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Executive Summary

Aquacraft Inc. developed this Research Plan inaes@ to CPUC D. 07-12-05 and RFP
CP1-007-08. The overarching objective of the Embéddénergy in Water studies is to
determine how much of an energy demand reduction can cost effectively be

achieved from water use efficiency measures. This studyStudy 3: End-use Water
Demand Profile, is designed to provide accurate hourly water usélerdata that may
be used alongside concurrent studies’ informationpdate the CPUC Water-Energy
Measure Calculator. One of the main outputs otctileulator is that it will inform
investor owned energy utilities where it is coseetive to include water use efficiency
programs in future energy efficiency planning palrtfs.

This End-use Water Demand Profile study will measunid water demands of six end-
use (customer) categories. Table ES - 1 providesranary of the customer categories
being examined and the water demand profile categtinat will be measured.

Table ES - 1: End-use category research profiles

Water Demand

End-use Category Profile Categories
Residential » Baths and showerg
* Normal and Low-income | « Toilets
* Single-family * Clothes washers
Residential » Dishwashers
e Low-income * Irrigation
» Multi-family » Other uses

» Domestic/indoor
Commercial e Process

» Continuous

» Domestic/indoor
Industrial » Outdoor

* Process

» Domestic/indoor
Public Buildings » Outdoor

» Continuous
Agriculture » Process

Where data (from previous studies) does not alrea@st in the six category end uses
Aquacraft will use the Flow Trace Methodology tangeate hourly demand profiles.
Flow trace analysis obtains precise informationudlveater use patterns: Where, when,
and how much water is used by a variety of devileelsiding toilets, showers, baths,
faucets, clothes washers, dishwashers, hand-hdldwomatic irrigation systems,
evaporative coolers, home water treatment systieralss, and more. A software package
designed by Aquacraft Inc., Trace Wizard, has hesa in numerous demand profiling
studies in California, 14 other US States and alldhie globe since 1996 to analyze flow
trace data collected from customer water meters.
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Research Methods in Brief

Residential Normal and Low-income Single-family

This research plan methodology for the residestrajle-family end-use customer
category will take advantage of existing data teeli@o demand profiles. Aquacratft is
using hourly demand profile data from a statewid¢_EED single-family home demand
profile study slated for completion early 2009. §hiater use data is representative (at
the 95% confidence level) of the household waterpgterns existing within each of the
study’s respective 15 water agency service area®(€o, W.B., et al, 2009). Hourly
demand profiles will be tabulated for use in thet¥¥d&nergy Measure Calculator.

Residential Low-income Multi-family

Aquacraft maintains a list of individually metenadllti-family properties in several
California water agency service areas, from whismple of the lowest income range
will be selected as study sites. From these dassasepresentative sample of
approximately 150 of low-income sub metered muatifly units will be selected from
available properties using random sampling methamygthecking water use patterns for
bias against those of the population . Data loggétslso be placed on the meters
supplying domestic/indoor uses and the irrigatigsteams for these properties. The flow
trace data collected from the data logging wildpalyzed and disaggregated into hourly
category water demand profiles using Trace WiZahese profiles will be tabulated and
used to update the calculator.

Commercial

Aquacraft maintains a collection of flow trace datan a broad range of commercial
customers from which end-use water demand profildde generated. These data sets
come from the AWWARF Commercial and InstitutionaldBJses of Water study
(2000), the Sacramento Regional Water Authority\G@iter Audits study (2005), the
CALFED Supermarket Studies (2003) and the MontéreyRinse Spray Valve study
(2003). Candidate study sites from earlier studsgewell as any new sites will be
separated into sub-categories based on their h#vengnost intense water use on a per
site basis and their representing as a sub-catelgetargest proportion of water use by
their category in a water agency service area.olitgut data from commercial sub-
categories will be tabulated into water demandij@®iised to update the CPUC Water-
Energy Measure Calculator.

Industrial

Due to the lack of any known prior research inititistrial category, determining water
demand profiles will involve a significant amouritn@w work. Using a similar
methodology as in the commercial customer categguacraft will determine which
industries are the most significant from the pectipe of potable water demands and

will select sites that have the highest water usa per site basis and represent as a sub-
category the largest proportion of water use byindestrial category. Flow trace data

will be collected from study site water meters aodrly demand profiles tabulated for
use in the Water-Energy Measures Calculator.
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Public Buildings

To address this customer category Aquacraft widcea few public buildings in each of
the cities and counties that are currently paritig in a statewide CALFED study
Aquacraft has been conducting since 2005. The CALBtidy sites make up a good
cross section of both Northern and Southern Califowater agency service areas
(DeOreo, W.B., et al, 2009). Once the populatioaadounts is better knowsmrandom
or saturation sample of public building study sites will include a cross section of
sub-categories (ie. Libraries, Govt. Offices, Govt. Laboratories, etc) present in

various water agencyservice areas. Public buildings’ water uses will be reviewed and
flow trace data logged from their indoor and outdeater meters. Hourly demand
profiles will be generated based on the combined ldgging and site visit information.
Tabular data will be generated to update the Watergy Measure Calculator.

Agriculture

For this category end-use Aquacraft will measurtemases and generate hourly demand
profiles for agricultural end users who use potatd¢er for cleaning, packing and
canning of California fruits, nuts and vegetabkguacraft will identify the largest water
using agricultural water customers and will sebecbalanced a sample as possible of
agricultural process users who obtain water fromalple water systems in various

regions of the state. Agriculture facilities’ wateses will be determined and flow trace
data logged from the water meters serving theicggs uses. Demand profiles of Process
uses will be generated based on the combinedisitenformation and data logging.
Tabular data will provide information necessarypolate the Water-Energy Measure
Calculator for the agriculture end-use category.

Table ES - 2: Study 3 contact information

Contractor Name Phone Email
California Institute for Chris Ann Dickerson
Energy and ' | (510) 562-1034 | cadickerson@cadconsultingjbiz

Environment CIEE Project Manager

Bill DeOreo,
Aquacraft Inc. President & Senior (303) 786-9691 | bill@aquacraft.com
Project Engineer

Andrew Funk,

Aquacraft Inc. Project Manager

(303) 786-9691 | funk@aquacraft.com

Peter Mayer,
Aquacraft Inc. Vice President & (303) 786-9691 | mayer@aquacraft.com
Project Manager
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1.0 Introduction

This research plan was prepared by Aquacraft brahie California Public Utilities
Commission (CPUC). The plan describes in detaiktexific tasks that Aquacraft
researchers will undertake to address the StudpBBlém Statement and achieve the
Goal from RFP CP1-007-08, restated below. Studgmprises the research work
devoted to obtaining water use profiles that majlght the energy load profiles at
California water/wastewater purveyor service araad,within the service area of
investor owned energy utilities (IOU’s).

Problem Statement

The CPUC and its consultants have developed an dueldeWater-Energy Measure
Calculator to help energy utilities determine trenbfits of particular efforts to conserve
water. The Water-Energy Measure Calculator willupelated with new data. A metering
study of water use is needed to translate a measatallation into a change in the water
demand profile that can then be compared with thlemdemand profile at the water
agency to derive the effect a measure would hawbeagency’s energy load. Some of
the information from this study will be used to afgdthe embedded Water-Energy
Measure Calculator.

Goal
The goal of this study is to provide all participamvith accurate and current end-user
water use profiles.

The primary purpose of this document is to cleddgcribe the tasks that will be
employed to complete the study of load profiledhatized by the CPUC in December of
2007. The findings of this baseline study will ls2d along with those of the Embedded
Energy in Water Studies 1 and 2 (being performe&hYy Consultants), and the
Embedded Energy in Water Evaluation Pilot Studpesformed by Water Pilots
Embedded Energy Evaluation Team led by ECONorthwestpdate the Water-Energy
Measure Calculator, a spreadsheet tool createtiéo€CPUC to examine the potential
electricity and natural gas savings by water agenassociated with water use efficiency
measures.

This Research Plan’s budget shown below is basd¢bdeoresearch tasks as originally
proposed by Aquacraft. Following implementatiomaiter demand profile studies there
may be changes to the budget allocation across.tasffuacraft’s research budget for
this project is $457,293.

2.0 Background and Purpose

In December 2007 the CPUC entered a record ofidedi€PUC D. 07-12-05)
approving a series of programs and evaluationsarmies aimed at reducing the amount
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of energy used by water and wastewater utilitiegHe full range of water collection,
conveyance, treatment and distribution from regualanvestor owned utilities within the
State of California. The record of decision isysgpecific on the goals and objectives of
the program.

The evidence that using water in California plazeggnificant demand on energy
resources is clear. Both electricity and natural @@ consumed at the water/wastewater
agency level to pump, convey, treat, deliver apdttwastewater for a variety of end
uses. A significantly larger amount of energy issuomed to heat water at the customer
level. How California end users’ water demands abturanslate into a measurable
energy load profile at the water agency is yet earcl

The RFP description of Study 3 requests informatieeded alongside that of other
studies to allow specific water conservation meastw be translated into a change in the
water demand profile for the supplying water agetihey would impact that agency’s
energy load. According to the CPWe&cord of Decision 07-12-050 the overarching
purpose of the combined Embedded Energy in Water research efforts is to

determine how much of an energy demand reduction can be achieved from water

use efficiency measures. This research effort, as well as the findings ef¢bncurrent
Embedded Energy in Water Pilot Programs impactuataln being led by
ECONorthwest, will aid the CPUC in determining whatdter saving measures are cost
effective for IOU’s to include in their water usiéi@ency programs in future energy
efficiency portfolios.

Various contractors are carrying out concurrent Edaded Energy in Water studies. An
effort will be made to ensure the consistent usewhinology between research efforts.

An important feature of the Embedded Energy in Wstigdies is the relationship
between research efforts. For example, StudWater Agency and Operational
Component Study & Embedded Energy-Water Load Profiles - is designed to generate
information on the embedded energy of Californidensvastewater agency system
operations and their respective water and enei@ysi@rofiles. The water demand profile
information that is generated in Study 3 will tied Study 2 as input data. That is, Study
2 will provide information of energy demands at &atastewater systems, thus linking
the hourly end-use demand profiles with the hoarlgrgy use by the agency. At this
time it is unclear exactly how a water use efficemeasure impact on end-use demand
profiles will impact energy load profiles at theterwastewater agency. Until the CPUC
Water-Energy Measure Calculator is fully calibratedhe Embedded Energy in Water
studies’ findings, it is understood that any chanigehourly demand profiles resulting
from water use efficiency measuraay or may noaffect the hourly energy use of the
water/wastewater agency. Additionally, without urstiending how each agency meets
its hourly water and wastewater treatment demawnbdish is the focus of Study 2, it
cannot be said that a measure change in the eificief water use will not affect the
energy use of the water agency. The Embedded EmeMyater studies as envisioned by
CPUC are all inextricably linked as important irgptd the Water-Energy Measure
Calculator and achieving the goals set forth in CHU 07-12-05.
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To help visualize this important connection shared between Studies 1, 2 & 3, Figure
1 portrays a modified flow diagram from RFP CP1-007-08. California’s water use
cycle provides a simple picture of linkages betwSardy 3 measured water demand
profiles and Study 1 & 2 embedded energy in wagstesns and load profile information.

