RESIDENTIAL END USES OF WATER STUDY 2013UPDATE



Pageii is for Water Research Foundation use



RESIDENTIAL END USES OF WATER STUDY UPDATE

Prepared by:

William B. DeOreo, P.E.,Peter W. Mayer, P.E.
Aquacraft, Inc. Water Engineering and Management
2709 Pine Street, Boulder, CO

Sponsored by:
Water Research Foundation
6666 West Quincy Avenue, Denver, CO 80235

Published by:
Water Research Foundation



DISCLAIMER

This study wasunded by he Water Research Foundati¢gim(ndation). The Foundation
assumes npesponsibility for the content of the research study reported in this publication or for
the opinions or statements of fact expressed in the report. The mention of tradéarames
commercial productdoes not represent or imply the approval or endorsement of the Foundation.
This report is presented solely for informational purposes.

Copyright © 208
by Water Research Foundation

ALL RIGHTS RESERVED.
No partof this publication may be copied, reproduced
or otherwise utilized without permission.

ISBN XXX=X-XXXXX~-XXX-X

Printed in the U.S.A.



5| RESIDENTIAL END USES OF WATER STUDY UPDATE

TABLE OF CONTENTS

RESICENTIAL END USES OF WATER STUDY 2013 UPDATE |

RESIDENTIAL END USESOF WATER STUDY UPDAE........cccotiiiiiiiiiiiieeseeeieeieeeeaae e 1]
3 Y O I AN 111 PP \Y,
LIST OF TABLES ..ottt ettt ettt mmae e e e e e e e e e e s meensssnsssenneneees Xl
LIST OF FIGURES........iiiiiiiiiiiiiiccieeeiiii ettt ettt e e e e e s eset et e et e e e e e e e e e e e e e s e s s s ssmmneaeaeaaaasanans XV
CONVERSION FACTORS . ... eeee et aeenss s e e e e e e e e e e e e emans XVIII
FOREWORD.......coiiiiiiiiiiiit b r e ettt enns bbbt e ettt e e e e e e e e e e e s smmmteeeeaaaaaaeaaaaeannnnns XIX
ACKNOWLEDGMENTS. ...ttt ettt e e e e e e e e s rmmma e e e e e e e e e e e e e s e nnns s XXI
EXECUTIVE SUMMARY .ottt rees sttt eanns b ss e e e et e eaaaaeeeeeeans XXII
OBJECTIVES. ...t eeeeee st eenns sttt e e e e e e e eaaaeeeamnraeaaaaeaeas XXiii
BACKGROUND .....coiiiieieieiiie e eeee et n e e bbb e e e e s annrenee e XXiii

N e 2@ O XXIV
LITERATURE REVIEW.... ..ottt ieee ettt e e s enssssseeeeeeaeaaaaaaeeeeas XXV
S 1 1 I XXVi
RESUILS frOM SUINVEYS .....coeeeieeee it erree e e e e e e e e e e eees XXVi

Results from Billing ANalySIs. ..o XXViii

Results form End Use ANalySIS...........coooviiiiiiiiiieeee e XXIX

HOU W aLEr USE... ittt e e ettt e e e e e e tanmmeeees XXXVi

(@111 (o [oTo ] g U LS = PP XXXVi

DT8P O PPUPTR x|

MOdelS Of WaALer USE.......cooeiiiiiiiiiieeee e ceenss e eeeaeeeeeeeean xli
Benchmaking and Estimates of Conservation Potential...................ccceeeeen. xliii
CONCLUSIONS. ...ttt ettt sttt ettt ettt e e e e e e e e e e e et e e e e e e e e e e e e e e e s s s s smnneeeeeeaaas Xlv

From the AQENCY SUINVEBYS .....ccoiiiiiiiiitiitieee it eeer e e e e e aeeeeeas xlv

From the CUSIOMEr SUIVEYS.......uuuiiiiieiei e en e e e e eeaaas xlvi

From Water USe STatiStCS.........covveveiiiiiiiiicmmreeeeeeeeeiiniss e s eerenennn e XIvii

From MOUEIS. ... e xlix

From BenCRMArKS.........ccooiiiiiii e I
APPLICATIONS/RECOMMENDATIONS. ....oiitiiieeiee e e I
MULTIMEDIA ..o eeer e e s eeeer st e e e e e e eeeeaaeeeeammreeeaaaaaaaens Lii
INTRODUCTION AND GOALS OF PROJECT......cciiiiiiiiiieievceessinieeeeeeeeeeeeeaaa e e e e eeeees 53
LITERATURE REVIEW. ...ttt eeee ettt a s e e e s semteea e e e e aaaaaaeaaaaaaeassammmnaeaeaeas 56
INTRODUGCTION ...cottiiiiiiiee e n e e e e e e e s annssseeeees 56



vi | RESIDENTIAL END USES OF WATER STUDY UPDATE

HUNTER CURVES..... ..t eieeeiit et e s senta e e e e e e e e aaeaaaeaeesammmnaeeeas 56
1984 HUD STUDY...ciiiiiiiiiiiii e teee st eeees bbb e e e e e e e e e e s snnsseeeees 57
NEW APPROACHES N THE .1.9.9.0.0.S . eeen e 58
FLOW TRACE ANALYSIS ..ottt 59
HEATHERWOOD STUDIES........cutiiiiiiiiiiiiiee ettt snmmmn e e e e e e e 60
1999 RESDENTIAL END USES OF WATER........cuuiiiiiiiiiiiiiiieceeseiiievineeeeeeeee e 6l
END USE RESEARCH: AUSTRALIA AND NEW ZEALAND.............cccocevrvvnnnnn. 62
TARGETED END USE STUDIES IN THE U.S......oiiiiiiiiiiiiiiieceeiieeeeee e 65
CALIFORNIA RESIDENTIAL BASELINE AND EPA NEW HOME STUDIES.......66
END USE RESEARCH IN EUROPE AND BEYOND..........ccoooviiiiiiiieeee e 67
RECENT END USE RESEARCH IN THE U.S....oooviiiiiiiiie e 68
RESEARCH METHODS ... ..t irees i eeessss s e e eeeeeeeeeeeeeessmmmreeaaaeesd 69
OVERALL STUDY ORGANIZATION .....ccoiiiiiieiictiteees s sannrnnees 69
OBTAIN INFORMATION FROM UTILITIES ....ccooiiiieeeeeeeee e 69
Utility Information Part Ii Selecting the Sample of 1,000 SF customers (Q1069)
Utility Information Part 2' Utility and Program Information......................ovvvveeee 70
Utility Information Part 3 GIS and parcel level data (Level 1 sites only)........70
SURVEY IMPLEMENTATION. ...ttt ettt a e simmme e e e e e 72
SELECTION OF LOGGING GROUPS........coiiii i eee e 72
SELECTION OF HOT WATER GROUPS........cooi oo 73
LANDSCAPE ANALY SIS ...t rees st seennss s seeeeeaaaeeeas 73
Irrigated Areas and EffiCIENCIES............coooiiiiiiiiieee e, 74
Landscape RALIQS........cooiiiiiiiitire e eeeea e e e eneme e 74
Theoretical Irrigation EfficiencCies.........cccoeeeeiiiiiiiiiieeeievvieeeeeeeeen I 4
Estimation of Annual Outdoor Water USE........cccoeeveeeeeeiviceeiieeeeeeeeeeeeeeeeeeeeeeenn A D
APPHICAtioN RALIOS.........ceiiiieiiiic e errr e e e e e e e e e e e e e e aeeens 76
DATA LOGGING ....uiiiiiiiiiiiiieieee ettt e e e e e e e e e e s ammma e e e e e e e e e e e e s e e nnes s e e 76
FLOW TRACEANALYSIS ..o e e 76
TRACE WIZARD IDENTIFICATION OF COMMON HOUSEHOLD FIXTURES..78
10111 O ROOUPPPPPPPPPPPRRRY 4° |
ClotheS WASNEIS......oiiie et emee e 81
SOWETS. ...t ee ettt e e e e e e e e e eaat et e e e e e e e e aaaa s 83
[ ] 1122 TS =T £ 85
Water TrealMENT..... ..ot mmme e e e e e e et e e e e e e annmeeeees 85
Leakage & ContiNUOUS EVENLS..........uuiiiiiiiiiiiiieeeiiiieeeee e 86
o =4 o OO PPPPPRUPPN: 88
FAUCET USE. .. it er e et e e e et rmen e e e e e e enans 90
L@ 11 g1 U S T PRSP PPPRTTRRTRPN 90
DATABASE CONSTRUCTION.......ccoiiiiiiiiiiiiteees e e eeennsnne s eeeees 90
DESCRIPTIVE STATISTICS ...ttt ettt srmmma e e e e e e e 20
REGRESSION MODELING......ccoiiiiieeee i e e e Q0
INFORMATION ON PARTICIPATINGAGENCIES........ccooiieie i iieeeeee e 91
SELECTION OF STUDY SITES.....oitiiiiiiiiiiiieee et eena e 91
DEMOGRAPHICS AND CENSUS INFORMATION......cuutiiiiiiiiiiiiiieeceeeeeeeeeeeeaaeenns 92

CLIMATE AND DROUGHT ...ttt e 94



TABLE OF Contents | vii

MeasUre®f ClIMALE.........uuueiiiiiiee e eeerree e e e e e e e e e eeeeeeeeennanae 94
Official Drought STAtUS.........ccoiiiiiiee e e e e e e e a7
CUSTOMER BASKE ... .ottt eeer sttt e e s saast e e et e eeeaaaaaaeeeesammmeaeeeas 99
174 = SO PP Q9
YT o (0] £ PP RTSUPPPPPTRRPUPPRPIN 100
Trends in Expansion and CoNntraCtion.................uueeiiccsrereeeriniiiinnseeeeeeeeeeneens 101
WATER SUPPLY ..ottt ieeme et ee e e e e e e s annrsseees 102
WATER RATES ... aeenes e 103
BlOCKS and BreakpOiNts.........ccccuuuuuuiiiiiiiieeeiiiiiiiisiee et e e e e eeere e e e e e e e e e aaeeeee s 103
Billed Amounts and Average PriCES...........ooeuvuviiiiiiimmee e e e emnnnees 105
Marginal PrICES.......coo i e e e e e e e e s eeee e 112
CONSERVATION PRACTICES . ....citiiiiiiiiieeeeee e 114
Staffing and BUAQET.........oooi oo s 114
INdOOr GNSErVation MEASUIES.........cooeiiiiieieeee s enensseeereeeeees 115
Irrigation CONSEIVALION. ........ciiiiiiiiete e eeee e eeee e e e e e e e aeeeeas 119
Information for HOUSENOIAS...........uuiiiiiiiiiiiiieeeiiiiiiiiieeeeee e 122
Conservation PIAaNNING...........uuuiiiiiiiiiii e e e e 123
WWALEILOSS. ...ttt ettt e e e me e e e e e e e e e e e e e e e e ameeeeeeeernnnas 125
SUMMARY OF SURVEY RESPONSES........cccoiiiiiiiieees s eennnsnnnnnnnnes 127
RESPONSE RATE ...ttt eees bbb e e e e e e e snnneee e 127
COMPARISON OF SURVEY RESPONSES..........ccooiiiiieeee e 128
SUNVEY QUESTIONS......coiiiiiieeeieii et e e e e e e emnmr e s e e e e e e e e eaeeeeeannnn s 128
Hardware SUIVEY RESPONSES........uuuuuiiiiiiiiiiieeeirirreeieeeee et e e e e e e e e s amsre e e e e e aeaee e 129
=T g0 | = 0] | 02 135
BERNAVIOL...... i 138
10 =4 o ISP 141

B [T Lo [ 1= o ) 143
PROJECT DATABASES. ... ..ottt eee ettt e e e e e e ssee et e et e e e e e e e e e e e e e e s s s ammmeaeeeeas 147
SURVEY RESPONSE DAT A .. ittt seemsstttaee et e e e e e aaaa e e e e smmmnaaaaaaaaaaaaaaeas 148
FLOW TRACE DAT A oottt e e e e e e e e e e e ean 148
COMBINED DAT A <.ttt ereere e e e e e e e e e e e e emamt e e e e eeeeaaaaaaaaaaaaeessammneens 148
DAILY USE DATA oottt ettt mmne e e e e et ee e ennn 149
DESCRIPTIVE STATISTES.... ..ottt eeeeteeeeee et e aaaaaaa e e e e s ammmraeeaaaaaaaaaa e e e s s e s annnnnns 149
ANNUAL AND SEASONAL USE......ccoiiiiiiiiiiiiiieees e enessseseeeees 149
INDOOR END USES OF WATER........cci i eeer s seeran e 154
Total Indoor Household Water USE............oooiiiiiiiiiiccniieeeeeiiiie e 154
Comparison of Notseasonal and Indoor Water USe..............eeeeiiiviceeeeeennnnnns 157
INAOOr ENA USE ANAIYSIS......ciiiiiiiii ettt e e e e e 160
Penetration Rates for High Efficiency DeviCes...........ccccovviiiiccce e 182
HOT WATER USE......o oot eees e e e e e e e senneeees 183
Daily HOt WALET USE......euiiiiiiiiiiiiiiii ettt 183
Energy Use for Water Heating..........ocoovevviiiiiceees e 185
Seasonal Use Of HOt WaEE...........uuuuuiuiiiiiiieeiiiiiins e e e s vennnn e e e e e e e e 185

Hot Water USe fOr ENA USEBS ... ..o eeee e eaaaens 186



viii | RESIDENTIAL END USES OF WATER STUDY UPDATE

OUTDOOR USE ANALYSIS. ..o oo veeee e eeee e 190
Lot Size and LandSCape Ala@.......ccceeeeeeeeiiiiiiieeee e e e e eeeeee et mmme e e eeeeeennanes 190
OULAOOr WALEE USE.......uiiiiiiiiiiiee e e e et nene e e e e e e e e e e e e eeeeeesesennanes 194
Irrigation APPlICAtioN RAES...........uuvveiiiiiiie e ereer e e e e e 194
Theoretical Irrigation REQUIFrEMENTS.........coviiiiiiiiiiiiieeieeee e 195
Irrigation Application RAtiOS...........ccoeeiiiiiiiiiiieeee e 196
Excess and Net Irrigation VOIUMES..........oooiiiiiiiieeen e 199

DIURNAL USE ... . ittt ettt ettt e e e e e e smmma e e e e e e e e e s s s nnes s 201

MODELS OF WATERUSE .......oottiiiiiiiieee ettt enee s eeennnnes 204

DESCRIPTION OF MODELING DATABASE ...ttt 206

DEFINITION OF DEPENDENT VARIABLES.........ccuttiiiiiiiiiieisceeeeieeieeeieeae e 206

MODEL ESTIMATION AND SPECIFICATION PROCESSES.............cccoeeiiiie 207
ModelS Of INAOOT USES......ccooiiiiieieieiitiiemme et e e e e e e e e 208

MODELS OF SELECTED fl NDQOR.0...END..USES$1
TOHEt FIUSNING....ccoiiiii et e e e e 211
Showers and Bathis...........uuuuiiiiiiiiiiieceiiiiiieeeeeee e 213
ClotheS WASNEIS.... ..ottt emeeee 214
FAIUCETS. .. er e e e ene e e 215
IS SRS 217
Summary Comparison of Es.t.i.mat.ed..iPl8door o
Example Application of RESUILS............uuuuiiiiiiiiiieeeiiiiieeeeeeeee e 219

MODEL OF LANDSCAPE USE.......ccoiiiiiiiiiieeee s enensssee e 221

ASSESSMENT OF CONSERVATDN POTENTIAL AND BENCHMARKING ................. 225

ANALYSIS OF BILLING DATA SUMMARIES BY CUSTOMER SECTORS.......225
Comparisons of Annual Usage Rates in Siriggenily Sector..............cccvvvvveeee. 229
SingleFamily Seasonal and Neseasonal Usage Rates............cccoevvvvvveeenenn. 230

INDOOR USE BENCHMARKS FROM END USE LOGGING DATA.................. 233
Comparison of REUWS #1 and #2 Studié#/ater Savings................ccovvvvvvvnes 235
Conservation Benchmarks and Water Savings Potential..................ccceee e 236
Conservation Benchmarks for UkEHficient Fixtures and Appliances.............. 237
Indoor Conservation Index for Individual Study Sites.............ccccvviiiiceninnnnen. 240
Outdoor Use Benchmarks from Laswdpe Analysis and End Use Logging Daf#6
Feasibility of Developing Benchmarks for Outdoor USe...........cccceeveiiiieeeenenes 246
Estimating Conservation Potential in Outdoor Water Use..............ccccoevveeen... 247
Long-Term Conservation Potential and Shoerm Drought Contingency
CUMAIMENT ... ettt s nnnees 249

CONCLUSIONS. ...ttt e e e e e e e e e e e e e rmmme e e e e e e e e e e e s s e s e s mnee e e s s nnnsnenneees 251
From the AQENCY SUIVEYS......coouiiiie it e e e e e eaaa s 251
From the CUSIOMET SUIVEYS........ccciiiiiiiiiitieeeiiiiibebie et e e eeeee e e e e e e e e 251
From Water USe STatiSHCS.........coovviiiiiiiiiiimme et 252
0] 0 4101 T To [ 254
From BenChmarks....... ..ot e 255

REFERENGCES. ... .ottt e 256



TABLE OF Contents | ix

APPENDICES

APPENDIX A: Household Water Use Survey Tables of Respanses................... 265
APPENDIXb: DATABASE KEYS






