166 9157
5/1/2014 58 238 9476 3069
5/1/2014 58 948 12226
3/4/2014 61 113 9238 1386
3/4/2014 61 221 74456 2710
3/4/2014 61 334 4096
1/2/2014 64 451 74235 5271
1/2/2014 64 143 9125 1671
1/2/2014 64 594 6942

10/30/2013 61 329 8982 4034
10/30/2013 61 1361 73784 16689
10/30/2013 61 1690 20723

8/30/2013 59 2571 72423 32595
8/30/2013 59 582 8653 7379
8/30/2013 59 3153 39974

7/2/2013 60 1875 69852 23375
7/2/2013 60 727 8071 9063
7/2/2013 60 2602 32438
5/3/2013 59 979 67977 12412
5/3/2013 59 395 7344 5008
5/3/2013 59 1374 17420
3/5/2013 62 41 66998 495
3/5/2013 62 25 6949 302
3/5/2013 62 66 796
1/2/2013 64 23 6924 269
1/2/2013 64 0 66957 0
1/2/2013 64 23 269
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