\ELT » Water » Water
Supply & Treatment Distribution

Conveyance

End Use
Residential Study 3: Study 1 & 2:
Commerdial Measure Embedded
Recycled Recycled Industrial hourly water energy in
W;ter » svcayter Public Buildings demand water
Treatment Distribution Agriculture profile data systems

Water-Energy
Measure

Figure 1 California Water Use Cycle and Studies 12 & 3

Wastewater « Wastewater « Wastewater
Discharge Treatment Collection CPUC

In the record of decision it was noted that thesstao sources of energy savings
associated with water use efficiency: cold watetrggs related water agency activities
(both upstream and downstream of the end-userhan@ater savings related to energy
used to heat water for end-use purposes. Theideattes clearly “it is the former that
comprises the embedded savings opportunities thaha focus of these applications.”
Based on this information the research plan widLi®on cold water uses (as discussed in
our proposal) and set aside the analysis of ha¢nwetes by the end-user for future
studies CPUC D. 07-12-050

! CPUC D. 07-12-050 included mention of hot watesimuch as use of hot water in certain buildingsis
end-use that entails delivery of water to the bnggdand thus those uses are included in the dweaaér
demand profile, but that the energy used to heawter is not within the scope of the analysisUCP
confirms that Aquacraft’s interpretation of thistpage is approved for the study plan — the eneegged
to heat hot water is not part of the study scoftkpagh the supply of cold water for purposes that
eventually involve hot water is part of the scope.
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This water demand profile study will examine coldtar use by six end-use (customer)
categories as listed below:

1. Residential Normal & Low-income Single-family 4. Industrial
2. Residential Low-income Multi-family 5. Public Buildings
3. Commercial 6. Agriculture

This research plan elaborates on the methodolegigsipated for determining the water
demand profiles from these categories. Table 1 sanmaes the baseline water demand
profiles that will be measured, the anticipated giafparticipant size and type of data

being generated for each end-use customer category.

Table 1. End-use category research profiles, sampmrticipant size and data

Anticipated
Water Demand Sample OR Source of Hourly
End-use Category Profile Categories Participant Size Demand Profile Data
Residential « Baths and showers
« Normal and Low-income | « Toilets Sample — TBD From existing database
* Single-family + Clothes washers
Residential * Dishwashers Sample — 150 From IRWD, EBMUD
¢ Low-income * Irrigation individually metered | and City of San Diego
e Multi-family » Other uses units customer flow trace
« Domestic/indoor Participants —
Commercial * Process Sub-categories and | From existing database
» Continuous site data TBD
* Domestic/indoor Participants —
. . . From customer flow trace
Industrial * Qutdoor Sub-categories with . -
; and site water use review
* Process about 12 study sites
» Domestic/indoor Participants —
Public Buildings . Outdpor 10-30 buildings From customer flow trace|
» Continuous
Participants — From customer flow trace
Agriculture * Process Approx!mately 10 and site water use review
study sites

This research plan addresses the requirementsidy Stas specified in RFP CP1-007-
08. As will be detailed below, much of the datquested by the RFP has already been
collected by Aquacratft in previous water demandijing studies and will also be
provided by studies currently being conducted ifif@aia. By the end of 2008
Aquacraft will have detailed end-use hourly demprdafile data from a sample of more
than 700 single-family homes sampled from 15 gqagcally distributed water utilities
in California as part of a statewide CALFED fundsddy. As a result, it will be possible
to generate much of the information needed forghigy without having to undertake
additional field work in the residential single-fadyrend-use category. Similarly, a
significant amount of water use data from Califarmicommercial end-use sector already
exists, possibly eliminating the need to dedicasmurces to collecting these customer
data. This means that more time and effort caspleat acquiring better data on the
residential multi-family, public buildings, indugt and agriculture categories, for which
there exists far less reliable end-use data.
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The aforementioned existing residential single-fgrand commercial end-use data, both
in Aquacraft’'s existing database and which areemity being collected, are in the form
of what is referred to as flow traces, which arecpge recordings of the flow of water
through a meter at 10-second intervals. Typicaligse flow traces are 2 weeks long for
single-family studies and as short as a few daysdmmercial accounts. At the 10-
second logging interval the flow trace data reveadsirprising amount of detail about
water uses. Specifically, it is often possibledoognize individual uses of water from
their characteristic peaks, durations, volumes,sirapes on the graph. Since the graphs
are all plotted against the time of day, it is ploigsto extract time series information on
many individual or category uses, which will prozithe demand profiles required for
converting the affects water conservation measatesnergy load profile impacts at
California water/wastewater systems.

2.1 The Basics of Flow Trace Analysis

The purpose of flow trace analysis is to obtaircigzeinformation about water use
patterns: Where, when, and how much water is bgedvariety of devices including
toilets, showers, baths, faucets, clothes wasHeiswashers, hand-held and automatic
irrigation systems, evaporative coolers, home waéattment systems, leaks, and more.
The collected data are precise enough that indalidkater use events such as a toilet
flush or a clothes washer cycle or miscellaneopsit® can be isolated, quantified and
then identified. This technique makes it possibldisaggregate most of the water use in
a residential home and to quantify the effect ohyneonservation measures, from toilet
and faucet retrofit programs to behavior modificatefforts. It is also possible to
disaggregate water use into more coarse categboegxample the changes in water use
from much larger end user categories with largeemseterving their water demands (ie.
industrial facilities) can be to measured by demairadile changes in domestic/indoor,
process and other category water uses.

The flow trace methodology is based on the fadttthere is consistency in the flow trace
patterns of most residential water uses. A spetiiet will generally flush with the

same volume and flow rate day in and day out. écHjg dishwasher exhibits the same
series of flow patterns every time it is run. Haene is true for clothes washers, showers,
irrigation systems, etc. By recording flow datd @tsecond intervals, a rate determined
by Aquacraft to optimize accuracy and logger memthry resulting flow trace is

accurate enough to quantify and categorize almbstdavidual water uses in each study
home.

Trace Wizard is a software package developed bya&uit Inc., specifically for the
purpose of analyzing flow trace data. Trace WizaaVides the analyst with powerful
signal processing tools and a library of flow trpedterns for recognizing a variety of
residential fixtures. Any consistent flow pattean be isolated, quantified, and
categorized using Trace Wizard including leakspevative coolers, humidifiers, and
swimming pools. Once all the water use events haea isolated and quantified and
statistics generated, Trace Wizard implements adefened set of parameters developed

P. 11
quacraft inC

1/12/2009



California Public Utilities Commission End-use Water Demand Profile Study
Energy Division Final Research Plan: Study 3

for each individual study residence to categoitimewater use events and assign a
specific fixture designation to each event.

Figure 2 shows a typical analysis that can be padd on household flow traces with
Trace Wizard software. In this example of a sangpkeingle-family homes, the average
baseline water demand profile for each of the doimeategories is shown. These
baseline data results are compared against arteght of homes in which the fixtures and
appliances (minus the dish washers) were retifieist available technology (circa
2000). This provides a clear comparison of thegrarance of the sample water demand
profile against a known benchmark group.

Average Household Indoor Use

Sample Total Indoor Use = 169 + 10.6 gpd
40.0 1 EPA Post Retro Use = 106 + 10 gpd
35.0 T
30.0 T T

GPD

20.0 T

15.0 T

10.0 +—

5.0 +— _I—| T

Toilet Cw Shower Fau Leak Other Bath DW
O Post Retro 20.2 21.4 23.8 20.0 11.2 7.8 0.0 2.2
B Sample 36.1 29.4 34.7 34.0 27.0 4.2 33 1.6

Figure 2: Example of water use analysis with flowrace data disaggregated by Trace Wizard

The hourly water demand profiles that will be gexed in this study for the six
categories of end uses may reliably be used ashb&ar&s to predict how much, when
and where water is being used.

The flow trace analysis technique and the TraceaWdizoftware have been used as the
fundamental analytic tool in a number of residdniammercial, industrial and
institutional water use studies both in the U.Sl aorldwide including:

» Heatherwood Residential End-use and Retrofit Ssudi®995-96, Aquacraft

» Westminster Water Use Study — 1998, Aquacraft

» Perth Residential End Uses of Water Study — 1988tralia

* Residential End Uses of Water — 1999, AWWA

» Commercial and Institutional End Uses of Water 8QAWWA

* Pinellas County Utilities Water Conservation Oppoities Study — 2002, Aquacraft

, aquacraft INCA A 12
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» Seattle Market Penetration Study — 2003, Aquacraft

» Yarra Valley Water District Residential End-use &ty 2003, Australia

» EPA Residential Retrofit Studies (Seattle, EBMURNpa) — 2004, Aquacraft
» Water Efficiency Opportunities in California Supexrkets — 2004, Aquacraft
* Monterey Pre-Rinse Spray Valve Study — 2005, Quante

» Regional Water Authority of Sacramento Cll Studi€2005, Aquacraft

e Santa Paula Residential End-use Study — 2006, RBEWting

* New Zealand Residential Demand Study — 2007, Branz

e Lathrop and American Canyon, CA End-use StudieBG82RBF Consulting
e California (CALFED) Residential End-use Baselinadyt— 2009, Aquacraft
* Gold Coast Water Residential End-use Study — 2808tralia

Validation studies have been performed on the fiaee methodology. Numerous
studies by researchers across the globe have madithe repeatability and reliability of
the method’s results. Below are two examples ofvalidation studies that validate the
Flow Trace Analysis Methodology when using Tracez&vil.

National Renewable Energy Lab (In progress) Rekeannfirming accuracy of
Trace Wizard flow trace desegregation at >90%rdpor residential fixtures.
Researcher - Lee Magnusson. To be published i8.200

DeOreo, W.B., J.P. Heaney, and P.W. Mayer. 196w Trace Analysis to
Assess Water Uselournal of the American Water Works Associatidal.88, No. 1,
January.

2.2 Sampling and Participant Selection

This research plan explains the methods and tasknvii be employed to ensure
researchers study a representative sample frosterggl single-family & Multi-family
end user categories. The industrial end-use categtiremploy the same methodology
as is described in this plan for the commerciadgaty inSection 5.3The commercial
methodology was developed for the 2000 Americanéatorks Association Research
Foundation study,Commercial and Institutional End Uses of Water

Commercial and industrial category end uses aerdgeneous with highly variable
water demand profiles. Therefore, candidate stitdg sf each of these two will be
separated into sub-categories based on their h#vengnost intense water use on a per
site basis and their representing as a sub-catelgetargest proportion of water use by
their category. Selection within the high watemgssub-categories will be further
narrowed down to those candidates that have theekigotential for measures that will
lead to water conservation/savings. For examptiystrial sub-categories may include
high water using manufacturing, processing, refirand energy generation industries.
However, the latter sub-category, energy generd#ioifities, may not offer a significant
potential for measurable improvements to the efficy of water use. For the industrial
category it is estimated that a total of 12 comgletiustrial water use reviews will be
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performed on industries representing the major maes from various water agency
service areas in California.

