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Disclaimer

All opinions, conclusions and recommendations in this report are tfidlse principal

investigator and research team, and do not necessarily tef@gtinions of any of the sponsors,
state officials, participating agencies, reviewers or other persons who may have assisted or
participated in this study. The authors &ygite 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 ematlil@aquacré&.comfor corrections in later
editions of this studgr publication of errata

Aut hor s Pref ace

This report deals with a simpgeibject: how water is used simglefamily 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 reduper capitavater use by 20% by 2020. This report provides
useful information and insights asttee technical poterdl to achieve these goals within the
singlefamily residential water use sector.

Theoverallperiod covered by our investigation ranges from 2005 to ,2&8idthe bulk of the
water use data were collected from 2005 tghoR008 This study is a bottorap approach to
the subject. Rather than trying to infer custordesster use patterns frogross productiondata
and various other sources such as surveys and census inforoeaitucted on whole
populations of customera/e have collected highly deledinformationat the water metein
random samples of custometsosen from billing datzaseswith the goal of projecting patterns
in the populations from these samples.

We believe that the results of the study shed light both on how Caligngizfamily

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 useraadify demands to moderate the need

for raw water withdrawalfom increasingly oveextended 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 followingtable provides the definitions of terms as they are used in this.rdpmse
definitions may vary from common usage basedpecific terminology for the study.

A

adual irrigation The volume of water estimated as outdoor or irrigation use.

application Calculated as total annual billed consumption minus best estim;
of indoor use (kgal).

AF Acre-foot - a volume of water that would cover one acre to a dey
of one foot, or 325,850 gallons of wat8ee conversion table
below.

AFY A unit of volumetric rate acrefeet per year.

ANOVA, Analysis A mathematical process for separatihg variability of a group of
of variance observations into assignable causes and setting up various
significance tests.

application ratio The ratio of the actual irrigation application to the theoretical
irrigation requirementApplication ratios are key parameters
assessing irrigation use because they indicate at a glance mdnet
given site is overor undesirrigating.

AWC, average Average winter consumption is an estimate of indoor water use

winter consumption can be calculated from average winter wasage in the months of
December, January, and February where it is assumed that all |
during that period of time is indoors.

AWWA, American AWWA provides knowledge, information and advocacy on wate

Water Works resource development, watnd wastewater treatment technolog

Association 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. Membergresent 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 suppl
public health.
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AWWAREF,
American Wate
Works Research
Foundation

B

BMP, Best
Management
Practices

C

CalFed

CCF

ccflyr

Cll

CIMIS,

California Irrigation

Management

Information System

confidence interval

7/20/2011

Changed to Water Research Foundation in 2008.Water
Research Foundation is a membapported, international,
nonprofit organization that sponsors research to enable water
utilities, public health agencies, and other prsi@sals to provide
safe and affordable drinking water to consumers.

A set of water conservation practices identified, supported and |
some cases required by the California Urban Water Conservatic
Council.

Members of the California Water Policy Council and the Califort
Federal Ecosystem DirectoratealFed signed the Framework
Agreement in 1994. By signing this agreement, participants we
committed to processes for: setting water quality standardisdor i
Bay-Delta estuary, developing losigrm solutions for the Bay
Delta, and coordinatingéhtralValley Projectand SateWater
Projectoperations with endangered species, water quality, and
CVPIA requirements CalFedOps group is charged with
coordinatirg the operation of the water projects with these
requirements.

A measure of volume: one hundred cubic feet or 748 galléiso
HCF. See conversion table below.

An annual measure of volume: one hundred cubic feet, or 748
gallons, per year.

Commercial, institutional and industrial customers.

A network of120 weather statiorfeund throughout California.
Managed by DWR.

For a given statistic calculated farsample of observations (e.g. tl
mean), the confidence interval is a range of values around that
statistic that are believed to contain, with a certain probability (e
95%) the true value of that statistic (i.e. the population value). T
report typcally uses a confidence interval of 95%.
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Coverage Requirements detailing level of implementation of CUWCC BMI
Requirements Coverage requirementsay be expressed either in terms of activi
levels by water suppliers or as water savings achieved.

Current The word fAcurrent o0 rthis peojed, whiah
was around 200A | | references to fdcu
data refer to the study periatbt the date of reading.

CUWCC, The California Urban Water Conservation Council was created

California Urban increase efficient water use statewide through partnerships ame

Water Conservatior urban water agencies, public interest organizations, and private

Council entities. The Coundi goal is to integrate urban water canaéon
Best Management Practices into the planning and managemen
Californiats 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 bthe meter on a ten second interval

DWR, Department St at e of Californiads agency

of Water Resources and use.
E

EBMUD, East Bay EBMUD providesdrinking water for 1.3 million customers in
Municipal Utility Al ameda and Contra Costa cou

District treatment protects San Francisco Bay and services 640,000
customers.
EnergyStar EnergyStais a joint program of the U.S. Environmental Protecti

Agency and the U.S. Department of Energy. The goals of the
program are saving money and protectimg environment through
energyefficient products and practices.

EPAct, The Energy An Act of Congress passed in 1992 with the goal of impigp
Policy Actof 1992 energy efficiency. It also included changes mandating 1.6 gpf
toilets.
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EPA, EPA leads the nati@a environmental science, research, educatic

Environmental and assessment efforts. The mission of the Environmental

Protection Agency Protection Agencys to protect human health and the environmel
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 existsigglefamily homes in
Seattle, East Bay MUD andainpa Each home was datagged
and surveyed for baselinea} and then retroféd with high-
efficiency fixtures and applianse Postretrofit data were collected
so that the impacts of the retrofits could be determined. These
homes are used as benchksaior high-efficiencyhomes.

ET, Evapotranspiration (ET), as used in this study, is a measuremel

Evapotranspiration the water requirement of plants. According to CIMIS,
Evapotranspiration (ET) is the loss of water to the atmosphere |
the combined pcesses of evaporation (from soil and plant
surfaces) and transpiration (from plant tissues). It is an indicatol
how much water crops, lawn, garden, and trees need for health
growth and productivity. See reference ET and net ET.

excessise When the pplication ratio is greater than 1 theseeixcess irrigatior
occurring Excess irrigatiomas used in this repad the difference
between the actual volume of water applied to the landscape ar
theoretical irrigation requiremenwith all values les than one set t
zero. This represents the sum of all excess use without netting
the deficit use.

Explanatory A variable used as part of a regression analysis as a parameter

variable attempt to predict or model another variable. One or more
explanatoryariablesare commonly used iattemptgo predict the
value of a single dependent or objective variable. For example
household water use was an impor@ependentariable in this
study, which was related to changes in several explanatory vari
such as persons per home, size of home, cost of water, presen:
high-efficiencyfixtures and appliances.

F
flapperleak In trace analysis, a periodic leak, often with a flow rate similar tc
toiletds flow rate at a give
flow trace data Process of disaggregating end uses of water for a given meter.
analysis
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FPD Flushes per day

FS field study

G

gal. Gallon, ameasure 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 percapitaperday

gpf gallons pefflush

gph gallons per hour

gphd gallons per household per day

apl gallons per load

gpm gallons per minute

gpsf gallons per square foot

gtd gallons per toilet per day

H

HCF, hundred cubic A measure of volume: one hundred cubic feet orgaibns Also
feet CCF. See conversion table.

HET, High Theterm refers to toilets designéalflushat 1.28 gpf or less.

Efficiency Toilet

High volume, High Toilets designed to flush at volumes greater than 1.6 gpf1992
water use toilet toilets.

Aquacrafthc. Water Engineering and Management www.aquacraft.com
Pagel8



California SingleFamily Water Use Efficiency Study 7/20/2011

irrigated area Portion of a | otds area that
footprint, hardscape, etc. Irrigated area is a critical parameter fc
irrigation analysis. There was a very strong correlation betweer
irrigated area and total lot size derstrated by the data

IRWD, Irvine Irvine Ranch Water District (IRWD) encompasses approximatel
Ranch Water 179 square miles and serves the city of Irvine and portions of C
District Mesa, Lake Forest, Newport Beach, Tustin, Santa Ana, Orange

unincaporated Orange County. It is an independent public ager
governed by a publicly elected board of directors. Gereices
include water treatment and delivery, sewer collection and
treatment, water recycling and urban runoff treatment.

K

Kc (cropco- The elative amount of water cogkason turf needs at various tir

efficient) of the year

keycode The unique code used to identify each study home. The first twi
digits of the code identified the agency in which the residence w
located. The last three digits identified the specific home.

kgal Unit of volume equal to 1,000 gallorfS8ee conversiotable below.

L

l, liter A measure of volume, equal to 0.264 gallons.

LA, landscape area Portion of a lod area thaincludes vegetation, ground cover or
water surface May include vegetated areas that are not irrigatec
Does not include house footprint, hardscape, etc.

LADWP, Los Public agency that supplies electricity and wateh&City of Los
Angeles Angeles. Water sources include recycled, imported (MWD) and
Department of ground water.

Water and Power

landscapeerial Utilizing aerial imagery and GIS analysis to identify landscaping
analyses features such as likely plant types and corresponding area.
Aquacrafthc. Water Engineering and Management www.aquacraft.com
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landscape
coefficient

landscape ratio
(LRatio)

il eakso

Leaksand

continuous events

LF, Low flow

logging

lot size

Ipf
LVMWD,
Las Virgenes

Municipal Water
District

M

mean

The weighted average of crop coefficient for landscape (Kc).
Represents the aggregate lscape for a given site. Lower values
imply more xeric landscape, while higher values higher waderg
landscape.

This is the ratio of the theoretical irrigation requiretterthe
reference requirement based oroET

Whenever the termi | e ia énclosed in quotes this is intended tc
remind the reader that these events may include uses that are 1
actually leaks, but which give the appearance of leaks based or
flow rates, durations and timing patterns.

Events that are identified as leaks during flow trace analysis. T
fall into two categories: small and random events that do not ap
to be faucet use due tioeir small volume, timing and often
repetitious nature, and long ¢omuous events that appear tochee
to broken valvesr leaking toilets Note that some continuous use
may be due to devices like reverse osmosis systems that are bt
operated on a continuous basis.

Describes toilets, faucets and shovesdisthat meet the 1992
EPAct requirements

Practice of installing data loggers on customer water meters. S¢
as data logging.

Lot size is a measure of the total area attributed to a given stud
site. Often found from parcel data.

liters per flush

LasVirgenes Municipal Water District provides polalvater and
wastewater treatmeitd more than 65,000 residents in the cities ¢
Agoura Hills, Calabasas, Hidden Hills, Westlake Vidagnd
unincorporated areas of western Los Angeles County.

A hypothetical estimate of the typical vall@r a set of n numbers
add the numbers in the set and divide the sum by n.
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median

MG

MGY

MOU

N

n

net ET

NOAA, National
Oceanic and
Atmospheric
Administration

R

R? , coefficient of
determination

reference evapo

transpiration (ETo)

Reference
requirement

7/20/2011

The middle number in an ordered set of observations. Less
influenced by outliers than the mean.

Unit of volume equal to 1,00000gallons.See conversion table
below.

millions of gallons per day
A unit of volume: million gallons per year

Memorandum of Understandingspecially with respect to the
memorandum of understandititat led to the formation dhe
California Urban Water Conservation Council

number ofobservations or sample members.

Equal to Reference ET less effective precipitation. Net ET is a k
parameter in analysis and prediction of water use.

An agency within the Department of Commerce. Focus is on oc
and atmospher@cluding weather. Maintains weather stations
throughout the United States.

The proportion of variance in one variable explained by a secor
variable. It is the square of the correlation coefficient, which is a
measure of the strength of association or relationship between
variables.

ETo measures the moisture lost from a reference crop (normally
cool season grass for urban purpdsssheg) and the soil due to
temperaturgsolar radiation, wind speed, and relative humidity
Precipitation isnotincluded in the measurement abEalthough it
doesaffect several of the parameters in the ET equation such as
solarradiation and relative humidity

Thevolume of irrigation water required for a landscape planted
exclusively with cool season turf aadL00% efficient irgation
system.
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regression A method for fitting a curve (not necessarily a straight line) throt
a set of points using songeodnessof-fit criterion.

REUWShomes This refers to the sample of approximately 12D@le-family

Residential End homes chosen randomly from the servicearef 12 water

Uses of Water providers in 1997 These are considered represemgadif existing

Studyhomes singlefamily homesfrom the 1996 time period, prior to widesprea
implementation of the 1992 Energy Policy Act requirements.

S
sf A measure of area, square feet.

singlefamily home For purposes of this study, a sindgenily home refers to a single
meter feedingingledwelling unit. Generally detached, but may b
attached as in the case of duplexaplexesetc, but each unit musi
be individually meteredApartmentsare not inclded.

standard deviation An estimate of the average variability (spread) of a set of data
measured in the same units of measurement as the original dat
the square root of the sum of squares divided by the number of
values on which the sum of squares is based minus 1.

standard error This is thestandard 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, indecthat a statistic from a
given sample may not be an accurate reflection of the populatic
from which the sample came.

.
Theoretical The volume of water (kgal) needed to meet the calallate
Irrigation requirements of the landscape for a given lot. It is a function of

Requirement (TIR) irrigated area, net Eto, landscape ratio, irrigation efficiency.

U
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ULF toilets

w

water factor

Water Research
Foundation

WaterSense

Ultra-Low-Flow/ultra-low-flush toilets, whichin 1992 represented
the best efficiency toilets availabl&/hen used in this repothe
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 cle
out of date, but since it is so wigleised and understood to
represent 1.6 gpf toilegtere continue to use it.

For clothes washers, this is the ratio of the total average gallons
load to the capacity of the machine in cubic feet. The lower the
number the morefficient the machine.

The American Water Works Association research dime. Water
Research Foundation is a membapported, international,
nonprofit organization that sponsors research to enable water
utilities, public healttagencies, and other professionals to provid
safe and affordable drinking water to consumers.

An EPA Partnership Program created to aid water conservation
through labeling of water efficient products, services and buildir

Table ofUnit Conversion multipliers

7/20/2011

GAL CF CCF KGAL AF MG
GAL 1 0.1337 | 1.337x10-3 | 1.0x10-3 3.069x10-6 | 1.0x 10-6
CF 7.48 1 0.01 748 x 10-3 | 2.296x10-5 | 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

convert to units shown in row 1, for example: 10 MG x 3.069 = 30.69 AF.

Note: multiply number of units in column 1 by the number in the body of the table to
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CHAPTER 11 EXECUTIVE SUMMARY

The CaliforniaSingle 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 @d@sifglefamily homesacrosgenwater

agencies throughout the StatieCalifornia Detailedflow trace datavasobtained from portable
dataloggers, whichwere attached to the water meters of each of the study homes. These flow
traces provided flow rengsatten second intervafrom the magnetic pickypvhich generate
80-100 pulses per gallonThese highly detailed flow datanake it possible to identify individual
water use events and to categorize them by émeiruse The flow trace data tell hgust how

many gallons per day the home used, but how many gallons per day were uséiithral end

uses such asilet flushing, clothes washing, dishwashers, showers, irrigation, faucets and leaks.
Detailed use information can be pulled from tlaeéy, giving for example, a count of toilet

flushes and toilet flush volumes during a logging perRResearchers used flow trace data to
determine levels afaily use in the homes and the efficiency of that Ataough the flow trace
technique containsarginalerror, such afflom the miscategorization of some events, it

provides information on end usimt is not available from any other sourthis report
summarizeshe results of thetudy, whichbegan in 2005 and was completed in 20W\ater use
patternsfound during the2007logging period were analyzed sbhow 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 prdjpisal
providesreades with areviewof the most salient information that covers each of the key project
goals Readers wishing tobtain backgrounthformationandto learn more about thresearch
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 usesinglefamily 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 thehoserstandard. For theinglefamily 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 wateraiberfoe

employing best available technology for all fixtures and appliances and with le5tipaimd of
leakage. In effecthe indoor standard was based on the EPA WaterSense specifications for
indoor devices.In the report the data from the 2000 stwd a group of 100 hoses that had been
retrofit with high-efficiencydevices the EPA Post Retrofit Groupsas used as the benchmark
for what we referred to afficienthomes. For indoor uses it was possible to have a single
number that represented thember of gallons per day of use expectecefbcienthomes.
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While indoor uses are relatively consistent from home to hootdoor uses are much more

variable, and it iseally not possible to have a single number that tells how many gallons per

year $iould be used for outdoor purposes. What served the purpose for an outdoor standard were
two values referred to tiimo téhred stthuad yv alsu meh eo fii ae
application ratio is equal to the ratio of the actual outdoor wteto 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 outdoarshe 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 outdaause.