11| RESIDENTIAL END USES OF WATERSTUDY UPDATE

LIST OF TABLES

Table 1: Summary statistiCs fOr tOIet USE.........uciiiieei e XXXi
Table 2: Average of individual values for TIR, actual use and application.ratios......xXxxviii
Table 3: Volumes of excess and net irrigation (N=838).............cceeeviiieeeiiii e, xl
Table 4: Projeted iNdOOr WALEI SAVINGS ... ..cviviiiiiiiiieiiiiieaee e eeee e Xliv
Table 5: Keycode aSSIGNMENLIS. .........couuuiuiiiiimmreeeeeeitiisss s e e e e e emmssasn s s s e e e e eeaaaeeeesennnns 72
Table 6: LandsScape ParameterS. ... ...oooiiiiiiiiiieeee et eeeeas bbb r e e e e e e e e e eenes 74
Table 7: Data l0gging effOrtS.......cooiii oo 76
Table 8: Water agencies participating in REUWS.2..........oooiiiiii e 91
Table 9: U.S. Census data (American Community Survggat estimates) from selected
POPUIALION PrOFIIES. ...ttt mmne e e e 92
Table 10: U.S. Census data (American Community Surwggat estimates) from selected
NOUSING CRAIACIEIISTICS. ... .uviiiiiiiiiii ittt 93
Table 11: U.S. Census data (American Community Surwggat estimates) from selected
(<ToTo] a0 ] o1 [l ol o F= = Tod (=T IS o P 94
Table 12: Climates of partiCipating agenCiIeS............uuuuuuiiiiccreeeeeereer e eeenr s 95
Table 13: Monlly average precipitation normals, in inches, from NOAA and precipitation used
1IN0 10 [0 Y0 = T T= 1A TP PPUPRPR. 96
Table 14: Official droughnStatus...........ooooiiiii e e e e e e e ean 97
Table 15: Population served by participating agencies..............oovvvvveeeeeeeeeeveeeeeeiiiians 100
Table 16: Trends in total billed consumption for participating agencies...........cccc.veveeen. 102
Table 17: Water sources for participating agencCies.........cceeeveeeeeiieeeiiiiiee e eeeeeeiee 102
Table 18: Number of blocks and breakpoimsween DIOCKS.............oiiiiiiiicen. 104
Table 19: Total billed amounts for 5, 25 and 50 kgal of use per month......................... 106
Table 20: Rate StruCtUre SUMIMAIY......ccuiiiiiiiiiiiii it 109
Table 21: Marginal priCes fOr WaLteri............oovvviiiiiiicee et 112
Table 22: Conservation staffing and bUdgetS.........coooriiiiiiiiccc e 114
Table 23: INdoOr cONSErvation MEASUIES..........cooviiiiiiieeee e e e e e e e e eeeeeeeeeeeeeees 117
Table 24: OutdoOr CONSEIVALION MEASULES........ueiiiiiiieiieieeeeeeeeietee et e e e e e e e e e e e s s i eaaaeaeeeens 121
Table 25: Information fOor CUSIOMELS........oooiiiiiiiieeee e e 122
Table 26: Conservation plan evaluation, selected agencies..............oooevvccceeeeeeeiiiieeens 123
Table 27: Water balance from the AWWA Water Loss evaluation method (AWWA .M3B35
Table 28: Water 0SS CONtrol aCtiVItIES ........ccovviiiieiiiiieeee e 126
Table 29: LOgQiNg SAMPIES........ooviiiiiiiiie et e e e e e e s aeees s s e e e e e e e e e e e e e e e e e e aarnnne e 127
Table 30: Response rates from Level 1 and the North American Survey..................... 127
Table 31: Average characteristics for Level 1 SIiteS.........ccoieiviiiiiiccciiiie e eeevee 128
Table 32: Summary of SUIVEY QUESTIONS. ........uuuuiiiiiiiiiiieeriiiiiii e e e e e e e e e 129
Table 33: Format of questions and data summary for survey. These responses are for all survey
sites, including the North American Survey sample.............oooiiii e 129
Table 34: Average numbers of bathroom fixtures, by survey.site...........ccccvvviccieennnn. 131
Table 35: Saturation of water appliaNCES.........oooviiiiiiiiieee e 132
Table 36: Housevide waterend uses, coolers, humidifiers, and water treatment............ 134
Table 37: Wait fOr NOt WaLEE..........ooiiieeeeeeee e e e e e e e e emnnnes 134
Table 38: Household occupancy, DY SIte.........cooovviiiiiiiieeee e 135
Table 39: Percent of households reporting conservation activities...........cccc..vvveeeeeeeenn.. 138

Xi



xii | RESIDENTIAL END USES OF WATER STUDY UPDATE

Table 40: Survey r esp.a.ndenit.s.0..cons.er.vasd on ac
Table 41: Inground irrigation systems and their features.............cccovvvvieeeeeeeeeeiiieeeeniinns 143
Table 42: Drought status in Level 1 sites, along with most common survey response.144
Table 43: Table of historical studies included in database (Number of surveys =14,06647

Table 44: Description of database files.............ooo e 147
Table 45: Annual and seasonal water use for single family accouisoysamples............ 150
Table 46: Annual and neseasonal per capita Water USE............ccccuuvvvimmmressiiciiiiiieneeee 152
Table 47: Total indoor use statistics for REUWS2 and REUWSL..............ocvvvvieeenvnnnnee. 154
Table 48: Occupancy and Indoor Per Capita.USe...........uuuuuuiiiiccneeiiiiiiiiiinnee e 157
Table 49: Comparison of neseasonal and indo@rater USe..................evvvvvvvimmmreeeeevennnnnnn. 157
Table 50: Summary statistiCs fOr TOHEt USE.........uuuuiiiiiiiii e 162
Table 51: Comparison of percent of low volume flushes among Level 1 sites.............. 163
Table 52: Summary StatiStiCS fOr SPETS............uuiiiiiiiiiiiiii e 166
Table 53: Summary statistiCs for fauCEet USEe...........uvvvviiiiiiii e, 168
Table 54: Distribution of faucet events by duration...............ccccovieeviiiiiieee 170
Table 55: Distribution of faucet events by volume...............cccooiiieeeiiii e, 171
Table 56: Distribution of faucet events by flow rate (gpm).........coooviiiiiiiiicce s 171
Table 57: Summary statistics for ClotheS MEXS..............oooovviiiiiiic e 172
Table 58: Summary of Dishwasher StatiStiCS............ccccciiviimmer e 172
Table 59: comparison of faucet use in homes with and without dishwashers............... 173
Table 60: Bathtub usage StatiSHICS...........uueiiiiiiiii e 173
Table 61: Distribution of leakage rateS.........ccooeeeiiiiiiiieeei e 176
Table 62: Comparison of frequencies between high leak group and all survey respandé&its
Table 63: Criteria for qualification as high efficiency device...............ccccvcceeevveviiinnnns 182
Table 64: Average daily hOt Water USE..........oooiiiiiiiiiiicce e 184
Table 65: Monthly calculated energy use for water heating................ccccoceeevvvieeiiiiinnnnnd 185
Table 66: Distribution of hot water faucet events by domat..............ccccoooiiiiieann. 187
Table 67: Distribution of hot water shower events by duratians................ccccecevevvennnnns 188
Table 68: Lot and landscape areas for Study grOUPS..........veveviiiiiieeeireieeeeeeeeeeeeeee e e e 192
Table 69: Annual and outdoor water use (2010)......cccceeeeieeiiiiiieeeii e 194
Table 70: Irrigation appliCation FAtES..........oooiiiiiiiieeee e 194
Table 71: Irrigation demands and landscape ratios...........cccoovvviieeeiiiie e, 196
Table 72: Average of individual values for TIR, actual use and application.ratios......... 197
Table 73: Percent of homes excess irmigating...........ooovvvviiiiicceeeieeeeeeeieee s 198
Table 74: Excess and net irrigation use in study group (N=838)..........ccooiiiiiiieneiiinnnns 199
Table 75: Percent of total indoor usecounted for by end USES.............oevvvviviiicceeeeeniinn, 201
Table 76: Percent of end use occurring during each hour of the.day...................cccee.. 202
Table 77 Estimated Mod.el...of..}Al.ndo.o.r.o..\Wwa& er Us
Table 78: Estimated Model Of TOIet USE.........uuuuiiiiiiiiiiieeeiiiiiiiiieieeeeee e 212
Table 79: Estimated Model of Shower and Bath.USe...........ccooooiiiiieeeiiiieiiee 213
Table 80: Estimated Model of Clothes Washer USE.............oiiiiieeeiiiiiiiiiiiiieeeeeeee 215
Table 81: Estimated Model of FAUCEt USE...........uuuuiiiiiiiieiiie e 216
Table 82: Estimated Model Of LEAKS...........iiiiiiii e eeeeeeeene e e e e e 217

Tabl e 83: Comparison of. . .Es.t..mat.ed..il.nd2e8 r 6 EI
Tabl e 84: Exampl e of ..us.e..o.f.. . fi.ndo.0r.o..u220 mode



TABLE OF Contents | xiii

Table 85: Summary of Landscape Water Use Observations and Related Price and Climate Data

........................................................................................................................................ 221
Table 86: Regression Model Demonstrating Corr
Assigned a Value of 0 with Price and ClImMaALe...............oiiiiiiiceciiiiiiiciee e eeeees 222

Tabl e 87: Esti mat ed...Mo.d.e.l...ao.f....0HOut.d.oa.r.02230Us e
Table 88: Aggregate Water Use Metrics and Structure of Sectorial Water Demand by Study Site

........................................................................................................................................ 226
Table 89: Raios of Sectorial Demands as Equivalent Sirfegenily Residential Accounts..228
Table 90: Differences between the EstimateNaf-seasonal and Indoor Use.................. 232
Table 91: Benchmarking Parameters in End Use Studies..............coovvvieeeeeeeeiiiveeeeeeninns 234
Table 92: Effects of Differences in Fixture/Appliance Frequency Use on the Estimated Indoor
Water Use in REUWS #2 STUAY......uuuiiiiiiee e ceeeecs et eeme e e e 236
Table 93: Effects of Differences in Fixture/Appliance Frequency Use on Estimated Indoor Water
Use in the Sample of Retrofit Homes for High Efficiency benchmarks.....................c.... 237
Table 94: Assumptions and Calculations for UEféiciency Benchmarks for SinglEamily

Indoor Water Use Based on End Use Logging Data................evvvveemriieeieeeeiiiiiiiiiineeee 239
Table 95: Benchmark values for gallons per eVenL.............ooooiiiiiccce e 241
Table 96: Calculated Conservation Efficiency Benchmarks for Level 1 Study.Sites.....242
Table 97: Projected indOOr WatEr SAVINGS ........uuuuuuiiieiiiiieariiiirireeeieeeeeeeeeeeesemseeeeeeeeeeeeens 245
Table 98: Calculations for Deficit and Excess Irrigation (Outdoor Use) RBMWS #2

Logging and LandSCape Dalal.........cceueeiiiiiiiiiceeeee e e 248
Table 99: Estimated Conservation Potential by Study..Site............cccoeiiiieecvviiviiiieeennn. 249
Table 100: Key for Common Survey Questions table...........cccoooviiiiceciiciiiiii 283
Table 101:Key for REUWS2 All Customer Surveys table...........cccooooviiiieeeiiciieeeeeee. 284
Table 102: Key for Combined Indoor All Studies table..........cccooeiiiiiiceeiiiiiiii e 290
Table 103: Key for REUWS2 Combined Outdoor All Studies table...................oveeee 291

Table 104: Key for REWUS2 Level 1 Survey and Water Use Table.................oooocee. 292






15 RESIDENTIAL END USES OF WATER STUDY UPDATE

LI ST OF FIGURES

Figure 1: Box diagram comparison of REUWS2 to REUWS1 indoor. use.................... XXIX
Figure 2: Indoor household use versus number of residents...........ccccoovvceeeeevvvnninnnnn. XXX
Figure 3: Comparison of indoor end uses for REUWS2 and REUWSL........................ XXXI
Figure 4: Comparison of toilefush distributions between REUWS2 and REUWSL.....xxxii
Figure 5: Toilet heterogeneity diagram.............oouuuuuiimicirieeeiiiiii e XXXili
Figure 6: Distribution of homes falling into leakage rate hins..............ccccccevvccevevvnnnnnns XXXV
Figure 7: Distribution of leakage rates as a percent of the total leakage volume........ XXXV
Figure 8: Comparison of main meter and hot water meter use by end.use................ XXXVI
Figure 9: Lot and 1andSCape arLas. .........ccccuuururiimmmieiiiiiete s eeeeee e e e e e e eas XXXViii
Figure 10: Distribution of application raidor all study homes.............cooovviiiiiiccrieeeeiiiinns x|
Figure 11: Hourly percent of total indoor use represented by end.Lses............ccceeeeeeeees xli
Figure 12: Estimated household use by study site for current use efficient areffidieat use
o7=T Tl o] g F= U SRR xliv
Figure 13: Organization Of STUCY............cuuuuiiiiiiiicre i e s eresris s e e e e e e e e e e eeeeaaeees 71
Figure 14: An example of four toilet flushes, faucet use, and baseline leak identified using the
Trace WiZard PrOQIaml.........uuuuuuiieeeeeeeeeetuiiies s s e e e e eeeaeeeesesameessaaaaeeasaeesesesssssssssmnneeeeseseesnnns 80
Figure 15: Four toilet flushes with two different profiles identified in Trace Wizard......... 81
Figure 16: Typical profile of a tejpadingclothes washer............ccccoooooiiiiiieeeiiiii 82
Figure 17: Typical profile of two higkfficiency clothes washer loads identified in Trace Wizard
......................................................................................................................................... 83
Figure 18: Classic profile of tub/shower combo with HE toilet events and some faucet (&ge
Figure 19: Profile typical of a stall shower with clothes washer, faucet, and toilet event84
Figure 20: Multiple cycles typical of dishwasher usage.............cccccvvimmmnniiniciiiiiiii 85
Figure 21: An example of i@sidential water softener in Trace Wizard.....................vvueeee. 86
Figure 22: Fouwhour period showing a continuous event classified as a.leak.................. 88
Figure 23: Irrigation event With MUILIPIE ZONES..........uuiiiiiiiie e 89
Figure 24: Trace Wizard profile of drip irfigation.............ooooiiiiiimmmn e 89
Figure 25: Climate map of NOMAMEIICAL............uuuuiiieiii e eeeer e 95
Figure 26: The monthly average temperatdf@ formal from NOAA............c.ccoveeveenrcnee, 96
Figure 27: Total billed consumption (in millions of gallons) for participating agencies, 2010 data.
.......................................................................................................................................... 99
Figure 28: Billed consumption by sector as percentage of.tatal................ccoceeeeeeeee. 101
Figure 29:Total amount billed for water and wastewater at 5 kgal and 25 kgal of.use..108

Figure 30: Average prices for water and wastewater at 5 and 25 kgal of use ($/kgal)..108
Figure 31: Fixed fees charged Dby agenCieS........ccuvviiiiiiiiieeciiie e 111
Figure 32: Increment in avage prices between top and 5 kgal prices ($/kgal)............... 111
Figure 33: Summer and winter marginal prices for water ($/kgal)...........ccccceveeviccnrnnee. 113
Figure 34: Sites reporting pools and hot tUDS...........cooiiiiiiiceei 133
Figure 35: Energy sources for hot water heating, all Level 1 and North American SurvEyssites
Figure 36: Education levels of househQlds............cooouiiiiicceiii e 137
Figure 37: IncCOM@listributions, DY SIte.........ccuuiiiiiiiii e 138
Figure 38: Survey respondents who irrigate at all Level 1 and North American Surveylsites
Figure 39: Types of landscape plantings reportedly present at all Level 1 and North American
SUINVBY SIS . ittt e e e et ettt e e et et et e e e et eta e e e e e e e e et ta e e e e e ee s bmmmeesea e eeeeentaaaaeaaeee 142
Figure 40: Irrigation methods reported from all Level 1 and North American Survey. sitb42

XV



xvi | RESIDENTIAL END USES OF WATER STUDY UPDATE

Figure 41: Respondentso6 opinions on whlé4 her t
Figure 42: U.S. Drought Monitor map for March, 2012, during the middle of the survey process
........................................................................................................................................ 145
Figure 43: Conservation and water rates as conservation.tool...............ccccecccvvvvvevinnnnnns 146
Figure 44: Responses to information about Water.USe.............ccooieemre e 146
Figure 45: Seasonal/NeBeasonal water use by agencies (kgal)...........ccoevvvvvviveeeeennn.n. 151
Figure 46: Annual per capita Water USE..........ooouiiiiiiiiieee e eee e 153
Figure 47: Non seasonal EAPIta WALET USE...........uuuuuruiieiisieemrrininiisnsseeeeeeeeassaneesaaaeeeens 153
Figure 48: Box diagram comparison of REUWS2 to REUWSL1 indoor.use.................... 155
Figure 49: Distribution of indoor water use by percent of homes.............ccooeivieeeeeen 156
Figure 50: Distribution of indoor water use as percent of total indoor use volume........ 156
Figure 51: Distibution of iNdOOr per Capita USE............cevveviivviiimmmreeeeeeeieiiisee e emeneees 158
Figure 52: Indoor household use versus number of residents..........ccccoviieecinn. 159
Figure 53: Per capita indoor use versus number of residents.............cccovveeeeeeieieeeee 159
Figure 54: Pie chart of end uses from REUWS2............coooiiiiiiiicce e 160
Figure 55: Comparison of indoor end uses for RER2 and REUWSL.................coooee. 161
Figure 56: Per Capita end uses comparison between REUWS1 and REUWS2........... 161
Figure 57: Histogram of average toilet flush volumes.............cccccrveeei 163
Figure 58: Comparison of toilet flush distributions between REUWS2 and REUW.S1..164
Figure 59: Toilet het®geneity diagram...............uueiiiiiiiieceeirre e ereei e e e e 165
Figure 60: Histogram of shower flow rates............cooooiiiiiiiiccce e 167
Figure 61: Histogram of Shower VOIUMES............c.oooiiiiiieeen e 167
Figure 62: Histogram of shower duratiQnS............ccooiiiiiiiieeciiiiieee e 168
Figure 63: Histogram of average daily fauCet.uSe..........ccceeviiiiiicceciiiiiiiii e, 169
Figure 64: Distribution of homes falling into leakage ratesbin................ocoooiiicee s 175
Figure 65: Distribution of leakage rates as a percent of the total leakage volume......... 175
Figure 66: Total leak volume verses number of leaks events recorded....................... 176
Figure 67: Twehour view of 12S356. Leaks are blue, faucets are yellow, toilets are green, and
5] 101 €SI U= = 179
Figure 68: Twehour view of 125862. Leaks are blue, faucets are yellow, toilets are green, and
] 101 €SI U= = 179
Figure 69: Twehour view of 12S5756. Leaks are blue, faucets are yellow, toilets are green, and
RS 101 €SI U= = R 180
Figure 70: Twehour view of 12S5465. Leaks are blue, faucets are yellow, toilets are green, and
Clothes Washers are teal...........oooe oo ieeee e 181
Figure 71: Example of a home with a jammed flapper in alaar view. Leaks are blue, and
(][] SR= T LI | =T=T o S TTTPOPPPPP 181
Figure 72: Twehourview of leakage from an average leak home...............cccccovveeeee 182
Figure 74: Percent of homes meeting efficiency criteria for clothes washers, shod¢odets
........................................................................................................................................ 183
Figure 75: Comparison of main meter and hot water meter use by end.use................. 184
Figure 76: Average daily hot water use versus logging manth..............ccccevveeeeiiiieeeenns 186
Figure 77: Average number of hot water uses per day by fixtures.............ccccccoeeeeennnn 187
Figure 78: Distribution ofdt sizes in the study group............ccoooviiiiiiiiceeiie e, 191
Figure 79: Lot and 1andSCape arBas.........couueieeiiiiiicccee e 192

Figure 80: Landscape area versus lot size for entire study group (N=838).................... 193



TABLE OF Contents | xvii

Figure 81: Landscape area versus lot size with outliers removed (N=818).................... 193

Figure 82: Average application rates for Study SILES.........cvviiiiiiiicceeriiiei e 195

Figure 83: Actual versus theetical irrigation appliCationS............ccoovveiiiiiiiccceeiieeeeee 197

Figure 84: Distribution of application ratios for all study homes................coovvvieeeeeennne.. 198

Figure 85: Distribution Of @XCeSS IMgatiOn. ..........coeeiiiiiiiiiicce e 200

Figure 86: Distribution of net irrigation appliCations..............covvvvviiiieemeeeeeeeeeeeie 200