Public Building end-use customer category partitipavill represent a cross section of
buildings from various California water utilities the northern and southern regions. For
the agriculture category Aquacraft will identifyethargest water using agricultural water
customers and will select as balanced a samplesssiqbe of agricultural users who
obtain water from potable water systems in impdréanicultural regions of the state.

3.0 Discussion of Aquacraft Research Plan and RFP
CP1-007-08

A key to our understanding of this research progeches from Figure 1 in RFP CP1-
007-08 (this is the modified Figure 1 diagranSiection 2.p. That figure shows that this
study is aimed at an analysis of water use in Qali&’s treated water distribution system
at the end-use level. The figure shows a flow @iagin which all of the water to be
studied flows from raw water sources, through watatment systems and distribution
systems and then to the end-users. In the proslarament for Study 3 this notion is
reinforced in that the language clearly refers &dewdemand profiles at the water
agency. In the context of the RFP “end-use” refeithe category of customer:
residential, commercial, industrial, public builgghand agriculture. In other words, at a
large scale level rather than the level of indialdiypes of fixtures and appliances. This
understanding was the basis for much of the detétise proposal and this research plan.

The first paragraph of our proposal stated thearesequestion, which was how changes
in efficiencies of water use at the end-use (custdmevel affect energy load profiles at
thewater agencies

The types of demand profiles that are anticipateitié proposal were hourly profiles of
demands for customer categories (i.e. end-usesfamed in the RFP). To the extent that
study sites are sub-metered and existing datavaitable to break demands down into
fixtures and appliances this will be done, butdkerall goal is to collect accurate time of
use data at the customer level and to disaggrdgatento demand profiles of
domestic/indoor, outdoor, process and continuoas (gee Table 1).

Since the RFP made it clear that the water useesynlquestion passed through water
treatment and distribution, Aquacraft assumed phatiles for private wells or pumping
from decreed surface supplies would not be patt@tnalysis. This is most applicable
for industrial and agricultural end-uses. The iggtion for agriculture is that Aquacraft
would be dealing with a sub-set of agriculture thiaiains its water supply from treated
supplies, and not for agriculture for the entimest

2 Aquacraft felt that both CPUC D. 07-12-05 and REFPL-007-08 were clear in wanting information that
could be translated into the relationship betwagsiamer water use profiles and energy demand at the
“water agency”. Consequently, non water agency msaarces are not part of this study. CPUC confirms
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Another key element in understanding the RFP ilv®hlhe extent of sub-metering to be
done in disaggregating demands for individual cmsis. Aquacraft’s clear preference
and recommendation is to do as little sub-metemmgossible and to rely on obtaining as
much information from a flow trace obtained frone thhain water meter serving the site
as possible. Aquacraft's experience has beenttisatrequently impossible to install
sub-meters within public buildings and commercaailities (and likely in industrial
facilities) for disaggregating water use. For epanthe plumbing within the building is
often inaccessible without tearing into walls, @ven if accessible, in many buildings
there may be so many cross feeds within the bgjlthat no one location can be found
that feeds, say, all of the bathrooms in the bogdor even all of the bathrooms in on
one portion of the building. This leaves the optid attempting to install event loggers
on individual fixtures and appliances. Such aprefE not technically impossible, but
experience has shown that elaborate networks afldggers and sensors are prone to
errors and failures and would require much more tamd budget than is available for
this study.

This is not to say that where an opportunity existsbtain data from major water using
devices, such as cooling towers, we will not dobs,these efforts will be based on the
opportunity afforded by the facility itself and thalue of the data in comparison to the
cost of obtaining it.

Aquacraft’'s preference is to use as much of tha datpossible from previous studies to
generate water demand profiles at the end-use \atlebut going back to repeat work
that has already been done, and thus to save dshodget as possible for doing new
work in areas where the data is not there.

The objective of this study is to collect as lasgeet of demand profiles as possible from
the six categories of customers in order to gaebeatformation on how their average
daily demand affects the hourly demands upon thenemencies. In this research plan’s
approach, the disaggregating in the non-residecdit@ligories (domestic/indoor, outdoor,
process and continuous uses) will be more limitedh the disaggregate information in
residential categories. Our intention is to focagyetting a larger volume of demand
profile data from non-residential water agency cosdrs rather than expending a large
amount of effort and time in doing highly detailend-use studies on a small selection of
customers.

According to the RFP one of the main goals of thegis to obtain data that will
ultimately be used to update the CPUC Water-Enbtggsure Calculator. Aquacraft
will consider exactly what data this model neeasl will concentrate efforts more on
obtaining key output data and less on ancillargrimiation. Although, where there is
important ancillary information, such as a studg’silOU energy provider(s) or the CEC
climate zone within which it resides, is benefi¢@the broader research effort, these
data will be recorded.

that Aquacraft’s interpretation of this languagéha Decision is approved for purposes of the stthdys
limiting the scope of the study in the agricultudaimain to water served by water/wastewater agencie
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4.0 Discussion of Drought Restrictions and Data

Aquacraft Inc. recognizes the importance of acdogrfor the impacts of drought
restrictions on data collected during the study,vieeineed to point out that this is not a
study of the impact of drought restrictions on tpdemand patterns. On February 28,
2008 Governor Schwarzenegger called for a “plaactoeve a 20 percent reduction in
per capita water use statewide by 2020”. Then me 2008 the Governor issued a
statewide drought declaration, with Executive O18€)6-08 directing the California
Department of Water Resources to take immediateracthat address the state’s current
and anticipated drought and the associated wapgrygdelivery limitations. Water
agencies are responding by ramping up conservateasures, with some already
implementing mandatory water use restrictions. €hlte/elopments pose challenges to
the Study 3 research plan. The Aquacraft reseasuh is aware of this problem and how
it might affect the analysis of existing flow tragata being used for determining demand
profiles for the Residential Single-family and Coemgial end use categories.

Very little of the existing data that we proposeuse as input for the current study is
impacted by drought restrictions. Consequentlyyienot have to make adjustments to
those data in order to eliminate impacts of restms. Our working hypothesis is that
drought restrictions will impact the volumes of usach more than the times of use. For
example, we doubt that drought restrictions willsabusinesses to change their hours of
operation, but would (hopefully) cause them to wedihe volumes of water used during
their operating hours. Similarly, irrigation rastions are not likely to cause people to
change the general time of day that they waternowtid cause watering to occur on
fewer days, and for shorter periods of time. Tkistang data then is likely to show
similar hourly usage patterns, but with varyinguraks. In other words, the volumes
used my change but the time of use would remaisteoh The shapes and the curves of
percentages will be less impacted by drought.

It should also be kept in mind for changes in thrertg of use to impact water agency
energy demands they have to be significant. Shéesl to move volumes of water use
from peak electric demand periods to non-peak i@-versa). Consequently, if drought
restrictions cause small inter-hour changes in mate these are not likely to impact the
water energy relationships for the agency.

In order to confirm these hypotheses Aquacraft fivét note the specific nature of
drought restrictions in place at each of the ssiths included in the 2009 data collection
effort. Knowing the nature of the restrictions dahd types of water use they impact will
allow us to make reasonable adjustments for how ithight impact water use on the site.
For example, if drought restrictions reduce or elae the use of evaporative cooling
towers we would need to know this, and make apmtgpadjustments to the use
patterns. A useful way to do this would be to pger year billing data as a baseline. If
irrigation restrictions are in place it should lwesgible to back out their effect using prior
billing data and information about ET and irrigatgéas on the site. Each case will have
to be handled as a unique situation.
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The goal of the drought restriction analysis weélto back out the effect of any drought
or other water supply restriction (such as the Bgdeed Species Act ruling regarding
the Delta Smelt) imposed on the sites during tha dallection period in order to
generate baseline hourly demand profiles for indms@s, outdoor uses and continuous
uses for each site. Given good baseline estintladgedemand patterns can then be
modified as seems best to account for a wide rahgemand management measures.

5.0 Research Plan Methodology

5.1 Residential Normal and Low-income Single-family

Aquacraft maintains extensive data sets of waterashel profiles from residential single-
family customers. These data have been collected 11995 to the present from cities in
California and across North America and come frammés covering the full spectrum of
income levels. This research plan methodologyHerresidential single-family end-use
customer category will take advantage of existiatgado develop demand profiles for the
6 water use categories. These are baths and shaduwitats, clothes washers, dish
washers, irrigation and other uses. In additioqu#craft data sets include profiles of
leakage and miscellaneous faucet use, which acenreended for inclusion in the water
demand profile as well.

For the residential single-family end-use categdguacraft is using hourly demand
profile data from a statewide CALFED study thasleted for completion early 2009.
This water use data is representative of the haldetater use patterns existing within
each of the study’s respective 15 water agencyceeareas. It is worth noting here that
for each water agency service area the samplemébsstudied and their water use
patterns may not be representative of the broatkngg IOU service area.

As part of the CALFED study a detailed survey of keusehold characteristics was
collected for study homes. According to the CALFEEft Report, previous studies
have shown that several demographic factors avagir correlated with the amount of
water used by single-family customers, the mosavletbeing the size of the home and
the number of residents in the home. Other fagtaamber of customers, customer
characteristics, local weather data, the agencgtemsupply and the customer demands,
water and sewer rates, and rate structures), \gsgestrongly correlated, will also be
presented for their potential use in characteritivegsample (from the water agency
service area) in comparison to the State of Califoas a whole.

Aquacraft’'s major studies of single-family wateeusave generally started with a
random sample selection of water agency custonasscdoon historic billing data.
Samples are selected such that the annual watg@atteens of the sample matches those
of the population of single-family customers (witla water agency service area) at the
95% confidence level.
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A specific example of this sampling methodologyjaktuses billed water demand as the
sole selection criteria, was used in the CALFERIgtA section on the single-family
home sampling methods from the CALFED draft repdopied in Figure 3 below to
provide more detail on the representativenessentittia that are being used in this
research effort

Redwood City Logging Sample

Using the selection procedure described aboveRidwood City staff provided the descriptive stagdor their
entire population of single-family homes, and tkelected a random group of approximately 1,000 Isofitoen
which the logging sample was to be selected. Tadleshows the summary statistics for the threegsmf
homes. Records were extracted for a total of I5sifigle-family accounts in the Redwood City seraiea. The
average annual consumption of the entire populatias 101 kgal. The median annual consumption 8% 8
kgal. The statistics for the 1000 home samplggdmatched those of the population very closelyshasvn in the
table. A total of 70 homes were selected fronQthg,. After houses with less than 15 kgal/yr of congionp
houses which declined to participate and houseswieae found to be unusable in the field—for instabecause
of a bad meter or vacancy—were trimmed from thepsaihe final group of 60 homes on which loggersewe
installed had an average annual use of 106 kgalanuedian use of 98 kgal. Elimination of the hesusigh very
low, or only partial year consumption caused themef the logging group to be slightly larger thidr®@ mean of
the population, but was thought to constitute aenoeaningful sample because of this trimming.