There werdenwateragencieshat participated in this studgervinga total of 1.3 million single
family householdsluring the study period. There were a total of 735 homes included in the
indoor analys for this study. The weighted average annual total water use of these homes was
132 Kgal per year or 362 gallons per household per day (gptair weighted average indoor
water useavas134 Kgal/yeal(367 gphd) Approximately 53% of the annual use appears to be for
outdar use and 47% for indoor uses, based on billing data andhgise 1 shows the
indooroutdoorsplit for the homes in the study group.

Indoor/Outdoor Split
(Kgal and %)

Indoor, 62.4,
Outdoor, 69.5, A47%

53%

Figurel: Approximate indoor/outdoor split in logging study group

Indoor Efficiencies

When the indoor us@lus leakage) was analyzed from the flow trace data it showed that the
indoor use for the households appears to be declining compared to the da@ddipbm the
RUEWS group from 1997, but it is still significantly greater than the benchmark EPA Retrofit
Group. Tablel shows a comparison of the indoor use ofgtugly group to the two benchmark
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groups. Figurel compares the distribution of indoor use for the three groiips.current
Californiause patterns are much closethe REUWS benchmark théhe EPA Retrofit

benchmark.

Tablel: 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%
45%
40%
35% —
>
(&)
c 30% —
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>
D 25% -
S —
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<% 20% — M
> |
=
< 0
o 15%
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) ﬁ
0% |= L VP Jllﬂ.lﬂl;n; == Pt
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O 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% | 0%
B REUWS 0% | 4% |15%|27%|22%|14%| 8% | 5% | 2% | 1% | 1% | 1% | 0% | 0% | 0% | 0% | 0% | 0% | 0% | 0%

Indoor Water Use (GPD) Comparison

Figure2: Indoor use histogram for California SF Study sites, REUWS, and EPA Retrofit Homes

When the indoor uses atlssaggregated the results are m@eealing The disaggregated data,

shown inFigure3, show thatas one would expedhere lavebeen significant reductions in

indoor use for toilets and clothes washar€alifornia since 1997 At the same timehe 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. Tleimpatespecially true for

events classified as leaks. The analysis showed significantly more long duration orozentinu

flows that get classified as leaks. These continuous events, which are found in a small number of
homes, raise the average volumevater attributed to leaks for the study group from around 22
gphd to 31 gphd. This finding needs further investigation to determine whether these truly are
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leaks or may be due to devices that actually create a continuous demand foiTvater.

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.

50
Average Indoor Use:
45 +rhH Cal REUWS = 186 gphd -
1] All REUWS = 177 gphd
> 40 1 T Cal 2005 SF = 175 gphd -
8 i 1
5 35 || - T -
2 L0
5 30 - B IR 55 .
< 1]
b Ea T
> 25 - — — -
2 ]
I
5 20 - — — — {11
o L
2 15 - - - -
=)
©
10 — — — —
© T
I
5 4 | | | | | |
; | A e
. Clothes " " Dish
Toilet Washer Shower | Faucet Leaks Other Bath Washer
OCal REUWS 44.2 45.1 31.9 29.6 21.9 7.7 3.1 2.3
OAIl 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

Figure3: Comparison of househokhd use

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.adéragdiush volume was 26

gallons, and 64% of all flushes were less than 2.75 gallbhe.one negative finding onitets

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 explainythe study found that only 30%

of the homesvereat average flush volumes of 2 gpf or less, while all of the program data,
confirmed by survey data from this stydyggest that over 60% of the toilets in the population

are ULF or better models.

Figure4 shows the comparison of the distribution of toilet flush volumdke California
SingleFamilyHomes 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 2.25Agphore of the toiles on the right

side of the distribution are replaced witigh-efficiencymodels the overall demands for toilet
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flushing will drop well below the current levels, and the percentagemesmeeting the 2.0 gpf
efficiency criteria used for this study wificrease.

Cal + REUWS

14%

12% —

10% —

8% .. o

OCal_SF
m OREUWS
6% e
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Figure4: Comparison of toilet flush histograms of California SF Study to REUWS

The distribution otlothes washdoad volumes from the data is showrFigure5. As of 2007
approximagly 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 thalo86 pat loadso

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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Figure5: 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 volumdaghatyuired to fill up an occupied bath

tub), and the duration of showers was just undaeminutes. 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 showers. These are the kinds of things that people can do during
drought tines to gain savings from beharabchanges.

The average leakage rate in the study homes was 31 gphd, while the median ratgphas 12

The wide disparit between these vads shows that a small group of homes are leaking at very
large rates, and this increases the average for the entire study group. By insp&itoredb
andFigure46, one can see how the small number of homes in the larger leakage bins cantribute
a disproportionate amount of the total leakage in the group. Leakagepsaaied by the fact

that some events that Trace Wizard categorizes as leaks rdag bedevices such as water
treatment systems that create a continuous demand for water. The research team does not
believe that this occurs very frequentliyeaks fromvery short duration evegtsuch as drips or
occasional toilet flapper problems usually amount to 10 gpd or less of household demand. The
leaks that contribute very large volumes are thibaecontinue for many hours or daysheT

majority of the long drationevents that contribute to the bulk of the leak volumagbedue to
continuously running toiletfroken valves or leakage from pools and irrigation systeifsese

are the continuous events that need to be better understood so that theyezdtvinéhd
appropriately. Theample group used 33 gpd of water for miscellaneous fauceThsse uses
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avaage less thaanegallon per use and have average durations of 37 seconds. The average
home recorded over 57 faucet events per day. Faucetpussawts a category of growing
importance as toilets and clothes washers become more efficient. The key to improving the
efficiency of faucet use is to decrease the flow rates and the duration of the events.

Outdoor Use Efficiencies

In the study groupmnly 87% of the homes appeared to be irrigating. This was based on the fact
thatsomelots had no irrigable area, or that their water use showed little or no seasonal use. Only
around 54% of the homdisat irrigateare doing so to excess. So, ovetak degree of outdoor

use efficiency is fairly goodFigure6 shows the distribution of application ratios in the study
homes.
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Figure6: Distribution of application ratios in study homes

If we look all of the irrigating homes and compare their average outdoweplisres to the

average theoretical requirement we seéttatwo values are close to each other. The average
annual outdoor use for the group as a whole is 92.7 kgal. The average theoretical irrigation
requirement for the group is 89.9 kgal. So, taken as a whole, there is only 2.8 kgal of excess use
per lotoccurring in the group. Another way of looking at this is that the uindgation in the
lessthanTIR group just about balances the oueigation in the morghanTIR group. If all

irrigators were brought into compliance with their theoreticalirequents, then the data indicate

that the net result would be little change in overall use.
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The fact that the difference between the average outdoor use and the average TIR is small does
not mean that there is no potential for irrigation savings. @egs potential is there, but it
existsmainly on the lots of customers who are oireigating. From the perspective of water
conservation the customers who are deficit irrigating need to be set aside and attention needs to
be targeted wardthe overirrigators.

The excess use statistics showi @ble49, in Chapter 7shows that the average excess use on

the lots that are irrigating is approximigt80 kgal per year. Since only 87% of the lots were
irrigators the average excess use forsatiglefamily accountss 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 outdoorse will be foundrom around 15%of the customers.
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Figure7: Distribution of excess irrigation by number of accounts
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Figure8: 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 questions closely related to determination of the levels of efficiencigse study used

models of indoor and outdoor water use developed from tiaecdiected in the study homes to
predict the impaabdf making specific changes in indoor and outdoor parametgmsusehold

water use. These models allow corrections to be made for the variables in the study and present
the findings in a normalized magr, 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 (Balele83, Chapter Pshow 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:
e The maximum clothes washer volume was 20 gpl
e The volume of water used by misceksus faucets could be reduced by 1@%m 2007
levels)
Leakage could be reduced to a maximum of 25 gphd
e The maximum toilet flush volumeould be set at.25 gpf
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This amounts to a potential of 55 gphd of indoor savings or 20 kgal per year. The rpoit di
discuss precisely how these goale 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 cades an
regulations to remain in plateat require the standards et in new andemodeéd

congruction. As mentioned elsewhere, teidy did not touch on the cesffectiveness of

specific programs aimed at accomplishing these goals.

The study showed that the conservation potential remaining in the systemuidoor uses is
significant, and larger than the potential from indoor uses. d&tefrom this study showed that
thereare three key parameters for modifying outdoor use: the irrigated aresgtdrademands

of plants in the landscape and the percentdg@mes in the population that are cireigating.
Table87, Chapter 9shows that according to the outdoor use relationships observed in this study
if the averagé@rigated areas were decreased by 15%, the landscape ratio decreased dyd35%
the percent of oveirrigators reduced from 50% to 20% of the homes it would be possible to
reduceoutdoor use to an average of 40 kgal per household from its 2007 leXekgald The

low-end estimate is that by simply reducing the rate of-ovigators and leaving all of the other
parameters as,ithe outdoor use could be redudsd28% savingapproximately 0.6 MAF

In Chagter 10three levels of potential conservation savings are identifiethéminglefamily

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 asanming

indoor use benchmaxk 120 gphd. The estimate could fasedto 30 to 40 kgal per household
assuming that benchmarks of 105 gphd could be achanetdhore aggressive indoor

technologies usk 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 oregtienate of 9.5 milliosinglefamily householdn

the state.

Outdoor potential conservation savings have been estimated at a low of 0.6, medig®raotiO.
high of 10 MAF. The savings in all three ranges arerdedtechnicallyachievable, butvould
require significant and increasing work over time and innovations in preventingogation

and changes to both irrigated areas and plant tylbés enouraging, however, that the leand
savings would more thaachievethe desired 20% reduction urse. The practicality of achieving
savings in the high range is less clear, iaraliosely related to the value placed on the saved
water (or costs for agencies to develop new supplies as alternativasle2 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 saveddvater
the coss for program implementationAs watersupplies become more constrained, prices
typically increase, which may make strategies that are either not or only marginally cost
effective become cosdffective to implement.
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Table2: 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 ratefficfent fixtures and appliances. The first,
which was the primary interest of this study, was to determine what percentameseholds

were operating at levels that are consistent with their being equipped with ¢ffieieces The
secondaspectwhich was also of interest, was the actual percentage of devices in the tivatrket
areratedasefficient

The matter was further complicateg Wwhat 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 tHeomes as revealed by their water use on the flow traces. From this
perspective #oilet, for example, that flushes at more than a specific level would not be classified
asan efficientdevice irrespective of the actual model instill€or this study we used a euft

point of 2.0 gpf as the average household flush volume for a hanis tiotally 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 shdvablie3.

Table3: Metrics used for efficiency determination

Device Efficiency Criteria

Toilets Avg. gallons per flush < 2.0 gpf

Showers Avg. shower flow rate < 2.5 gpn

Clothes washers Avg. load uses < 30 gal
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Figure9: Percentages of homes meeting efficiency criteria for toilets, showers and clothes
washers

The results for clothes washers can be interpiietedl the perspective of bottouseholds and
appliances because it is exceedingly rare for a home to have more than one clothes washer. For
showers and toilets, however, where thsmore than one unit per household the s$itunis

less clear.The efficiency criteria used for tletudy are set close to the target level for the

devices and therefora house would need to have exclusively 1.6tgpétsor betterand 2.5

gpm showerheads for it to satisfy the criteRar examplea house with one high volume toilet

and one 1.6 dgoilet 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 beliex that th
have replaced more than 6@¥cthe toilets in their service areas, yet only 30% othibmes are
meeting theefficienttoilet 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 mtren 1.6 gallons per flushThe conclusion on

toilet penetration was that somewhere between 60% and 70% of the toilets in théasnilgle
residences are probably ULF models or better, and at the same time approximately 30% of the
homes have averadlesh 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 publistegproximately 1% of the homes heldthes
washervolumes of 30 gallons per load or less, and 10% of the homes had average toilet flushes
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of 2.0 gpf or less. As of 200Both devices are showing approximately a 30% household
adoption rate. The percentlmdusehold with showers at 2.5 gpm was 70% in 198 is

approximately 80% in 2007.

Device % of HH in 1997 % of HH in 2007 Changel/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
SingleFamily studysince it was from a much broader geographical area. In the REUWS sample
17% of the homes were applying more than the theoretical irrigation requirementas@#ére

of the homes in this study were. This is simply an interesting comparison, butodoesan

that the rate of overrigation is going up. The REUWS areas were based on the estimated
irrigable areas on the lots rather than the irrigated areas, angeéhenot based on comparable
aerialphotos. As such, weannotmake any statementb@ut rates of change of irrigation
application ratios or excess irrigation amounts from the data obtained for this report.

Goal 5: To provide information in how the BMPs have impacted water
use

It is clear that th&MPshave been the major driving forcetbnd water conservation effoits

the State of Californiaince they were adopt@ad 1991 Most of the agncies in this study are
approaching their implementation in a similar manner. It was not possible to detect differences
in penetration rates ofitets or clothes washers among agencies with more or less aggressive
rebate programs. For example, one agency had a program wherevoiltde replaced on
demand for free with just a phone call from the customée 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 thdtatever changes singlefamily waterusewere

identified in this study have been the results of thebboed application of theBMPs 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 washdrere 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 havéoeen 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 changedishowed that there were in fact significahtanges occurring.

Goal 6: To provide baseline demand data for future studies

This study provides a wealth of datasinglefamily wateruse circa 2007 which can be used as
a baseline for future studies provided those studies collect similar data osesndline study
showed the annual water use for iegle family customersn the ten participating agencies.
showed the seasonal and reeasonal water use patterns for each anditfake the indoor uses
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into individual end uses, which were showneohnousehold basis. Models of indoor water use

were developed that showed which factors affected water use and thesbiggdetween total
indoor useand indoor use by category, to each of the key variables. Future studies can compare
water use as as reported in this study to water use from tbein time period. A good

example of this type of comparison is foundrigure71, Chapter 9which shows the

relaionships between indoor use and the number of residents.

The same situation occurs for outdoor,wgleere information on lot size, irrigated area,
landscapeoefficient application rates and volumes of excess irrigatian tabulated. Models
of outdooruse, similar to the indoor use models were developbith 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 representaéi\of thesinglefamily homesn 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 dedun this study represent sometlod lagest

in the state. There is no reason that future analyses in these agencies, using new samples of
homes chosen in the same manner, cannot provide excellent data on changes in indoor and
outdoor use patterns.

Goal 7: To provide information that can be used by California water
agencies in updating their Urban Water Management Plans

The degree to which theformationpresented in this report is useful for preparation of future
urban water management plans is a function of how those plans are organizexly amel \water

use datan them arepresented. 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 aggrelgatands and overall population

estimates will not derive as much benefit.

The types of water management plans that will derive the greatest benefit from the data collected
in this report, and from the data collection techniques used for the repold, tvamk at least the
following items in their singldamily water use accounting:
e Total annual deliveries tsinglefamily accounts
Winter deliveries (December or Januaag)a proxy for indoor use
Number ofsinglefamily accountsn system
Total seasonand norseasonal usglerived from annual and winter use)
Best estimate of population singlefamily accounts
Best estimate of irrigated areasmgle-family accountgfrom samples and GIS data)

These data could be used to generate unit use repatrtsathbe tracked over time and compared
to benchmark data. The following unit tracking parameters could be used:
e Annual water use per SF account
e Nonseasonal water use (proxy for indoor)use
o0 Annual use
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o Gallons per household per day
o0 Per capita use
e Seasoal use (proxy for outdoor use)
o0 Annual use
o0 Average application rate (gpsf)
0 Average application depth (in)
o Application ratio (apped inchesffET])

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 determininginglefamily winterwater useone can obtain airly 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 stlilis value should decrease

over time if the efficiency of the systesiimproving. 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 erebettercontrolled. Tracking the household indoor use in this manner would provide
the bestdata 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 expendituresafidm

their effectiveness.