Figure 87: Hourly percent of total indoor uspresented by end USesS.............ccvvvviviieennns 202

Figure 88: Percent of end use occurring during each hour of day............ccccovvveeeeeeeen. 203

Figure 89: Relationship between increment in water use versus increment in number of residents
........................................................................................................................................ 210
Figure 90: Esti mat ed c h adngan additiond persahdoam 6 wat er
eXIStiNG NOUSENOI. ... e 210

Figure 91: Average Percentage of Annual Water Sales by Major Sectors 2818t1dy Sites
........................................................................................................................................ 227

Figure 94: Effects of Climate (ET Precipitation) on Annual Singtamily Water Use per
ACCOUNT IN 25 STUAY SIEES.. ...ttt ceeei bbbt e e e eeer e e e e e e e e e e e e e e s s s ammme e e e e as 230
Figure 95: Effects of Climate (ET Precipitation) on Average Seasonal SiAgmily Water
Use per ACCOUNE IN 22 STUAY SILES.....cooiiiiiiiieiieie e e 231
Figure 96: Estimated Neseasonal Singleamily Water Use for Level 1 & 2 Study Sites.232
Figure 97: Exiting and Benchmark Quantities of Water End Uses and Total Indoar. U0
Figure 98: Comparison of Currents Use and Conservation Benchmarks for 9 Study. S2d$
Figure 99: Estimated indoor water savings at two levels of efficiency............cccvvvvieennes 246


file:///E:/Local/Home/Bill/+REUWS2%20Working%20Files/REUWS2%20Project%20Report%2020131117.docx%23_Toc373924271
file:///E:/Local/Home/Bill/+REUWS2%20Working%20Files/REUWS2%20Project%20Report%2020131117.docx%23_Toc373924271

xviii | RESIDENTIAL END USES OF WATER STUDY UPDATE

CONVERSION FACTORS

GAL CF CCF KGAL AF MG MA3 L

GAL 1 0.1337 1.337x10° 1.0x10°  3.069x10° 1.0x10° 0.0038 3.785

CF 7.48 1 0.01 7.48x10°  2.296x10°  7.48x10°  0.0283 28.31
CCF 748 100 1 0.748 2.296x10-° 7.48x10° 2.83 2831
KGAL 1000 133.7  1.337 1 3.069x10° 1.00x10-3 3.785 3785

AF 325,851 43,563 435.6 325.852 1 0.326 1233.5 1.232x0°
MG 1x10° 1337 1337 1000 3.069 1 3785.44  3.785x10°
MA3  264.17 3532  0.3532 0.26417  8.107x10* 2.64x10° 1 1000

L 0.264 .035  .00035 000264  8.107x10" 2.64x10" .001 1

Note: multiplynumber of units in column 1 by the number in the body of the table to convert to
units shown in row 1, for example: 10 MG x 3.069 = 30.69 AF.
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FOREWORD

The Water Research Foundation (Foundatisnd nonprofit corporation dedicated to the
development andmplementation ofscientifically soundresearchdesignedto help drinking
water utilities respond to regulatory requirements asmbresshigh-priority concerns. The
F o u n d areseanch agenda is developed through a process of consulté@tioRowndation
subscribers and other drinking water professionflse Foundati onds Board
other professional volunteers help prioritize and select research projects for funding based upon
current and future industry needs, applicabilityd gpast work. The Foundation sponsors
research projects through the Focus Area, Emerging Opportunities, and Tailored Collaboration
programs, as well as various joint research efforts with organizations such as the U.S.
Environmental Protection Agency anath.S. Bureau of Reclamation.

This publication is a result of a research project fully funded or funded in part by
Foundation subscriberfheFoundati onds subscr i pteffectime apdr ogr an
collaborative method for funding research in theblic interest. The research investment that
underpins this report will intrinsically increase in value as the findings are applied in
communities throughout the world. Foundation research projects are managed closely from their
inception to the final y@ort by the staff and a large cadre of volunteers who willingly contribute
their time and expertiseThe Foundation provides planning, managememd technical
oversight and awards contracts to other institutions such as water utilities, universities, and
engineering firms to conduct the research.

A broad spectrum of water supply issues is addressed by the Foundation's research
agenda, includingesources, treatment and operations, distribution and storage, water quality and
analysis, toxicology, economics, and manageme&he ultimate purpose of the coordinated
effort is to assist water suppliers to provide a reliable supply of safe and afeofaiking
water to consumers. The true benefits of the
are implemented at the utility level. The Foundation's staff and Board of Trustees are pleased to
offer this publication as a contribution towaratlend.

Roy L. Wolfe, Ph.D. Robert C. Renner, P.E.
Chair, Board of Trustees Executive Director
Water Research Foundation Water Research Foundation
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EXECUTIVE SUMMARY

As oneinvestigatesesidential water usesingincreasingly detailed data sets one obtains
information on the patterns of use that are correspondingly more detalne basic
information @n be obtained from annual datapre can be learned from seasonal and- non
seasonatlata, and so on. Each more detailed data set contains less noise and more information.
Ultimately, the mostdetailed information can be obtained when household water use is
disaggregated down to the end use level. This altbekeytypes of water usdo be studied
individually, and limits the degree to which noisy data in one type of use interferes with the
analysis of use in anothetdaving more detailed data also increases the number and types of
metrics that can be used to assess the patternsffarieney of water use. This is what the
REUWS?2 attempts to provide for water researchers in the United States, Canada, and around the
world based on extensive new data collected between 2011 and 2013 and compiled data from
historical studies dating bat# the original REUWS1 from 1999.

OBJECTIVES

There were several objectives of this study. They all related to obtaining updated
information on single family residential water use at a very detailed level. The overall objective
was to understand how mualater single family households currently use for the major end uses
of water, and what factors affect, and predict these uses. Data were to be collected from
customer billing databases, individual surveys of customers and utilities, census and economic
surces and flow trace data obtained from the
into end uses. In addition to data from the main water meters a group of 110 homes was
equipped with separate meters on the feed lines to their water heatersallaws parallel
analyses of hot water use to be performed in those houses. Outdoor use of water was to be
analyzed on an annual basis in order to understand both the volumes of water that customers
were using for landscapesesand the ratio of the appll water to the theoretical irrigation
requirements based on the landscape type and the local evapotranspiration (ET). Finally, the
data were to be organized into databases from this statistical analyses could be created and
econometric models of wateraugleveloped in order to identify the factors that affected indoor
and outdoor water use in the group.

BACKGROUND

In most large municipal water systems residential water usesmaakihie majority of all
waterdeliveries If only billing data are availaelit is difficult to determine how much water the
customers are using for uses such aettdlushing, clothes washingaucet use, showering,
irrigation etc. It is also difficult to determine how much water is being lost in the homes due to
leakage. Having only aggregated data makes it difficult to determine how efficient the current
water use is and how much potential savings are available from demand management and water
conservation programs. As mentioned above, obtaining highly detailed inforroati@mdom
sanples of customers, including H&cond interval flow traces, allows the water use in the
homes to be disaggregated into individual water use events, each of which can be classified as to
its fixture type, start time and date, duration, volupeak flow and mode flow. Having data at
this level of detail, in combination with survey and other information on the homes allows the
water useto be measured in many more ways tltam be done from just billing data. For

XXili
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example, from monthly billig data it is possible to estimate regasonal water use, which can
serve as a proxy for indoor yseven though neseasonal use frequently includes irrigation
occurring during the wintgperiod Nonetheless, nerseasonal use can use used as a metric to
evaluate indoor use, and even compare it to benchmarks of efficient indoor homes.
Disaggregatingenduse dataallows oneto examine the full range of water use patterns tand
determine during the logging periodactual indoor use, excluding any irrigah events
measurements of gallons of water used per day for each end use (including leakagenaed

of efficiency data such agallons per flush for toilets, gallons per load of clothes washers, flow
rates for showers and fauceaid daily leakageates.

The data collected as part of this study included information on hot water use in 110
homes. This alloed the types of uses that are responsible for the bulk of hot water use to be
identified and the quantities of hot water used for each type of fixture and appliance. This
includes how many gallons per day are used for hot water bysushsashowers, baty dish
washers and faucets. Since temperature of the inflow water and hot water from the tanks was
measured it alloed the total energy use for water heating to be calculated. At the event level
the data allowd the volumes, durations and flow rateseafch hot water draw to be used to
simulate the operation of hot water systems, and this was done by the Tacoma Power utility,
which used their data to analyze tiperation of heat pump water heaters.

Outdoor water use is much moreiadte than indoor usdut is still related to a series of
measurable parameters such as irrigated area, plant type, local weather, income and what type of
irrigation system is present. In addition, there are local cultural norms that iflwveether or
not people are inalied to irrigate their yards, or to ammmodateto available rainfall.
Investigating these relationships was part of the study as well.

Since the REUWS study in 1999 there have been a series of studies done on single
family homes covering a wide range géography, climate, fixture types and economics.
Assembling the data from these studies to allow for a comparison in water use over time was
something that the data made possible. As efficiency standards for items like toilets, faucets,
showers and clodgs washers have increased over time indoor residential demands have
decreased

APPROACH

The report contains a chapter devoted to explaining the research methods inTdetail.
chapter starts with a description of the overall study organization andiéiseribes how each
major task was accomplished, from obtaining information from the agencies, implementing the
survey, collecting and analyzing the data, and presentation of results.

The research approach was centered on the concept of selection oh reendples of
single family customersand then obtaining highly detailed information on their water use,
demographics, the physical nature of their houses and landscapks. water use information
(down to the endise level) was then assembled into dases from which descriptive statistics
could be prepared, metrics examined against benchmarks and models created to identify what
factors were most influential in explaining water use.

Each participating water agency provided the research team with atfomon their
customer base. Billed consumption reports were provided which showed the number and
categories of accounts in the system and their water use oveltiajearperiod. The agencies
also provided information on their water conservation @ogrdrought and conservation plans,
budgets, staffing levels, and water and wastewater rates.
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Random samples of 1000 single family customers were then selected from the billing
databases for each agency. The monthly billing data for each of thesebwlaseth and the
sample was checked to verify that its water use was similar to the popditatiomhich it was
drawn. This sample, called thedg@was used to send surveys and ultimately to select the homes
for data logging in the level 1 sites. Thede2 agencies did not participate in the data logging,
but only in the customer surveys.

After the Qoo Samples were selected surveys were mailed to 1000 homes in each of the
level 1 sites (a total 69000 surveys) anth 5000 homes from the combinedog samples from
the level 2sites. A total of 14000 surveywvere mailed oun order to obtainnformation on a
wide range otopics as described in the chapter on survey results. The results from the surveys
served as inputs favater use analysesd as part of the survey response tables.

After the returned surveys were tabulated samples of approximately 100 homes were
selected from each of the level 1 sites for data logging, and 10 homes were selected to also
receive a hot water meter (Tacoma axged their hot water sample to 37 homes so that they
could do the heat pump simulatipn

Aerial photos were used to analyze the landscapes on each of the homes selected for
logging. This supplied estimates of landscape area, which was combined withdada¢r and
ET data to generate estimates of the annual irrigation requirement for the landscapes. (Pools
were included as parts of the landscape.)

Visits to the sites for data logging took place fromrkaby 2012 through January 2013,
and analysis of the trace files was completed by March of 2013. Summaries of indoor and
landscape water use were prepared and put into tabular form for analysis in conjunction with the
survey and other data collected foe homes.

Descriptive statistics on the results were prepared and mathematical (regression) models
were created to search for factors that affect residential water use. The data from the combined
studies were used to explore metrics to better descriter wse and benchmarks for comparing
residential water use to accepted efficiency standards.

The report describes the conservation staffing and practices reported by the agencies.
The largest staff was in San Antonio, wih full time equivalents

LITERA TURE REVIEW

The report contains an extensive literature review that covers the period from the 1984
HUD study to the current study. The literature review explains how the industry was calling for
better information on the end uses of water for purposedivasse as water conservation
planning, integrated resource planning, sizing home water treatment systems and correctly sizing
service lines and meters.

The first enduse studies approached the problem by attempting to install individual sub
meters andlata loggers on all of the water supply lines in the home and wiring these to a central
data storage unit. This was an accurate approach, when all of the equipment was working
properly, but it was intrusive, expensive and difficult to implement. In 1884tudy done by
Aquacraft in Boulder, CO showed that a very good estimate of end uses could be obtained using
a single high resolution data logger attached to the main water meter of the customer meter.
This led to the first Residential End Uses of @abtudy (REUWSL1) that was published by the
Water Research Foundation in 1999.

The literature traces the many subsequent studies that have been done in North America,
around the world on single family, individually metered mfadtily homes. One of the ost
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interesting aspects of some of the recent studies outlined in the literature review is that many of
them include data collection on high efficiency homes, which were either designed and built for
water efficiency or were standard homes that were retwoth high efficiency fixtures and
appliances. This has allowed results from the various studies to be used to generate benchmarks
of residential water use efficiency, which is a topic discussed in its own chapter.

RESULTS

The most useful results frothe project were generated from the surveys, billing data,
flow trace data, and the various statistical analyses and models that were derived from them. We
have summarized some of the more salient and interesting results here.

Results from Surveys

Approximately 14,000 surveys were mailed out to customers as part of this study, and
each of the26 participating water agencies was also sueddpr information relevant to their
operations.

The surveys sent to the agencies providedariety ofinformation They included
guestionon thenumbers and types of customers and the billed consumption to Eaei also
included information on the types of conservation practices in place and if any water use
restrictions were in placguring the logging period duilling year.

The surveys showed that the study group included a wide range of systenirkees.
average number of single family customers served by both the Level 1 and Level 2 sites was
141,628, and this ranged from a low of 11,802 in Mountain V{&®v,to a high of 392,639, in
Philadelphia, PA.

Information on rainfall and ET were collected as part of this, takkough most of this
came from NOAA or other source®ainfall ranged from a low of 10.8 inches in Scottsdale, AZ
to a high of 52.0 inchesniToho, FL. During the billing year of 2010 that was used for the
billing and outdoor usanalysis two out of the nine Level 1 sites (Toho and Clayton County)
were on mandatory water use restrictions. San Antonio, TX was on drought restrictions in 2010,
but data for 2008 were used so that the drought impact could be avoided. Thus the majority of
the study sites were not impacted by drought during the study year.

The vast majority of the study sites relied on surfaceemas their predominant supply,
buttwo agencies, Miami and Tohlisted only groundwater as their main supplywo agencies,

Austin and Santa Barbara reported using desalinated water as part of their supply and several
also included reclaimed wastewater and-potable raw water or rainwat harvesting in their
supply systems.

Prices for water and water rates were important components ofdheometric
modelling effort The agency surveys provided information on these topics. The inclining block
structure was the most common rate strreetreported. The report goes into great detail in
describing the rate structures in the agencies. Average rates and marginal rates are reported for
each. In addition the effects of fixed charges for water were shown to create a negative impact
on the ost of larger volumes of water, so that agencies with large fixed charged had lower
average costs for water in their top tier than in the 5 kgal tier, even if they had nominal
increasing block ratesThe top marginal rate in the study group was $17.8kimta Fe NM, and
the lowest marginal rate was $2.01 in Chicago. The average marginal rate was $6.16.

There were a wide range of staffing and budgets for the conservation programs in the
group. Theaverage number of staff members was 6;l#ngest staffsvere in in San Antonio
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and Austin, TX, with 21 full time equivalestfollowed closely by Denver, CO with 20. The
staff numbers varied down to less than 1 fRudgetlevels were just as varied. Theerage
budget was just over $3 million; tHargestbudget was over $11 million in Denver, and the
smallest budget was $0 in Chicago.

The report summarizes the types of indoor and outdoor conservation practices in place in
the Level &2 sites. The types of indoor conservation measures in use by the stody aye
summarized inTable 23. The most common programs involve replacement of fixtures and
appliances and the methods by which this is done range from rebaiéésewvice replaements
by the agencies. The only appliance that has not been included for replacements or rebates is the
dishwasher, for which only a single agency offers rebates, and one other agency includes as part
of its education program.

Table 24 summarizes the outdoor conservation programs being offered by the study
group. These include smart irrigation controllers, restricted watering days, water efficient
landscape programs, audits, water budgets and education programs.

Table 25 in the report summarizes the types of information that the agencies provide to
their custorers to assist with management of irrigation water use. A total of 10 (38%) of the
agencies use or provide ET information. Eighteen of the agencies (63%) allow their customers to
read their water meters directly in order to track their water use, but2oatyencies (8%)
provide any type of device capable of providing direct meter readings in the home on a real time
basis.

Virtually all of the agencies have water loss control programs and most of them follow
the AWWA Manual 36 audit procedures in preparamgnual accounting. All but enof the
agencies have an active leak detection program, and all of them have active meter testing
programs. All of this is outlined ihable28 of the report

The cusbmer survey contained a total of 47 main questionsstMf these included sub
guestons so the total number of total responses in the survey is much larger than this. Eighteen
of the questions reladego hardware found inhe homes, 9 relateto demographic information,

13 dea with behavioral issues, ®ere geographic, 3 ask for judgments from the customers
and 2 askd about alternative water supplies that might be present in the home. Thesesspon
from the customesurvey have beesummarized imable30throughTable41 of the report

Someof the interesting results from the survey included the fact that 16% of homes do
not have a dishwasher, and 67% of them report having a high efficiency clothes washer. It was
somewhat surprising that an average of 13% of the homes had a recirculatirsgeiatystem to
reduce the wait times for hot water, and in one site, Scottsdale, AZ 30% of the homes had these
devices installed.

In most sites less than 10% of the homes had swimming pools, but in three sites:
Scottsdale, Toho and Waterloo pools were present in 18% or more of the homes. Scottsdale, as
one would expect, had over 55% of the homes with a pool Fi§aee34 for this breakdown.

Table 36 summarizes information on evaporative coolers, humidifeard whole house
water treatment (usually water softeners). Overall, only 6% of the homes had evaporative
coolers (Denver was the largest with 23%), 19% of the homes had whole house humidifiers,
with Peel on top with 57%, and 13% of the homes had vgatéeners, for which Waterloo had
the highest percent at 51%.

Around 60% of the homes reported little or no wait for hot water, and 40% reported a
Apretty |l ongo to fivery |l ongo wait. Nearly 7'
used electricity The rest either did not know or used solar or propane.
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The average number of persons per household in the study group was 2.59, and this
varied from a low of 2.21 in Scottsdale to a high of 3.43 in Peel.

The site with the highest amount of educatiaas Fort Collins, CO, where over 45% of
the households had a graduate or professional degree. Overall around 30% of households in the
group reported advanced degrees. Clayton County, GA had the fewest advanced degree holders
with less than 15% of homesporting positive for this.

The median reported income for the group was around $50,000. The site with the highest
reported income was Scottsdale, AZ, where approximately 18% of the respondents reported
incomes of more than $200,000, and the site witHawest income was Toho, FL, where none
of the respondents reported incomes in this bracket. The breakdown of respondents falling into
each of the income brackets is showikigure37.