Table 0-1: Summary Statistics for Redwood City limg&ample

Population Q1000 Log Sample Qgo
Kgal Kgal Kgal
Mean 101.09 101.66 105.89
95% Conf. Interval 1.04 4.10 13.45
Median 88.26 88.26 98.36
Count 15777 1046 60

Figure 3 Example of sampling methodology used in Q4ED study

In the CALFED study flow data recorders (data lagyevere attached to the household
water meter and used to collect the flow tracesfilghich were disaggregated using the
Trace Wizard program. The disaggregated datassengbled into water use event
databases. In these databases, each water us¢ ‘@eenoilet flush, shower, clothes
washer cycle, faucet draw, etc.) is a unique rewdrigh includes the following statistics:
water use category, volume, start time, end timeattbn, max flow rate and mode flow
rate as well as a unique ID number that identtheshouse from which the data were
obtained. Also available are survey data linkethtohouse codes that tell the value of
the home and in some cases the income of the hamers. On a small set of
approximately 30 homes from EBMUD, flow trace datdot water demands are also
available, obtained from sub-meters installed @enféed lines to hot water tanks. The
combined data sets include over one and a halfomitlisaggregated water use events
from more than 700 residential single-family homes.

In an effort to determine the end-use water denpaofiles for each of the six major
residential water use categories (baths and shotedets, clothes washers, dishwashers,
irrigation uses and other additional uses), Aquaerél work with existing CALFED

study data sets to develop demand profiles. Tabl®@des an example of the tabular

% DeOreo, W.B., et al, 2009. CALIFORNIA SINGLE-FAML.WATER USE EFFICIENCY STUDY
DRAFT REPORT.
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information that will result from Aquacraft measwgiwater demand profiles in
residential single-family homes. These data anmfiioe 1999 AWWA Residential End-
use of Water Study and show what percentage dbthewater usage is used on an
hourly basis for each category of water use adrwsk/e water agency service areas,
including the City of San Diego Water Dept and Magienes Municipal Water District
(Mayer, P.W., et al, 1999). This type of data takik be useful in updating the CPUC
Water-Energy Measure Calculator.

Table 3 Output of Single-family home data - % of T¢al Indoor Water Use By Category
Clothes Other
Hour of day | Toilets] Showerswashers| Faucets Dishwashefs  Bathslomestic | Total
1:00am 0.7% 0.2% 0.2% 0.2% 0.0% 0.0% 0.1% 1.4%
2:00am 0.5% 0.1% 0.1% 0.1% 0.0% 0.0% 0.1% 0.9%
3:00am 0.4% 0.1% 0.0% 0.1% 0.0% 0.0% 0.2% 0.8
4:00am 0.3% 0.1% 0.0% 0.1% 0.0% 0.0% 0.3% 0.9%
5:00am 0.4% 0.3% 0.0% 0.1% 0.0% 0.0% 0.2% 1.1p6
6:00 am 0.8% 1.1% 0.1% 0.3% 0.0% 0.0% 0.1% 2.9%
7:00 am 1.5% 2.4% 0.4% 0.7% 0.0% 0.1% 0.1% 5.4%
8:00 am 2.0% 2.4% 1.1% 1.1% 0.1% 0.1% 0.1% 6.9
9:00 am 1.8% 2.0% 1.8% 1.1% 0.1% 0.1% 0.1% 7.0
10:00am 1.6% 1.5% 2.3% 1.1% 0.1% 0.1% 0.1% 6.9%
11:00am 1.4% 1.2% 2.4% 1.0% 0.1% 0.1% 0.1% 6.3%
12:00pm 1.3% 1.0% 2.0% 0.9% 0.1% 0.1% 0.3% 5.6
1:00pm 1.3% 0.7% 1.9% 0.9% 0.1% 0.1% 0.1% 4.9
2:00pm 1.2% 0.6% 1.7% 0.8% 0.1% 0.0% 0.1% 4.6
3:00pm 1.2% 0.5% 1.5% 0.7% 0.1% 0.1% 0.1% 4.1b6
4:00pm 1.3% 0.5% 1.4% 0.8% 0.1% 0.1% 0.1% 4.6
5:00pm 1.4% 0.6% 1.4% 0.9% 0.1% 0.1% 0.1% 4.6
6:00pm 1.6% 0.8% 1.4% 1.1% 0.1% 0.1% 0.1% 5.1b6
7:00pm 1.6% 0.9% 1.4% 1.3% 0.1% 0.2% 0.1% 5.6
8:00pm 1.5% 0.9% 1.4% 1.2% 0.1% 0.2% 0.1% 5.3%
9:00pm 1.5% 0.8% 1.2% 1.0% 0.1% 0.2% 0.1% 5.1
10:00pm 1.6% 0.8% 1.0% 0.9% 0.1% 0.2% 0.1% 4.0
11:00pm 1.6% 0.6% 0.7% 0.7% 0.1% 0.1% 0.1% 3.9%
12:00am 1.2% 0.4% 0.3% 0.5% 0.1% 0.1% 0.1% 2.0
Total | 100%

The % of Total Indoor Water Use By Category is ubefhen interested in overall
household water use. But when there are questegading a specific measure that will
affect household water use in a single categony thigerent tabular data are necessary.
Tables 4 and 5 show examples of alternative outgstslting from Aquacraft measuring
water demand profiles in single-family homes, tkeecpntage of total hourly indoor use
attributable to individual end-use categories €tsiland showers).
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Table 4 Percentage of total hourly toilet use Table 5 Percentage of total hourly shower use

Hour of Hour of

day Toilets day Showers

1:00am 2.4% 1:00am 0.9%
2:00am 1.5% 2:00am 0.4%
3:00am 1.2% 3:00am 0.3%
4:00am 1.1% 4:00am 0.5%
5:00am 1.5% 5:00am 1.2%
6:00 am 2.8% 6:00 am 5.2%
7:00 am 5.1% 7:00 am 11.8%
8:00 am 6.6% 8:00 am 11.7%
9:00 am 6.1% 9:00 am 9.6%
10:00am 5.5% 10:00am 7.5%
11:00am 4.8% 11:00am 6.0%
12:00pm 4.4% 12:00pm 4.8%
1:00pm 4.3% 1:00pm 3.5%
2:00pm 4.1% 2:00pm 2.9%
3:00pm 4.1% 3:00pm 2.5%
4:00pm 4.3% 4:00pm 2.6%
5:00pm 4.7% 5:00pm 3.0%
6:00pm 5.2% 6:00pm 3.9%
7:00pm 5.3% 7:00pm 4.3%
8:00pm 5.1% 8:00pm 4.3%
9:00pm 5.1% 9:00pm 4.1%
10:00pm 5.5% 10:00pm 4.0%
11:00pm 5.3% 11:00pm 2.9%
12:00am 4.0% 12:00am 2.2%
TOTAL 100% TOTAL 100%
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Hourly end-use profiles may be expressed in teritiseopercent of total by category in
order to normalize the results, and make them etsegpply to a wider variety of homes
in each water agency service area. Furthermoré&gmes information may also be used
to see if relationships exist in the water demardiles with respect to either income of
the homeowners or estimated value of the homesr&ig displays and example of the
type of analysis that will be possible with thesgad This particular analysis (a plot of
the data in Table 3) shows the single-family residé hourly demand profile for indoor
uses (Mayer, P.W., et al, 1999).
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Figure 4 Disaggregated indoor hourly use patternsaveraged across 12 study sites

5.1.1 Residential Single-family - Tasks

Task 1. Assemble data from previous single-family studies in
California.

As mentioned above, Aquacraft maintains a larga dat of single-family residential
flow traces in California and from many water ageservice areas in both northern and
southern regions. Over the past two years Aquabkeaftobtained detailed end-use data
from representative samples of single-family homesoth northern and southern
California cities as part of a CALFED funded restgproject. The overall sample,
which includes approximately 700 households, shpubdide an excellent cross section
of residential demands in the State. The custaites where these data were collected

* Aquacraft Inc. is the lead firm in this study o&ter demands from single family homes began in 2005
and is scheduled for completion December 2008eé&iftwater utilities throughout the State of Catifar
have participated in the study resulting accur&agtiregated water use data from over 700 housghold
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were sampled from their respective water agenctoousr list based on historic billing
data. In each case the sample was selected sudhdhennual water use patterns of the
sample matches those of the population of singt@lyacustomers at the 95% confidence
level. Aquacraft proposes to use the end-useatdiiected from the CALFED research

in this study task to develop water demand profiesingle-family homes.

Task 2. Create time series summaries by individual water use for
these homes.

The hourly water demand profiles have been detexthirsing analysis with Trace
Wizard software. These same disaggregated flove lata, which are stored according
to a unique ID will be collected from the Aquacrdéitabase. Accompanying these data
are detailed survey data, also stored in the Agfiadatabase with a unique ID. Indoor
and domestic uses will include toilet flush, shovedothes washer cycle, faucet draw,
dishwasher, bath, water softening, leaks, irrigatise etc.

Task 3. Normalize category water use into demand profiles showing
percent of category use on hourly basis.

Using the extensive data set from the CALFED Catifo end-use study, Aquacraft will
construct hourly demand profiles of water demamahdlar to those presented in Figure 2.
These profiles will include total use, indoor usetdoor use, and use by each identified
fixture. These diurnal curves will show the volusé water used for each category and
the percent of the daily category use occurringndueach hour. These demand profiles
will be used by the Water-Energy Measure Calculttiatetermine peak, off-peak, and
continuous flow components of residential water dedin the homes.

Task 4. Analyze profiles for range of home values to identify which
categories of use are affected by key economic factors such as
income, home value, and cost of water.

Using the survey response data from the CALFEDystaduacraft will evaluate the
economic factors that may influence water useclulited in this analysis will be income,
demographic data (number and age of occupants}hentbst of water paid by each
customer as well as the water rate structure eredly the agency. Both historic
billing data and data logged end-use data can ée fas this task. The impact of income
and other factors on peak, off-peak, and continagimsand will also be examined.

Task 5. Evaluate differences in indoor water use patterns based on
income (or surrogate value).

How do economic difference impact water use? irhmortant question will be tackled
using the data set developed for Task 4. Housahotime will be used as the
independent variable and indoor water use as therdent variable in a regression
analysis. If differences are found they will betlfier examined using the available
disaggregated end uses. If income impacts indserwhich uses are particularly
effected? Multivariate regression models develdpethe CALFED study will be used
to examine this and other questions. Key diffeesrsuch as the price of water and
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regional climate will be controlled for in the mdd&he impact of income and other
factors on peak, off-peak, and continuous demaiichisb be examined.

Task 6. Determine separate profiles for irrigation use for homes with
and without sprinkler systems.

Using the data from the CALFED study, homes withraground sprinkler system will

be identified as will homes that manually irrigat&quacraft has conducted this type of
analysis comparing these two groups on severakaatain the past and it often presents
a distinct contrast.