Goal 8: To provide guidance for allocation of resources by identifying
areas with the most promising conservation potential

This reportpointed out several items thatovide insightsnto where to most effectively allocate
resources for water conservation

Since the signing of the Memorandum of Understanding in,298ter conservation efforts have
been focused on implementation of the Best Management Practices. These are mainly programs
that lend themselves to tracking the basis of activities performed and fixtures replaced. The
most convincing argument for tleéfectivenes®f water conservation efforts, however, is one

that is backed up by hard data that shows reductions in household water use. This study
demonstrate techniques of sampling and data collection that can be used for these approaches.
Including detailed analyses of household andcpeita water use on representative samples of
customers can providewealth of information that will compliment the otliercking and

evaluation efforts of the agencies. Accounting for toiletscwithes washer rebates proviages
primary input on water conservation.idtstill somewhat indirect until it can be coupled with
demonstrated reductions in household water aistoflet flushing and clothes washirajong

with concurrent reductions in the average flush volumes of toilets and load volumes for clothes
washes in the homes as of a certain date.

The degree to which both excess use and potential savings are skeleg@aopulation needs to
be considered when designing programs. Programs that aim to control leakage or excess
irrigation use, for exampleshould not be targeted to the entire population since most of the
leakage and excess irrigation use is associiirda small percentage of the homes. It would be
better to design programs that target tleéiortsto just these customers. Water budgets, smart
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meters, leak detection devicasdbetter customer information systearg all possiblexamples
of these.

The information on toiletshould also be of use for future program design. The data showed two
important facts. First, even though a high percentage of tapgisar to have beeeplaced with

ULF modelsthe percent of homes that are flushing.8tgbf 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 oewe high-efficiencytoilets (those using 1.28 gpf or

less) and work continasto replaceall of theremaining high voluméoilets in the homes

upgraded tahe high-efficiencytoilets the percentage of complying homes will increase rapidly
over timeand the household water use devoted to toilet flushing will decrease

The datashow that reducing the percentage of homes thatioigaite is thesinglemost

important factor in reducing outdoor usehe report howeverdoes not support making weather
based irrigation controllers mandatory. The data show that these devicesausddrrigation

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 undeirrigate to continue to do sdhis requires targeting owérigators, which

requires having some sort of estimate of the irrigated areas and outdoor water use for each
cugomer and comparing this information to their actual seasonal use.

The report highlighted the importance of leakd ather unexplained continuous uses in raising
average use for the entire population. Rather than have general programs targeted to all
customersthe report suggests it would be better to have systems that can alert customers of the
existence of a leakke 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 leakke events.Having programs in the billing system that detacteases in

use and then send a text message, phone call or email to the customer might be considered.
Having inrhome monitors that read ddtam the AMR meterslirectly is anotherHaving water

rates that seriously penalize excess watemasdd provde an economic incentive for

customers to monitor their use

The reporshows the importance of having more detailed information on customergygksts

that putting increaseesourcesowardbetter customer information and water use tracking
systemsawvould greatly improve the ability to establish better water management programs. As
the old saying goes, fAyou .cKeyidfdrmationatha \goald wh at
assist in water management would include: the number of residents in thett®em@ual and

winter month water consumption, the size of the lot and size of the irrigateanaitbe loca

ET for the lot. Suchinformationwould be invaluable for planning and evaluation purposes.
Systens thatprovide customers with reéime information on water us@long 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 21 INTRODUCTION

One of the most pressing questi@esfronting 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 usen singlefamily customerslerived from detailed measurements of end uses of water.

The report shows that whitegnificantandconsiderable strides have been made in improving
singlefamily wateruses there is still potential for additional savinggereportprovides

insights on how best to tap these increasingly valuable water res@oroes technical

perspective, but does ndéal with the question of cestfectiveness of particular programs

Where is water used in California sindgémily residexces? 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 kone? How much water does the average clothes washer use? How
does water use differ in households equipped effibient fixtures and appliancesre there

new uses of watehat could alter demand patterns? What mathematical relationships best
predid singlefamily wateruse, and what factors are the best predictosingie family water

use? The California Singld=amily Water Use Efficiency Studyasconducted to help answer
thesequestions and to provide new and detailed information on the eaadisgater in single

family residences in California.

The end uses of water include all places where water is used in thefamdleresidential

setting such as toilets, showers, irrigation, clothes washers, faucets, leaks, dishwashers, baths,
evaporative cooling, water treatment systems, water featwiesisng pools, hot tubs, etc.
Understanding how much, where, and whesidential customers use waiefundamental

information for utilities, conservation coordinators, planners, system designers, and numerous
other water professionals. Updated empiratata 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 emergedragnportansource of fixture legl 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 micrlevel water use measurents to be made from relatively large samples of
residenti al customers at a reasonabl e cost.
analysis enables disaggregation and quantification of residential end uses from a continuous
flow data set recordddom the primary utility water meter at a sinddamily residence.

Flow trace analysis was the fundamental analytic methodologytaskshggregate water use
the California SingleFamily Water Use Efficiency Studyhe flow trace analysis techniquas
developedy Aquacraft in the early 1990and was the research approach employed in the
landmark 1999 American Water Works Association Research Foun&egdential End Uses
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of Waterstudy. Since that time, flow trace analysis and the Trace Wiaaadlytic 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 biyesel.

techniques were used to develop the end usehi#thas beeaited in this study for the EPA

Retrofit Analysis and the New Home Studothstudies are described in the literature review.

In theCalifornia SingleFamily Water Use Efficiency Studyater consumption for various end
uses was measureain a sample of 732 singfamily homes in 1Qvater agencieacross
California. Additionally, annal historic consumption data wesbtained fom each

participating agency allowing fastimation of both indoor and outdoor demandtie irrigated
area at each of the 732 study homes was measured using aerial photographs and geographic
information system (GIS) technologyocal climate data were obtaingdorder to estimate
irrigation requirements This allowed for analysis dioththeoreticalrrigationdemands and
actual applicationat each site. All of this information was collected to provide answers to
fundamental questions abdbe quantity and uses of watarCalifornia residential settingand
to examine the potential water savingd thiéght 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 housddmlographicandsocioeconomic

data. Building from those relationships, predictive models were developed using multiple
regression techniques to examine the impéetrange of likelyndependent variables. These
models allow water utilities and planners to input critical variables fr@malwn communities

and generate predictions about water use and conservation savings based on acDiaqledb.
importancethey allow the impact of changessimglefamily householdtcharacteristics on water

use to be explored, which is a key forimsttingthe impact of various changes faturedemand
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
singlefamily homes irthe California study group assembled for the stuBlymilarities and
differences among end uses were tabulated for each locatiorgethadyd summarized. Great

care was taken to create a statistically representative sample of customers for each of the 10
study locations. Howevethe precisedegree to which these samples are representative of the
entire state is unknowrHaving the nodels 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 vafiaggsumptions. It is recognized

that changes in some of these assumptions could impact the results. Wherever possible, the
researchers have endeavored to acknowledge key assumatidriis &plain howtheymayor

may not factor into the results.
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This studydoesnot include analyses of costs to implement individual conservation programs or
benefts from saving water. Thesapicsneed to be addressed on a €agease basis as part of
futurework. Costs for implementation of conservation programs vary widely depending on the
method chosen and the time allowed for the work to be done. Programs thighbrantrusive

and rely on rebates and other hard expenditures for the water agendiesceate expensive.

On the other hand, programs that rely on natural market transformation over time, perhaps
encouragd by building codescan beémplementedvith less cost. On the other side of the
eqguation, the benefits ascribed to water savingsrmtpn thevalue thais placed on the saved
water, which is another variableatimust be considered on a cayecase basis.

Because this is not a study of cost effectivertbesreader is cautioned not to assume that any of
the water conservation options discussethe report aréeasibleto implement Even the most
conservative scenario requires substantial investyemdsits implementation needs to be
carefully toughtout. The study shows whetpes of changes need tofade in order to reduce
singlefamily water use, and provides estimates of the savingsright be achieved by doing

so.It is up to the planners and engineers practicing in the area of water deaagement to
design programs that cachieve these savings in a ceffective and customer acceptable
manner. Also, many of the outdoor parameters, such as the irrigated areas and plant types are
mattersof local policy and custom, which may not beigashanged.

Background

Thisis a study of singkkamily 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 swidyateruse patterns in singf@amily 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 REdwéSt provided
unprecedented details on lsa@old 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
capitause for each of the majend uss of water. Estimatesere 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 iat tivhéchfew

houses had incorporated tlmere efficientplumbing 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 VirgenesMunicipal Water District, WalnuWwalley Water Districtthe 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 thesttthglhomes

The average indw water use was approximately 177 gallons per household per day and the per
capita use of approximately 70 gpcd for indoor uses.

! 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 Weferks Association Research Foundation, Denver.
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In 2004 a group of California water agencies, ledrisyne Ranch Water Districsubmitted an
application to the CaliforniBepartment of Water Resources to fund an update and expansion of
the REUWSstudythat 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 publisheliiie 02010.An extensive review process
was undertaken after the draft report was delivered

For purposes ofientifying this study and distinguishing it from the other preceding studies it
shall be refaed to as the California Singleamily Water Use Efficiencystudy; or just the
California Single Family Water Use taidy.

Goals of Project

The overall goal ofhis project was to provide detailed water use datarewastatewide sample
of singlefamily homes in order to provide an updated snapshot of their water use pattésns
would provide an updated benchmark for their water use efficiency, a compdrteeir status
with respect to the use patterns frboth the REUWS and from various studiesigh-
efficiencyhomes, such as the EPA Retrofit Studhich yielded agauge of how much untapped
water conservation potential exists in this major categocystiomers.

Singlefamily homes represent the largest single category of watesfosenost water utilities.
There is a considerable amount of knowledge about household water use that allows one to
establish #iciency benchmarks for singtamily homes and compare the water use from a given
sample in order to assashere the existing use falls within the efficiency continuum. This
project was designed to collect data on the end uses of water in Caldiogiefamily

customerss of ~2007to asess 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 tklifornia Department of Water Resourde2004 identifieceight
specific goals for the pyect:

e To provide information on current indoor and outdsioglefamily wateruse
efficiencies as a benchmark for current conditions and to evaluate future efficiency
programs

e To provide a basis for estimating remainirgnservation potential in singfamily
homes throughout the State.

e To provide information on the current market penetrationater efficientfixtures and
appliances in singl&amily homes.

e To provide information on the rate of adoptionagtter efficientfixtures and appliances
by California homeowners.

e To provide information in how well thBMPsadopted as part of the 1991 memorandum
of understanding have been adopted and how much water savings can be attributed to
these efforts.

e To provide baseline demand data for future studies.
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e To provide information that can be used by California water agencies in updating their
Urban WateManagemenPlans.

e To provide guidance for allocation of resourbgsdentifying areas with the most
promising conservation potential.

Study Methodology

In thisstudy, random samples of singmily 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 sampkesected 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 seshaayd 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 tweweek periods from each home, andsé were disaggregated imod use

using the Trace WWard progam. A database @&nd use was created which allowed detailed
analyses oénd useatterns, penetration ratesto§h-efficiencyfixtures and appliances and

outdoor uses as both volumes and percentages of theoretical irrigation requirements.
Mathematical radels 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 firtkdengs o
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,restiteey do not change the

basic conclusions of the study. If random errors are large eninveytmake it impossible to

detect trends in the data and to develop meaningful relationships, but if they are not too large the
underlyingrelationshipsn 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 floanaigses

would be for events to get mtstegorized. In a data set containing literally millions of regords

one would always expect to have a certain number of eventsaeigorized. The program may
identify a faucet event that looks like a toiletsttuas a toilet, even though the actual event

occurred when sueone used a bathtub faucetitbup a 1.5 gallon watering carOn the other

hand, toilets may sometimes flush in a manner that appears to be a faucet, so the reverse situation
can occur.Smdl 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 evaporatige coolers
reverse osmossystems thatan be confused with leaks. In these cases some efdherative

cooler events @y be classified as leaks and some leaks may get classifes@pasrative

coolers A situation where all of the events get misclassified is highly unlikely to odouhis

way, random errors tend to cancel each other out.

Another example of random errors is how irrigated areas are identified on aerial photos. Photos
for the study were obtained from different sources and taken on different dates. Determining the
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boundaries and plant types of the landscapeaseiéd can be fluenced by shadows, time of year,
condition of the plants, and resolution and speti@aldwidthof 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 theeaadl variance between the taoalyseshould be smallAn

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 weresome significant variations in results on individual lots, overall the results agreed
within 5% of each other. The Helix analysis showed a total irrigatecbfifa 257 sf and the
Aquacraft analysis showed a total of 67,603 sf. The differeh8654sf amounted to 5% of the
original estimate by Aquacratft.

The breakdown of annual watewnsumptiorinto 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
combhnation 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 necessarynstefhsi vast majority of
singlefamily homes have a single water meter through which both irtamboutdoor water

flows. In many areas of Californigigation occurs on a yeaound basis, So use of average
winter consumptioms a proxy for indoor ugs not reliable. In this study we ubthe estimate
derived from projecting the flow trace indoase to the year as the preferred approastong as
thisyieldsa 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 indoa 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 mgtene estimate of this typeas

needed in order to derive the indoor/outdoor water splisome cases the pypach may result

in underestimates of indoor ysed in others it may lead to ovestimation.

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 usetint@tesindoor 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 gretitaof thelogging

data then this would cause@ns. 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 edbBrioilets in theanalysis and
whether the flow trace analysisrrectly makes this determination. As discussed in more detalil
in the body of the repaqrthe flow trace analysis merely shows the volume of the toilet flush.
The flow trace analysishows 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 flustelimit
usedas the separation poifdr individual toilet flushes that are from ULF model toiléfsilets
flushing betwer 2.2 and 3.3 gpf are in the grarea where @ cannot say whether they are

poorly furctioning ULF models ostandard toiletthat have been modifiedlhe data point out

an important issue with the toilet retrofit program in that if many of the toilets that are installed
are technically ULF designbut they fail to flush at ULF standards therstWwould bea

problem. In our study, these toilets do not get classified as ULF toilets, even though they may be
ULF designs.
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The report includes data from the EPA New Home Study, which shows a distribLiolet

flush volumes from a group of homes known to contain almost exclusively ULF design toilets.
Having a distributn of actual ULF flush volumasade it possible to make a much more
accurate estimation of the percent of flushes that are due tonoiaiing ULF toiletsrersus

high volumetoilets. This discussion is provided in Chapter 7.

Systematic errors occur wharcondition occurs that affects the entire dataset. These types of
errorscancause serious distortions in the data and can leadtdoeous 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 wasde it would probably make the trace file be discarded as
unreasonable, but if wasoff by 10 or 20% the data might be accepted and analyzed as correct.
In that casgall 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 systematicTleakamg.

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 wouldlstorted.

It is possible thasomewater 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 onéeasa ihwouse

may have had a futime reverse osmosis systémplace If this was operated on a-Pbur, 7

day per week basi# 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 causeybésof situation, and also

why water being wasted as part of a water treatment process should not be classified along with
leaks.Further stidy of leaks and continuous uses would help clarifyditistion.

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
areasthen there could be systematic esrm irrigated area determinations. The Irvine

Ranch Water District analyzed the irrigated areas of the 102 lots included in the outdoor portion
of this study.Their analysis showed irrigated areas averaging 32% more than the Aquacraft
analysis. Thisugggests that there might have been some sort of systematic difference between
the two photos. After reviewing and confirming the IRWD resuyltee IRWD irrigated areas

were reanalyzed by Aquacraft using new photos supplied by the District.