The survey asked sever al guestions to elu
patterns. These questions covered a rapigevater use habits. Perhageme of the most
interesting questions related to water conservation. Onstigueasked if the household had
taken any action to conserve water in the last few years. A clear majority (73%) said they had.
These results are shownTiable39. If survey respondents reported conserving, they were asked
what actions they had takernlable 40 detailssome of these responses. Stwdgie, themost
common(72%) action was to avoid irrigating during the heat of the day. Over half (52%) of
people reported taking short showers.

Judgment questions on the survey requested i
conservation, and drough¥hen asked whether their community was experiencing drought,
respondents add choose among five responses ranging from no drought to severe drought.

Responses to this question were fairly evenly splihany sites and for all combined
answers Figure 41). However, a majority of Tacoma, WA respondents said their community
was not experiencing drought. Peel, ONandayt on Count y mostgémmone s pond
answer was that there was no dr ouwththeUiSn t hei

Drought Monitor Figure42) . Ot her caeptiomwihdroughtersddheimpaetwal level
of drought level, based on the North American and U. S. Drought Monitors, are shdafolén
42,

Overall, 70%o0f the survey respondents reported that they irrigate their landscape. This
percentage was the highest in drier, western site such as Denver, Scottsdale and Fort Collins.
The percentage of irrigators was lowest in the more humid area in the eastsd0ktytan
County, however, Clayton was the only site in which the irrigation rate was less than 50%; in the
other eastern cities the percentage of irrigators was consistently over 50%.

In-ground irrigation systems were present in just over half (53%) lofswavey
respondent s 6lable 4l The respandents were asked, if they had agronnd
system, about some of the features of those sysfEatde 41 shows some of the responses.

Most inground systems included an automatic timer / controller. Webtlzes e d ( i Smar t
controllers were still relatively uncommon.
Results fromBilling Analysis

The primary information obtained from the billitata were the annual, seasonal and
nonseasonal water use for the customers. The annual use was just the sum of the total volume
of billed deliveries to the customer during the billing year. In order to be consistent all of the
data were converted to i of thousands of gallons (kgal). The reeasonal use&as generally
calculated as the average use during the winter quarter (Dec, Jan, Feb), and then prorated to the
year. The seasonal use was the difference between the annual use anesdasonalise.
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There was a considerable variability in these uses, but-smoirethe seasonal use than in
the nonseasonal use. As shownTiale 45, the annual water useeraged 88 kgal, and ranged
from a low of 44 kgal to a high of 175 kgal. The seasonal use averaged 30 kgal and ranged from
4 to 83 kgal per year. Neseasonal use averaged 58 kd&9 gpd)and ranged from 34 to 129
kgal. Scottsdale, AZ was the highestnyseasonal use, but this was due to the fact that the
community is so heavily occupied during the winter months, and relatively deserted during the
summer. Norseasonal use can be misleading in areas with this type of occupancy pattern. It
can also tendo overestimate indoor use when used in areas, like Scottsdale, with significant
Awi nt er 0 Perrcapitagqhaseasanal use averaged 70 gpcd and ranged from 43 to 164
gpcd, with Scottsdalagainbeing the outlier.

Results form End Use Analysis

The results from the end use analysis provide a much more accurate and detailed picture
of the water use than do the billing data. Where-smasonal use includes winter irrigation,
indoor use from the flow trace analysis includes only actual indoor pkesl¢akage). As one
would expect, indoor use from the logging samples was lower thaseamonal uselndoor use
averaged 138 gpd, where nseasonal use was 159 gpd. Indoor use in the REUWS2 was also
significantly lower compared to the REUWSL1 studyp demonstrate this we have copkdure
48in the body of the report &8gurel for the summary.
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Figure 1: Box diagram comparison of REUWS2 to REUWS1 indoor use

Per capita use was also lower in the REUWS2 study. Where per capita use was over 70
gpcd in REUWSL it was closer to 52 gpcd in REUWS2. The relationship between per capita use
and the number of residents in the home was found to decrease, as it didWSREtijure53



xxx | RESIDENTIAL END USES OF WATER STUDY UPDATE

in the report shows that with one person in the home the per capita use was 78 gpcd, but with 6
persons present per capita use dropped to 38 gphd.corollary to this is that household use

does not increase linearly with the number of residents present. This is such an important
concept that it is worth reproducikggure52 below.

700

600

y = 67.251%6541
500 R2=0.2889

400

300

Indoor Use (gpd)

200

0 2 4 6 8 10 12
Number of Residents

Figure 2: Indoor household use versus number of residents

The datafor individual end uses of water, shownHigure 3 is also worth reproducing
since it shows that for the eight endes of water identified for indoor usé® only two that
have shown an unqualified reduction in @wse clothes washers andiléts. The reduction in
shower use is on the borderlineWhile the average use fone other categorigsas dropped,
which is suggestive of a change, the meansalireithin the 95% confidence interval of each
other, so while the means may have droppéxidrop cannot be said to be significant at the 95%
confidence level.This is not an unexpected result since clothes washer, toilets and showers are
the three uses that have been the object of the most concerted efforts at conservation, and they
are usgs that are most amenable to mechanical fixes. Uses that are volume driven, like many
faucet uses or behavioral appear harder to modify through device design. Leakage events fall
into a special category, and have been analyzed as though they wereewelasy but in fact
they result from a combination of indoor and outdoor malfunctions from devices like toilets,
faucets, hose bibs, pools. In thinking about residential water use leaks deserve special attention
since they are 0Ausase eal mehefit wanyeaiser, éxtept perhgps toehe a t
degree that recharge groundwater or add to base flows in wastewater systems.

The report includes data on per capita uses as wiith paralleled the household uses
Since the number of residents the homes was very similar between the REUWS1 and
REUWS2 the changes in water use that occurred in REUWS2 were not the result of differing
numbers of pers@per household.
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Figure 3: Comparison of indoor end uses for REUWS2 anREUWS1

There are sections in the body of the report that describe the use statistics of each of the
categories of indoor use. There are tables that show frequencies of use, volumes per use, flow
rates and other statistics. An example of a table fottsddeshown inTablel. This table shows
that while the parameters such as persons per house and flushes per person per day have
remained stable, the volume of watesed for toilet flushing in the homes has decreased by
approximately 12 gallons per household per day, and the average flush volume has decreased by
approximately 1 gallon per flush, which represents a 27% reduction.

Table 1: Summary statistics for toilet use

REUWS2 REUWS1
Number of houses logged 762 1187
Total number of flushes 124,611flushes 348,345 flushes

recorded

Total number of days logged 9659 days

Average number of residents 2.6

per home

Total volume ofwater devoted 318,049 gal

to toilet flushes during the

logging study

Average flushes/household per 13 flushes/household/day
day

Average flushes per person per 5.0

28013
2.7

1,266,655 gal

12.4 flushes/household/day

4.6
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REUWS2 REUWS1
day
Average flush volume 2.6 + .01 gal 3.65% .06 gal
Average daily use for toilet 33.1+2gpd 45.2 gpd
flushing
Median daily use for toilet 29 gpd 43 gpd
flushing
% of Flushes < 2.2 gal 51% 16%

One of the more interesting figures in the report is the comparison of the distribution of

the individual toilet flushes recorded during the logging periods for the REUWS1 and REUWS2
studies. This has been copiedHFigure 4. This figure clearly shows the dramatic change in
toilet flush volumes that have occurred in random populations of homes between the two studies.
In the REUWS1 data there was a hint of a pealush volumes under 2 gallons, but in the
REUWS2 study this peak now predominates to the degree that there is no longer a clear peak in
volumes above the 2 gallons volume.

Frequencies

Comparison of Toilet Flush Histograms
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Figure 4: Comparison of toilet flush distributions between REUWS2 and REUWS1

Another interesting and useful set of data are shown for toilets in the report that shows

how the percentages of low volume toilet flushes varies across the study group. This is shown
below in Figure5. When the percentage of toilet flushes that are 2.2 gallons or less in each
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home are determined, the data show that as of the date of the REUWS2 there were clustered at
the extremes, with roughly 27% of the homes having few flushes less than 2.2 gpf, and 33% of
the homes having most of their flushes using less than 2.2 gpf, ancertimining homes
somewhere in the middle, with a mixture of flush volumes.
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Figure 5: Toilet heterogeneity diagram

The information on showers for the study showed a remarkable degree of similarity to the
data from the REUWSL1 study. The average number of showers per person per day was 0.69 in
this study, compared to 0.66 in the previous one. The average shower vwdsmé.8 gallons
in this study, compared to 16.7 in the previous one. The duration of showers in both studies was
the same, at 7.8 minutes per shower. The average flow rates for showers was 2.1 gpm in this
study, compared to 2.2 in the first. The averdgidy use for showering dropped slightly from
31 to 28 gphd. Altogether, the results on shower use do not suggest that a major change in water
use for showering has occurred since 1999. The statistics on showers use is Sraieb

Faucet use is also similar between the two studies. The average daily use for faucets was
26.3 gpd for this study and 27 gpd for REUWS1. The median daily uses were 22.5 and 23 gphd
respectively. The vast majority of faucet events were short duration and low volume. 99.9% of
all faucet events used less than 10 gallons of water, and the average use in this bin was 0.5
gallons per event. The average duration for faucet events wasc®dds, and the median
duration was 20 seconds. The flow rates for faucet use were low, with 95% of all faucet uses
flowing at 1.4 gpm or lessThe faucet use was compared between homes with dishwashers and
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homes without. In previous studies homeshwdishwashers had lower faucet use than homes
without them, but in this study the faucet use was identical in homes with and without
dishwashers.

Clothes washers were the other category of use that showed an unambiguous reduction in
water use. While thevarage number of loads of clothes per day stayed the, shenaverage
gallons per load dropped by 25% from 41 to 31 gallons per load. The average daily use for
clothes washing dropped by 16.6 gphd, from 39.3 to 22.7 gphd, a reduction of over 42%, which
is really remarkableTable57 gives the statistics for clothes washers.

Bath tubs and dishwashers are minor players in residential water use. Together they
account ér less than 6 gphd. As mentioned above, dish washers were not associated with lower
faucet use in this this study, which is disappointing, since one would expect an appliance that
washes dishes with so little water to save faucet use that is used foalwashing.

Out of the 762 homes in the indoor logging group 662 registered some leakage. It is
somewhat surprising that there were 100 homes in the group that did not register any leaks, given
how easy it is for a small leak to appear in a trace. Houghszero leakage have very tight
plumbing systems.

Leakage is a heavily skewed type of category. The average leakage for the group was 17
gallons per household per day, but the median rate was only 4.3 gphd. This means that half of
the homes had leaka@f 4.3 gpd or less and a few homes had very high leakage rates that raised
the average for the grougrigure6 presents the distribution of household leakage, hvkimws
that two thirds of the homes in the study group had 10 gpd or less of leakage recorded during the
logging period.Ninety percent of the homes had leakage rates of 50 gpd or less.

The homes at the bottom end of the leakage distribuiap make upghe bulk of the
homes, but they do not contribute the majority of the leakage. The two thirds of the homes
below 10 gpd of leakage account for only 17% of the total volume of leakage recorded in the
study group. This is shown iRigure7. In this figure the impact of the homes with larger
leakage rates is very clear in terms of the percentage of the total leakage volume they represent.
Based on their numbers, shown kigure 6 they appear insignificant, but in terms of their
volume they are important. The top 1/3 of the leaking homes accounted for 83% of the leakage
volume, and the top 10% of the leaking homes accounted for 53% of the leakage vohime.
means that the overall leakage could be cut in half if the leaks in one out of ten homes could be
eliminated. That alone, would reduce household use by 8 gphd, which would be a 6% reduction
in overall indoor water use for the group.
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Hot Water Use

During the logging periods the houses used an averb88 gpd of water for indoor
uses, and 46 gpf of this, 33%, was for hot wakegure 8 shows how the hot water use was
divided among the end uses. The two largedegories of hot water use were showers and
faucets.
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Figure 8:'Comparison of main meter and hot water meter use by end use

The temperatures of the hot and cold water were measured during the home visit making
it possible to derive estimates of the energy required for water heating. This information is
presented imable65. The average monthly energy requirement for water heating in the homes
was 753,000 BTU and this ranged from a low of 322,000 in Scottsdale to a high of 1.1 million
BTU in Tacoma.

Frequency tables were prepared for hot water draws for showers and faucets and are
presented infable 66 and Table 67. These tables show the number of percentage of events
falling within duration bins from 20 seconds up to 1500 seconds.

Hot water use was found to vary with the month of the year in which logging occurred.
The peakperiod for hot water use was November through February. There was a distinct drop
off in how water use from March through October. The monthly use data are shévwguria
75.

Outdoor Use

Outdoor use was analyzed for each home on an annual basis by taking the difference
between annual use and indoor use as the annual outdoor use. By outdoor use is meant water
used for automatic irrigation and large uses for thirgsrhajor pool filling and hose irrigation.
Smaller faucet uses that may be for outdoor purposes such as car washing, or topping off of
pools, would be included in the faucet category as indoor uses. In general, the outdoor use
category is primarily forrrigation.

The actual irrigation use was compared to the estimated theoretical irrigation requirement
(TIR) determined for each lot based on the irrigated area, plant types and local ETo for each.
Allowances were made for reasonable irrigation efficiehtiased on welnaintained systems
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so that the theoretical irrigation requirement could be used as a benchmark for the expected
maximum irrigation use needed to satisfy the full plant water requirements. There is no norm
that requires any property ownery apply the full irrigation requirement, and many residents
made no attempt to irrigate to this level. The norm, however, assumes that if a resident elects to
irrigate no more than the theoretical requirement should be applied to the landscape. @pplicati

of more than this amount constitutes excess irrigation. The savings from irrigation management
would come from reducing excess irrigation while leaving the deficit irrigation alone.

The water requirements were also determined for landscapes composgely abol
season turf, which was referred to as the reference requirement. This parameter showed the
amount of water needed to satisfy ET for a 100% lawn landscape. By taking the ratio of the
actual irrigation requirement (based on the actual landst¢apie reference requirement the
landscape water requirements could be classified according to the percentage of the reference ET
(ETy) they required. This was referred to as the Landscape Ratio. Overall, the average
landscape ratio was 97%, which medhat the landscapes were very close to the reference
value. The lowest landscape ratio was found in San Antonio at 65% and the highest was in 1.13
in Toho. The landscape ratio only refers to the theoretical irrigation requirement relativg to ET
and dos not indicate the amount of water that was actually applied to the landscapes by the
residentsThe values for the landscape ratios for each study site are shdahlav 1.

The average lot size for the study group was 9831 sf. This ranged from a low of 5396 sf
in Peel to a high of 16,797 in Scottsdale. The average area that was classified as landscaped was
5826, or 60%, and this ranged from a low of 2494 in Reelhigh of 11,195 in Clayton County.

Note that because of the overlap of landscapes into street rights of way the landscape area can
extend beyond the lot lines, and in the case of Clayton County this resulted in the average
landscape area being slightirger than the lowwhich was an unexpected outcome, but one that
made sense based on the land use.
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Figure 9: Lot and landscape areas

In terms of irrigation efficiency and water use the key parameter is the applicatmn rati
which is the ratio of the actual irrigation use to the TIR. An application ratio of 1.0 indicates that
precisely the Acorrectodo amount of water is
ratio is less than one then deficit irrigation i&itg place, and inversely an application ratio
greater than 1.0 indicates excess irrigation.

The application ratios in the study sites varied widely as showabhie2. The site with
the lowest amount of irrigation was Clayton Count, which applied an average of just 19% of the
theoretical irrigation requirement. Scottsdale, was the heaviest irrigatdr, anitaverage
application réio of 131% this was the only site with a ratio greater thanThe overall average
application ratio was 58% This table demonstrates that the preponderant state of irrigation
application is towards deficit irrigation not ess.

Table 2: Average of individual values for TIR, actual use and application ratios

Site Number Average of Average of Average of Application
TIR_kgal Outdoor_kgal Ratio'

Clayton 103 138 19 19%

Denver 95 99 77 87%

Fort 88 175 55 34%

Collins

Peel 69 38 24 82%

SAWS 98 147 61 46%
Scottsdale 111 122 120 131%

Tacoma 107 61 27 55%
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Toho 95 120 33 39%
Waterloo 72 67 13 21%
Overall 838 110 50 58%
means

! These are the average for the individual home ratios and will not betedhalratio of the averages in columns 2
and 3.

More detail on the pattern of irrigation application the 838 homes in the grougp
shown inFigure 10, which shows the distribution of the application ratios of each of the homes.
This figure shows that 83% of the hom&96 homesyere applying the TIR or less. This means
that the total available volume of excess irrigation use was occurring in dri7¥42, of the
homes.

This result shows different numbers in termsiembers, volumes and percentages from
other studies discussed in the literature review, but the pattern of the distribution of ratios
demonstrated in the figure is the same that le@s Iseen in all of the studies. When it comes to
irrigation use there is a consistently a relatively small number of homes which account for the
large percentage of the total excess use.

The volumes of irrigation have éecalculated in two ways: as exseand net use. In
calculating the excess ude difference between the actual use and the theoretical requirement is
calculated for each lot, bthe value is not allowed to drop below 0, so where deficit irrigation is
occurring(i.e. where the excessaiss a negative nhumbetf)is is treated as a 0 excess. When
calculated on anet basis the actual algebraic value is used. This means that homes with a
negative application offset the excess valudde resultsof these two approaches arvery
different and are botlsignificant.

Table3 shows the average volumesexfcessandnetirrigation at each of the study sites.
There was a total of 638 kgal of excessuse inthe 838 homes of the study groupt this
occurred in total obnly 142 homeg17% of the total group)When calculated on the basis of
excess use the average volume comes to 8.21 kgal of excess use ovérdlgraap, but the
average excess use ore thomes where it was occurring was 48 kgal per hdiis. is a case
where the mean value is misleading in that it implies an evenly distributed excess use pattern of
just over 8 kgal per home per year, when what is really happening is that 83% of theab®mes
at or below their appropriate application rates and 17% of the homes are over irrigating by an
average of 48 kgal per homeThe consequences of this is that if the excess irrigation could be
eliminated where it is occurring the average reductiomsi would be 48 kgal per home on the
142 homes that were in the excess group, but the average reduction for the group as a whole
would be 8.2 kgal.