Once the two groups are identified, demand profildisbe developed based on both
gallons per day of irrigation use and the percémdvtal demand occurring on an hourly
basis. This will allow water demand curves to ledified based on the best estimate of
local demands. Demands can also be examinednns teir gallons per household per day
for peak and off-peak periods. Irrigation is a keynponent of the peak day demands at
many utilities. With this in mind, irrigation demds will be examined and data sets
developed that can be used in a wide variety ofetiogl tools for years to come.
Aquacraft will compare annual domestic/indoor watemand (measured from flow trace
data) with a study site’s billed historic water uSence domestic/indoor water uses do
not typically change from month to month, then nmbntvater use in excess of that
volume will be considered a good estimate of mgnitiigation use; thus capturing the
seasonal variation of irrigation water demand.

Task 7. Prepare report on results with profiles.

The results of these tasks will be developed inttear and concise report along with the
flow profiles developed. In addition, electroniatd sets in Excel format will be provided
that can be used for modeling purposes.

The report will describe the full methodology emygd in the study including all
sampling, data collection, data preparation, aralyais. Results will be summarized
into an executive summary and also presented linléshil in the body of the report. The
report will also include a full bibliography.

5.2 Residential Low-income Multi-family

Aquacraft maintains a considerable database ofanwater use by multi-family
customers, collected as part of the 2004 NationbH8etering and Billing Allocation
Program Study (available for free download from waguacraft.com), but these data are
not disaggregated by apartment unit or disaggrdgate individual water uses (Mayer,
P.W., et al, 2004). Rather, most of the multi-figrdiata are from a single master meter
serving a number of units. However, Aquacraft duege a list of individually metered
multi-family properties in California from whichsample of the lowest income range

will be selected. This list will also be supplenmeghby selecting additional low-income,
individually metered (i.e. sub-metered) properire€alifornia. Additionally, Aquacraft
has performed demand profiling research througlalifornia and maintains a good
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working relationship with various water agencieswn to have a good number of sub
metered multifamily customers.

From these data sets a sample of approximatelyfilsv-income sub metered multi-
family units will be selected and data logged ie §ame way that single-family homes
were logged in the CALFED study. Data loggers aidio be placed on the meters
supplying the irrigation systems for these propsttiThe flow trace data collected from
the data logging will be analyzed and disaggregaseay Trace Wizard into the category
water uses (baths and showers, toilets, clothebevssdishwashers, irrigation uses and
other additional uses). Using this methodologyagégegated water use information will
then be available for the domestic and irrigatiemdnds for a sample of low-income
multi-family properties, creating a similar data sethose created for the single-family
accounts.

Similarly to Aquacraft’s major studies of singla¥fdy water use sample selection
discussed irBection 5.1a random sampling methodology that uses histeater use
patterns as the sole selection criteria will bedusethe residential low-income multi-
family end-use category. Using water agency custsnhéstoric (monthly or bimonthly)
billing data, samples will be selected such thatahnual water use patterns of the
sample matches those of the population of multiffanustomers (within the respective
water agency service area) at the 95% confidervet. [Eor each water agency service
area the sample of homes studied and their wagepatserns may not be representative
of the broader energy IOU service area.

Since the same end-use water demand profiles &br @ahe six major residential water
use categories (baths and showers, toilets, clothskers, dishwashers, irrigation uses
and other additional uses) will be generated foltifflamily homes as was single-family
homes, Aquacraft will develop a database of disaggped water use events for the
logged multi-family units. Tables 3-5 Bection 5.1of this Research Plan provide an
example of the type of tabular information thatlwelsult from Aquacraft measuring
water demand profiles in residential multi-familgrhes. These tabular data outputs will
be used to update the CPUC Water-Energy Measuril@air.

5.2.1 Residential Multi-family — Task Description

Task 1. Identify candidate low-income, individually metered multi-
family properties from the National Sub-metering study and other
California sites.

As part of the 2004 National Sub-metering Studyt pasd surveys were mailed to all of
the multi-family properties in 12 large water prders in the U.S.. Two of these,
EBMUD and San Diego City were in California. Thapose of this survey was to
determine the billing method used for water atgraperties (Mayer, P.W., et al, 2004).
In addition, we know that Irvine Ranch Water DistiiIRWD) has a large number of
individually metered multi-family properties. Cawpiently, we can use this information
to obtain the names and addresses of individuaderad multi-family properties in
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three large water agency service areas in Caldoifable 6 shows the water utilities and
the expected number of multi-family properties/snit

Table 6: Numbers of sub-metered multi-family propeties in three California water agencies

Agency Number of Individually Metered Multi-family properties
Irvine Ranch 4657 (units)

San Diego City 42

EBMUD (Oakland) | 8

At this point we do not know the number of indivadlwinits contained in the San Diego
and Oakland properties, and we do not know how npaogerties the IRWD units are
located in, but we do know that these three agsromatain individually metered multi-
family apartments. The exact numbers will needaaletermined as part of the data
collection process. Aquacraft will identify lowdame properties through interviews
with local officials and use of HUD and Sectionr8eria.

Task 2. Solicit participation from key water/wastewater utilities.

Aquacraft will request the co-operation of IRWDnSaiego and EBMUD. Since
Aquacraft has performed a significant amount oéaesh in these water agency service
areas and maintain a good working relationship #i#gm, their co-operation in this
study is anticipated.

Task 3. Obtain historic billing data from participating water utilities.

Three years of historic customer billing data frtiva targeted individually metered
multi-family households will be acquired from parpiating water utilities. Typically
these data are recorded and the water customed lillher monthly or by-monthly,
providing a coarse record of total annual waterpagerns. Included in this tabular data
will be a customer ID number (to maintain confidalitly), address, water meter ID
number and water meter size, make and model, dssvhlstoric monthly usage data.

Task 4. Select a random sample of 150 multi-family units for end-use
monitoring.

Survey responses were originally envisioned inpitogposal to provide a population of
units to sample from. The survey will not providsential information for the study, and
will greatly limit the number of eligible units féogging. Given the requirement that this
study focus on low- income units a response ragatgr than 10% cannot be expected,
thus limiting the size of our population. This Rash Plan mentions Aquacraft's 2004
National Sub-metering Study. This study did notsider income a selection criterion.
Out of the 15,697 units surveyed only 2,345 respdnd response rate of 16.4%. From
Aquacraft's experience in studies that utilizedievey instrument, it is not believed that
the responding population from this study will bege enough to assure obtaining the
necessary 150 unbiased responses.

In place of the a-priori surveys Aquacraft will alst information from property managers
about the nature of the residences at the timeeofiéld visits. This information will
represent 100% of the study units and will allowalaators to confirm that they are
typical of other low-income multi-family units. Ttagtributes of this on site data
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gathering will include the number of bedrooms ie timits (which serves as a proxy for
the number of residents), whether the units havthet washers, and the definition used
to classify them as low income.

Aquacraft does have a list of individually metenadlti-family properties in California
from which a sample of the lowest income range dllselected. Study sites are
anticipated at individually metered multi-familyitsxknown to exist in the IRWD, San
Diego and EBMUD water agency service areas. Theigléo choose a random sample
of 150 low-income units at 50 units per study Shieis should provide sufficient data at
each site to obtain statistically meaningful restdtr each site. The goal will be to insure
that the sample groups’ water use statistics nmisizbe of the populations from which
they were drawn at each site.

The sample residences will be selected using sorargtocess that stratifies on the basis
of the customers’ annual water use patterns (frmtotc billing data). This maximizes
the probability of having an unbiased sample thaticimes the water use characteristics of
the population. No attempt will be made to selexhbhs on the basis of geography or
other demographic parameter. Water use is thesstdetion criteria. The following
steps will be followed for selecting samples inteagency:

* A complete list of the low-income multi family billg data will be obtained for
the most recent calendar year just prior to thgilog year.

» The file will be screened to eliminate incompleteards (i.e. partial years of data
eliminated).

* The very low water users and very high water us@te eliminated
(approximately the top and bottom 5 % of the resprd

* The remaining records will be sorted from loweshighest annual use.

* The total number of records will be noted and drdidby the number of study
homes to be selected from the agency (i.e. 50)s Wil create a group of sub-
groups from which the sample residences will bectetl. The number of units in
each sub-group will equal the total number of actedivided by 50, the number
of sample units. For example, if there are a tota000 billing accounts for a
given site then for a 50 home sample there wibBeub groups of 80 units per
group for that site.

* Arandom number, n, between 1 and 80 will be chosen

« The " record in each subgroup will then be selected @sdémple home.
Provisions will be made to insure that a supplyepiacement units will be
available for units that for any reason have todpgaced.

* The water use statistics of the sample group \eiltbecked to insure that they
match those of the population.

* The information for each of the selected residematde entered into the project
database.

Aquacraft knows from experience that this proceguogluces samples matching the
water use statistics of the population from whiogytare drawn. Using the data from
San Francisco customers obtained for the CALFEDf@aia Single Family Home study
as an example, as shown in Figure 5, one can ae¢hthrelative percentage of the
sample lying in each consumption bin was almositidal to the percentage of the
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population of all single family customers. Becatlseproportion of both the sample and
the population in each consumption bin is the stmaalata do not need to be weighted.
The lack of need to weight can also be seen fraatt that the statistics for the two
groups are the same.

Table 0-6: Example of Statistics between samples @populations

Population Sample
Mean 65 +0.37 64
Median 56 56
Number 52,349 825

Histogram: SFPUC Log Sample vs. All Residential Accounts
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Figure 5: Comparison of histograms between samplend population for the San Francisco Public
Utility service area (DeOreo, W.B., et al, 2009)

An example of where weighting would be required lsdae if we had chosen to over
sample from the top 25 percentile of the populatiater users. If we had chosen twice
as many homes from this group then a weightingfaatt 0.5 would have to be applied
to those homes water use in order to avoid biasiagesults upward. If we had done this
then the simple mean water use of the sample wwaid been higher than that of the
population since it would have contained twice @amyrhomes from the top 95
percentile.

Task 5. Site visit to obtain flow trace data from 150 low-income multi-
family units.

Field technicians will attach flow trace data ret=ys (data loggers) to each household
water meter as well as the meters serving landscagation. Data loggers will remain

5 aquacraft INCAn

27 1/12/2009



California Public Utilities Commission Cal PUC End-use Water Demand Profile Study
Energy Division Final Research Plan: Study 3

on site for two weeks, after which field technigawill return, remove them from the
water meter and download the recorded data. A edtdb0 units’ water meter flow

traces will be logged in an effort to acquire atsle120 good data recordings. It is not
uncommon for a small number of data logging evemftail to record usable information.
At the time of the site visit the manager of thegarty will be interviewed to determine
any other water uses at the site such as laundtid#jouses, pools, spas and irrigation.
Depending on the number and nature of the othezrnwistes and meters at the site, plans
will be developed to obtain the necessary dataémnand profile determination.