An oppositeproblem occurred in East Bay MUDhe District did an independent analysis of the
irrigated areas and determined tAguacrafthad overestimated the areas by counting parcels of
native trees, and dry turf areas as irrigated, when in fact they arAaquécraftreassessed the
irrigated areas for EBMUD and recalculated the results using the updatedRetaits of these
analyses are provided in Appendix E.
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CHAPTER 3T LITERATURE REVIEW

The water demands of the singéamily residential sector are of greaterest and importance to
water providers, planners, and conservation profealiohe 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 customersities across the 8. been assembled. Since the
publication of theResidential End Uses of Watgudy, interest in residential water use around
the world has grown and significant end use studies have now been undertaken in Australia,
Great Britain, Spin, 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 useoatterns. Billing data analysis, customer interviews, home audits, retrofit

studies, and more recently dddgging, are among the tools that have been used by utilities to

evaluate customer demands and estimate the effectiveness of conseneaisomes. As noted

by Dr. Thomas Chesnutt, AConserved water cann
water maagers lack a good estimate of potential savings. Hence evaluation is a crucial

component of any conservation program. The use of wateecvation estimates in regulatory
decisionma ki ng processes makes accurate evaluatior

In 1940 Roy B. Hunter developsdme of the earliest peak demand profilésown as Hunter

curvesi used for sizing meters and service lineginter 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 buildngs. This approach grossly ovestimated the peak demands in most buildings
because he lacked accurate information on the probabilities of multiple and simultaneous uses of
fixtures within the buildings.

Knowledge of demand patterns is interwoven wahunderstanding of the end uses of water.

According to the American Water Works Association (AWWA) Technical Manual M22:
ADemand profiles help to identify service siz
requirements, define water use characterifticsonservation 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, consertian and loss control have become important industry issues. For many

utilities waterconservation andiaterloss control have become the most exfétctive means to

i mprove water r®tsource availability.?o

2 Chesnutt, T.W., C.N. McSpadden, 1991. Improving the Evaluation of Water Conservation Programs, Santa
Monica, CA.

*Hunter, R 1940. AMethods of Estimating Loads in Pl umbi
D.C.

* AWWA, 2004. Sizing Water Service Lines and Meters 2nd Edition, DeG@r
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The importance of flow profiles (i.e. high réston time series flow rates that allow individual

uses to be identified) was recognized for accurate analysis of end uses of water. By the mid
1970s advances in portable data loggers allowed actual demand data to be collected from the
customer water meteising mechanical loggers and circular chart recorders. While

cumbersome, these data alloveedualpeak demand information to be collected from meters
serving specific customers, whose size and other characteristics were known. The 1975 version
of theM22 manual used data from these empirical observations to replace the original Hunter
curves that were used to estimate peak dentands.

Increased attention on demand management created the need to evaluate the effectiveness of
various conservation prograraad verify savings estimates made at the time of their inception.
During the 1980s it was becoming increasingly clear that water conservation offered an
economic way to reduce urban water dematidss reducing the need for continued new water
supply progcts, which were becoming both more expensingnaoredifficult to find. In

1981the AWWA published one of the first books on water consen/tiomin 1984 Brown and
Caldwell published one of the first detailed efforts at measuring end uses of watadantial
structures by instrumentatibrThis national study of 200 homes in nine cities provided better
estimates of potential savings from conservation efforts on residential demands than had been
availablepreviously A Al t hough t edsvater nsg forlresidential plunzbind i s h e
fixtures and water conservation devices under laboratory conditions, estimates of water and
energy savings with reducéldw fixtures and devices have been based upon very different
assumptions regarding typical duratiof fixture use, flow rate, temperature, and frequency of
use. As a result, estimated savings found in the literature for-seterg fixtures and devices
span a range of° nearly 300 percent. o

Although the Brown and Caldwell study measured actualwisieh 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 addijtiba equipment required
considerablentrusion into the normal operation of the honf@gsignificance 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 actualsa&tegs from theory

can be due to a number of factors: #e&tsimaion 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 desgiceight 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 unatisive ways to measure the actual water use of conservation devices and water
savings rather than relying on theoretical predictions.

5AWWA, 1975. Sizing Water Service Lines and Meters, Denver, CO.

6 AWWA, 1981.Water Conservation Management. AW\WBenver, CO.

"Brown & Caldwell, 1984. Residential W& Conservation ProjectsSummary Report. HUBPDR-903,
Washington, D.C.

8 Brown & Caldwell, 1984. Residential Water Conservation Proje@smmary Report. HUFPDR-903,
Washimgton, 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’ 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 conservatio
program, the process was cumbersome. The Stevens Institute study showed that having
residential water use broken down ietad use greatly increased the accuracy of water savings
measurements. The disaggregated use data segregated wateens@$/ 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 occurredhis could mask the savings associatgith 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 dgemto 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 AndersonetalinTaffpan t hi s study what the au
extensivearay of el ectronic water met er ghatwggg essur e
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 repeatagthditsepointed

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 theoreteahgs calculated from product flow and

volume data. Using this techniqube 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 increase 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 withorgquiring 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, Coloatius study event

|l oggers wired to Hall effect sensors were att
recorded the passage of the magnets used to couple the meter to the register as water flowed.

The design of the meter and magnetic cmgpprovided 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 iderified through visual inspection. The results of this study were published in*1996.

° Aher, A., A. Chouthai, L. Chandrasekhar, W. Corpening, L. Russ and B. Vijapur, 1991. EastiBiajpil Utility
District Water Conservation Study, Oakland, CA.

© Anderson, D. L., D. MulvilleFriel, and W.L. Nero. 1993. "The Impact of Water Conserving Fixtures on
Residential Water Use Characteristics in Tampa, Florida." Proceeding of Conserve93

" DeOreo, W1996. "Disaggregating Residential Water Use Through Flow Trace Analysigtial American
Water Works Association, January 1996

Aquacrafthc. Water Engineering and Management www.aquacraft.com
Page49



California SingleFamily Water Use Efficiency Study 6/1/2011

This technique was used to disaggregate the water use in a sample of 16 homes for a baseline
analysis. These homes were later retrofit \mitfh-efficiencyfixtures and apliances and the
process l/;/as repeated, which provided data on the water savings attributable to residential
retrofits.

In 1996 the AWWARE funded a detailed and comprehensive study of water use patterns in
singlefamily customersn North America usinglata loggers? 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 developeddictive 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 customerbasel@u t i | i ti es across North America
developed as part of this study to forecast indoor demand significantly increase the confidence in
explaining the water use variations observed. The major behefibdeling is to provide a
predictive tool with a high transfer value fo

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 measurdanerhnology, questions have been raised as to the
accuracy and reliability of dataggers to measure volumetric end d3eBrainard datdoggers
record analog data directly from the customer
in Trace Wizad©, a proprietary software program developed by Aquacraft. The results from an
independent study in 2004 showtbdt discret toilet events can be accurately quantified at the
95% confidence level plus or minus 3% of the mean voltiméhough extremely ecurate for
isolated events, early versions of the Trace Wizard program was limited in its ability to
disaggregate simultaneoasd useevents without accessing the original database

cumbersome and time consuming process. Improvements to the softovaeser, eliminated

the difficulty of disaggregation and provided a powerful tool for analyzing residential entf uses.

In 2001 an engineering report was published by the Water Corporation of Western Australia in
which data collected from 600-lome suweys was used to validagéed usealata collected using
flow trace analyses in a separate 120 hetady The study showed that the flow trace analysis
was capable of determining the percent of showers, toilets and clothes washers falling into
normal anchigh-efficiencycategories, and these results were confirmed by thenme audits.
Studies of this kind, that combine both flow trace analysis ahdme audits, provide excellent

2 DeOreo, W. 2001). "Retrofit Realities." Journal American Water Works Association, March 2001.

13 The American Veiter Works Association Research Foundation, now known as the Water Research Foundation
(WRF).

4 The REUWS was, for its time, the most detailed study of sifagteélyresidential end uses of water that had been
conducted in the U.S.

S Koeller, J. & Gauley, W., 2004. Effectiveness ditB Logging Residential Water Meters to Identify and Quantify
Toilet Flush Volumes: A Pilot Study, Los Angeles.

16 |t
Ibid.
7 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 volumesoysedividualend
uses and the efficiency levels of the fixtures and appliance found in the homes.

Three studies in Yarra Valley, Australia showed the benefits ofldgtgng, when compared to
surveys, as a tool for developing predictive models that l@ieaccurate and more cost

effective than other data collection methodologies. The first of these studies, the 1999

Residential Forecasting Stuflyinvolved a telephone survey of 1,000 Yarra Valley Water
singlefamily customers. It provided detailed infisation 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 whetlreor 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 (AS)UR&was designed to addi®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
appliancesin840 homes.These types of asdtheyareyabvayaatmskaf x pen s i
yielding nonrepresentative 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 watwasting plumbing devices are replaced by their water
conserving®alternatives. 0

One hundred of the 840 homes in YVW were selected to participate in The Residential End Use
Measurement Study in 20841n this study data loggers were used to disaggrelgatadoor

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 tehibenm surveys and showed

remarkable consistency with data that had been acquired bydiedsrduring the ASUPS. The

data logging study also provided information about leakage, fixture replacement, and behavior

that was not yielded by a survéyataloggers were installed for two tweeek periods in each

of the homes in order to capturebotm d oor and i rrigation usage. A
findings from REWVS 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 ofavious demand management programs and provided a valuable data set from
which to provide customers with inform&tive u

As the value of the datagging technology became apparent, the EPA funded three residential
water conservation studies over a thyear period, from 2000 to 2003. These studies provided
important information on the effectiveness of water conservingrgstand appliances in

reducing indoor water use. Baseline water use data were collected from a sample of 96 homes in

18 Residential Forecasting Study 1998sna 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 i
Ibid.
“ Roberts, P., 2005. Yarra Valley Water 2004 Residential End Use Measurement Study, Melbourne.
21 i
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 tailghowers, 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
houselold 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. Averagendaisehold 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 technologfyand provided a t with which utilities could gauge their progress in
achieving longierm water savings.

The participants in the EPA residential conservation studies were customers located in three
water agencies spread across the United States. Because the parti@pantsunteers 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 degradatiors&vings 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 datgging study of residential customers who had
received oilet rebates for lovconsumption toilets in 1991 and 1992. The data from the 170

st udy p anevealed ihal rearly lsalf gf aging las@nsumption toilets had problems with

high flush volumes, frequent double flushing, and/or flapper leaks. Datadpgryealed that the
average flush volume for all leaonsumption rebate toilets wa98 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 {o@nsumption rebate toilet with an average flush volume

greater than 2.2 gpt Other studies have shown that chemical degradation of toilet flappers

and poorly fitting aftemarket toilet flappefs have contributed to increased leakage and toilet
volume whichhas 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 District®, 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 Depamtrof Water Resources

and by the participating agenciéggan in 2006.

% That is best available technology for 2aB002. 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 devi enaavices,ianddeatdr bantibeefaueetconitrollers.

% Henderson, J. & Woodard, G., 2000. Functioning of Aging i@msumption Toilets in Tucson

A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix.

#Metropolitan Water District of Souéinn California Toilet Flapper Materials Integrity Tests, 1998.

% Henderson, J. & Woodard, G., 2000. Functioning of Aging i@msumption Toilets in Tucson

A Follow-up with Rebate Program Participants. Issue Paper #22, Phoenix.
% http://www.irwd.com/ Irvine Ranch Water Distt. 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 okinglefamily homesn order to provide anapshot of their water use patteupdated

to the 20062008 study period The study supplied information on the penetration rates of
conserving fixtures and appliances that met or exceeded conservation stasdheysexisted

during the study periodin addition it provided an updat 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 promotaservation, the EPA has developed WaterSense, a
partnership program fAwith interested stakehol
wat er @'fThe Watér$enss pragram is interested in promoting cost effective products and
technologieghat 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 WaterSengeaprdhe EPA provided funding for
this study, théefficiency Benchmarking for the Nefingle Family Homeswhich began in
2005. Working with nine participating utiliti&s some of which participated in the earlier
REUWS project, this project was desigredneasure both baseline water use in new homes,
built after January 1, 2001, and to demonstrate lhigivefficiencynew homes, using advanced
water efficient technologies, can reduce water use below levels sought in thedtRSAN
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 us@ghefamily homes In this study flow
sensors were installed on individual hot water supply lines fgedirof 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 comparido 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 ancothes washers were much smaller, at 6.5% and 7.2% respectively.

7 http://www.epa.gov/WaterSense/docs/program_guidelines50&pbfuary 2009. WaterSense Program
Guidelines. Roles and Funati®. Accessed May 1, 2009.

% The nine participating agencies are: Aurora, Denver, Eugene, Las Vegas, Phoenix, Roseville, Salt Lake City, St
Johnds Regional Water Management District (SJRWM),
provide an analys of the group from which data has already been collected for future comparison and will
be referred to as the fistandard new home study grou
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CHAPTER 4 1 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 tiefaoviders 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 arable4 shows a list

of the agencies and the utilities from which the logging samples were selected. This section

provides information about each of the agenciesgyaaiting in this study and includes the

number of customers, customer characteristics
the customer demands, water and sewer rates, and rate structures.

Table4: SponsoringAgencies

Sponsoring Agency Water Utilities Sampled
Sonoma County Water | City of Petaluma, North MarikVater District City of Rohnert Park
Agency City of Santa Rosa

Las VirgeneMunicipal LVMWD service area
Water District

Redwood City Redwood City
SanFranciscdPublic City of San Francisco
Utilities Commission

City of Davis City of Davis service area
East Bay Minicipal EBMUD service area

Utility District (EBMUD)

Los Angeles Bpartment | Los AngeleDWP service area
of Water andPower

Irvine Ranchwater City of Irvine, and portions of the cities Gbsta Mesa, Lake Fores
District Newport Beach, Orange, Tustind unincorporated areas of
Orange County

San Diego County Water| City of San Diego, OtaWater District Rincondel Diablo Water
Authority District, SweetwateWater 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 Ignglefamily customersthe most notablbeing 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 informatiowas 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 owoeupied, the median age of the homes, the
average number of bedrooms, and the percentage of homes that were built afférTiegse

results are shown ihable5 andTable6.

Table5: Comparison of Age, Education, and Income Information fraB Oensus by Study

Site
High : Percent
Median School College Media Families
Total Graduate | Household
. Age Graduate ) Below
Population ) (or higher) Income
(years) | (or higher) o $ Poverty
% ° Level %
United States| 281,421,904 35.3 80.4 24.4 41,994 12.4
LADWP 3,694,820 31.6 66.6 255 36,687 9.2
IRWD*? 315,000, 33.1 95.3 58.4 72,057 5.0
SCWA 458,615 37.5 84.9 28.5 53,076 9.2
Rohnert Park 42.236| 31.5 88.0 24.7 51,942 8.0
Petaluma 54 548 37.1 85.9 30.1 61,679 6.0
Santa Rosa 147,595 36.2 84.2 27.6 50,931 51
N. Marin? 47,630/ 39.6 90.5 37 63,453 5.6
SFPUC 776,773 36.5 81.2 45.0 55,221 7.8
EBMUD? 1,300,000 NA NA NA NA NA
SDCWA 2,813,833 33.2 82.6 295 47,067 8.9

2 This ensures that the Energy Policy Act of 1992 was in place that requires toilet flush volumes of 1l€sgpf or
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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A College Median PR
Median School 9 Families
Total Graduate | Household
. Age Graduate ) Below
Population : (or higher) Income

(years) | (or higher) o $ Poverty

% 0 Level %
City of Davis 60,308 25.2 96.4 68.6 42,457 5.4
gﬁSWOOd 75.402| 34.8 82.9 35.7 66,748 3.9
LV MWD?* 20,537 37.6 94.8 48.4 87,008 3.5
City of San 1,223,400 325 82.8 35.0 45,733 9.2

Diego

1 Statistics for IRWD are based on the City of Irvine, not the entire service area.

2 Statistics are given for the City of Novato
3 Population given for service area, Econometric statistics are not available for entire service area.
4 Statistics are given for Agoura HilisAgoura Hills has the largest population of the 4 cities served by Las

Virgenes
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Table6: Comparison of Housinpformation from US. Census by Study Site

6/1/2011

Median
Percent Number Percent of . Percent of
. Number of Householg Year .| Median Year

Median Occupied Owner Size- Householdq of Number of] Structure Homes Built Structure Homes | Monthly Average
Housing H P Occupied Size- |Bedroomq Bedrooms : 19952000 - Built 1995 | Average 9
ousing - Owner Built - Built - Renter Rent