The sum of thenetirrigation volumes was50,440 kgalOn the basis of net application
this means that whethe net volumgof excess or deficit irrigtion were summed the total was
negative 50,440 kgahnd furthermore, f t he entire groupbés water
each site, as might be done with weather based irrigation controllers, the dtgaluse would
increase by over 50 million gallons, and the average change in use per home would be an
increase of over 60 kgalThis has important implications for design of irrigation conservation
programs.
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Figure 10: Distribu tion of application ratios for all study homes

Table 3: Volumes of excess and net irrigatiorfN=838)

Data
Site Average of Excess Average ofNet
Irrigation (kgal) application gal)
Clayton 0.18 -119.54
Denver 12.92 -22.49
Fort Collins 0.00 -119.92
Peel 6.42 -13.91
San Antonio 3.80 -85.31
Scottsdale 34.38 -2.62
Tacoma 5.24 -33.62
Toho 3.21 -87.30
Waterloo 1.95 -54.66
AverageVolume 8.21 -60.19
Total Volumes 6,880 -50,440

Diurnal Use

Figure11 shows the percent of total indoor water use that each of thesasdaccounts
for during over the course of the day. As one would expect showers and toilets are the first uses
to drive denands and these are followed by faucets, clothes washers. Leaks and other uses tend
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to be more evenly distributed. Bath tub use shows a small peak in the morning and a larger peak
in the evening, as one would expect.
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Figure 11: Hourly percent of total indoor use represented by end uses

Models of Water Use
Models of water use were developed from a combination of the water use summary data
and the survey information. The model selection process can be characterized as & iterati
search for statistically significant relationships governed by some guiding principles and
constraints:
e Test and include variables that directly measure or serve as proxies for
willingness and ability to pay
e Test and include variables that directly megasor serve as proxies for water
requirements
e Increase sample sizes by relying on variables with fewer missing values
e Test and include variables (where possible) to distinguish the effects of efficient
waterusing technologies
e Seek model parsimony by empling water use variability with an efficiently
small set variables
e Assess parameter estimates by the sign and magnitude of estimated coefficients,
as well as statistical significance.
Models were developed for indoor and landscape use separately ssedviio types of
uses are driven by different sets of variable. The model for indoor use corflaraedbles,
which were found to best explain indoor use from the availablefrdamethis data set
1. Persons residing at the hoifte748)
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Persons under agé 12 in homg-.186)

Size of the lo(+.122)

Presence of a swimming pgei0.082)

Sewer Rat¢-.112)

Presence of efficient toile{s.174)

Presence of efficient clothes waske®73)

Presence of whole water softei(erl55)

Presence of hot water alemand (recirculation systerft)109)

©CoNoOrwWN

The list of variables also shows the coefficient for the variable. The sign of the
coefficient shows the direction that water use changes as the variable changes. Positive signs
indicate that water use increaseshwibhe variable and negative signs indicate that water use
decreases as the variable increases. It is noteworthy that the presence of children in the home has
a negative sign, which is an indication that children account of less water use than doTddults.
reason that the presence of a swimming pool affects the indoor model is that much water use
associated with a pool, such as topping the pool off, appears in the faucet category, and it is
impossible to determine which faucet uses are for pools as epposther uses, so pool use
tends to increase faucet use and indoor use. It is also interesting that theegpoésenvhole
house water treatent system, (i.e. a water softener) was linked to a 15% increase in indoor use,
while the presence of a hot tg@arecirculation system was linked to a 10% reduction in indoor
use.

An example of how théndoor model can be used to creastimates ofvater use is
shown inTable 84 of the body of the report. Thigble shows that when the values for the
variables from the study group are use with the coefficients from the model it predicts an average
household water use of 138 gpadd per capita use of 53 gpashich matches th observed
values. By changing the assumed values for the parameters one can use the model to estimate
how household water use will respond. For example, if the percent of homes with efficient
toilets and clothes washers were brought up to 100% the matbtts a reduction in household
water use from 138 gphd to 119 gphd, which is equivalent to approximately 7 kgal per year per
home.

A second model was prepared for the outdoor use data. For outdoor use there were two
relationships presented: one the fraction of residents expected to hmirrigators (i.e with
zero landscape usegnd one that predicted tegpected volume of annual landscape water use

The following variablegwith their coefficients)were identified as best predictors of the
percent ofnonvirrigators in the population:

1. The high temperature of the site264)
2. The precipitation (.036)
3. The volumetric price for water above 10 kgal (.066)

The variables (and their coefficients) that were found to be best as explaining landscape
use wee:

Number of children <12 yrs.3163)

Size of the parcel (.611)

Percent that is irrigable (.361)

Whether home was built after 2006 (.906)

Price for water at 10 kgal.004)

Average annual max temperaturé875) during logging period

ok wNE
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7. Total precipitatiorduring logging period (.772)
8. Presence of swimming pool (.326)

9. Presence of drip irrigation.R15)

10.Presence of wground irrigation (1.134)

11. Absence of turf in landscape436)

12.Rain barrel in use-855)

Most of thevariablesin the landscape modate intuitively clear in terms of their impact
on water use. The fact that young children tended to decrease landscape use was noteworthy.
Also, the fact that newer homes tended to use more water for landscape to such an extent was
interesting. The lgest single factor that impacted landscape use, however, was the presence of
an inground irrigation system, which is as one would expect. It is not clear why the presence of
a rain barrel had such a strong negative impact. This could have been driétd that people
with rain barrels were more water conscious than people without.

Benchmarking and Estimates of Conservation Potential

One of the advantages of obtaining highly disaggregated data is that it provides the
analyst with a wider range of mmets of how water is used. Instead of just having a few coarse
metrics based on annual, seasonal or monthly use, the end use data give information on daily,
hourly and water use by individual events. This gives an entire spectrum of use data that allow
water use to be characterized with a high degree of specificity and accuracy.

This chapter of the repopresents information on the various tgmé metrics that the
dataprovide and then discusses how benchmarks for efficient use can be develo@didwhat
estimates to be made of the potential for water conservation in the study group. The chapter
begins witha more detailed analysis and comparison of billing data, and generates a series of
metrics for residential water use that follow the Water Conservation Metrics Guidance Report
(AWWA 2010).

The chapter points out that due to the wide diversity of thestyb customers and their
individual water use patterns it is virtually impossible to develop any type of meaningful water
use benchmark from simply the total water deliveries and the number of customers in the system.
Benchmarking requires some levelusfiformity in the customers being investigated.

It is normally possible to determine the total deliveries and number of residential
accounts in the systergoit usuallypossible to developneaverage annual use metric (AUKby
at least the residential dmonresidential customersThe AUM metic was88 kgal/acct/year, or
241 gpad for single family customerand at 2.6 persons per home this is equivalent to 95 gpcd
(359 Ipd) for indoor and outdoor uses

The benchmarking chapter goes into some discussfothe factors that explain the
observed variability in the annual use metrics. One such example is the affect that annual
precipitation has on water the annual use metric. A simple scatter plot of AUM versus annual
precipitation shows that this parai@eexplains nearly 60% of the variability in annual water use
among the sites.This makes perfect sense since annual use includes both indoor and outdoor
use.

After concluding that billing data by themselves is a poor way to develop reliable
efficiency kenchmarks the benchmarking section investigates whether the observed reductions in
residential water use are due to real changes in use based on higher efficiency devices, or only
apparent changes due to modifications in the rates of use or number afspersbe homes.
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There are several tables devoted to this process. The anahy3iable 92, shows that the
difference in water use that can be attributed to obsg occupancy or use rate is negligible.

By applying two levels of efficiency benchmarks to the use for each study site the analysis shows
the anticipated household use for each site based on their current use, use assuming efficient
appliances are usednd assuming ultrafficient appliances are used. This information is
summarized irFigure12

HBenchmark2 ®Benchmarkl ™ Current Use

Peel

58.2

Waterloo
146.8

Scottsdale

146.6

Toho

141.2

San Antonio

139.3

Ft. Collins

133.9

Denver
131.7

Tacoma
128.1

=

Clayton Co
126.8

Indoor Water Use, gallons/home/day
Figure 12: Estimated household use by stugdsite for current use efficient and ultraefficient use benchmarks

The household water savings projected from the study data are the difference between the current
use and the projected use at the selected efficiency benchmark. Assuming that thecigina eff
benchmark is the most reasonable one to use, since it corresponds to the most recent standards,
the projected water savings, shown in average 38.5 gpad, or 14 kgal per year. This represents as
savings of approximately 16% of the baseline annuabfi88 kgal/yr (sedale 45) or ~30% of

the average indoor use of 138 gpad (Ealele47).

Table 4: Projected indoor water savings

Site Low Hi Savings
Savings (gpad)
(gpad)

Clayton Co 334 45.2

Tacoma 8.7 22.3
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Denver 20.6 33.6
Ft. Collins 29.9 41.3
San Antonio 37.1 50.4
Toho 31.2 435
Scottsdale 31.7 43.4
Waterloo 17.5 30.2
Peel 22.3 36.8
Average(gpad) 25.8 38.5
Annual (kgalyr) 9.4 14.1

The situation with establishingenchmaks for outdoor use is much more complicated
than for indoor usesince outdoor use is so varied from site to site, and is affected by
unpredictable variables such as weather. Customer behavior is also wildly divergent and
tolerance for undeirrigated landscapes can be higiWhat does not change from site to site is
the pattern where a few customers account for the bulk of the over irrigation, and most customers
ar e content t o apply significantly |l ess t ha
application. The data support the proposition that overall outstndngs on the order td8:2
kgal per account are achievable for the study group, which represent an average of 16% of the
base outdoor use or or 8% of baseline total annual use. The key, though, is that these savings
will come from only around 17% ofl&ustomers.

CONCLUSIONS

The overall conclusion of this study is that if one wishes how much water a typical North
American home requires the question should be
What starts out as a dizzying array of values for annual use beginswocsehsistent patterns
when the uses are disaggregatddhe research team offers some of the salient conclusions that
we draw from each of the topic areas.

From the Agency Surveys

The nine Level 1 study sites included in this project were located in a diverse set of
climate types. There were 2 in humid, gcdpical zone, 2 in the humid continental zone, 2 in
the warm oceanic zone, 2 in the cold samd zone, and one in the wamessert zone. The
maximum mean monthly temperatures In the group ranged from aroutidt6®2°F, and the
minimum monhbly temperatures ranged from around 20 to°BQt is not surprising then that
outdoor water use patterns were also very diverse.

In mog cases the water use for the Level 1 study sites was not impacted by drought
restrictions during the study year. Two sites, Peel and Toho had mandatory outdoor restictions
limiting irrigation to 1 or 2 days per week during 2010. San Antonio also hatttiess, but
billing data for 2008 were used for the study (for determining outdoor use), which was free from
restrictions. None of the other sites reported any outdoor use restrictions in place during 2010.

When the total billed consumption from 200&rdugh 2010 is plotted for the
participating agencies the general trend in use was downward over the period.

The most common form of rate structure found in the group was the increasing block
rate, with the most common number of blocks being 4 and #@ge volume in the first block
being 6 kgal.
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Many agencies include fixed charges as part of their water bills. The effect of these
charges is to make the average rate in $/kgal decrease as customers increase theggnuse
though they may pay an increagiblock for water use. There were only five agencies in which
the average cost of water was greater in the top tier than in the first tier.

When fixed charges are excluded the average marginal price for water in the top tier of
consumption averaged $6/kgal and ranged from $2.01 (in Chicago) to $17.14 (in Santa Fe).

There was only a single agency that did not have a budget for eeaigervation. The
average number of staff reported in water conservation was 6 and the average budget was just
over $3milion.

Most of the agencies reported that they view water conservation as a method of
increasing the reliability of their system, and they track the impact that their conservation
programs have on annual household and/or per capita water use. By tradtgn benefits
of water conservation the agencies can evaluate demand management on an equal basis with
supply site options.From this one has to conclude that the skepticism that was present about the
efficacy of water conservation during the preparaof the first REUWS study has disappeared.

Every agency in the study group reported having an active water loss control program
and in almost all cases they use the AWWA M36/IWA accounting procedure for estimating
losses.

From the Customer Surveys

The results of this study indicate that approximately 1 in 3 households who meeive
survey took the time to fill it out and return it. Given the fact that this was a five page document
this response rate is excellent and shows that people will makeoanteféssist in this type of
research.

On average, the number of residents per home has remained stable since the first
REUWS. Therewasan average of 2.6 persons per household in this studparech to 2.8
persons in REUWSL1.

Two thirds of the homes repged having a high efficiency clothes washand the flow
trace analysis showed that approximately half of the homes had clothes washer load volumes of
less than 30 gpl.This makes sense since it is possible to operate a nominally high efficiency
washerwith settings that will use more than 30 gallons. Also, some residents will naturally be
uncertain about exactly what type of washer they may have so someepustng is expected.

The average number of toilets in the homes was 2.5, in REUWSL1 theavars@.3.

A surprising number of homes reported having recirculation pumps on their hot water
lines in order to reduce the wait for hot water at the tap. The site with the greatest number of
these devices was Scottsdale, where 30% of the homes reparieg tne.

There was not any site in which swimming pools were absent. Fort Collins and Denver
had the lowest percentages of homes with pools and Scottsdale and Toho had the highest.

On average around 30% of the homes in the group did not irrigate thascégpes at all.

Sites in the humid climates tended to have less irrigation which sites in the drier climates
Denver, Fort Collins and Scottsdale had the highest percentage (>90%) of irrigators.

When people reported irrigating around 25% said they watexelusively by hand and
the rest had at least a portion of their landscape under an automatic irrigation system. This
equates to around 53% of all homes that were equipped wiloimd irrigation systems. In the
REUWS1 study the percent of homes witiground systems was 41%. We would not draw any
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conclusions from this since the nature of the study groups was different in the two studies with
respect to climate.

One thing that can be concluded from the information on irrigation controllers is that
significantly more systems are equipped with weather based or smart controllers. In some sites
overs half of the customers reported having smart controllers.

Indoor uses have clearly declined over time, primarily as a result of the introduction of
high dficiency toilets and clothes washers. These two categories of indoor use have shown
unambiguous decreases.

Water use for the other indoor categories has also shown decreases, but these are not as
statistically robust as those for the toilet and clothasher categories.

Customers showed a fairly good understanding of the drought situations in their area.
There are five levels in the office drought monitor report (no drought, mild drought, moderate
drought, severe drought and extreme drought. In passs the customers were within one level
of the official status in their understanding. That is, if the official status was moderate, the
customers tended to either rate the drought at moderate or mild.

From Water Use Statistics

The average annualater use for the Level 1 and 2 sites was 88 (&@8M?3), which is
equivalent to 241 gpa(®10 Ipac)or % gpcd (359 Ipcd)for all uses. The range ahnualuse
was from 44 kgal to 175 kgal per acco(th6 to 662 M/acct)

Indoor use averaged 138 gpéRl Ipad)or approximately 53 gpc@00 Ipcd) (This
includes leakage whi ch is really not a fiusedo of water
load in an electric systejn

The relationship between household water use and the number of resdebta linear
one, but follows a power curiadoor use= 6 7 . 3 *®*f(§d)s Knowing this is important in
order to avoid over estimating domestic demands for larger households.

Indoor use has declined significantly since the REUWSL1, from 177 §pAdgac) in the
former to 138 gpad (521 Ipad) in the latter.

The two main driving forces in the observed reduction in indoor use were toilets and
clothes washers, both of which showed statistically significant reductions.

There were decreases in use fbe tother indoor categories, but these were not
statistically significant. Even though these changes were not statistically significant (at the 95%
confidence level) the fact that reductions were seen in virtually all categories is suggestive that
real redictions are occurring.

The largest reductions in water use were seen in clothes washer use and toilet use. The
smallest changes were in the shower and faucet categories. The fact that the categories of use
that are based on behavior showed the smallesiges suggests that even with more efficient
showerheads and faucet aerators there is a base use level, below which it is difficult to drive
demands.

The usage rate for toilets and clothes washers did not change significantly between
REUWS1 and 2, so wenkw that the observed changes in the daily use are not due to changes in
how frequently people are washing clothes or flushing toilets.



xlviii | RESIDENTIAL END USES OF WATER STUDY UPDATE

In the REUWS1 study only 16% of all flushes were in the efficient range (<2.2 gpf 8.3
Ipf), but in the REUWS2 study 51%f flushes were in this range. The average flush volumes
dropped from 3.66 gpf (13.8 Ipf) to 2.60 gpf (9.8 Ipf).

In the study group there were around 30% of the homes with very few flushes in the
efficient range, implying that these homes are equippeld®xely with older, inefficient toilets.

At the same time there were around 33% of the homes that appear to be equipped exclusively
with efficient toilets. The remaining homes contain a mixture of old and new toilets.

The average number of showers peusehold per day was precisely the same in both the
REUWSL1 and 2 studiés1.8 showers per day. The duration of the showers was 7.8 minutes in
both studies. The average flow rate for showers was slightly lower, at 2.1 versus 2.2 gpm (~7.9
Ipm). Overall, exept for houses with ultrefficient showers there was no observable change in
shower use between the two studies.

Between the two studies over 1.5 million faucet events were logged, which accounted for
over 1 million gallons of water use. The numbéfaucet uses per day per pmrsvas between
15 and 20 uses, and the average daily use for faucets w2 @gad (~100 Ipad).Ninety
percent of all faucet events were less than 90 seconds in duration and used less than 1.2 gallons
of water. Overall, it wa not possible to detect a significant change in miscellaneous faucet use
between the two studies.

Clothes washer use in terms of loads per day was virtually identical between the two
studies, but the volume of water required for a load dropped from 31 ¢allons (155 to 117
liters). Water efficient clothes washers have been critical at reducing domestic water use.

While dish washers do not account for a large percentage of total domestic use the
volume of water used for a load of dishes has droppedfisantly. In REUWS1 an average
load of dishes used 10 gal (37.9 1), while in REUWS2 an average load consumed 6.1 gal (23 I),
which is a 40% reduction.

In this study the presence of a dish washer had no impact on average faucet use.

Bathtub use isnfrequent. On average a bathtub filling was recorded only once every 5.5
days but in most houses no tub use was recorded.afTalé average volume of water per bath
was 20 gal (76 1).

The data on leakage are clear: a small percentage of homes contrébbigkilof the
leakage. Two thirds of the homes in the study were leaking at 10 gpd or less, but these
accounted for just 17% of the total volume of leakage. The one third of homes with leakage
greater than 10 gpd accounted for 83% of the total leak volufilme top 10% of homes were
leaking at more than 50 gpd, and they accounted for 53% of all leakage.

The large leak volumes were associated with continuous low flow rate leaks, not short
intermittent leaks. If plumbing controls or AMI systems could idgritomes with continuous
low flows the leakage rate could be cut in half.

Homes in the study group used an average of 45 gpd (170 Ipd) of hot water, which
represents approximately 1/3 of the total water us in the home.

The biggest two users of hot wate the home were showers and faucets. Clothes
washers used less than 5 gpd of hot water.

On average the homes used 753,000 BTU/month for water heating during the study.

Hot was use was found to increase during the winter months.

Outdoor use was similao leakage irthe degree to which the use was skewed by a few
heavy users. Overall, the ratio of actual landscape use to theoretical requirements was 58%, but
only 20$ of the homes in the study group were @wrggating. This means that the entire
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congervation potential from improve landscape management (as opposed to wholesale changes to
landscape such as turf removal) is expected to derive from just 20% of the customers.

Because so many homes are urAd&gating any general attempt to bring everyom®
compliance with ET requirements (such as with WBICSs) could lead to major increases in
landscape water useThe data collected as part of this study clearly suggest rigation
programs must be targetemlcustomer who are heavy users of landseager.

The diurnal use pattern for indoor uses follows the typical two peak pattern, with a large
peak occurring in the morning and a smaller peak occurring in the evening.