In the simplest case we may be able to installdogon the “other” water meters and use
the demand profiles that are obtained along wi¢ghaitpency billing data in order to
develop profiles for the entire year. This woutduire that the shapes of the profiles
obtained during the initial logging were judged®representative of annual use
patterns. If such an assumption cannot be madaytbe necessary to return to obtain
additional flow traces during subsequent months.

Task 6. Disaggregate flow trace data using Trace Wizard.

Flow trace data collected from individually meteraditi-family home water meters will
be disaggregated into the household water demanfiliegrby category. Each water use
“event” (i.e. toilet flush, shower, clothes waskgcle, faucet draw, etc.) constitutes a
unique record which includes the following statisti water use category, volume, start
time, end time, duration, max flow rate and modevftate as well as a unique ID
number that identifies the house from which thedetre obtained.

Task 7. Develop central database and demand profiles.

All of the event data for the multi-family residesscwill be combined into a single
database from which summaries will be generatdds Will allow the water use to be
sorted by use category and time of day in ordgetterate the required demand profiles.
Profiles can be created for different groups oifd&sces (those with and without clothes
washers or high efficiency toilets, for example.)

Demands for other users such as irrigation, celaualdries and possibly pools will be
created from the billing and flow trace data ob¢difrom meters serving these demands.

Task 8. Prepare report on findings

The report will include a description of the goatgthodologies and results of this
analysis. The focus will be on the multi-family demal profiles by category as required
for the input to the Water-Energy Measure Calculato

5.2.2 Residential Multi-family — Discussion

There was discussion about the need to obtain deprarfiles for both indoor and
outdoor uses on low-income multi-family properti@he proposal by Aquacraft
included installation of loggers on the water mefeeding the outdoor uses on the
properties. A combination of logger data and mgldata will be used to characterize
water demand profiles outdoors. Additionally, i@ i characterizing outdoor irrigation
profiles Aquacraft will obtain high resolution retety sensed data for each property
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studied and estimate the annual irrigation appboabased on GIS landscape analysis
and billing data (assuming separate irrigation ms¢teTime of day data will be obtained
for irrigation from the flow traces obtained frohetirrigation meters as well as timer
settings. Loggers will remain on the irrigation erstfor at least 15 days during the
irrigation season to get reliable data on hourly patterns. Aquacraft will assume that
the hourly use pattern observed during the logdifines the typical peak vs. off-peak
irrigation window and attempt to confirm this wititerviews of the property manager.
This will allow the use of the billing data in comhtion with the logging data to
generate irrigation and other outdoor use profieperiods other than when the loggers
are installed at the site; thus capturing the sedsariation of irrigation water demand
Each site irrigation demand profile will be coretfor changes in weather. High
resolution remotely sensed data might also be usads1S landscape analysis to further
aid in characterizing outdoor irrigation profiles.

Initially there was concern that only homes fronWR would be included in the study.
With the addition of individually metered propesgiftom San Diego and EBMUD,
Aquacraft will have a much broader mix of sitedoth Northern and Southern
California and in three of the four IOU servicease

Concurrent to this study is the ongoing effortled CPUC Embedded Energy in Water
Pilot Program for Multi-family low-income HET retiits. The fundamental similarity
between these two efforts is that they both requieasuring baseline (OR pre-retrofit)
flow trace data from individually metered low-incermulti-family units. Multi-family
home sites are currently being selected for thedttded Energy study. Since there is
overlap between these two studies then it will b lefficient and beneficial to
supplement this Water Demand Profile study’s sar(atel data) with that of the
Embedded Energy study.

5.3 Commercial

RFP CP1-007-08 specifies that both small and laogemercial buildings are to be
included in this determination of water demand ieef However, since the distinction
between small and large commercial is oftentimégdit to make, the discussion below
refers to all commercial accounts. Aquacraft walléw the definition used in CPUC
sponsored 10U programs to distinguish between samalllarge commercial customers.

Aquacraft maintains a collection of flow trace datan a broad range of commercial
customers from which end-use water demand profaéesbe created. These data sets
come from the AWWARF Commercial and InstitutionaldBJses of Water study (2000)
(CIEUWS), the Sacramento Regional Water AuthorityMater Audits study (2005), the
CALFED Supermarket Studies (2003), the MontereyMirse Spray Valve study
(2003), and other studies conducted outside of@ala®. The commercial customers

® Dziegielewski, B., et al, 2000. Commercial anditnsional End Uses of Water.
Aquacraft, 2005. Commercial and Industrial Wateidigfncy Reviews 2005 Project Report, Boulder.
Aquacraft, 2003. Demonstration of Water Conserva@pportunities in Urban Supermarkets, Boulder.
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for whom data has been collected include membenghat have been found in earlier
studies to be the key demand categories that reprédse majority of commercial water
use in the urban sector. Since large samplesrofercial users already exist,
Aquacraft will use existing data sets to assemble&lly demand profiles for domestic and
process uses and continuous uses such as cootirigakage (where present).

Leveraging Aquacraft's existing data sets of conuiause requires a list of key
commercial end user categories be created. Afegrgping this list, Aquacraft will
confer with the project managers to determine digahal data on large commercial
properties, such as regional shopping malls, shioeillchcluded. Aquacraft recommends
concentrating on the data already available anéldping hourly demand profiles for
these customers, supplemented with limited new ecapdata to fill in any gaps.

The methodology for selecting participant sitesth commercial (and industrial) end
uses was developed for the 2000 American Water ¥vaAgsociation Research
Foundation study,Commercial and Institutional End Uses of Watdihis study’s
objective was, among other goals, to develop beacksrfor important commercial
categories existing in five water agency servi@asr Four of the utilities are in
California: Los Angeles Dept. of Water and Powesine Ranch Water Dist., City of
San Diego Water Utilities Dept., and City of Saktanica. This Research Plan will use
demand profile data from these service areas thatmeasured in Dziegielewski et al
(2000).

As mentioned irSection 2.Zommercial, and industrial category end uses are
heterogeneous with highly variable water demandilpso Therefore, candidate study
sites from Dziegielewski et al (2000) were sepatratéo sub-categories based on their
having the most intense water use on a per siie bad their representing as a sub-
category the largest proportion of water use by teegory. Since the overarching
objective of the Embedded Energy in Water Studide determine what an IOU energy
demand reduction potential is by implementing wasar efficiency measures, then the
selection of candidates - from existing Aquacratiad- within the high water using sub-
categories will be further narrowed down to thasalities the greatest potential for
measures that will lead to water savings. At timeetit is unknown if other commercial
categories will be added for demand profiling.

The output data from commercial sub-categorieslvaltabulated into water demand
profiles for the three water use categories (dowf@stioor, process and continuous
uses). Table 8 provides an example of how the vasterand profiles will be tabulated by
percentage of total water use by category, foriusee CPUC Water-Energy Measures
Calculator.
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Table 8 Output of commercial data - % of Total Wate Use By Category

Hour of day | Domestic/indooff Procegs Continuqus
1:00am % % %
2:00am % % %
3:00am % % %
4:00am % % %
5:00am % % %
6:00 am % % %
7:00 am % % %
8:00 am % % %
9:00 am % % %
10:00am % % %
11:00am % % %
12:00pm % % %
1:00pm % % %
2:00pm % % %
3:00pm % % %
4:00pm % % %
5:00pm % % %
6:00pm % % %
7:00pm % % %
8:00pm % % %
9:00pm % % %
10:00pm % % %
11:00pm % % %
12:00am % % %

Total 100%

As with the residential categories it may be imaottto generate output tables showing
how a specific conservation measure will affectanaise in a single category. Tables 9
and 10 show examples of alternative outputs reguftom Aquacraft commercial data,
which will provide percentage of total hourly useibutable to individual categories.
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Table 9 Percentage of total hourly process use Table 10 Percentage of total hourly
Hour of day [ Proces{ continuous use
1:00am % Hour of day | Continuous
2:00am % 1:00am %
3:00am % 2:00am %
4:.00am % 3:00am %
5:00am % 4:00am %
6:00 am % 5:00am %
7:00 am % 6:00 am %
8:00 am % 7:00 am %
9:00 am % 8:00 am %
10:00am % 9:00 am %
11:00am % 10:00am %
12:00pm % 11:00am %
1:00pm % 12:00pm %
2:00pm % 1:00pm %
3:00pm % 2:00pm %
4.00pm % 3:00pm %
5:00pm % 4:00pm %
6:00pm % 5:00pm %
7:00pm % 6:00pm %
8:00pm % 7:00pm %
9:00pm % 8:00pm %
10:00pm % 9:00pm %
11:00pm % 10:00pm %
12:00am % 11:00pm %
TOTAL 100% 12:00am %
TOTAL 100%

5.3.1 Commercial - Tasks

Task 1. Assemble Cl data files and commercial customer information

Figure 5, which contains a table that has beenecbipom Dziegielewski et al (2000)
shows the list of commercial (and institutionaljegpories that were found to be the most
important in explaining urban Cl water use withiamrcipal water systems. These data
were based on a detailed analysis of the billirntg datained from five large water
agencies: Los Angeles, Irvine Ranch, City of Saegbi City of Santa Monica and City
of Phoenix. The water use by commercial categasiegically not a large percentage
of the total commercial demand in water agencyiserareas. The commercial sub-
categories in Figure 6 below represent about 25%efotal water agency demands.
Consequently, they represent the most logical tdogenclusion in the demand profile
study.
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Coefficient of Percent of

Average annual variation in total Percent of Cl Percent Scaled .
Customer category dallydu§e daily use Cl use cusg/on;ers Seas;”g' use averageéig)*lly
description (gpdc) (gpde)’ (%) (%) (%) use (gpdc
Urban irrigation 2,596 8.73 28.48% 30.22% 86.90% 9.03
Schools and colleges 2,117 12.13 8.84% 4.79% 57.99%  187.0
Hotels and motels 7,113 5.41 5.82% 1.92% 23.07% .0414
Laundries/laundromats 3,290 8.85 3.95% 1.38% 13.35% 130.0
Office buildings 1,204 6.29 10.19% 11.67% 29.04% 3.02
Hospital/medical office 1,236 78.50 3.90% 4.19% 18% 48.0
Restaurants 906 7.69 8.83% 11.18% 16.13% 80.0
Food stores 729 16.29 2.86% 5.20% 19.37% 21.0
Auto shops 687 7.96 1.97% 6.74% 27.16% 14.0
Membership organization 629 6.42 1.95% 5.60% 46.18% 12.0
Car washes 3,031 3.12 0.82% 0.36% 14.22% 25.0

*  gpdc: gallons per day per customer

T  Percent of Cl customers pertains to Cl custornesges that have respective category only.

T Coefficient of variation in daily use: The ratbstandard deviation of daily use to average dfdese.

§ Percent seasonal use = [(total annual use -mBiknum month use ]/ total annual use

**  Scaled average daily use = average annual daityin category x percent of total Cl use attridutethe category.

Figure 6 CI Categories described in CUEUWS (Dziegiewski, B., et al, 2000)

In this task all of the flow profiles collected part of the study by Dziegielewski et al
(2000) and other commercial studies will be codcind assembled into a database for
creation of the demand profiles. Data are curyemthilable for: schools (elementary and
secondary), hotels, office buildings, restaurantsfaod stores.