Value Uni Housing . Rental | - Owner| - Rental Owner 3 2000 Rente Mortgage

nits . Occupied . Owner ; Occupied -
Units Occupied o 3 Occupied Occupied
ccupied

United States|$119,600 | 55,212,10{ 68.7%6 2.69 2.4 3.0 1.8 1971 11% 1965 6.4 $1,084 $519
LADWP $221,600 1,275,417 38.6% 2.99 2.73 2.7 1.2 1956 0.4 1964 0.5 $1,594 $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 55 $1,56] $789
Rohnert Park|$237,300 15,504 58.4% 2.83 2.40 3.1 1.8 1979 5.8 1980 6.2 $1,520 $841
Petaluma $289,500 19,934 70.1% 2.75 2.59 3.2 2 1976 11.3 1972 6 $1,629 $87(Q
Santa Rosa [$245,000 56,03¢ 48.5% 2.56 2.57 2.9 1.8 1976 8.5 1974 4.8 $1,49(0 $862
N. Marir? $381,400 12,514 67.5% 2.5 2.56 3.2 1.9 1971 3.0 1974 0.6 $1,97¢ $1,091
SFPUC $396,400 329,70( 35.0% 2.73 2.06 2.5 1.3 1940 2.5 1941 1.8 $1,88§ $883
EBMUD? $235,500 62,489 44.0% 2.76 2.49 2.6 1.3 1943 2.7 1955 1.8 $1,504 $631
SDCWA $227,200 994,671 55.4% 2.78 2.68 3.0 1.7 1975 8.1 1974 4.0 $1,541 $710Q
City of Davis |$238,500 22,948 44.6% 2.64 2.39 3.3 1.9 1978 18.5 1976 8.3 $1,541 $775
Redwood City$517,800 28,06¢ 53.0% 2.61 2.63 2.8 1.5 1959 9.4 1965 4.1 $2,351 $1,014
LVM WD* $366,600 5,399 85.7% 3.05 2.64 3.6 2.3 1980 0.6 1977 15 $2,13§ $1,159
SDWD $233,100 450,691 49.5% 2.71 2.52 2.9 1.6 1972 6.7 1972 4.5 $1,544 $714

1 Statistics for IRWD are based on the City of Irvine, not the entire service area.
2 Statisticsfor North Marin WDarebased orthe City of Novatg 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. Econorige$tatistics argivenonly for Agoura Hills
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Climate

Although it is well known byrofessionals in the landscape and irrigation industry that local
weather data affects the amount of water needed for healthy landstepless clear if

homeowners are aware of theftects 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 @1s the industry standard for determining irrigation
requirements. It measures theisture 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 isnotincluded in the measurement dbEalthough it doesiffectsevera

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 &lMtated
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 stutlyuacraft disaggregated indoor and outdoor
usage for each of éhstudy homesnddetermined thé@rigable andrrigated area for eadot™.

Both the tkeoretical irrigation requirements and the actual outdoor use were determinedst

cases determination of irrigated areas was clear from the aerial phdtasuhinspection. n a

few large lots built into native foreateas we relied on seeing atiist 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 saappearance as the surrounding native lands were
generally classified as narrigated land.

Customer Base

Each utilitysupplied the number of customer connections to the municipal water supply in each
of several sectors that typically include single famihlti-family, commercial, industrial,

irrigation, and other. There is considerable variation in the rapkef the customer base from

one municipality to the next. For example, in the City of San Diego only 38% of the customer
base consists @inglefamily accounts whereas in North MaWwater Districtfully 90% of the
customer base is singtamily accounts. Knowing both the percentage of accounts that are
residential and the percentage of the overall demand placed on the system by residential
custoners is one more tool availablewater providergor water resourcplanning and water
conservation.

Water Supply and Demand

As Californi ads p o pitusoften dificalt tockeep tpiwthiuhesgeate®d gr ow
demand for potable watéWaterprovidersare continually looking for ways to reduce demand.
Providing information on the water supply for each municipality helps to show the extent to

% The landscapes were divided into areas of turf;tooihplants and trees, low water use plants andimaated
land. The latter cagory 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 suclas 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 lif dsmcnd

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 frequezreprovided for each utilityor
the study period Some ofthese have been modified since that tirAéhough mostvater
providersusebi-monthlybilling, there are others, suchtas City of San Diego antRWD,

which sendmonthlybills. The billing unit used by most utilities is HCF or CCF (one hundred
cubic feet or 748 gallons).

There are typically two charges for watea base rate and a commodity charBeiring the

study periodhe base rate rangém a low of $4.60 per moni$55.20 annually) in San
Francisco to a high of $15.87 per month ($190.44 annually) iGithief San Diego. Thereas
also considerable variation in commodity charges and rate struckoesxample San

Francisco Puix Utilities Commission charged uniform rate of $1.71 per CCF while VD
has a fivetieredwaterbudgetbasedate structurewith the cost per CCF ranging from $0.88 for
Tier 1 to $7.04 for Tier 5.

Sewer rates vaed considerably as well and most utilities charge a flat morahlyi-monthly

rate for sewer service. Irvine Ranch Water District chafgesnajority of itssinglefamily

customers flat rate of $10 per montiased on an annual review of sewer udgle Rohnert

Park in Sonoma County charges a base rate of $1r36qmeh 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
example of this type of rate sttuce is in the City of San Diegwhere 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 CaliforniaabdNyater Conservation
Council 6s Memor andum oSignatdmed & thesQGoanail'd MemgranfuhO U ) .
of Understanding agree to meet certain requirements to achieve full implementation of the
BMPs. These coverage requirements may be expressediritbians of activity levels by water
suppliers or as Water savings achieved. o

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 increasedoes the need to develop conservation

3L http://bmp.cuwcc.org/bmp/read_only/home.lasso?rui=582%t Management Practices Report Filing. California
Urban Water Conservatidbouncil. Accessed January 20, 2010.
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measures or best management practices (BMPs) that would give veateeps tools that are

economically feasible to implement. Water conserved through these measures can be used to

offset increased demand as well as provide-tengn protection of both urban water supply and

the environment. Implementation of the BMPs/sers At o expedite i mpl emen
water conservation measures in urban areas; angl o establish assumptions for use in

calculating estimates of reliable future water conservation savings resulting from proven and

~

reasonable conservationae u rle s . 0

Since its adoption in 19%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
implementaton 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 efficeyBMPs are

assessed hiype 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 apgigrmeaders will find:

e Demographic information from the.8l 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 aselwer commodity charges and service fees

Conservation program information

32 hitp://www.cuwcc.org/WorkArea/showcontent.aspx?id=83M@morandum of Understanding Regarding Urban
Water Conservation. Terms. Section 2. Purpo8ecessed January 20, 2010.
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CHAPTER 517 RESEARCH METHODS

The pocedures for sapte selection were designed tasere 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 randdmoihy the singg-family customer

base in each participating agenBilling data for the sample populatiorevecompared to and
matched withthe billing data of the singiamily population as a wholer theperiod of the

study The analysis of water efficiencies dissed 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 thanosleét

of toilets aml appliances they had. From the standpoint of judging water conservation
effectiveness this is the relevant paramekom the standpoint of knowing modél®egs

several key questions. For example, in the results section of the report there grarhsstbat
show toilé flushing volumes. Toilets that are flushing & @pf or less are considered efficien

but some of these may hegh volumetoilets that have been modified to flush at lower volumes.
In addition, toilets that are flushing at 3.&llgns may include an indeterminate number of-mal
functioning ULF type toilets. ULF toilets that are flushing at more thagf. would be

counted asigh volume or high water ugeilets in this analysis.

Overall Study Organization

Figure10shows how the overall project was organized and how the various elements tied
together The studypegan with collection of singilamily billing data for eah of the study

sites for the period from 2005 through 200%tatisticabnalyses werthen performed on the

billing information to provide summaries of annual and seasonal use patterns and to provide
sample frames faurveying andhe selection of stydhomedor 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 Igghinng the period from 2006 through 2008

to dlow for disaggregaon of usesand GIS analysjto determine landscapharacteristics

The Trace Wizard analysmovideddisaggegated water use during the tweek data logging
period Theend usalata from this was combined with billing information to generate agtisn

of indoor and outdoor annual use and gallons per day for individual indoor@stoor 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, baasionally 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 predictingoor and otdoorhouseholdvater 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 strategidsettested. The report provides a set of conclusions and
recommendations.
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Solicitation of Agencies

Because thgoal of the sampling was to match the sanplthe population by countthe
solicitation process began with county popola data for the most populoasunties in the

State, which are shown fable7. The goal of the selection procasas to obtairparticipating
agenciesvithin these counties such thedich county was represented in proportion to that
count yods per c e putatiogte theektent phaetica lie aesuits ape shown in
Table7. Results on a courdyy-county basis were mixed, but on a regional level thepam

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$la@ FranciscBay and Sacraento areas. Given the
fact that participation in the study was purely voluntany 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 tle participating agencies provided the research team with a full year of monthly or bi
monthly water casumption data for their singfamily customers. These lists were then

trimmed to eliminate any customers with less than a full year of consumptiQrodatéh 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 redartte 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 samplegran our example, if the random number was 548

then the 54 home in each 100Bome 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 tb time that the logging sample was selected. This ranged2®66to 2007. In
some cases treverageof more than one year was used. The yearwliich the billing data
were obtained fopurposes of selectirgpmple areshown inTable 10.

To the extent that the billing data included meter ertbhese errors were carried over into the
selection process. For exampfaneters were malfunctioning anshderrecordingwater 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 woudtiminatecustomers with nofunctioning
meters. Meters that failed to register veny llows associated with leaks would also fail to
register on the data loggers. So, systematic meter errors due teegideations would affect

the household use data used for this study. The analysis-oéommaing meters was not part of
this scopebut the fact that it occurs should be kept in mind when analyzing residential water
use. Utilities were encouraged to replace oldtere in order to minimize meteelated errors
during the logging.
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Table7: Sites solicited fostudy

6/1/2011

Agenciesin County Percent of Number of Percent of
Sample State Homes inTarget Sample
Population Sample

LADWP Los Angeles 28% 120 15%

IRWD Orange 8% 120 15%

San Diego City& | San Diego 8% 120 15%

County
San Bernardino 5% 0 0%
Santa Clara 5% 0 0%
Riverside 5% 0 0%

EBMUD Alameda 4% 60 8%

City of Davis Yolo 4% 60 8%
(Sacramentd\rea)

EBMUD Contra Costa 3% 60 8%
Fresno 2% 0 0%

SanFrancisco San Francisco 2% 60 8%

Public Utilities

Las Virgenes Los Angeles 2% 60 8%

MWD

Redwood City San Mateo 2% 60 8%
Kern 2% 0 0%
San Joaquin 2% 0 0%

Sonoma County | Sonoma/Marin 1% 60 8%

Water Agency
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 brakemto 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 tHEOQ). The net result was the same in both cases,
where a loging groupwas createthat 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 provedémpossib
to log due to problems with their meters, omigeunoccupied at the time of the logging, for
example.
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Assignment of Keycodes

Each home in the study group was assignedligibkeycode that allowed the home to be

included in the analysis on an anamus 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 isalugleustomer

identification.

Table8: Water Agency Keycodes

Agency Starting Keycode
City of Davis 11101
Sonoma County Water Agency 12101
San Francisc®UC 13101
East Bay Municipal Utility District 14101
Redwood City 15101
Las VirgenesMWD 16101
Los Angeles DWP 17101
Irvine RanchWater District 18101
City of San Diego 19101
San Diego County Water Authority 20101

Comparison Studies

In order to gagethe water use efficiency of the study horrthsee other study groups have been
used for comparison purpos@sese studies are discussed citedn the Literature Review,
but, for convenieneare summarized here.

Residential End Uses of Water Study

TheResidential End Uses of Water Study (REUWS) is a group of approximatel\siz(d®

family homeschosen at random from the service areas of 12 water providers across the country.
These homes provide a baseline for exissimglefamily homedor the pelod from 19961998.

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 comprisedyeoup of approximately 100 homtsat werechosen at

random from the singl&amily populations in Seattle, EBMUD and Tamp&fter baseline

surveys and logging, approximately 30 of the homes were rédbiiith high-efficiency

fixtures and appliances. The postrofit data from the homes was dses a benchmark for
high-efficiencysingle-family indoor water usehiat might be obtained from refits and repaiof

major leaks. The homes in the study were existing homes in their respective service areas, and
their only significant modifications wertheinstallation ofhigh-efficiencytoilets, showers,

clothes washers and faucelfie homeowners in the retrofit group were volunteers and they

were given the ne fixtures and appliances at nost, so this may have increased their level of
commitmento the study. Aside from that, however, thegrevtypical singldamily households.
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EPA New Home Study

The EPA New Home Study consisted of approximately 330 homisfiar 2001 andelected

from eightwater 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 volumeutistrisince

they were known to contain predominantly ULF (1.6 gpf) toilets. In addition to the 330 standard
new homesthe study included approxately 30 homes built to Water Sense standaiiise

data from thénigh-efficiencynew homes was not used fmmparisons 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 purpade¢he 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 i mpact on the customers

Utility Surveys

The waer 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, ClI, Irrigation and system conservation measures employed agehcies. 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
APPENDIXA.

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 fallpwailings were sent out
approximate) two weeks after the first survey was delivered. Post card reminders were mailed
outtwo to four weeks after that. The resident surveys asked for information about a broad range
of physical and demographic information that was thought to have poxpiahatory value

for water use. A copy of the resident survey is provide®HRENDIX C. The resident survey
contained a total of 58 questions divided into the following categories:

Indoor water fixtures presit 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 loggiting fodlling
database. It was known thhts was going to reduce the number of survey responses available
for the modeling effort. This process offered a major advantage in the simplicity of logging
home selection. If we relied upon just the homes that returned surveys for our logging sample
there was a potential for selection bias based on having what amounted to a volunteer selection
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group. We felt that with sufficient effort we could obtain a large enough group of survey
respondents to prode an adequate modeling group, and this provee the caseThe

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 dafladdion bias, surveys were mailed to 3,000
homeowners and the logging sample, obtained fremwéspondents was verified tasere that it

was statistically similar to the populationsahglefamily homeswith 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 analysisjng the best aerial phottisat could be provided by the
agencies or obtained from public soutc@sfairly typical analysis is shown in

Figurell Areas of turfxeriscapeand 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 procesbyere assigned a water requirement.

The impacts of swimming pools and spas on outdoor water usalseaetermineds part of

the modeling process during which the presence of pools was usedxgdaaratory variable for
outdoor use, faucet use, and letksee if the presence of a pool was found to correlate with any
of these categories of water use.

Each water agency was asked to providebdstortho-rectified aerial photos with the necessary
parcel shape fileandaddresses for the analysis. In some cases no aerial images were available
from the agencwt the time of the analysiso it was necessary to use other sources such as
Google Earth or various GIS sourcdsandscapes change ované, 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(85*

The use of aerial photos fdeterminatiorof irrigated areas was alwaygendedas the primary
methodof measurement because this approach was deemed the most accurate.dgipfdach
measurements mentioned in the proposal were intgmaedrily to verify the scaling of the
aerialsand to resolve inconclusive aerial informatiorhere weréwo reasons for this. First

most landscapes are not composed of simple geometric shapes that lend themselves to
measurement with a wheel or a tape. Landssatmost always include complex curves and
irregular areas. Sendly, most of the landscapes areslopes, and measuring slope areas
distorts the actual area compared to the true horizontal projection. This means that to properly

%1n 2010 IRWD independently analyzed the irrigated area from their study homes using new photos. Their results
(based only on total irrigated areas) varied from
photos Ajuacraft reanalyzed a random sample of lots and found that using the same photo our analyses
were within 10% of theirs. To avoid undestimating irrigated areas, weaeaalyzed the outdoor results
with IRWD areas scaled up 30%, in all plant types. rEsailts in this report are based on these revised
areas.
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survey the area the ieal angles of all measurements mibstaken, and then all of the data
must be reduced arahalyzed mathematicallyNone of this informatiors required from
rectified aerial photos since $hehow the true horizontal projectigremd the irregular aas can
be digitized with a high degree of precisiofihe types of information that aerial photos
sometimedack are the actual type of plants on the groand whether these are irrigated
Verificationof these details as aprimarygoal of the site visits.