Showers and toilets drive the morg peak while faucets and toilets drive #&nening
peak.

From Models

The regression models prepared from the study data showed that the most important
predictor of indoor water use was the number of persons residing in the home.

Children account for a lower water use than do adults.

Indoor water ge rises with the size of the lot and with the presence of a swimming pool,
and both of these may be the effect of additional faucet events occurring for pools and landscape
use which are classified as indoor use by the analysis.

The cost for water was néwund to be a determinant for indoor water use, but the cost
for sewer service was.

High efficiency toilets and clothes washers were found to decrease indoor use, as was the
presence of a hot water circulation system fedemand hot water.

If the threevariables that were found to decrease indoor water use: high efficiency toilets,
clothes washers and hot water systems were all set to 100% saturation the model predicts that the
household use for the group would decrease from 138 gpd to 108 gpd, or3frgpedbto 41.5
gpcdd a 21% reduction in indoor use.

The model does not deal with leakage rates explicitly, but if leakage control system could
be implemented household use could easily drop below 100 gpd.

The regression analysis for outdoor, landscape fmesl that the chief predictors of
outdoor use for landscape were the size of the parcel, the percent that is irrigated, whether the
home was built after 2006, the local weather and the presence of a po@rouma irrigation
system. The model did ndeal with the presence of excess irrigation expicit

Since most of the terms in the outdoor model are related to factors that the utility can not
control it is difficult to use it to predict conservation potential. The factors that could be
controlledin the model are the percent of the lot that is irrigable, which could be limited, the
presence of a pool, which could be discouraged, and the presence efjranrid irrigation
system. Of the three, the only item which really lends itself to regulistithve percent of the lot
that is irrigable, or in turf. Local agencies could require landscapes to be less turf intensive and
have less irrigated area. It seems improbable that banning poolgrauimd irrigation systems
would gain much favor.

The unrnamed item in this list is eliminating or reducing excess irrigation. As discussed
in the benchmarking section, elimination of excess irrigation is the single biggest source of
landscape conservation available.
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From Benchmarks

By examining the currenvater use patterns in light of known benchmarks based on
levels of efficiency of indoor and outdoor use it is possible to derive estimates of potential water
conservation savings.

By use of the benchmark method the target level of indoor use was shber®ggpad
and this assumes no change in the average leakage rate, but it does assume that over time water
sense standard fixtures and appliances will be fully utilized.

Given the fact that both modelling and benchmark analysis both point towards indoor
domestic use around 100 gpad makes this a very compelling planning value. If leakage could be
addressed then indoor use as low as 90 gpad is not unreasonable.

Starting from the existing indoor use of 138 gpad a reduction to 100 gpad represents a
27% raducion in indoor use over time from current levels, and a reduction of approximately
44% compared to the indoor use levels from the REUWSL1 study, of 177 gpcd.

The benchmark for outdoor use is based on elimination of excess irrigation where it is
occurring wlile leaving the deficit irrigators to carry on. If excess irrigation could be eliminated
in the study groupghen the average outdoor use for the entire study group would drop by 8.2
kgal. (It would decrease by ~48 kgal on the homes that werdrogating.)

A savings of 8.2 kgal/year in outdoor use represents a 16% reduction.

It is really not possible to project these precise savings volumes onto the country as a
whole since irrigation rates vary so much. It is necessary to do local studies of mrigseifor
each community in order to get savings estimates that pertain to any particular service area.

APPLICATIONS/RECOMMENDATIONS.

The end use data collected for this study has been used by water agencies, universities,
regulatory bodies and codkevelopers and manufacturers for a myriad of purposes. The most
common use of the data has been for developing planning models of residential water demands.
Many demand models rely in information on the number of uses per day for each fixture and
appliarce in the home, and their volumiesorder to estimate household demands. The data from
this study, like its predecessor, provides this information.

Knowing the flow characteristics for devices of a range of efficiency allows
benchmarking to be done, whigpihovides an excellent way of both gauging the current level of
efficiency of the service area customer and in making estimates of remaining water conservation
potential, which is necessary for system planning.

The water use data from the study provide asetine against which the impacts of
various water conservation programs can be tested. These include things like faucets, toilets, hot
water systems, leak detection devices and other conservation devices that have yet to be
discovered.

The data on percémges of homes that meet efficiency criteria for toilets, clothes washers
and showers has proved useful for design of residential retrofit programs and in evaluating the
effectiveness of programs after their implementatidrhis information also helps damine
which programs should be emphasized and which might be discontinued.

The State of New Mexico, Office of the State Engineer, has used the flow trace data and
database of residential water use as part of its system for granting groundwater perchits wh
require household and per capita water allocations based on the current levels of efficiency.
These were extracted from the high efficiency homes in the data set.



EXECUTIVE SUMMARY | li

The outdoor use data shows how the customers are actually applying water to their
lands@pes as opposed to how they are believed to be applying water. Knowing that the bulk of
customers are undarigating, and that the bulk of waters savings from improved irrigation
management will come from a small number of heavy usw®rsld have a majampact on the
types of landscape conservation programs that are implemented, i.e. targeted programs.

The mathematical models derived from the dataiaedulin understanding which factors
best explain and predict water use, and how changing each eXglanatory variables is likely
to change the use of water. These models provide information on the parameters, the direction of
their impact on water use and the relative magnitude of their impact. They also help point away
from factors that do not have good explanatory value for water use. The models also help
elucidate the elasticity of water use with respect to the parameters.

A huge amount of work went into design and implementation of the surveys. These
surveys, sent to random samples of sinigleily water customers, provide a representative
picture of the demographics, physical characteristic, types of fixtures and appliances present in
the homes and attitude of the customers. The fact that the surveys were all conducted within a
short periocf time provides a contemporaneous snapshot of customers, across the United States
and Canada.

An area where several entities have used the data is in mining the raw event files. For
example, the Water Quality Association used event data from the REQW®4ito determine
the actual volumes and flow rates of domestic uses so that they could design water filtration
systems that match the actual demand patterns and are nsizeer

Tacoma Poweactually expanded the hot water portion of this study iremotd obtain
hot water trace data for simulating the operation of heat pump water heaters. By knowing the
timing, volume and flow rate of each hot water draw Tacoma Power was able to determine how
much of the hot water use would be supplied by the heapmortion of the system and how
much would require use of the resistance element of the (electric) water heater.

The international association of plumbing and mechanical officials (IAPMO) has used
the flow trace data from the historical data to updateHteter method of determining peak
water demands based on real, empirical, data on the frequency of water use events,(by fixture),
their duration and peak flow rates. This allows the actual hourly probabilities that a given fixture
or appliance will placa demand on the water system in a given hour of the day, which can then
be used to determine the probably peak flow that the system sill need to accommodate for that
device. This should lead to much better meter supply pipe and service line sizingoidnithe
chronic ovessizing that the original approach engendered.

Another promising area that the research opens up is the use of monte carlasimulat
techniques for predicting demands. In this appraatter than relying on regression analysis,
thedaily use data for each fixture type are used to generate probability distributions of demands,
which are then sampled repeatedly to generate a range of probable demands that match the
underlying distributions obtained from the end use daifhis mechanigc and deductive
approach is far less data intensive, and can repedtia full range of demands within the range
of the probability distribution(See Cahi| 2013)

There are many areas where future research could help amplify and clarify the fesults o
this study. One of the most interesting would be to sample from only homes in the top ~20% of
single family users. The data show that the majority of savings are expected to come from a
small number of homes. So, obtaining better information on thee®wand explanations for
high water use would be very helpful in designing water conservation programs.
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Another repeated observation from this study and all previous end use studies is the
consistent presence of very long duration events that have kassified as leaks a small
number of homes In most cases where survey data are available there is nothing in the survey
that would explain a constant flow of water (lasting for days at a time) except a leak. It would be
very interesting and useful tadollow up interviews and perhaps additional data logging on a
group of homes that have been identified as large leakers. For example, in the present study it
was found that just 21 homes accounted for over 30% of the total leakage in theFgittmp.
up studies on these homes could help shed light on whether the events that were classified a
leaks in the study are actually leaks or something else that gave the appearance of leaks.

Simply repeating this study on a ten year basis would be very helptgimgshow water
use patterns are changing in random samples of homes. One of the most interesting parts of the
current study was in seeing how water use changed since the first study froit02996

Another interesting variation of the study would useéadaggers that use cell phone
network to transmit the data to a server rather, and to leave them in place for a long period of
time on samples of high water use homes. Data from the loggers would be analyzed and
information sent to the residents informithem of they consumption (relative to a budget that
each would be given), and would notified fo leaks in a near real time basis. The goal of this
would be to determine if customers are willing and able to modify their consumption patterns
when providedwith benchmarking information and information on which they can act to
regulate their water use.

Since the flow trace analysis technique has been used in several countries around the
world it would be interesting to collect as many of these studies atbleoaad compare the
results to see how domestic consumption varies by geographical area.

MULTIMEDIA

The element of the project that lends itself to ramé&dia publication is in the database
files. These are currently on a limited access website rbith authorized users can download
them. They could also be published on-RDM, but the final decision about this has not been
made by the Research Foundation.
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INTRODUCTION AND GOAL SOF PROJECT

In 1996 the then AWWA Research Foundation, now treéiVResearch Foundatior
The Foundation) undertook a study of the end uses ofewvan single family residences. This
study was established in recognition of the need for more precise information on how much
water was used in single family residences for individual end uses. In 1993 a task force of water
conservation officials enlisted by the Foundation listed the ngeshfbuse data as their number
one research priority at that time. So, the solicitation of proposals to do this study was a natural
response to the real need for information expressed by the professionals on the advisory
committee.

Needing the data and Ingi able to collect it in a practical manner are two different
things. It also happened that approximately the samep@nedin which theneed for the data
was beinghighlighted ( t h e mitdo othé Glmgs were happening in parallel:the
Heatherwod study (Aquacraft 1994)was showing that highesolution flow data could be
obtained from magnetically drivermall water meters, and that these datald then be
disaggregated into engses, and secondly, data loggers came onto the market that wete able
collect these data and were small enough, and rugged enough to sylagement in water
meter pits.

The fact that the hardware and software were available in 1995 for collecting flow trace
data from residential water meters and disaggregating thtenmidividual end use events meant
that it became practical monduct a large scale research project on residential end uses of water
in North American homes and make this information available to water planfiéis study
took the form of the Resideat End Uses ofVater Study REUWS), which began in 1996 and
was publishedby the Water Research Foundatinori999(Mayer et al, 1999)

Theoriginal REUWS study was based on a methodology of selection of random samples
of customers, and obtaining very detailed information on tpkysical and demographical
characteristics antheir water use. From this information detailed statistical analyses were
prepared and mathematical models of water use created which then allow the results to be
extrapolated to othesimilar populations. The ideaf both studiesvas not toassemble aampé
that represented the entire North American population of single favailgr customersRather,
the objective igo obtaina large and diverse sample from which the relationships between a
manageable set of explanatory variables and watercarsbe establishedby modeling. The
models then could be used to predict the e¢ffi#fcthings like replacements of fixtures and
appliances, or the presence of pools or sprinkler systems on water use.

Singlefamily residential customers comprise the largest individual demand sector for
most North American water providers. Consequenihgerstanding where and how much water
is used in singkdamily homes is essential information for the water community. Everyday water
use patterns of residential customers are key drivers of overall utility demands and have been the
subject of scientificesearch since the 1940s. Changes in residential water use are important to
detect and quantify because these changes can significantly alter the overall demand patterns for
the water provider. Failing to properly adjust demand forecasts to accouritafoges at the
household level can lead to serious ewveestment in expensive water supply and treatment
projects. The fundamental goal of this research project (REUWSZ2) was to update and expand the
Wat er Research Foundat i onndYseyoNsateestuy RKREUWSLP 9 Re
with new information obtained nearly 20 years after the original study data were collected in
order to see how demand patterns have changed over time.
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The REUWS2ddr esses water uses at t hraefeetnd use
set of fixture and appliance types that can identified through flow trace analysis. As discussed in
the Methodology chapter these include both very specific fixtures, such as toilets, clothes
washers and automatic irrigation timers that camdadily identified, and less specific uses such
as miscellaneous faucet uses and leaks that can be identified by the flow characteristics, but
cannot be precisely pinned down as to the location or exact intention of theheseesulof the
analysis $ a breakdown of water use into ttmajor categories of useuch as toilets, showers,
clothes washers, faucets, lawn watering, etc. Accurately measuring and modeling the residential
end uses of water and the effectiveness of conservation efforts isiasfkenplanning and
managing urban water systems. Understanding where water is put to use by the consumer is
critical information for utilities, planners, and conservation professionals.

The 2014Residential End Uses of Water Updaigds to understandingf urban water
use patterns in North America and measures important changes in residential water use patterns
that have occurred over the 15 years sinceRBEIWS1 The REUWSR updates and expands
upon previous research by measuring water use patteff@2imandomly selected households
from 9 urban areas in the United States and Canada. Water use was monitored in these homes
for approximately two week each and historic consumption data from billing records were
available for several prior years. Indivel end uses of water such as toilet flushes, showers,
clothes washers, faucets, dishwashers, leaks, etc. were disaggregated using the flow trace
analysis techniques developed byuagraft. The research teamd ley Aquacraft, followed the
same basic angic approach to the research that they used iREWS1

The products of the 201Residential End Uses of Water Updegsearch effort include:

e Average annual, seasonal, and 1s@asonal water use from 23 water providers in
the U.S. and Canada.
¢ Disaggr@ated end use data from 762 homes from 9 water providers in the U.S.
and Canada.
e Benchmark comparisons of water use between RE®JWS1 and the 2014
REUWS Update.
Information on the saturation rate of water efficient fixtures and appliances.
Analysis of reglential leakage patterns.
End use raasurement of hot water use by end use in 110 homes.
Landscape and outdoor use analysis from 762 homes.
Analysis of the soci@conomic factors that influence water use.
Predictive models of water use.
Assessment of consation potential and benchmarking.
A literature review of end use research from around the world and bibliography.
A research database of the billing, survey and end use data developed for the
study, and from key historical studies, going back to the REWUWhat will be
available to researchers for additional studies.

This report summarizes the methodology and important findings of this study and
presents a number of analyses based on the database assembled over the course of the study.
However, it wouldbe impossible for this report (or any report) to exhaust to possibilities of
analysis presented by the extensive database collected over this two year researclht effort
anticipated the data resourdeveloped in this study will be utilized to expaadd enhance
future research efforts as well.
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This report represents a time and place snapshot of how water is used iHasmlyle
homes in numerous North American locations. Similarities and differences among "end uses”
were tabulated for each location, analyzed, and summarized. Great carkemattareate a
statistically significant representative sample of customer for each of the participating water
utilities. However, these sites all volunteered to participate in the project and no effort was made
to determine is these sites are statififia@presentative of any or all North American locations.

Although a concerted effort was made to recruit a representative sample of households at
each location, some households chose not to participate. While this may place some limits on
the statigtal inferences and generalizations which can be drawn from the data, it does not
diminish the contribution made by these data to improving understanding of residential water
use.

The diversity of the water use data found over the research locatiosisatis the
importance of utility specific information on how individual behavior and household technology
influences home water use. This report also reveals striking similarities in water use patterns
between study locations. The measurements of wagst by fixtures and appliances like toilets,
washing machines, showers, dishwashers, faucets, and fixture leaks should have significant
"transfer" value across North America to similar regions and communities. The predictive
models developed as part dfig study to forecast indoor demand significantly increase the
confidence in explaining the water use variations observed. The major benefit of modeling is to
provide a predictive tool with a high transfer value for use by utilities that did not padidipa
the actual research.

A research study of this magnitude must rely on a variety of assumptions which are taken
as "givens". It is recognized that changes in some of these assumptions could impact the results,
but the limits of the project scope anahfling did not allow exploration of some of the following
factors:

1. The accuracy of the billing consumption histories provided by participating
utilities

2. The accuracy of the water meters from which the raw data were obtained,
especially at very low flow tas.

3. The accuracy of mail survey responses.

4, The timeframe of monitoring capturing "representative” indoor water use for each
home.

5. The exact cause of many continuous leak events that occurred in a small number

of homes, but represented such a large volainevater that they raised the
average leakage rates for the entire study group.

6. The precise location of many small leak events was impossible to determine so
they were grouped as leaks and included as part of the indoor uses. In fact some
or many of the daks may have been associated with irrigation systems,
swimming pools or outdoor hose bibs.

7. The exact place of use of many faucet events, which may have been for one of
many indoors uses or for outdoor uses such as plant watering or car washing.
Theseeent s, |l i ke | eaks were al/l |l abel ed
elicit the factors that impacted faucet (and lea&nts.
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LITERATURE REVIEW

INTRODUCTION

Water use in homes and buildings has been the subject of scientific research in North
America since the 1940s. Singkmily homes typically use the most water of any customer
sector of North American water utilities and that is why the water demands sihtfiefamily
residential sector are of significant interest and importance to the water industry. Since 1994,
interest in the end uses of water has intensified as the Energy Policy Act of 1992 (DOE 1992)
and other codes and standards measures hawetethilet volumes as well as shower and
faucet flow rates and as urban water demand management programs have become a focus for
some water utilities.

The most significant residential end use study conducted in North America until now is
theovertheWaer Research Foundationds 1999 Resident
1999). The 1999 Residential End Uses of WateR@UWS 1for short) provided detailed
information on residential water use patterns and efficiency levels in a sample of 1,188 hom
Since publication of this landmark report, many other residential end uses studies have been
conducted around the world to help improve understanding of water demands and the factors that
influence water use. Over the past 15 years, interest irengsibwater use around the world
has grown and significant end use studies have now been undertaken in Australia, Great Britain,
Spain, New Zealand, Cyprus, Jordan, the United Arab Emirates, and many other countries.

The primary goals of most residentsld use studies have been to determine how much
water is devoted to the primary end uses (such as toilets, clothes washers, showers, faucets, and
irrigation), the level of water efficiency that has been achieved, and to delinekéy tlaetors
that affet¢ the enduse patterns. Billing data analysis, customer interviews, surveys, home audits,
retrofit studies, and more recently flow data recorders and flow trace analysis software, are
among the tools that have been used by utilities to evaluate custamardieand estimate the
effectiveness of conservation measures.

The 1999 Residenti al End Uses of Water p o
modeling the residential end uses of water and the effectiveness of conservation efforts has been
the Achilles heel of urban water planning for many years. Understanding where water is put to
use by the consumer is critical information for utilities, planners, and conservation
professional® ( Mayer, et. al. 1999).

Today we understand much more about how anerevwater is used in residential
housing than we did in 1999, but end use research remains and important topic because of the
changes in water use that have been brought about by water efficiency efforts. End use studies
are an effective way to benchmamogress in water efficiency and to improve understanding of
the conservation potential the remains yet to be achieved.

This literature review describes the history of end use studies and places in historical
context the methods developed Aquacraft okergast 20 years that have been adapted world
wide to conduct water use research. These are the same methods were used to conduct the 2014
Residential End Uses of Water Update.