As part of the current study Aquacraft has an oty to fill in data gaps and add
information for more customer sub-categories. Ths question that should be
discussed with the advisory team. Options to cansittlude:
» Collecting demand profiles specific for urban iaiign, which is the main water
user within the CI group.
» Studying total water use at a sample of large coroiaedevelopments (malls).
In this task a large commercial site would be amadlyas a distinct entity, and all
water meters feeding the entire project (both imdootdoor and process) could
be logged, and demand profiles created for theeeaititity.
* Obtaining demand profiles for some of the otheegaties shown in Figure 6
such as car washes, membership organizations,riaand
» Conduct studies of demand profiles at hospitalsgory on major water using
processes.

Task 2. Sort by customer sub-category

All of the flow traces, from both existing and neaurces, will be collected and sorted
according to sub-category. The sub-categoriesrefpliesent those shown in Figure 6 and
any additional sub-categories selected for furtiedy.

Commercial end uses are heterogeneous with highlghe water demand profiles.
Therefore, candidate study sites will be separatedsub-categories based on their
having the most intense water use on a per siie had their representing as a sub-
category the largest proportion of water use bycthramercial category. Selected sites
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will be those representing the major commerciakwases from various water agency
service areas in California. The selection progglslso filter out those candidate sites
that do not have a potential for water conservirgsures at their facilities.

Task 3. Disaggregation of data

Water use at the sites will be disaggregated imeariajor categories of domestic indoor
uses, process uses and continuous uses such egycoul leakage.

Task 4. Obtain additional demand profiles from missing customer
water use categories identified by the client and Aquacraft

As discussed above, Aquacraft can add more sulgarads of commercial end-use data
based on discussions with the project advisors.

Task 5. Create hourly demand profiles by category

The database of events will be sorted accordirmgtegory use, disaggregated use and
time of day. This will allow demand profiles for& commercial category to be created
as required by the RFP CP1-007-08 for use in theelAEEnergy Measure Calculator.

Task 6. Analyze results and prepare report

Results will be presented for each category aslyndemand profiles for both total water
use and percent of total use during each houreoflty. Total use will be highly variable
as a function of the type and size of the custoimgrthe profiles based on percent of
total should be much more consistent within sulegaties.

5.3.2 Commercial - Discussion

There is a large amount of flow trace data alreagjlable for commercial customers
from the various studies listed in the proposdiisTs an excellent source of information
for the current study, and one that Aquacraft grdies using to its full potential. That is,
it is anticipated that Aquacraft will spend a létione in collecting and re-analyzing
these files. We anticipate collecting additionaladfrom new customer categories, but
wish to discuss this further with the project advssprior to making a decision.

5.4 Industrial

Determination of water demand profiles for indwttisers will involve a significant
amount of new work. Using the results from ther&ture review, and in consultation
with other project stakeholders and water utilitikkguacraft will determine which
industries are the most significant from the pectipe of potable water demands. If any
flow profile studies have been done, these wilbdds included in this study. Water
agency billing data may also be useful. It will hemer, be necessary to perform a
number of water use reviews and sub-metering sudiebtain the desired information.
For this category, a 1-year schedule may prespritldem. It may not be possible to
obtain the necessary permissions and commitmetiteopart of the industrial customers
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to provide access to their plants and co-operadie the instrumentation required to
obtain the data.

Industrial category end uses are heterogeneoushigttty variable water demand
profiles.Therefore, using the same methods used in Dziegielewski et al (2000) for

the commercialand institutional) end-use sub-category selection, industrialsites

will be separated into sub-categor{és Manufacturing, Processing, Refining, etc)

based on their having the highest water use om sifgebasis and their representing as a
sub-category the largest proportion of water usthbyindustrial categoryrthose

industrial facilities demonstrating the greatedeptial for measures that will lead to
water savings will serve as candidate study sites.

For this end-use category it is estimated thatal td 12 complete industrial water use
reviews will be performed on industries representhre major water uses in California.
Working with the facilities management staff foeth2 sites Aquacraft will prepare
schematics of the water use systems in the plaritsws and measuring points from
both potable and non-potable sources (includingaled water) will be identified. All
significant water using fixtures, devices and peses will be noted. Sub-meters will be
installed on the supply lines for key water usegmgkier possible. Data loggers will be
connected to the main meters and all installedrsaters and 30 days of continuous flow
data will be recorded. From this, hourly end-use/fprofiles will be created for each of
the 12 sites. The analysis will filter out anyyeled water so that only hourly demands
from potable water (from the local agency) willibeluded in the analysis. A report on
the hourly demand profiles for the major industiels be prepared.

The tabular output data that will be generated frodustrial sub-categories water
demand profiles will resemble those discussed éka8-10 irSection 5.3or
commercial end uses. The only difference is thatddgmand profiles will be
disaggregated into two categories of water use edtinfindoor, outdoor and process
uses. Tabular information will be used in the CPWW&ter-Energy Measures Calculator.

5.4.1 Industrial - Tasks

Task 1. Literature review

A review of existing literature will be undertakemdetermine which categories of
industry are likely to have the greatest water deisabn the various water agency
service areas. The focus will be on establishimgpes between industry water use,
treated water agencies, and energy demands upos;|@ai upon industrial uses from
independent or private water supplies such as websibstitute supplies such as
recycled water.

As part of the literature review Aquacraft will kegpt that the main water agencies
provide a list of their top industrial uses so tthag information can be included in the
analysis of target industries.
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Task 2. Identification of target industries

Based on the results of the literature reviewstadf target industries will be prepared as
candidates for demand profiling. As is being daxéhe commercial customer category
the ideal candidates will be the industries thakehthe most intense water use on a per
site basis and which represent as a sub-categetgittest proportion of water use by the
industrial category.

Task 3. Solicitation of Industrial customers for participation

Once the target industries have been identifiedag&caft will send out letters inviting
their participation in the CPUC-CIEE demand pro§tady. This will involve several
layers of contacts. It is anticipated that theawaigencies will be able to assist in setting
up meeting and introductions with the industriest they serve. It may also be possible
to make direct contacts through mail or telephandrade organizations. However this
is done, it is critical that we reach the properspas in each organization with the
authority to make decisions and that as many ofatget categories be reached as
possible.

The invitations will explain the goals of the stualyd why it is important for the study to
obtain industry support. The benefits of partitipawill include possible insights into
water and energy conservation by the companiesribgitprove economically beneficial
to them, irrespective of the other objectives @f skudy. Obtaining the demand profiles
will assist their respective potable water purveyiarreducing their energy requirements,
and improve the overall energy efficiency of theater purveyors’ systems, upon which
the state economy rests. The invitation will qualifhy participating in the study is a
benefit to industrial end users in the long run.

The industrial customers will be asked to provide tesearch team with copies of their
historic billing records (from the water agenciesputhorization to obtain this from the
agencies. Aguacraft will also ask for access &éir tivater meters and to the water
infrastructure on the industrial site so that fisddhnicians can prepare flow schematics
and identify all sources of water and points of. use

The goal will be to obtain consent from approxirhafie? industrial customers to
participate in the demand profiling study.

Task 4. Water use review and sub-metering

Participating industrial customer sites will beitad three times. The first visit will serve
to inform the field technicians of the type of pess cold water uses occurring on a
regular basis and to determine what water meterprasent and if any sub-metering is
necessary. A licensed and fully insured plumbel lvélcontracted to install any sub-
meters. This initial visit will be coordinated Wwifacility managers. A second site visit
will involve installing data loggers on the propeéstmain water meters and any sub-
meters that have been installed. The data loggéireevwmain on site for a period of two
weeks, after which the field technicians will retio remove them and download their
data. This third and final site visit will also inde a review of the site’s process water
usage to aid in disaggregating the water demanfigso
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Task 5. Data collection and analysis

There will be three types of data collected in th&er demand profile study: general
site information, water use review data, historatev billing data and flow trace data
from meters and sub-meters.

The general site information will include data sashthe industrial classification of the
industry, hours and days of operation, number gfleyees, etc. A water use review of
the facility processes will reveal information regdjag the types of process present,
duration and frequency water using processes,igigtater meters on process
equipment, sources of water used in the facilgy\@rell water, recycled water), waste
water disposal methods, etc. Historic billing datth be used alongside general
information and flow trace data to aid in charaetag the seasonal variation of
irrigation demand. The flow trace data will be ledgrom the site meter(s) and sub-
meters and analyzed with Trace Wizard software.

The combined data will be disaggregated into waéenand profiles of domestic indoor
uses and process uses. Results will be presenteddb category as hourly demand
profiles for both total water use and percent tditase during each hour of the day.
Total use will be highly variable as a functiontioé¢ type and size of the customer, but
the profiles based on percent of total should behmmore consistent within categories.

Task 6. Preparation of report on industrial hourly water demand
profiles

The demand profiles for the disaggregated watepusides will be created. A report on
the methodology and results will be prepared.

5.4.2 Industrial - Discussion

Aquacraft anticipates that the selection of theesypand locations of industries to be
studied will be a collaborative effort. As witH ather categories of customers Aquacraft
will focus on use of treated water from local wagencies. Aquacraft will include
recycled water where necessary and where its ugeaffect the energy use at the
wastewater agency. We foresee two possible alieesatere: 1) Water that is recycled
(OR patrtially treated) by the wastewater agencydeitvered to customers as recycled
(non-potable) water for irrigation/industrial pugses will be identified, and Aquacraft

will measure the hourly demand profiles of "Outddaomestic/indoor, Continuous, &
Process Uses" since they affect energy use atdsewater treatment plant for non-
potable treatment and delivery and for re-treating returned wastewater. 2) Water that
is recycled at the customer site for reuse orvgitedbe identified/quantified. This water
will not be counted a second time in the potableewdemand profile, but will count in
the wastewater profile if returned to the wastewsaystem.

There is a question about whether a 1-year schedlilee adequate for this category
given the time it may require to obtain consentrfrithe business owners to participate.
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The plan is to select a sample of 12 companies thmmmost significant industries to
study. The proposal included performing waterees and sub-metering the sites. If
Aquacraft focused on obtaining flow profile datarfr the main meters, with limited sub-
metering, it would be easier to obtain participaticom the industrial customers, and the
study could also include more sites in the analy$isis goes back to the question about
what the main goal of the study actuall{; is

5.5 Public Buildings

The preferred method of addressing this custontegoay will be to select a few public
buildings in each of the cities and counties tmataurrently participating in the

CALFED California Single-family Water Use EfficiepStudy Aquacraft has been
conducting since 2005. The CALFED study sites mgka good cross section of both
Northern and Southern California (DeOreo, W.BaleR2009). Since Aquacraft has
already established a working relationship withaEger agencies in the north and south,
they are an excellent start. Aquacraft plans teecolhs many of the flow trace files from
previous public building studies and include thenthis analysis.