Five ground covers were used for the analysis, showalite9. The area of the entire lot was
determined from the aerial photo so ttietirrigated area could be comparedhelot size as
part of the analysis. This also served as a check for the Neaieurf plants comprised tree
canopies, shrubs, and other landscape plants that were not grass. Pools were rapdsured,
assigned a cmpcoefficientof 1.25 Turf and vegetable gardens were treated the same and
xeriscape consisted tww water use plant material®n severalots there were aredhat
appeared to be ndrrigated outlotsor parcels of native plants that had been lebuched
Since these clearly were niatigated they were classified as namigated land and not given a
crop coefficientHence even though they were included in the total irrigable atkagdid not
get a water allocation as part of theoreticairrigation requirementalculationand 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 systeifhe combined factors were calculated as the crop
coefficient/efficiency.

Table9: Landscape parameters

Ground Cover Crop Coefficient Irrigation Efficiency Combined
Allowed Factor

Entire Lot NA NA NA
Non-Turf Plants 0.65 71% 0.92
Pool or Fountain 1.25 100% 1.25
Turf 0.80 71% 1.13
Vegetable Garden 0.80 71% 1.13
Xeriscape 0.30 90% 0.33
Non-irrigated Ground 0 0 0

The theoretical irrigation requirement (TIR) was calculated for eaclsiog the areas for each
plant type on théots with the ET datand efficiency allowanceshown above First the Net
ETowas determined for each site based on the best available weathdleaElo was
determined by doing daily soil moisture analyBesn sample weather statian3he daily Ho
and aiily rainfall for the billing year were input, and only rainfall that reduced &frer

directly or via soil moisture storageas counted as effective. This excluded rainfall that fell in
excess of the soil moisture capacagil uptake ratesr which was such a small quantity that it
would not be expected to enter the root zdoinethe northernsites rainfall was found to reduce
ETo by 25%, whikin the southern sites the net ET was just 9% less than the gross ET

The Net E was therconverted from inches to gallons per square foot using the conversion
factar 1 inch = 0.624psf. The area for each landscape-suiba was then multiplied by tinet
EToand the crop coefficient for the plant material. The result was divided by thesdllow
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irrigation efficiencybased on the Maximum Applied Water Allowarageria(MAWA) for a
well designed and maintained irrigation system to arrive at thé“TIR.

The equation used for estimating the TIR for this study was:

TIR=0624x ETyx 3| 2L xK,,
i-1 Eff

Where:

TIR= theoretical irrigation requirement (gal)

0.624= converts from inches of EEdNet ETo) to gallons per square foot
ETonet = reference Ed (inches) minus effective rainfall (inches)

n= number of zones in the landscape

i= individual zone

A= area ofmdividual zone (sf)

Eff; = irrigation efficiency allowance of individual zone

Kzi= zone coefficient for individual zone spkciesX KdensityX 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 watebts@ed 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 iesfamz 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 u#igen the minimum month water use was used as a proxy for
indoor use.Due to the necessary lag time beem 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 stahise of indoor data for a period different from the billing data is
not a bad assnption as long as it is checked for reasonableasssas done.

When only a single water meter is present thenmisompletelyaccurate 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-yeand basis it can overstate the indoor use
significantly.

Independent Verification of Areas

Both IRWD and EBMUD performed independent arsaly of the irrigated areas their
respective service areasing new aerial photos. In comparing the resthlissoverall averages
and total areas were found to agree well, but there were differences in how irldotisiuwgere
analyzed.

% 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/@erfecognize that
achieving this may be a challenge for many older systems.
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As part of the review process IRWD performed an independent analysis of the irrigated areas on
the study homes from their service area. They did this by using newer photos from 2010 to
digitize total irrigated areas, and also peried field verifications. Their assessment of the total
irrigated areas was approximately 20% greater than the assessment performed bgftAquac
using older, lower qualitphotos from around 2005. In order to determine whether the
differences were due jast 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 fro@@®photos did not see the analyzethges

from IRWD, and they were not given the area totals provided from the agency. They were
simply given the original field notes artdld to repeat the assessment of the irrigated areas using
the same methodology as used for all other gitdsthe newphotos This is avery important
exercisesince if two analysts working from the same photos cannot generate similar results this
casts doubt on the reliability of the technique of usingahphotos as a basis for measgr

irrigated areasConversegy, if two analysts generate similar results, working independently, then
this confirms the reliability of the techniqueThe results from thedevo parallel analyses,
compared irCHAPTER 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 categoribgdirace Wizards either faucet use (indoan)
irrigation (outdoor) depending drow the pool is filled. A low trickle fill from a float valve

would normally getategorizeds a faucet use, while the use of a hose to fill the pool from a
hose bib would probablgetcategorizeds 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 coumtétd as
outdoor useand would increase the calculated irrigation application.
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Figurell: Typical aerial landscape analysis

Site Visits and Data Logging

After the logging groups were selected, as described in more defHlARTER 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 26@o August 2008. The main purpose of these visits was to
instalh e dat a | og g e rwater metdr. Hresonte casds sunveys with return malil
envelopes were delivered as well. The homes were compared to the aerial image used for the
landscapeanalysis in order to verify that the correct image was used. The landscape was
observed in the fieldand the types of landscape material present were compared to the landscape
typesselectedy the GIS analysis to catch situationsene landscape typeswe mismatched.

This verification of the aerial photo information was performed on all of the homes visited. The
main goalsf the verification werd¢o determine that the correct plant types werel,used to

identify areas of noirrigated landIn addiion, measurements were made to verify the scale of

the photos for example bigeasuringhe width of the driveway so that this could be compared to
the aerial data. No attempt was madedoductdetailed surveys of the landscapes because the
errorsintroduced by the many irregularities in the landscaped the effects of slopes on area
calculationsvould be much greater than thasesing from the aerial photo analysi3he

following table shows the approximate dates during which the site ocsitsred.

Table10: Dates for site visitand billing data

Keycode | Participant Site Visit Dates Year of Billing Data
Usedfor Annualand
Seasonal Analysis

11000 Davis January 2007 2005

12000 SCWA May 2007 2005

13000 SanFrancisco December 2006 Avg. 2006, 2007
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14000 EBMUD April 2007 Avg. 20042007
15000 Redwood City November 2006 2005
16000 Las VirgenesMWD February 2008 2006
17000 LADWP August 2008 2006
18000 IRWD June 2007 2005
19000 City of San Diego SeptembeR007 2006
20000 San Diego County November 2007 2005

The fact that many of the sites were logged duringimggation 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 ueitdoor water ustor 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 bereshfor 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, andonsiderits strengths and weaknesses. The goal of flow trace analysis is to
disaggregate water use irsiaglefamily homebased on a highly precise pattern of flow over

time obtained from the main water meter for the house. The key is thmathe/ater uses,

such as toilets, clothes washers, dish washers, irrigation systetnshowerg the home

provide very clear flow pattesthat are relatively easy to identifyDther usessuch as faucets,

leaks, water treatment and poale more amguous. The idea is to extract the informatitr

the eady identifiedeventswhich leaves behind a smaller volume of water in the remaining
categories This smaller volumef watercan then be analyzed statistically to examine the

factors that appear twavean 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 snbteringa home to provide end use

information of equatietail 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 anglegnces, 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 esenbduced by a faucet may appear to be a leak, and vice
versa. This isvhere the information from the surveys can be used to identify relationships
betweerhousehold characteristic and #@d usen question. This process can help clarify the
factors that are probably linkéd the use. For example, leakents may someties 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 watetreatmentautomatic irrigation systengsc, it is possible to see what factors explain
increasd leakageor leaklike events. keakage estimatesd can be temperedth the

knowledge that in some cases what appears tdibe @ mdy be a reverse osmosis system that
has been left running conuously 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 level$éursisteold.
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Each flow trace file obtained during the site visits was analyzed into individual water use events
using the Trace Wizarsbftware 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 amaiint. 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 casestthce files may containfaw erroneous eventsaused

by infrequentelectrical interference with the sensor, which causes extremely high flow rates to

be recorded. If these are isolated events they can be removed manually during andlyises

restof 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, olatghich case the trace is
discarded and if necessary the site #ogged.

After thevolumes are evaluated and, if needed, correction faapiéed, 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 startindopalre analysis. If

these templates aset upcarefullytheycanidentify many ofdeviceson the initial calculation.

The Trace Wizard program is similar to an expert system in that the analyst identifies how events
should be categorized according itdure 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 arggan
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 withrti@funtervention required on the part

of the analyst.

The analyst works through the flow trace to find all of the major fixtures, assigns the fixture
parameters, and verifies that the fixtures have been identified successfully by the program. When
multiple events occur simultaneously it may be necessary for the analyst to identify events by
inspection and separate these events manually. The analyst also identifies the first cycle of all
clothes washer and di shwashenthemame:reg.s i n a tra
clotheswasher@. This allows the number of clothes washer and dishwasher dvents to

countedfrom which the gallons per load can be determined.

The analyst may need &valuate other events on a céigecase basis. Water treatment syste

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. Osite regenerating water treatmegstems 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 identifying more common events as wélarexample if

someone leaves a kitchen faucet running for 10 minutes while they wash the dishes it may look
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like a shower.In these cases classification of the evsrat judgment cabupportedy factors
such a 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, flowlweséion 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 ratesThere may, forexample,e many fAstandardo showerh
2.5 géa m or | ess. T highefécieneys thlodv elr es 0c |Ibeescsaiufsiee d hae
EPAct 2005° criterion, which requires a flow rate of 2.5 gpm @ 80 psi.

Toilets with flushvolumes of 2.2 gpf or ks were classified in this reportet§icienttoilets,
meaning that they flush at or below a volume most likely due to a Ubkgb+efficiency

toilet.*® High-efficiencytoilet refers to a specific model of toildesigned to flush at 1.28 gpf
less It is possible that a number of these toiletshagé volume flushunits that have had
displacement devices installed or modified in some way to make them flu@ogaf r less.
Conversely, there may be some ULF toilets with flush volumes as highgel8ns as a result

of being poorly adjusted or because of a malfunction. These toilets would not be considered
Aefficientda in our analysis

Following the initial disaggregation and analysis proceestrace is checked by another analyst
to make suréhere are no obvious errors and that events that require a judgment call seem
reasonable. Once all questions are resohedtrace is then ready for further processing, and
the process is repeated on another trace. Simple traces can be analyi#teiasa80 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 theorthernsites a series of traces was serdriandependergonsultant,
who provided analysis of the tracgsparatelyrom our staff. The results of the two analyses
were compared to see if there were differences that would dffecharacterization of the
home. While there were variations in the volumes assigned to individual ghenéswere no
differences in how the homes were characterized with respect to toilet or clothes washer
efficiencies. The results of this double blianalysis are discussed@MAPTER?7.

Trace Wizard Identification of Common Household Fixtures

Trace Wizard analysis provides a visual tool for identifying individual events that take place
during the tweweek data logginggyiod. 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 househ@dd usse. There are always ambiguous

events that can be categorized differently by different analysts, and these create scatter to the
results.

% EPACt1992 Energy Policy Act 0fl992National Efficiency Standards and Specifications for Residential and
Commercial WatelJsing Fixtures and Appliances
% The EPAct 1992 standard for ULF toilets is 1.6 gpf
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Trace Wizard is at its best in identifying anything thatastrolled by a timer or a mechanical
controller. These include toilets, dish washers, clothes washers, irrigationdimderater

treatment regeneration systems. Fixtures that are limited by a valve or which oparate in
repeatable fashion are alsarfigeasy to identify. The program deals with multiple events by
splitting out the supeevent 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 thattcueaoh 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 examplesa# itypical fixtures and appliances are
recognized in flow trace analysis, and discuss issues encountered in dealing with each category
of end use.

Toilets

Trace Wizard determines the time of day, the volume, the duration, the peak flow and the mode
flow of toilet events. From this it is possible to draw inferences about what type of toilet might
be behind the trace. However, this inference process ierfech and must be used with
discretion. Trace Wizardannottell if a 3.0 gallon flush is coming from a malfunctioning ULF
toilet or a modifiechigh volume flushoilet.

There are also two ways of looking at toilets. From the perspective of a halis#loiéncy

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 ttsléhat have been replacéide key is the actual make

and model of the toilet. The flow trace data can be helpful in making judgments about the market
penetration ratedut 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 determinemtheure of toilets in the home. All of
these techniques are used and discussed in the report.

Figurel2is an excellent example of four toilet flush events (green) that take place over a two

hour period and were identified using thece 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 tdet volume. The baseline flow (blue) has been labeled leakage. Although the

flow rate is less than a tenth of a gallon per minitiie 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 caimuous use water device (e.g. for medical or water treatment purposes)
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Fixture Properties

Toilet 2 hd
Mir: Max

Wal: 1.92 26

Peak: 221 319 . . .

o[04 [0 Toilet events that fall within the

Mode: 36

MackHt parameters established 1or the toilet.

40

Event Fiopeties

Tailet 2 - 3

Preserve Yol 228
Adopt Peak. 270
Duur 00:01:00 .
Mode: 270
Mode#: 4
Num 273
24
Start;|  E/14/2007 £:47.35
End:| 6/14/2007 £:45:35
20 N / \

wdf

Class: Base

0.0

Thursday, June 14, 2007 (6:35:35 PM - 8:35:35 PM)

Figurel2 An example of four toilet flushes, faucet use, and basglédha kdeéntified 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, flaper replacement, or the addition of a displacement device or some other conservation
measure in one of the toileEigure13is an example of two different toilet profiles in the same
home; two of the toilet flushes are from a ULHeband the other two flushes are frorhigh

volume or high water udeilet with a flush volume of 2.7 gallons.
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Fixture Properties
Toilet 1 =
i tax:

Yol 14 2

Peak: 245 5.32
Dwr: | 00:00:30 | 00:01:30

Mode:

Modett:

Event Fioperties

Toiet 2 -
Preserve ¥ ol 765
Adopt Peak: 242
Dur 00:01:20

Mode: 242
Modeh: 5

Num 1767

Start:| 3432007 &:51:56 PH
End: | 3/3/2007 &:53.16 PM

Class: Base

wdb

4.0

36

ULF toilets 1.6 gpf

JAN
/ \ High volume toilets 2.7 gpf

24

20

/N

;| i

14 o ~

0.4

0.0

e l | T

Saturday, March 03, 2007 (8:25:06 PM - 10:25:06 PM)

Figurel3: Four toilet flushes with two different giiles identified in Trace Wizard

Clothes Washers

Although there are many brands of residential clothes washers avdhaiéeare enough
similarities in their profile to make them easily recognizable in the Trace Wizard program.
Figurel4is an example of the characteristics of altmgding, norconserving clothes washer,
shown in light blue. Each cycle is similar in volume-@2gallons) and represents filling of the
clothes washer tub. Cleaning and rinsing is accomplished tatiagiclothing 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 intermittént e @Hhsigting of very low flow rates going on
and off during the trace period. These are most likely dripping faucetdvass thati | e @ & 0
low rate, which ar@ery common.
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~ Fisture Fropstties

@ Clotheswasher 1 -

Mir: ax,

vo| 2144 29
Peak: lﬁ m
o[ 000520 [ 000300
Mok [ 2% [ 425
Modet:[ [
i~ Ewvent Properties
Preserve v Yol lﬂ
Adopt Peak. 383
ou | w07

Mode: |—3‘48

Modett [ 2

Num: |—44

Start lm
Erd | B0 75018
Class: I—E‘ase

Figurel4: Typical profile of a todoadingclothes washer

High-efficiencyclothes washers are designed to use less water than the standasdlitog

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, shdigint iblue in
Figurel5, use less than 15 gallons per load. As with a standafidaoling clothes washer, the

initial cycle is labeled clothes washer @ which allows the volume of each cycle to be identified.
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Fisture Properties
Ciotheswazher
Min: [EE
Yol 302 4.08
Feak: 175 251 g . . .
o [ Wash and rinse cycles of a higfficiency front
Mode:| 175 [ 251 26 3

Madett ’
clothes washer @ and allows each clothes washer
tobecounted-separatety.