HUNTER CURVES

An interest in peak demands spurred some of the earliest published demand monitoring
efforts. In 1940 an engineer name Roy Hunter developed peak demand profiles for the National
Bureau of Standards (Hunter 1940hter Tbeseepoo
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demand curves derived from Huntero6s work can
used for sizing meters and service lines (AWWA 2014). The Hunter curve approach applies an
understanding of the water uses and peak fixture flow vathm a building along with
theoretical estimates of the frequency of fixture use and the probability of simultaneous use to
derive estimates of the peak instantaneous demands for water in buildings. This approach has
been widely adopted and applied floe purpose of sizing service lines and water meters across
North America since 1040.

There have been significant changes in water use patterns over the more than 70 years
since Roy Hunter first published his pioneering, but the basic method he devedspandured.
Recent changes to plumbing fixtures and appliances brought about by national and state codes
and standards have reduced volumes, flow rates, and the duration of individual fixture flows in
buildings of all sizes. These changes have reducadipstantaneous demands and reduced the
probability of simultaneous water uses. Unfortunately the water industry has been slow to
update the demand curves used for meter sizing and as a result, meter and line sizing calculations
are frequently based upassumptions that include old volume and flow patterns (AWWA
2014).

The importance of flow profiles (i.e. high resolution time series flow rates that allow

individual uses of water to be identified) wa
pioneeringvo r Kk . By the mid 197006s water utilities
monitors with circular chart recorders to measure flow profiles from individual water meters.

The resulting flow diagrams, frenglwasndedty refer

physically trace the flow on a piece of circular graph paper, allowed actual peak demand
information to be collected from meters serving specific customers, whose size and other
characteristics were known. The first edition AWWA ManualS2zing of Service Lines and

Water Meters used data from these empirical observations to revamp the original Hunter curves
to estimate peak demands (AWWA 1975).

1984 HUD STUDY

In the 1970s and 1980s population increases coupled with episodes of seughe dr
necessitated utilities to adopt policies and programs to manage water demands through
conservation and efficiency. Questions about the efficacy and longevity of the water savings
heightened interest in new research and approaches for measuringseatatterns at the end
use level. As new water supplies became both more difficult to find and expensive to obtain,
water providers began to see water conservation as an economic way to delay or eliminate the
need for costly new water supply projectsWiWA 6s 1981 Water Conservat.i
handbook was one of the first professional publications to describe-gtilitg water
conservation program methods (AWWA 1981).

In 1984 the US Department of Housing and Urban Development (HUD) published a
studyon residential water use conducted by Brown and Caldwell. The landmark Residential
Water Conservation ProjeetsSummary Report was one of the first research studies to measure
the end uses of water in residential structures by instrumentation (Brov@e&iwiell 1984).

This national study of 200 homes culled data from studies conducted in California, Colorado,
Washington D.C., Virginia, Georgia, and Virginia to provide baseline water use information as
well as estimates of potential savings from consemafforts at the household level. The text

of the report identified the essential problem that had been vexing water professionals regarding
residential usage patterns:
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AAl t hough testing has established awrater use f
conservation devices under laboratory conditions, estimates of water and energy savings with
reducedflow fixtures and devices have been based upon very different assumptions regarding
typical duration of fixture use, flow rate, temperature, and #rqu of use. As a result, estimate
savings found in the literature for wataving fixtures and devices span a range of nearly 300
percent . o0 (Brown and Cal dwell 1984)

Results from the 1984 Brown and Caldwell study offered a great improvement in the
undestanding of water use patterns and potential savings from water efficient fixtures. Of
significance was the finding that water savings from fixture retrofits did occur, but in many cases
the actual savings were less than what was predicted from thabecelmulations (Brown and
Caldwell 1984). The study findings also suggested some of the savings found initially tended to
decrease with time. The applicability of the HUD study results to the general public was
somewhat limited by the research methodgladpere by participation in this study was
voluntary. In addition the equipment used to measure water use required significant intrusion
into the normal operation of the homes. These issues brought forward the importance of
developing accurate and unolsite ways to measure water use and water savings from random
samples of customers, but it would be seven years until publication of another significant
residential end use study.

A 1990 study by Cameron published in Water Resources Research employeded disc
choice model and survey to estimate the impact of a residential retrofit program, but the sample
size in the study was quite small (Cameron, et. al. 1990). Water utilities were interested in better
understanding the water use patterns of their cuat®rbut a research methodology that could
be inexpensively applied to larger random samples of customers had not yet been developed.

NEW APPROACHES I N THE 199006S

The 1990s saw the ascent of the Internet and the explosion ofcoitiouting
technology. These innovations enabled significant advances in the measurement and analysis of
urban water use patterns. In 1991, the Stevens Institute of Technology published the results of a
residential end use study conducted in the Oakland bay region for thgalgadunicipal Utility
District (Aher et. al. 1991). The Stevens Institute study involved an elaborate data collection
apparatus of individual sensors and loggers placed on targeted fixtures and appliances to measure
end use frequency and volumes. The aese methodology enabled disaggregation of water use
data into component end uses such as toilet flushes, clothes washer cycles, and individual
showers. Results from the Stevens Institute study showed that disaggregating residential water
use into end es increased the accuracy of water use measurements and water savings
calculations (Aher et. al. 1991).

Researchers quickly realized that disaggregated end use data offered significant benefits
for understanding the impacts of water conservation progtacisology, and behavior. By
measuring water use from each fixture and appliance separately, it became possible to control for
changes in one water use category such as toilets and to keep these changes from masking
changes in water use in another engl category such as showers. This enabled researchers to
evaluate multiple water efficiency efforts simultaneously, without fear of under or over
estimating impacts. It was also discovered that disaggregated data reduced the inherent
variability in the waer use for each end use category. Reducing the noise in the measurements
within each end use category made it possible for researchers to detect smaller changes in water
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use with less data. While the Stevens Institute work represented a significardeathe
process of collecting and analyzing the water use data itself was cumbersome, intrusive, and
expensive making it difficult to expand the approach to large and diverse random samples.

A 1993 study conducted in Tampa, Florida by a team of wateregrginffered a
significant step forward in the evaluation of the retrofit impacts on residential water use
(Anderson et. al. 1993) . I n this study what
electronic water meters, pressure transducers, amdtevec ount er so0 wer e i nst al
Tampa. Water uses were monitored for 30 days continuously to obtain baseline demand data.
Next, the researchers replaced the toilets and showers in all 25 homes anddliel 8t
collections process was repe@t The authors pointed out that collecting these data was
necessary to fully measure the impacts of the retrofit and to properly account for variability in
human behavior. The methodology used in Tampa could account for toilets flushed more
frequently ad could measure if more time was spent in the shower after the retrofit. Using this
methodology, the authors of the 1993 Tampa study successfully measured an actual reduction in
water use in the study homes of 7.9 gallons per capita per day (gpcd)antochted to 15.6%
indoor use savings (Anderson et. al. 1993).

The Stevens Institute and Tampa studies demonstrated the power and utility of
disaggregated end use data. The 1993 AWWA publication Evaluating Urban Water
Conservation Pr oNanaamaferedA stieng arguenenufor thé recessity of
this type of information:

AA meaningful assessment of the current ef
separating indoor and outdoor uses into their various end uses. Furthermore, knabtedge
the end sues of water and their relative contributions to water use in the service area would allow
conservation planners to more effectively target conservation programs to particular end uses and
to make more accurate estimates of potential veaengs. Unfortunately, up to now, very few
measurements of actual water wuse for various
(Dziegielewski et. al. 1993).

The need for end use data was clearly established and technological breakthroughs in
hardware and software were about to make it easier and less expensive to obtain.

FLOW TRACE ANALYSIS

I n 1979, Water Resources Research publishe
water using microtms er i es dat ao by Dani edtdudiestowhi ch i s ¢
investigate using high resolution time series data to measure residential water use patterns
(Danielson, R., 1979). The development of battery powered flow data recorders in the 1980s and
90s provided a technological breakthrough for ugiditand researchers interested in measuring
instantaneous flows from water meters. Flow recorders, such as theNiéestier 100 from the
F.S. Brainard Company shown in Figure 1, attach directly to a magnetic drive water meter and
record flow my measuring agnetic flux as water flows through the meter and internal magnets
in the meter spin and change polarity. These portable flow recorders could be easily installed on
any magnetic drive water meter and flow data could be recorded at frequent intenaleiike
minute or every 10 seconds.
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Figure 1: MeteiMaster flow recorder installed on a magnetic drive water meter. (Photo
courtesy of the F.S. Brainard Company)

A 1993 WaterRF study titled Residential Water Use Patterns employed portable flow
datarecorders to calculate typical residential flow rates, hourly consumptions, and seasonal
usage patterns (Bowen et. al. 1993). However, this study did not record flows at a high enough
frequency to measure individual end uses.

In 1993, William DeOreo of Agacraft began disaggregating water use in his own home
in Boulder, Colorado using a Hdffect sensor and battery powered data logger. DeOreo
di scovered that by recording flows every 10 s
on a personalamputer he could easily distinguish between different water uses including toilets,
showers, clothes washers, irrigation, faucets, and leaks.

HEATHERWOOD STUDIES

Paul Lander was the City of Boulderds Wate
quickly understood the value of the end use data DeOreo had collected from his own home.
Lander agreed to fund a study to evaluate the feasibility of using a single data logger attached to
a customerso water meter t o s tentdfyiviengideering e s .
at the University of Colorado was recruited to work on the project.

The Heatherwood neighborhood in Boulder was selected for the study and a sample of 16
participating homes in the area were studied at various times during 1894e@®and Mayer
1994), (Mayer, P.W. 1995), (Mayer and DeOreo 1995). The study used was conducted in the
Heatherwood neighborhood of Boulder, Colorado. In this study a battery powered data logger
wired to a Hall effect sensor was attached to each custotmerwat er met er and | ef
week or more. The design of the meter and magnetic coupling provided approximately 80
magnetic pulses per gallon of flow, a high level of resolution that enabled the research team to
discern small differences in florate (DeOreo and Mayer 1994), (Mayer 1995). The data logger
produced a record of water flows (referred to
mechanical paper and pencil approach it replaced), at ten second intervals, of sufficient accuracy,
to allow all of the major end uses of water in the home to be identified through visual inspection.
The flow traces were manually disaggregated by Mayer using ali28&81 software program
provided by the Rustrak data logger company and then entered intoerspreadsheet for
statistical analysis.
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The results of the 1994 Heatherwood research effort were so promising that Lander and
the City of Boulder decided to fund additional research in 1995. A select group of homes from
the initial sample of 16 were charsto be retrofit with higlefficiency fixtures and appliances
including ULF toilets and the first generation of high efficiency clothes washers. The data
collection process was repeated and the impact of the retrofits measured (DeOreo, Heaney, and
Mayer1996), (DeOreo, Lander, and Mayer 1996a,b), (Mayer, Heaney, and DeOreo 1996).

The City of Westminster, Colorado, a suburb northwest of Denver, has also played an
important role in the development of residential end use studies, although they have not
paricipated in any of the national research conducted by Aquacraft. Inthe ifl 0 0 s
Westminster funded two Aquacraft residential end use studies which were conducted on small
samples of 20 30 homes (Aquacraft, Inc. 1998). It was during these early VWesten studies
that Aquacraft first developed and tested the Trace Wizard software (Mayer and DeOreo, 1996).

1999 RESIDENTIAL END USES OF WATER

In 1993 the American Water Works Association Research Foundation (now WaterRF)
convened a meeting of water cengtion planners and experts to identify future research needs
for the industry (Nelson, J.O., 1993). The top research need to emerge from that gathering was to
obtain better information on the residential end uses of water. In response to this request,
WaterRF funded a comprehensive study of water use patterns in single family customers in
North America and a team lead by Aquacraft that included funding and support from 22
municipalities and utilities is the US and Canada was selected to conduct thelergroject
was started in 1996 and research was completed in 1998.

Residential End Uses of Water, published in 1999 by WaterRF, assembled historic
consumption data from 12,000 residences, survey data from 6,000 households, and detailed end
use data frm 1,188 singldamily houses in 14 cities in the US and Canada (Mayer et. al. 1999).
TheREUWS1lused a random sampling approach to select participants and significant effort was
made to obtain data from large, representative samples of customers i th@cbeovice areas
covered.

Key findings from the study that are frequently cited include (Mayer et. al. 1999):

69.3 gpcd average daily per capita indoor water use
Leaks accounted for 13.7% of indoor use

3.48 gallons per flush average toiletlush volume

5.05 flushes per person per dagverage flushing frequency
17.2 gallons per showéraverage shower volume

8.2 minuted average shower duration

Too Too oo oo oo o

An electronic version of thREUWSLis available for free download from the WaterRF
www.waterrf.org.

Two key technological innovations fostered the success RREWWWVS1 First was the
development of the Metévlaster© 100EL flow data recorder from the F.S. Brainard Co. This
compact battery powered flow recorder had sufficient memory tydebout 15 days of flow
data at 1&econd intervals. Aquacraft purchased 110 of these flow recorders to conduct the
REUWS1 The second innovation of tiREUWS1was t he creation of Aqua:
Wizard© software for disaggregating flow traces inboponent end uses.
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Prior to theREUWS1Aquacraft had started developing a software program that could
speed up the detailed analysis process of disaggregating a residential flow trace into component
end uses, but once the REUWS commenced a professional version of Trace Wizard was
developed. flace Wizard water use analysis software was used to disaggregate all of the flow
trace data collected in tiREUWS1 This software has now been put to use across the globe
from Australia to the Middle East to Europe for disaggregating water use flounttata
component end uses. Early versions of the Trace Wizard program were limited in theirability t
disaggregate simultaneous argk events without accessing the original database
cumbersome and time consuming process. Subsequent improvementsedimaalifficulty of
simultaneous event disaggregation and Aquacra
5 (Aquacraft 2013).

As with any new data measurement technology, questions were raised regarding the
accuracy and reliability of dadaggers to measure volumetric end uses. Several independent
tests of this technique have been conducted and all have shown that it is a reliable method for
measuring volumetric water uses. An independent 2004 study found that discreet toilet events
can be acurately quantified at the 95% confidence level plus or minus 3% of the mean volume
with this technology (Koeller and Gauley 2004).

The 1999 Residential End Uses of Water study stands as an important benchmark for
water use and for water use researche Rilghly detailed data included in tREUWS1enabled
more accurate demand forecasting and conclusively demonstrated the impact of water efficiency
measures. The results of the REUWS have been put to use over the past 15 years to establish
demand benchmaskmeasure the impacts of water conservation programs, and forecast future
water use patterns. The scientific approach and innovated methods employeREUINS 1set
a new standard for water demand research and set off a flurry of end use researtheacross
globe.

The REUWS report has become one of thdiale best sellers for WaterRF and the end
use data collected for the study has been a rich treasure trove for ongoing research into water
demands. A followon study, Commercial and Institutional Enddg of Water was published by
WaterRF in 2000 (Dziegielewski, et. al. 2000).

END USE RESEARCH: AUSTRALIA AND NEW ZEALAND

In the water stressed continent of Australia, residential end use studies were conducted
starting in 1998 in Perth, Western AustralRublished in 2003, the Domestic Water Use Study
in Western Australia 1998001 included end use data from 120 homes in which water use was
monitored continuously for more than a full year (Loh and Coghlan 2003). In this study,
monthly billing data froma sample of 600 homes were also obtained to validate the results of the
end use analysis. The flow trace analysis portion of this study was conducted using the
Aquacraft methodology of recording flows every 10 seconds and disaggregating the resulting
flow trace using Trace Wizard software (Loh and Coghlan 2003). The study confirmed that the
flow trace analysis methodology was capable of accurately determining the percent of showers,
toilets and clothes washers falling into normal and 4efficiency categries and these results
were confirmed by i#home audits (Loh and Coghlan 2003). This research project which
combined both flow trace analysis anehiome audits, provides further validation of the flow
trace technique as a tool for measuring bothvthemes used by individual engses and the
efficiency levels of the fixtures and appliances found in the homes. The data set from the Perth
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study has proven to be a rich resource for Australian water researchers in the years following the
completion of wok.

On the east coast of Australia, interest in residential end use stuaispwred by Dr.

Stuart White and the Institute for Sustainabl
ADesigning Cost Effective DemgamsoMth@a agement P
importance and utility of end use data (White and Fane 2001). The Institute for Sustainable

Futures has played important leadership and support roles in many of the end use research

projects conducted in Australia since 2001.

YarraValleywat er i s Mel bourneds | argest water an
supply and wastewater treatment services to over 1.7 million people and over 50,000 businesses
in the northern and eastern suburbs. Starting in the late 1990s, Yarra Valleyl&datgr,

Demand Forecasting Manager Peter Roberts, embarked on three end use studies that employed
the Aquacraft flow trace analysis methodology and Trace Wizard software. Through this
research, Yarra Valley discovered the benefits end use analysis whparedrto surveys, as a

tool for developing predictive models (Roberts et. al. 1999, 2004, and 2005) Roberts and his co
researchers found that flow trace analysis was more accurate and more cost effective than other
data collection methodologies Yarra Vallead employed.

The first Yarra Valley end use study, the 1999 Residential Forecasting Study, utilized a
telephone survey of 1,000 Yarra Valley Water sirfglmily customers coupled with metered
consumption data to better understand water use patterber(Ret. al. 1999). It provided
detailed information on customer water use patterns, end uses, behavior, and penetration rates of
conserving fixtures and appliances. One of the limitations of this study was the inability of
customers to provide informatiabout fixture efficiency, for example whether or not the home
contained standard vs. efficient showerheads or 6/3 or 9/4.5 liter dual flush toilets (Roberts, et.
al. 1999).

The 1999 Residential Forecasting Study was followed by the Yarra Valley Voat&r 2
Appliance Stock and Usage Pattern Survey which was designed to improve upon the 1999 study.
In-home surveys were performed by a team of trained technicians who obtained detailed
customer information. This approach provided verification of the peloetrait efficient
appliances in 840 homes in the Yarra Valley service area. Peter Roberts explained the problems
Yarra Valley had experienced with earlier methods that only used surveys to obtain customer
|l evel data: ASur veys wagatriskeokygldingsomepreserdative t hey a
samples due to disproportionate refusal rates by certain segments of the residential population.
Furthermore, these surveys provide only limited information about things like the rate at which
waterwasting pluming devices are replaced by theiat@rc ons er vi ng (Robettser nat i v
et. al. 2004).