The selection of Public Building study sites will include a cross section of sub-
categories (ie. Libraries, Govt. Offices, Govt. Laboratories, etc) that are present in
various water agencyservice areas.

Participating public buildings’ water uses will teviewed and flow trace data logged
from their indoor and outdoor water meters. Demaudiles of domestic/indoor, outdoor
and continuous uses will be generated based orothbeined data logging and site visit
information. Tabular data resembling the Table®8rlSection 5.3will provide
information necessary to update the Water-Energgsdee Calculator.

5.5.1 Public Buildings — Tasks

Task 1. Request participation from key California water providers.

We will request information on public water accauftom the 15 water agencies that
participated in the CALFED Single Family study.fdrmation on the numbers and types
of public building in their service areas will beugiht. As part of this task the types of
buildings to be included as “public” will be detaned, and a review of the water
literature will be conducted to assist with thigef It will be assumed that the category
will include government offices, libraries, couduses and recreation centers. Schools,

® Installing sub-meters will be expensive and véljuire shutting down water service to the buildirigle

a plumber performs the work. It may also be diffi¢o recruit participants as there is usuallyrargg
desire on behalf of building and property mangeravioid any tampering with expensive mechanical
systems. All parties in this effort will requirafficient liability coverage should something gorgw

" The following utilities are participating in thealifornia SF End-use Study: EBMUD, LADWP, City of
Davis, North Marin Water District, San FranciscotéfdDepartment, Redwood City, City of San Carlos,
San Diego County Water District, City of San Diebgas Virgenes MWD, Irvine Ranch WD.
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universities and hospitals were considered aguistnal or industrial uses and were not
intended for inclusion as part of this task.

Task 2. Select participant Public Buildings.

From the responses by the water agencies Aquaatbfirepare a summary of water use
by public building categories and use it to setectoss section of these types of
buildings from the various agencies. It would lesithble to have one or more buildings
from each of the agencies selected for the studyder to have as great a geographical
area as possible included in the study. Once Agitakanows the number of public
building accounts it has to work with, 10 to 30l8ungs will be either randomly sampled
or saturation sampled.

Task 3. Obtain historic water consumption data from participating
water agencies.

Historic billing data will be obtained for all wateneters supplying the selected buildings
for the study. All water meters that serve theseld public buildings will be identified
so that historic billing data can be obtained. Mistoric water use data will be
summarized into monthly and annual tables.

Correctly identifying the meters present at thédings will be important and will
require the assistance of the water agency persoAmenitial trip to the sites will be
devoted to assessing the meters and verifyingalhaf them have been correctly
identified and are accessible.

Task 4. Conduct a review of the buildings to identify major water
using fixtures, appliances, and processes.

Each of the buildings selected for the study wéliMisited and a review of the water
using fixtures and appliances will be conducted.Wilenot attempt to do a complete
audit of water use for each fixture, but will rely cataloguing the devices present and
information on their use rates to estimate wheeenhter use from the main water meter
is going. Where irrigation timer equipment is usieel settings will be recorded.

Task 5. Obtain flow trace data from buildings

The building’s main water meter or combined meggrd any sub-meters will be fitted
with data loggers and the flow trace data recofded period of one week. After the
logging period is complete data loggers will be o#ed and their data downloaded. It
may be necessary to re-log meters from which idvaliincomplete data were obtained.

Task 6. Disaggregate and analyze flow trace data

Flow trace data logged from Public Building watesters will be analyzed and
disaggregated using Trace Wizard software. Sineertéter(s) serves many water uses
throughout the day the water use will be brokenmowo domestic/indoor daytime uses,
continuous uses (eg cooling and leaks) and outases for irrigation. The demand
profiles for each of these categories of use vélbietermined. For irrigation profiles the
seasonal variation in water uses will be estimatadg the combined historic billing
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data, review of irrigation equipment and disaggtediaw trace data. High resolution
remotely sensed data might also be used in a Gi&tape analysis to further aid in
characterizing outdoor irrigation profiles.

Task 7. Prepare report on Public Building demand profiles.

The demand profiles for the identified water usiegaries will be created. A report on
the methodology and results will be prepared.

5.5.2 Public Buildings - Discussion

RFP CP1-007-08 talked about in-line metering t@eine demand profiles. The
proposal by Aquacraft contemplated using flow tsagktained from the main indoor and
outdoor meters, combined with a water use revieayigding information on the types of
fixtures, appliance and water using devices andge®es present in order to estimate the
profiles. The term in-line meters is vague, andidanean anything from individual
meters on each feed line to every fixture and apgk or a single meter feeding the main
line for the entire building. Aquacraft will limthe number of separate meters to the
minimum necessary to meet the data needs for theqgdr For example, if major water
using devices, like cooling towers, are presenensatill be installed, and Aquacraft will
obtain flow trace data on these sub-meters. Aqttaerhnot attempt to install individual
meters or loggers on individual plumbing fixtures.

5.6 Agriculture

This research plan assumes that the “Agricultwwatomer category includes

agricultural water users who obtain their waterpdyfrom potable water supplying

water utilities rather than from regional water gygirrigation district systems or

decreed raw water rights. That is, Aquacraft wilasure water uses and generate hourly
demand profiles for agricultural end users whop®@ble water for cleaning, packing
and canning of California fruits, nuts and vegetabl

As an example, to prevent post harvest decay afym® most packers will periodically
clean and disinfect harvesting containers. Packgsjimfaces are washed in chlorinated
water immediately after encounters with decayimif flas well as periodically during the
day (lunch breaks, etc.) Fruits can be floated atewand rinsed afterwards prior to being
dried and packaged. California is the source aflgéhalf of the fresh fruits, vegetables,
and nuts consumed by across the Nation. Additipngie state provides food for the
international market, accounting for 15% of theiblas total agricultural export

(Cooley, H., et al, 2008;IFAS, 2008).

For the agriculture category Aquacraft will idewtihe largest water using agricultural
water customers and will select as balanced a saaggbossible of agricultural process
users who obtain water from potable water systenvaiious regions of the state.
Participating agriculture facilities’ water usedlvoie determined and flow trace data
logged from the water meters serving their procses. Demand profiles of process uses
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will be generated based on the combined site miitmation and data logging. Tabular
data resembling the Tables 8-1(Hection 5.3will provide information necessary to
update the Water-Energy Measure Calculator foatireeulture end-use category.

5.6.1 Agriculture — Tasks

Task 1. Identify agricultural processing facilities using potable water
from water utilities

Identify main areas where agricultural activitiee accurring and obtain from the water
agencies the largest agricultural water custontiefgtmation related to the types and
sources of water used at the targeted customdrbewilollected.

It is anticipated that agricultural processing péamill has a combination of water
supplies that include both treated water from waggncies and water from private, non-
potable sources, such as wells. Water is typiagbd at these plants used for washing,
preparing and canning the produce.

Water use at some California plants begins in dunteends in October as the peach,
apricot, tomato and pear crops come in for proogssDver 700,000 tons of fruit are
processed at three known plants in the Sacramestoeach year, and they would be
excellent examples of the kinds of agriculturalragbat impact water agency demands.

Task 2. Solicit and obtain participation from a sample of (approx. 10)
agricultural customers

Based on results from Task 1 Aquacraft will locasebalanced a sample as possible of
approximately 10 agricultural users who obtain wétem potable water systems located
in important agricultural regions of the state.

Task 3. Conduct site visits and water use analyses

The purpose of the site visits is to quantify tbaual hourly use patterns of the customers
for both crop irrigation (if any) and produce presmg from treated water sources.
Aquacraft will also identify water that is acquire]dm private wells or from recycled
water sources. Since agriculture is highly seasonadture, then process water use
should be tracked over a full growing and procagsitle (season).

The key to success with this task will be to idigraigricultural customers, obtain
permission for the study, and to develop a familjiarith their operations. The
Sacramento area has many food growing and progessimpanies, and may be a good
place to start, but Aquacraft will seek to obtaiogessing information from other regions
of the state.

Task 4. Install meters and loggers

The participating agricultural customer sites Wil visited three times. In the initial visit
the field technicians will determine of the typepobcess uses occurring on a regular
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basis and to determine where water meters arergrasd if any sub-metering is
necessary. A licensed and fully insured plumbel lvélcontracted to install any sub-
meters. A second site visit will involve instaflidata loggers on the property’s main
water meters as well as on any sub-meters that beem installed. Data loggers will
remain on site for a period of two weeks, afterahihthe field technicians will return to
remove them and download their data. This third faral site visit will also include a
review of the site’s processes, which will aid isadjgregating the water demand
profiles.

Task 5. Analyze data and prepare hourly demand profiles.

Aquacraft will perform water use reviews and obfidomv traces of agricultural process
operations. The data from these reviews and tradklse used to create the hourly
water demand profiles.

Task 6. Prepare report on demands

The demand profiles for the water use profiles balcreated. A report on the
methodology and results will be prepared.

5.6.2 Agriculture - Discussion

The main area where there clarification was ne@déue development of this Research
Plan’s focus on agriculture end-use was whether€CPUQ7-12-05 and RFP CP1-007-
08 required a statewide analysis of irrigation wate or whether agricultural process
water used from potable supplies was required. adrpft and the CPUC-CIEE Work
Group Advisory Committee agreed that both the ®odrdecision and RFP were clear in
wanting information that could be translated irfie telationship between customer water
use profiles and energy demand at the “water ageAsya result, non water agency
water sources are not part of this research effort.

However, it is recognized that agricultural irrigat demand accounts for largest
category of water use in California. Omitting thignificant water demand and the
embedded energy (natural gas and electricity) ionging and conveyance highlights the
limitation of this research as envisioned by theJCFD. 07-12-0%,

6.0 Research Plan Timeline

This research plan is currently evolving with rebfr timing of task implementation. A
more accurate and detailed timeline will be devetbwhen research task schedules are
known. The Monthly Project Update Reports will undé fully documented and complete
analysis datasets. Table 11 shows the anticipateztisile of deliverables at this time.

8 Since nearly “60% of the total water supply-refapeak day electrical demand in California” conresrf
agricultural groundwater and surface water pumptingn an analysis of this large portion of state
electricity demand is beyond the scope of this detmofile study, and worthy of a study of it oviftom
DRRC, 2007. Water Supply-Related Electricity Deman@alifornia.
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Table 11 Deliverables and Schedule

Deliverable

Schedule

CPUC-CIEE WG Meetings

July — November 25, 2008

Draft Research Plan

November 25, 2008

Public Comment Workshop

December 10, 2008

Submit Final Research Plan

January 7, 2009

Research Plan Implementation

January 9, 2009

Literature Review

February 15, 2009

Project Database & Update Report§ PROFILES REPORT
Residential Single-family August 09’ September 09’
Residential Multi-family February 10’ March 10’
Commerciall December 09’ February 10’
Industrial June 10’ July 10’
Public Buildings| December 09’ February 10’
Agriculture July 10’ August 10’
Draft Technical Report August, 2010
Public Review of Draft Technical Report Septemi2€x]0

Final Technical Report

October, 2010
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