6.0

Event Properties

Clotheswasher @ 4
Breserve v Vol 403
Adapt Peak: 213
Dur: 00:02:50 4z
Hode: 213

Modet: 4

Murm: RECE] 15

Start;| 8/26/2009 11:55:23
End:| 8/26/200311:5813

wdB

Class: Base
30

Clothes

.._|Clothes | — washer@ ||
washer @ \

0.6 1 — . — 1. 5

Wednesday, August 26, 2009 (11:07:53 PM - 1:07:53 AM)

Figurel5: Typical pofile of two high-efficiencyclothes washer loads identified in Trace Wizard

Showers

Showers typically have one of two profiles. The profile showRigure16is representative of

homes that have what is commonly referred tatas/shower comban 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 shasv head. The flow then remains constant until the faucets are turned off.

The shower shown iRigure16 has annitial flow of 5.6 gpm, whichdrops to 2.0 gpm for the

duration of the shower. There are a number of et flush evets (1.28 gpf) that occur

during the twehour time period shown in the figure, one of which occurred diin@ghower

and has been separated from the shower.

The second shower profile, shownFigurel7, 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 pressu@. The shower ifrigurel7is 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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 Fitue Fropertiss——————
Min Max

vae|  12[ 18

Peak| 243[ 484

Dur [ 00:00:30 [oo0TE0

Mode [ [

Modet: | [

~ Event Propetties

Preserve [ Vol| 2277

Adopt | Peski[ 583

D[ 0010:20

Mode: [ 187

Modett [ 12

Num [ 3

Start| 22172007 81452

Enc| 2217200782672

Cees|  Base

6/1/2011

Figurel6: Classic profile of tub/shower combo with HE toilet events and some faucet use

~ Fisture Properties

Toiet 2 -

M Max
wob|  zm [ 4
Peak| 2| 5
Do [ 000330 [ 000150
Mode[ [
Model [ [

 Event Propeies
Faucet 1 -

Preseve [V Vo[ 002
Adopt | Peak:| 003
Due[ 000020

Mode:[ 009
Modet:[ 1
Nume[ 877

Start| 272772007 81823
End | 2/27/2007 B1543
E\assl—‘aupg,

Figurel7: Profile typical of a stall shower with clothes washer, faucet}ailet events
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Dishwashers

Although dishwashers are multiple cycle evetitsir 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 evergsasily 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 counteBligurel18is an example of a dishwasher event with six cyclaacét

use often precedes or occurs during dishwasher events as dishes are rinsed, or items are being
hand washedIn the flow trace analysis the dishwasher category includes only water being used

by mechanical dishwashimgachines. Water used for hamdshing of dishes would be counted

as part of the faucet category.

Fixture Properties
Leak 1 hd

Hin ax
6.0

Wal:
Peak: 0.26

Mode: 54:

Event Fiopeties

Dishwasher & hd 4
Preserve W 4ol 23
Adopt Peak. 130
Dur 000410 n
Made: 1.30
Modett: 10 .
Hum 5 ...| Faucet use precedin
Start| 972007 11:17:19 - d h h
End: | 941742007 11:21:23 g IS WaS er event
Clazs: Base /
30
» / Multiple dishwasher cycles ~
/ 2.0 gallons per cycle
/

W

06—

00 L

Monday, September 17, 2007 (10:54:59 AM - 12:54:59 P}

Figurel8 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, primarilyadserbed onto the resin in exchange

for sodium. This reduces the hardness of the water, but does not atietzt itissolved solids.

Once the exchange capacity of the bed is exhausted it is regenerated by backwashing with salt
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water. This backwash pcess is the only water consumed by the process. The treated water
simply flows into the water pipes for use by the occupants as neEdpde19 shows a typical
regeneration cycle for a home water softener. These are sometime controlled with a timer and
sometimesy asensor. These types of systems are very simple to identify in Trace Wizard.

The other type of home treatment is reverse osmosis. These systetimspotablewater

through anmembrane, whickeparates 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 ftates are typically low, and can be mistaken for

leaks. The difficulty in identifying them as water treatment as opposed to leakage is time patter
of use. If only a few gallons are produced at a time systenwill show a repeatable pattern

that can b identified. For example, if once or twice a wéek gallons of product water are

treated for drinking and cookirtgis 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 volumestaf iwill start to look like

a continuous leak. Having survey information to identify houses with RO systenieelpwith

this. In the modeling chapter we discuss the relationship between home treatment systems and
identified leakage.

Fisture Propetties

[&] [Leak 1 -
Min

4.0

Yol
Peak: 023

Dur:
o

=
]
3

Madet:
Event Propeties
[&] [Toietn - 1
Preserve [ Vob[ 1.82
fdopt | Pesk:[ 378
Due [ DEODED 2
Mode: 2%
Madett: |
Num: 7630
Start| 171742007 21412 -
End [ 171772007 21502 3
Class: Base

2.0

0.0 Bl 1

Tuesday, January 16, 2007 (10:59:52 PM - 2:59:52 AM)

Figure1l9: An example ofresidentialater softenein Trace Wizard
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Leakage & Continuous Events

There are two kinds of leaks identified in Trace Wizard. The firstigjogermittent leaks, such

as toilet flappers or faucet dripadthe second isontinuous leakdue 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 fadh#atimply do notappear

to be faucet usendbecaise they occur too frequently to be explainedgdyeonetanding 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 l€Bks lowerimit of i | e detediion is based on

the ability of the water meter to register the flow. Todkeentthat the meters cannot register
very low flows leakage measurements wouldurelerestimated

Constant leaks, on the other haacke continuous evgs. In some cases these may not be leaks

at all, butinsteadrepresent a device that has a constant water demand, such as a reverse 0smosi
systemor a oncethrough cooler The presumption, though, is that these are leaks. Use of

survey information cabe 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 thé | e an# I6aklike events. These correlations have been don€lvapter9.

Figure20is an example of an event that is classified as leakage in the Trace Wizard program.
Although the flow rate is quite loivaveraging less than 0.5 gpnover the 2 week period of the
trace nearly 5,400 gallomegere attributed to this event. Leakage is flow t@tnotbe 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 attributablduactiahing
fixtures such as a leaking toilet or irrigation system or due to processusk®s a reverse
osmosis system, evaporative cooling, or a-remirculating pond or fountain. The cause of flow
attributed to leakage may be discovered duringeavisit or from information praded on the
survey retuned by the homeowner. Often, however, this information is unavailable, and the
cause of leakage remains unknown. Sincdithee @ategbry represents such an important part
of singlefamily residenial water use, looking further into the causes of these types of events
would be beneficial.
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Fislure Properties

[&] [Leak 1 -
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Peak: 0.26
Dur

Mode 7
Modetf:

Event Properties
Leak 1 hd 6.4

Preserve W Yol 3497
Adopt Peak: 043
Dur 01:23:20
Mode: 0.42
Mode# 382
Num: 2465

5.6

Start| 7/8/2007 8:24:55 AM
End: | 7/8/2007 3:48:25 AW

wdf

Class: Base
40

24

| M
00
Sunday, July 08, 2007 (6:36:15 AM - 10:36:15 AM)

Figure20: Fourhour period showing a continuous event classified as a leak

Irrigation

Overheadrrigation eventsare the easiest tdentify andare usuallycharacterized 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 clo&atomatic irrigation is generally operated by a timer
device that tura 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 zof@gure21 shows an irrigation event that occMienday, October 29,
2007 at 1:12:10 M. The event properties show that the volume of the irrigation evedBis
gallons with a peak flow df8.4gallons per minuteanda duration ofL hour and 12ninutes.

This evenis repeated daily throughout the duration of the data logging petedcfiange in

flow rate occursseventimes during the irrigation event and is indicativelferentirrigation

zones.

Drip irrigation is typically lower flow than overhead irrigan 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
useplants.Figure22is an example of a drip irrigation eventtia flow rate of 2.5 gpm and a
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duration of 96 minutes. The total volume of the event is 190 gallons. There are several toilet
flushes and some faucet use that are running concurrently toigagian event.

Fistuie Properties

Irigaion 1 -
Min:
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Dur
Mode:
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- 16—
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Monday, October 29, 2007 (11:38:51 PM - 1:38:51 AM)

Figure2l: Irrigation event with multiple zones
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Sunday, September 30, 2007 (8:18:47 AM - 10:18:47 AM)

Figure22: Trace Wizard profile of drifrrigation
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The end result of the flow trace analysis is a Microsoft Access database fike uniue

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, starétand duration. A typical two

week trace will contain anywhere from 1,500 to 10,00&hé&y.

Faucet Use

Basically, faucet events agenerallyintended tadentify uses for kitchen andathroom faucets.
These include wide range of events that are similaith 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 sk or a bath th with a volume&oo low to be a bath fill. Another quality of
faucet use is theirregular and random type of pattewith fairly short durations and low

volumes. Use of faucets to hamash dishes while leaving the water run continuously is one of
thelargest typeof faucet uses encountered in the analysis.

Other Uses

Events that simply do not fit neatly into any
might have flow rates too large for a sink, but volumes too small for irrigation or aiakse
events are set into the category of miscellaneous other uses.

Database Construction
An overall project database was assembled that contained the following items:

e Customer logging information

e Billing data

e ET data

e The water event data from all trace- 2 million records)
e Survey responses

e Landscape information

The customer logging informath consists of names, addressesraater information for the
homes in the logging group. Billing datansisted of the monthly or-pnonthly water
consumption da 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 seteasdrathe
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 usiagdET
effective precipitation.

The water event data consists of the comath set of water event databases assembled from all of
the valid flow traces collected in the study. In the Califo8iiggle Family studythe water

event database contained over 2 million individual records. The event database is very simple
but extenwe. 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 subsedqages ®f the analysis.

Table1l: 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 even{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 surveyesponses were tabulated for each respondent (identified kyokleyand by
qguestion number. This allowed the responses to be used as variables in the regression modeling.

Landscape information was generallyt@ined from the best availabiectified aeial 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 tudrino@es and shrubs,
xeriscapevegetable gardens, and rAomgated nativedndscape. Swimming pools were

measuregdbut as discussed above, were not assigned a crop coeffiCtemlandscape 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 testimate 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 projenteesee trunk was |lated

on the lot Where tree canopies occurifedm neighboring treesver lawns the coefficient for

the lawn was used.

Table12 Annual Crop Coefficients

Plant Type Crop Coefficient
Turf 0.80
Nonturf trees, shrubs 0.65
Vegetable Gardens 0.80
Xeriscape 0.30
Norirrigated 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 inrtabdlgraphical 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 statisticthe water event database was queried in order to obtain the parameters
listed in Table13. This worksheet contains a summary of the dates, durations, total volumes by
end use, gallons per day by end use, counts of eventsihhserand volumes per event. Some

are taken directly from the events database, but most are derived from the events data through
various arithmetic calculations.

Table13: 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
A | e tatél 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
Al egplt O gpd
Other gpd gpd
Shower gpd gpd
Toilet gpd gpd
Bathtub events count
Clotheswasher events count
Dishwasher events count
Faucet events count
il eevénts count
Other events count
Shower events count
Aquacraft, Inc. Water Engineering and Management www.aquacraft.com
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Parameter Units
Toilet events count
Number of flushes less than 2_2 Gal count
Number of flushes greater than2 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

6/1/2011

The results from the query that prepafable13 consistof a table that contasgone row for
each keycode and one column for each of the parameters shown in the table. Faattbfs
descriptive statistics watkeveloped for the key pameters, as shown irable14. This table
shows the number of study homes with data for the specific parambgemeans, medians,

standard deviations and confid® 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 weudéalcl

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.

Table14: Statistics extracted from indoor summary table

Parameter N Mean | Median| StDev| 95th Cl | Min Max Sum
Total Volume | 734 | 4666 | 3515 | 4098 | 296 0.05 28058.27 | 3424729
EZ";: Length | 724 1123 |130 |14 |01 6 20 9009
Total GPD 734 378 |292 |323 |23 0.01 2338.19 | 2772203
Indoor GPD 732 | 175 | 157 107 |8 0.01 83325 | 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]|11.0 401 1376.53 | 33568.28
Clotheswasher | o | 103 | 328 313 |24 16.17 |2553.26 |276308.1
total gal

gé?hwasr‘er totall 114 |30 23 26 |2 0.65 |153.04 |13143.85
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Parameter N Mean | Median| StDev| 95th Cl | Min Max Sum
Faucet total gal | 729 | 402 | 320 | 326 |24 157 2522.87 | 293153.2
Al ewmtw gal | 732 | 380 |141 |751 |54 0.05 8024.64 | 278057
Other total gal | 421 | 78 14 238 |23 0.18 334753 | 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 20.00 1627
Clothes washer | o/ | 19 77 | 1000 |848 |064 |1.00 |8500 |7935
events

Dishwasher 426 | 456 |4.00 |370 |0.35 1.00 33.00 1942
events

Faucetevents | 729 | 739 |555 |889 |65 5.00 10515.00 | 538484
Al eevénts | 732 | 1942 | 1266 | 2328 | 169 3.00 25022.00 | 1421599
Other events 421 | 15.4 5.0 429 14.1 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 303 6.9 |42 89 1009 0.41 105.89 | 2719.757
;')%thes washer | oo0 1335 | 260 |252 |1.9 1.35 196.40 | 22469.61
Dishwasher gpd | 444 | 2.4 | 1.9 21 |02 0.07 11.77 1070.435
Faucet gpd 729 | 33 27 26 2 0.15 194.07 23907.95
Al egoll 0 | 732 |30.8 |11.4 |60 |4 0.01 686,51 | 22537.34
Other gpd 421 163 |12 189 |18 0.01 25750 | 2660.237
Showergpd 714 | 35 30 26 |2 0.47 159.14 | 25198.87
Toilet gpd 727 |38 32 26 |2 0.16 204.17 | 2738455
Average clothes | o7 | 35 37 12 |1 958 | 94.00 24521.23
wash load gal

Clothes washer | oo/ | 595|085 |067 |0.05 0.07 6.54 643.831
loads per day

Total shower | 210 1597 178|150 |12 367 | 1254.67 |150808.7
minutes

Average shower| z1¢ | 550 | 497 [172 |13 120.77 | 1648.33 |372203.7
seconds

Total shower gal| 716 | 433 | 365 | 318 |23 5.62 2068.87 | 310038.7
g"j)rage shower| 216|182 | 173 | 71 | 05 | 352 | 6149 | 13013.8
Avg. shower 716 | 2.15 | 1.99 | 067 | 005 | 0.46 5.34 1536.4
mode flow gpm

Showers per day| 716 | 1.96 | 1.72 | 1.32 | 0.10 0.08 10.15 | 1401.9
Showerminutes | o 0 175 | 145 | 128 | 0.9 0.31 9651 | 12283.2
per day

Average tollet | 259 | 576 | 245 | 1.08 | 008 | 0.69 704 | 2014.0
flush volume

Toilet flush stdey] 728 | 0.64 | 053 | 039 | 0.03 0.02 2.86 462.7
No. of flushes < | 734 | 75 48 85 6 0.00 | 570.00 | 548960
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Parameter N Mean | Median| StDev| 95th CI | Min Max Sum

2.2 gal

g‘; g;lf'“She” 734 | 93 70 90 7 0.00 609.00 | 681840
0

Hotflushesless) -0 | o0 | 44% | 379% | 3% 0.00 1.00 326.2
than 2.2 gal

Average BOwer | o1 | gae | gog | 2.86 | 0.21 2.01 27.47 | 62034
(minutes)

Thewater event and billing databaseere queried to generate theormation for each of the
key codesieeded for theutdooranalysis shown inTable16.

Tablel15: Parameters extracted and calculated for outdoor summary

Parameter Units Description

Annual use (from billing kgal Annual water use for 2008007

data)

Non-seasonal use kgal 12 x aeragewinter use Dec JanFeb)

Seasonal use kgal Annual usé nonseasonal use

Trace projected indoor kgal IndoorGPHDfrom trace x 365

water use

Area of lot (entire lot) sf Area of lot determined from aerials and checked
against plat maps

Hardscape sf Areasof patios, decks, walkgtc.

House footprint sf Footprint of house

Norrirrigated area sf Lot areas that are pervious, but obviously-oigated

Thesewere identified from the aerials and verified
during the site visits.

Nonturf plants sf Trees, shrubs and other cultivated Aomf 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 (
plants

Annual ET in ET obtained from nearesteather station for year of
billing data

Annual precipitation in Annual rainfall

Net ET in Gross ET corrected f@ffectiverainfall

Indoor use (best estimate g kgal Best estimate of annual indoor use frihraprojected

indoor usg flow trace data, n@seasonal use or minimum month
use.

Outdoor use (best estimate kgal Best estimate of outdoor use, from either seasonal

of outdoor use) or annual use minus projected indoor use from flow
trace

Total irrigated area (sum of| sf Sum ofirrigated areas above

subareas)
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Parameter Units Description

Irrigation application in Outdoor use/irrigated area x 1.604

Reference demand in Irrigation demand for 100% reference crop
landscape=irrigated area x net ET

Theoretical demand in/kgal | Demand for actual landscape based on aeials,
crop coefficients and allowed irrigation efficiencies

Application ratio Ratio of actual application to theoretical requiremen

Excess irrigation applicatiol kgal Actual applicatiori theoretical irrigation requirement

Landscape ratio Ratio oftheoretical irrigation requirement to refereng
irrigation requirement

Excess irrigation flag 0/1 Flag to identify lots that are owarigating

Tablel16: Statistics extracted from outdoor summary table

Parameter N Mean 95th CI Median
Annual kgal) 614 153.39 7.55 126.41
Nonseasonakgal) 614 95.13 5.29 77.53
Seasonalkgal) 556 69.11 6.20 48.25
Trace projected indookgal) 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 \egetation 614 629.84 704.09 0.00
Non-Turf plants 614 1980.96 186.98 1229.50
Pool or buntain 614 68.04 13.98 0.00
Turf 614 1234.04 110.08 902.81
Vegetablegarden 614 5.33 3.84 0.00
Xeriscape 614 665.07 266.62 0.00
AnnualETo 614 21.46 1.86 0.00
Annual peciptation 614 14.26 1.65 0.00
NetET 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 aea (sq ft) 614 3885.41 374.73 2686.30
Application (in) 607 60.94 5.70 39.28
Reference émand (kgal) 614 102.62 10.29 68.95
Theoretical @mand (kgal/year) | 614 89.99 6.74 65.71
Theoretical @mand (in) 607 40.46 0.62 42.34
Application @atio 607 1.44 0.12 1.00
Excess pplication (kgal) 614 30.06 4.11 0.05
Landscapeatio 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 estimatdsedhdependent variables.

Visualizing the data as a cloud of data points, the results of multiple regression (the formula for
prediction) is a surface (agression planeslicing through the cloud of observed data.

Regression in this study servestpurposes: (1) to correct foertain variables that are known

to influence water use; and (2) to broadly predict characteristics of water use for the population
given fewer variables than tlstudy sample. Correcting foertain 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 watefarseanumbe of homes based on an average
number ofresidents (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 @end aspect noted above; the model can be uggzhtralizeor

predictthe impacts of changing key parameter on waterrugee population.

Different regression models may result from the same data, especially since different software
packages emploslightly 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 t ec hmplesxy Madower, r e s ul
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, antbaventional approach of eliminating them is not

convenient if the model is designed to predietanpopulation water use. However, in gengral
eliminating outliers does i mprove a regressio
performance meases, this study uses a very conservative design for regression parameters and
elimination of outliers.

The aspect of regression that Acorrects foro
rational relationship to water u¥e For indooruse, 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 eiter uses independent variables presented in other research to have a statistically
significant relationship; as in those studies, alt@gtransformation is used. The result of these
regressions is a prediction of the effect of change in particulabl@t@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 gigatnd a large negative number if the model guedicts water use.

For modeling purposes, itdéds important to note that the
has any rational relationship at all. The number of available variables is indeelhigégtegrowing 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), ANOVAt¢std, 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 sourceegression models were prepared for both indoor and outdoor
water use. Indoor models were first prepared for total indoor use as a functioof dhall

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 eamdhusein order to determine if impacts

could be detected for variables that did not appear for the total indodrissometimes

resulted in additional variables being identified as signific&ot. example, whether the

occupants knew how much watbey used the previous year,amnsidered the cost of water i

their water usedecisions could not be identified as a significant variable for predictiagll

indoor water use. Wen just faucet use wasodeled, howeveit 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 extrapolatthe results to the state as a whole, and then make projections of the water
conservation potential for ttetateas a whole based on the results of the study group. The
discussion includes comments on the success of past conservation programs anorBMPs f
reducing water use, and suggestions for future modifications to conservation efforts.
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CHAPTER 617 END USE STUDY GROUPS

There were three main sources of information used for the study: the monthly billing data
obtained from th agencies, customsurveys andthe field visits. The primary purpose of the

field visits was to install a data loggerdreate a twaveek flow trace. These traces capture end

use patterns) the homeA second purpose of théesvisit was toverify data The field

technician verifed type of landscapeassigned to the parcel$ 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 inaccesSiblthis informabn and the presence

of sensors were obtained from the survéyshe end of the twaveek logging period, staff

returned to collect the loggers.

Logging samples were determined by the following proceasach of thelO participating

utilities provideda random sample of the annual water consumption dataOf@® dingle-family
wateraccounts (Q000. Approximately 7Ginglefamily customersvere selected from these

lists. These included 60 homes for logging and 10 homes to be usgdeaements if anof

the original sites was not loggesites 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 théey criterion br creating samples wasatchingthe water use of study participarits

that of the population as a whole. Famples 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 pophéation.
water use statistics of both sample groups were compared to the populatisareosimilarity.

Redwood City

Using the selection procedure described above, the Redwood City staff provided the descriptive
statistics for their entire population sihglefamily homes and then identified a random group

of approximately 1,000 homes from which the loggiample was selectedlable17 shows the
summary statistics for the three groups of homes. Records were extracted for a total of 15,777
singlefamily accountsin 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 samplel Q0 matched those of the population very closely, as
shown in the table. A total of 70 homes were selected from 188@ Houses with less than 15
kgal/yr of consumption, houses which declined to particj@ate houses that were found to be
unusable in the fiefd for instance because of a bad meter aavay) 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 patrtial
year consumption caused the meatheflogging 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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Tablel17: Annual water use statistics for Redwood City study group

RedwoodCity Population Surveyed Log Sample Q60
Annual Use Sample AnnualUse
(kgal) AnnualUse (kgal)
(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 1,046 60

Even though the sample was setected on the basis of geograghgovers the entire service

area of Redwood City with remarkable consistency, as can be séguia23. According to

the commercial mapping program used for locating the study Hdthese are a total of five

populated zip codes in Redwood Cifiihe logging sample contains homes from all of these.

Table18 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 popudet. 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 ZillowE the average home
median vaue was $927,022.

Table18: Zip Code Distribution of Redwood City Logging Sample

Zip Code Log Sample Population(Q1000
N Avg. Percent of N Percent of

kgal/lyr | Total Sample 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%

% Delorme, Street Atlas 2006 Pro.
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Figure23: Location of study homes in Redwood City
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San Francisco

The San Francisco Publigtilities Commissiorprovided a complete list of all of thesngle

family accountsand annual water consumption for 2005. Customer name and contact
information was not included in this list to protect the confidentiality of the customers. Also,
recordswere only provided for customensth 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 accouitcording to the census data thare 2.7persons per
housein San Franciscayhich implies a per capita use®8 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.

Thesinglefamily accountist provided by SFPUC was used to select ti@@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 XD00data and after eliminating all accounts theg¢diless than

15 kgal per yeasselected 70 accounts as the logging sample. The analysis of the monthly water
use of the Q000sample confirmed the low outdoor use for thistomers, and showed that on
average, the group used only 10 kgal per year for seasondf @Gsesmary statistics for the
population and logging sample are showi atle19.

Table19: Annual water uséor San Franciscetudy group

Population Annual Surveyed Log Sample Q60
Use Sample Annual AnnualUse
(kgal) Use (kgal)
(kgal)

Mean 65.1 64.0 69.2
95% Conf. Interval 0.37 2.72 9.34
Median 56.1 56.1 56.1
Count 52,349 825 60

Table19 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 thase of the population. This variation was not considered a problem since it is
impossible to control who drops out of the study. Dutiregdata loggeinstallationprocessa

choice was made to eliminate some homes in-gathistrial areas, which the @idid not

believe were representative of the customer base, in favor of more sipglalfamily homes

The location of the houses in the logging group is shoviaigare 24.

%9 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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Figure24: Location of study homes in San Francisco
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A visual inspection oFigure24 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 apprdeagields 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 analyss 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 ezudezip

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 2800 U

Census. These comparisons are showlralrie20.

Table19 shows that in most cases the percent of the loggingsdmeach zip code comes
reasonably close to the percent ofsatiglefamily homescontairedin each zip code. For

example, Ingleside contains 17,28Aglefamily homeswhich equals 19% of all trengle

family homesn the city. This is the largesumber ofsinglefamily homesn 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, gicode 94116. Sunset contains 14% o$ialglefamily homesn the

City, and 12% of the logging sample are in this zip cdéigure25 shows the cogparisons in
percentages for each zip code.

Examination ofFigure25 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 codesvith the nost divergencare 94112, which had a 6% greater number in the sample
than in the population, and zip code 94122, whichah& lower number in the sample than in

the population. Every other zip code was within a few percent.
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Table20: Comparison osinglefamily homedistributions in population and logging sample for San Francisco

Log Sample Data from 2000 Ls. Census
Mean % of 0 0
: . Number of | Annual | Total in o et Total SF T . (.)f total
Zip Neighborhood All Homes | SFin each
SFHomes Use Log . Houses .
Housing that are SH Zip
(kgal) Sample

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 | GhirardelliSq. 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/HuntersPt. 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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04107 | 94109 | 94110 | 94112 | 94133 | 94114 | 94115 | 94116 | 94121 | 94122 | 94124 | 94127 | 94131 | 94134
DPercent of SF in Zip 2% | 1% | 8% | 19% | 1% | 2% | 2% | 14% | 7% | 12% | 7% | 8% | 8% | 10%
BPercentof Sample in Zip | 3% | 2% | 5% | 25% | 2% | 5% | 2% | 12% | 10% | 5% | 8% | 5% | 7% | 10%

Figure25: Single family homeercentages in San Francisco zip codes and log sample

The guestion 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 intothe Golden Gate South zifhne 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 lalatioe

geographic distributiorwe 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 gdalabut wit

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 thanmnti®4tl 22 because it was smaller, and
hence had less outdoor use, which is more variable than indoaZipseode 94112 contained a
large number of homes with water use close to the average for the \gfoeip this occurs it
tendsto create aluster in he sorted list, and hentiese homes wilhave a greater chance of
being selected than a group with greater variabil@yeater variabilitywvould tend to scatter the
residents among more strata and favor them being sampled less frequently.

We know th&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

Aquacraft, Inc. Water Engineering and Management www.aquacraft.com
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know that if we adjusted the sample to include more homes in Golden Gdesvanadn

Ingleside we would definitely create a larger bias in the annual water use patterns it seems most
reasonable to keep the sample which matches the annual water use characteristics, and not
attempt to make adjustments on the basis of geography.
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City of San Diego

The City of San Diego purchases between 75 and 90 percent of its water from Die@a

County Water Authorityln 2005 there were a total of 270,526 customer accounts served by San
Diego Water Department. Of the&45,995 were residentiaonnections (217,893 singfamily

and 28,102 multfamily). Singlefamily 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 custrs. 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 stheir 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 comgdeable

use at 115 kgallable21shows the mean water use for the population, survey sample and log
sample.

Table21: Annual water usestatisics for the City of San Diegetudy sites

City of San Diego Population Surveyed Log Sample Q60
Annual Use Sample AnnualUse
(kgal) AnnualUse (kgal)
(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 th€ity of San Diego areaH{gure26) shows that the sites were spread

over the service area.
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Figure26: Logged sites inhe City of San Diegservice area
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Las Virgenes Municipal Water District

Las Virgenes Municipal Water District (LVMWD) provides waservice to a population of
71,000 over a 122 square mdlervice area. Of its 19,877 service connections, 17,016 are for
singlefamily accountsSixty-six sites were logged in Las Virgenes with 59 good traces
resulting.

Samples were created to ensuré tha study sites had water use similar to the overall

population of Las Virgenes. The mean water use for the population was 392 +5.9 kgal, at a 95%
confidence interval. The surveyed sample shows some variance with this (410 kgal) but the

| ogged seamwateraise €quals 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 kdable22 shows these data.

Table22: Water use statistics for population and samples in Las Virgenes

Las VirgenesMWD Population Surveyed Log Sample Q60
Annual Use Sample AnnualUse
(kgal) AnnualUse (kgal)
(kgal)
Mean 392 410 392
95% Confidence Interval 5.9
Median 292 312 372
Count 17,016 1,061 66

Water use was the metric for determining that the logged sample was representative of the
population. However, geographic distribution of the logged sample sites should also be noted.
Figure27 shows the location of logged sites. These sites are not clustered but rather spread
throughout the populated service area.
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Figure27: Logged sites in Las Virgen®WD. Note that siteare distributed throughout several
Zip codes
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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 Coudtie to its proximity.Singlefamily residences make up
88%oof all of the servicegin the City of Davis and they account for 47% of the treated water use.
Residential customers account for neang-thirds of total water use in the system. These

homes were used to select the logging homes in Davis. Thesstieslyvere determined by

matching the water use patis of the population of singlamily 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 wselected 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 DaSiaglefamily homes using less than 1§at per

year were excluded. This figure was used to remove sites with unusually low use (such as

accounts that were active for only part of the year). This sample was randomly selected from the
sample provided by the water agency. The mean use forthg Ciof Davi sO0 popul at
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 thisygale, 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

popul at i o nDable28naakes for quick eomparison of these numbers.

Table23: Annual water use statistics f@Gity of Davisstudy sites

City of Davis Population Surveyed Log Sample Q60
Annual Use Sample AnnualUse
(kgal) AnnualUse (kgal)
(kgal)
Mean 158 159 160
95% Confidence Interval 1.67
Median 142 142 141
Count 13,194 1,015 73

The logging sample was determined by creating a sample that had water use in line with the
population of DavisThe location of samples within the city was nateterminingfactor.

However, given that, the samples showed a relatively wide distribution throughout the city.
Figure28 shows the logging sample sites in Davis. To some degree, sites are more densely
concentratedh the eastern portion of the city.
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Figure28: Distribution of logging sites around the City of Davis
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San Diego County Water Authority

In 2005 there were approximately 694,995 customer accoutite service area of ti&an
Diego County Water AuthoritfSDCWA). Of these, 396,31vere singlefamily accounts.
Single family water use makes up 55% of total demand.

The San Diego County Water Authority provides water to the City of San [asgeell ather
waterretailersin the county. Both the City of San Diego &dCWA partidpated in this study.
Fourotherwaterretailersparticipatedrom the county: Helix¥D, OtayWD, Rincon del Diablo
MWD, and Sweetwatekuthority. Because San Diego is a major population center, the logging
sample size was 120. This was evenly split betwaustomers within the City of San Diego and
thoseoutside the city, bugtill within San Diego Countyl he study plan called for 15 sites from
each of the four participating SDCWA agencies to be included in the final analysis. Twenty
potential logging $es were selected in case some sites were deiafeadible for logging.

Samples were deemed representative if their water use matched the population water use for the
given agency. For Helix, the mean water use (151 kgal) of the logged and surveyess seaspl

equal to the popul ationds mean water use. Th
sample and | ogging sample were also very cl os
as the population. The | og gqthd95% aompldneintervaine an w
of the populationds mean use. For Rincon del

mean water use exactly matched the popul ati on
sample, provided by the utility, had gsificantly 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 populatiomable24 shows these data.
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Table24: Annual water use statistics for San Diego County Water Authorgiudysites

San Diego County Water Population Surveyed Log Sample Q60

Authority Annual Use Sample AnnualUse
(kgal) AnnualUse (kgal)

(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. H&vwgevel9 shows that
the sites were spread throughout the service areafairly even manner
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Figure29: Distribution of logged sample sites for San Diego County WAait#nority i county
sites only
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