Yarra Valley took their research further by selecting asarple of homes for a detailed
end use study. About 100 of the 840 homes in 2003 Yarra Valley Applack study were
selected to participate in the Residential End Use Measurement Study which built upon the
earlier work, (Roberts, et. al. 2005). In this study, flow data recorders were used to measure
flows every 10 seconds and the resulting flow tradgédsent to Aquacraft to be disaggregated
into component end uses with Trace Wizard software (Roberts, et. al. 2005). The results from
the 100 home end use sample were compared to the-84Mnia surveys and the results showed
remarkable consistency (Robg et. al. 2005). The 100 home end use study also provided
information about leakage, fixture replacement, and behavior that was not yielded by the survey
methodology. The value of the research was established.
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AThe findings ( fhawmenabldd ¥arre \Valley Wateeto estahblisth ¢ )

robust end use modeling capability. In addition the end use measurement has also

enabled more informed design and assessment of various demand management programs
and provided a valuable data set from whiclptovide customers with informative usage
data via their quarterly account statement

In 2007, Mathias Heinrich published residential end use results from a study on 12
singlefamily homes a the Kapiti @ast of New Zealand. Thstudy also used flow data
recorders and Trace Wizard software. Even with a small sample size, the results were
remarkably useful and Heinrich found unique ways to describe the repeatability of the results.
By lining up the 10 second flow characteristésnultiple flushes of the same toilet as shown in
Figure 2, he demonstrated why the pattern recognition component of flow trace analysis has
proven so powerful.

o al a) ol o o o oM o a0 11 sl o) o ot ate att ats

10 second interval

Figure 2: Repeated flush patterns of the same toilet (from Heinrich 2007)

The next majoAustralian residential end use studies were conducted by faculty and
students from Griffith University and the Gold Coast Water Company, located just south of
Brisbane. Spurred by severe drought in the MuBayling river basin, Gold Coast Water
investedn water conservation measures and research to better understand demands and develop
solutions to the crisis. A series of end use research studies were conducted by Dr. Rachelle
Willis and Dr. Rodney Stewart and their team using the Aquacraft methodmolgjrace
Wizard software as the primary analytic tool.

A study conducted in 2007 and 2008 measured water use in 151 homes in the Gold Coast
Service area, some of which were equipped with a dual plumbing system for gray water (Willis,
R. et. al. 2009). This study found an average water use of 42.0 gallons per person per day
including outdoor irrigation which amounted to just 12% of water use (Willis, R. et. al. 2009).
Leaks accounted for just 1% of average daily use. This research also confirniecbtinatwas
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a strong determinant of water use and higher income households were likely to use more water
(Willis, R. et. al. 2009).

Subsequent research from Griffith University leveraged these and other end use data to
measure behavioral response to shayesmices and home information dashboards (Willis, R. et.
al. 2011), (Stewart, R. et. al. 2011), and (Beal, C. et. al. 2011b). Key results from end use
research in South East Queenslamdepublished in 2011 by Beal and Stewart in the South East
Queenslad Residential End Use Study: Final Report (Beal and Stewart, 2011a). Researchers at
Griffith University and the University of Queensland continue to be among the most active in
conducting residential end use research and publishing the results.

TARGETED END USE STUDIES IN THE U.S.

In the U.S., interest in end use research expanded after the publication of the 1999
Residential End Uses of Water as utilities and researchers came to understand the potential
applications of the flow trace analysis techniquexsetbped by Aquacraft as well as other
research methods. In 1998, the Maytag Corporation retrofit the entire town of Bern, Kansas
with high efficiency clothes washers and metered water use directly at the washer to measure the
impacts. The Bern study @oyed direct measurement of flow at the fixture rather than the flow
trace analysis approach and the water savings results were used in a TV commercial and
published by the research team (Tomlinson, L. et. al. 1998). Water utilities and the federal
govenment were interested in measuring the impact of different water efficiency efforts.

Starting in 1998 and moving forward, the methods and software developed by Aquacraft were
used to examine specific water efficiency program impacts and measures in bas Megson,
Seattle, Oakland, and Tampa.

In 1999, Aquacraft and the Southern Nevada Water Authority published results of a
residential end use study of 100 homes participating in the Las Vegas area Xeriscape conversion
program in which customers were p&ademove turf landscape and replace it with watise
landscape elements (Aquacraft, Inc., 1999).

In 2000, the City of Tucson participated in a residential end use study of conducted by
the Water Research Center at the University of Arizona. Irstady, customers who received a
toilet rebate for purchase of eartyodel ULF toilets in 1991 and 1992 were identified and their
water use monitored and analyzed using Aquacrtr
software (Henderson and Woodard, 20@0)d use data from approximately 170 toilet rebate
recipients were obtained and t he-conmmpidnt s, @r e
toilets had problems with high flush vol umes,
(Henderson and Wbdard, 2000). The end use data collected and analyzed showed that the
average flush volume for all lowolume toilets installed in the selected study homes toilets was
1.98 gallons per flush, or about 24 percent higher than 1.6 gallons per flush teejesigned
to use. In addition26.5 percent of households havtilet that flushed with an average volume
exceeding 2.2 gpf (Henderson and Woodard, 2000).

The findings from the Tucson field study confirmed what lab research conducted in in
SoutherrCalifornia in 1998 had revealed: Some common toilet cleaning chemicals cause
degradation of toilet flappers and some aftarket toilet flappers provide a poor fit thus
contributing to increased leakage and flushing volumes (Metropolitan Water Dii86), 1
(Henderson and Woodard, 2000). The Tucson study showed how end use data could be used to
answer specific questions about water efficiency programs, technology, and impact.



66 | RESIDENTIAL END USES OF WATER STUDY UPDATE

As the value of end use data and research became more apparent, JohraRlowers
engineer with US EPA who helped gain approval for the water efficiency components in the
1992 Energy Policy Act, secured grant funding for a trio of Aquacraft residential water
conservation retrofit studies over a thigar period. Research was cortgddn Seattle,

Washington, Tampa Bay, Florida, and the East Bay Municipal Utility District, California from
2000 to 2003. The resulting three individual retrofit studies, and combined retrofit study final
report provided useful information on the effeetiess of water conserving fixtures and
appliances in reducing indoor water use (Mayer, et. al. 2001), (Mayer, et. al. 2003), (Aquacraft,
Inc. 2003),(Aquacraft, Inc. 2004). The results of this study were influential in estimating the
potential impact offte WaterSense program as it was being developed by the US EPA.

In the EPA retrofit studies, baseline water use data were collected from a combined
sample of 96 homes located in Seattle, the Tampa Bay area, and East Bay Municipal Utility
District in Califomia. From these data the household and per capita usage of toilets, showers,
clothes washers, dishwashers, faucet use, leakage, and other indoor uses were determined
(Aquacratft, Inc. 2004). Next, the same set of homes were retrofitted with conseratsy toi
clothes washers, showerheads, faucet aerators, and hands free faucet controllers. After allowing
a settling in period of six months, water use was once again measured with flow recorders and
Trace Wizard software and the household and per capganee reexamined. The results
showed a significant reduction in indoor water use of 39% in the homes that were retrofitted with
conserving fixtures and appliances (Aquacraft, Inc. 2004a). Results from this series of studies
have been used to establish dfemarks for water use with current high efficient technology and
as a measuring stick for gauging progress of utility sponsored water efficiency programs.

Seattle Public Utilitiesd6 (SPU) Water Cons
endorser oftte flow trace analysis approach to measuring end uses and Seattle was a participant
in theREUWS1and in the 2004 EPA retrofit studies. In 2004, SPU hired Aquacraft to conduct a
market penetration study using flow trace analysis to assess the percéh@ge®in Seattle
that were equipped with high efficiency fixtures and appliances (Aquacraft, Inc., 2004b). The
Seattle Market Penetration Study was one of the first end use studies conducted specifically for
the purpose of assessing the level of wateiency achieved in a random set of sinégenily
homes.

CALIFORNIA RESIDENTIAL BASELINE AND EPA NEW HOME STUDIES

California has been a national leader in water demand management and conservation
since drought struck the state in the 1970s, spurrin@biine first growth spurts in water
conservation programs and measures (Mayer, P. 1995). California water efficiency and demand
management received elevated importance when in 2008 Governor Arnold Schwarzenegger
adopted a statewide goal of reducing ita demand by 20% by the year 2020 (State of
California, 2010). By 2008, a consortium of California utilities had already embarked on an
ambitious residential end use study with Aquacraft, led by Fiona Sanchez, Conservation
Manager at the Irvine Ranchatér District (IRWD). The project became the second largest
baseline residential end use study conducted to date, afREth&/S1

The California Single Family Water Use Efficiency Study was finally published in 2011,
but actually began in 2004 when agp of California water agencies, led by Irvine Ranch Water
District applied for a grant from the California Department of Water Resources to fund a
baseline residential end use study to expand oREl#&WS1land include data obtained entirely
from sample®f homes within the State of California. Eventually this grant request was
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approved and Aquacraft commenced work on the study in 2006 with the support of 10
participating California water agencies (DeOreo, et. al. 2011a).

The California Single Family WatéJse Efficiency Study provided detailed water use
data on a statewide sample of approximately 700 single family homes spread across 10 water
utility service areas around the state and delivered an updated snapshot of water use patterns
(DeOreo, et. al. 2La). The results showed the current penetration rates of conserving fixtures

and appliances across meeting or exceeding established conservation standards across the state

and in specific markets. The 2011 California study also provided an updatedaekdbr
progress on water use efficiency in California and offered a useful comparison with demands
from California obtained as part of tREUWS1(DeOreo, et. al. 2011a), (Mayer, et. al. 1999).
From these data, water planners in California were atdstbimate how much untapped water
conservation potential existed in largest urban customer category.

In 2005, momentum was gathering across the US for a national water efficiency program
t hat could act in parall el wbEnergytSHAR prdggamE P A
This ultimately led the US EPA to create the WaterSense program in 2007, but before this
development was complete, the EPA worked with the Salt Lake City Corporation to fund a
benchmarking study of water use in new sidgiaily homes (US EPA, 2007) Aquacratft,
2011b) . The study, Analysis of Water Use in New Single Family Homes was conducted by a
team led by Aquacraft and completed in 20Aduacraft 2011b). Working with nine
participating utilities from across the U.S., the 2EPA New Home Study was designed to
measure typical water wuse patterns in fAstan

an

da

water efficiency | evel establ i sheaf ftihcioeamgdbdy d h

new homes that were built dugnhe study period to match the emerging WaterSense

specification for highly efficient new homes. (DeOreo, et. al. 2001b). Results this study found
that Astandardodo new homes use about 2I% | es
largely due @ the impact of federal plumbing codes and appliance energy performance standards.

A smal | sdtf iccfi emmhciygoh new homes built to meet
38% less water indoors than the existing housing stock and about 21% lesadweetes than
the fistandardd new homes (DeOreo, et. al. 2

establishing that the WaterSense new home specification was capable of reducing water use by
20% in new homes (US EPA 2009).

END USE RESEARCH IN EUROPEAND BEYOND

While some of the largest residential end use studies have been conducted in the U.S.,
Canada, and Australia, a number of studies have been successfully conducted in Europe and the
Middle East.

The most significant end use research in Eurogebkan produced by a group led by
Francisco Cubillo, Deputy Director of Research, Development and Innovation for Canal de
Isabel 1l based in Madrid, Spain. According to Cubillo:

ACanal de |1 sabel | 1 weedoedevel@ kebable anagicse ar ¢ h
about the effect of temperature and daily rainfall on water consumption in individual
homes. Results can be seen by specifit sbewers, washing machines, toilets, faucets,
dishwashers, irrigation, swimming pools and leaks identify customerd c | i mat e
sensibility through their end uses. The information is applied in designing and

i mpl ementing water infrastructure action
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Cubillo and his team uses a flow trace analysis approach similar to the methods
developed by 4uacr aft t o -umseas urbeutfimihceryo t heir own he
conduct the analyses.

In South Africa, a number of water use benchmark and end use studies have been
conducted by H.E. Jacobs and J.E. Van Zyl that use both measurement atichktatslelling
approaches to determine where and how water is being used in residential andidemtial
buildings (Jacobs, H.E. 2007), (Van Zyl et. al., 2003), (Van Zyle et. al. 2006).

In the Middle East, end use research has been conducted in Saia And more
recently in the United Arab Emirates and Jordan (DeOreo, W.B. 2011). In Jordan, researchers
developed new approaches for measuring end uses that included installing a new water meter on
the outflow pipe of the roof tank at selected residsrand then using a flow recorder and Trace
Wizard to disaggregate water use from the resulting flow trace (DeOre, W. B. 2011).

Other regions that have conducted small to medium scale residential end use monitoring
include Brazil, Cyprus, and the Unitedrigdom.

RECENT END USE RESEARCH IN THE U.S.

Recent end use research in the United States has largely been carried out by Aquacratft,
Inc. using the same flow recorder technology and Trace Wizard signal processing software they
have been developing and impitog upon since the early 1990s.

In 2008, Aquacraft completed the first ever end use study of multifamily housing for
IRWD i Analysis of Water Use in Multifamily Housing. This study was conducted by IRWD
for the purpose of establishing more accuiator water budgets for their innovative water
budgetbased rate structure (DeOreo and Hayden, 2008).

A project funded through the federal American Recovery and Reinvestment Act (ARRA)
stimulus program studied the impact of high efficiency retrofits eataf single family homes
in Albuquerque, New Mexico. Conducted by Aquacraft, this study evaluated the impact of local
rebate programs and then measured the impact of retrofitting high efficiency fixtures and
appliances including WaterSense labeled twilsshowerheads, and faucets (Aquacraft, Inc.
2011). In the end use component of this study, the project team first measured baseline water
use in a sample of 209 single family homes to establish baseline demand patterns. Then a full
indoor retrofit wascompleted at 31 homes whiclcinded toilets, clothes washeshowerheads
and faucets. The results showed that the after the retrofit, the households used about 27% less
water on average indoors. The savings were mostly due to the toilets, clothes wastiea
reduction in leakage (likely due to the toilet retrofit). In this study, the shower and faucet
retrofits did not result in a statistically significant change in water use (Aquacratft, Inc., 2011).

The City of Westminster, Colorado teamed with Aquaft to conduct a residential
demand study in 2011 in conjunction with their water conservation planning effort. This study
measured water use at a random sample of 60 homes in Westminster and helped the City
determine which conservation program measwgteould be included in the water conservation
plan developed in 2012 (Mayer and Feinglas, 2012).
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RESEARCH METHODS
This section of the report provides a summary of the research methods used for the study.
OVERALL STUDY ORGANIZATION

This study was @anized around the principtiat detailed data collected fronandom
sampes of single family water customers can provide information from which useful water use
projections can be made to other groups of single family residential customers for which
information is known or estimated for key explanatory variablé® detailedwater use and
demographidnformation on the samplesan be analyzethathematically in a way that allows
projections of water use to other groups of single family custoifer overd organization of
the study is illustrated irigure13. Each box on the flow chart represents a major work element
of thisresidential end use analysiBetailsare provided below.

Before any of the work discussed below could take place the first step was to solicit a set
of water agencies from the United States and Canada to participate in the study. This was done
by sending out emails and making telephone dallagencies around the country which were
known to have an interest in demand analyses of this type. Two levels of participation were
offered to the agencies: Level 1 involved a complete customer analysis including surveying,
billing data analysis, dat@gging and landscape analysis; and Level 2 which was confined to
just surveying and analysis of billing data. Efforts were made to obtain as geographically diverse
a sample as possible, but no attempt was made to assemble a group of utilities tleatteebaes
scientific fAimatcho to the entire universe of
this, was practically impossible.

OBTAIN INFORMATION FROM UTILITIES

After the study groups were assembldtk first stepin the researchprocess washe
collection of the key information from each utilingeded to conduct the studyork started on
the project in May of 2011. In June of 2011 a data request was sent to each of the Level 1 and
Level 2 utility participants.There were a total of 9 Lel& utilities in the study. Each of these
provideda Q1000 Sample of billing data for their single family customers. Each of the 1000 homes
in the sample was sent a surveyyd a group of 100 homes was selected from the survey
respondents in each Levekite for data logging. There were a total of 17 Level 2 sites in the
study. Each of these provided ao6d sample. All of the Level 2 survey respondents were
grouped, and a single sample of 5000 homesraradomlyselected to receive a survey

The dataequest was divided into three parts:

Utility Information Part 17 Selecting the Sample of 1,000 SF customers (Q1000)

Each of the 26 participating agencies was sent a set of instructions for selecting a random
sample of single family homes from their120billing database. This sample was checked to
ensure that it was statistically similar to the population of single family homes. After this check
was completed the data were sent to the research team for use in surveying and data logging.
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The Qooo daa also included customer informatiand information on the meters located at the
site.

Utility Information Part 27 Utility and Program Information

Several other pieces of information were requested from each of the participating
utilities. These included contact names and information, conservation staff sizes and budgets,
information on water and wastewater rates, and information on the typesenfomatervation
programs in place at the agendye agencies were also asked to provide information on the
types of water sources they utilized, whether they had a good local weather station for ET data,
and to providecopies of recentonservation and dught plans.The final question was an open
ended request for any site specific information that the agency wanted the researches to be aware
of that might have a bearing on the study.

Utility Information Part 31 GIS and parcel level data (Level 1 si®only)

Aerial photos and parcel shape files were requested from each of the Level 1 sites so that
the irrigated areas and landscape plant types could be determined for each of the logged homes.
This allowed estimates to be made of the theoretical floigaequirements for each home. The
annual outdoor use for the homes was then compared against the theoretical requirements in
order to determine the ratio of the actual to the theoretical applications, and the volumes of
excess or deficit irrigation.
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Figure 13: Organization of Study



72 | RESIDENTIAL END USES OF WATER STUDY UPDATE

SURVEY IMPLEMENTATION

After the billing and customer information had been obtained from each of the 26 sites
and the necessary statistical tests and sampfiige Qooo done,the next critical step was the
implementation of theustomer survey. This survey was similar to others that have been used in
previous end use studies, but had some questions that were unique to this study. In addition,
each of the Level 1 sites had the opportunity to submit questions to be sent teijusivin
customers on issues that were considered of local interest.

Each survey was identified with a survey ID code which was linked to the customer
information and billing database. The survey ID provides a unique identifier for all houses that
were maied a survey. Houses selected for data logging were assigned a separate keycode ID,
which identifies all houses that were part of logging groups. After the data logging was
compl ete the survey | D6s and Kkeyc todeachhomer e | i
could be accessed.

The results from the surveys were used in two ways: first in combination with the annual
and seasonal water use information from the billing information, and second, in combination
with the data logging results. In bothses mathematical models were developed to search for
relationships between the survey results and the billing and/or end use data.

Homes for data logging were selected only from survey respondents so that the survey
results were available for all of thernes in the end use database.

SELECTION OF LOGGING GROUPS

The logging groups were selected from the sumespondents in each of theuet 1
study sites. Each survey home was identified with a unique logging code, referred to as a
Keycode.Because thesurveys were sent out prior to the selection of the logging groups they
were identified with a separate survey ID identifiene Keycode was linked to tl8irvey ID so
that the end use data obtained from the data logging could be linked titlitlgeamd survey
data identified with the Survey IB. Consequentlyt her e were two | DO6s u
customers in the study: ti®irvey ID, which wasassigned when the surveys were mailed out,
and the Keycode that was used to identify homes selected forod@gad (either as primary
sites or backups).

Each of the surveys was assigned angy ID code, which identified the survey in
relationship to the customarformation and billing dataWhen surveys were returned a sample
of 100+ were selected for datagging. Each of these homes was assigned a keycode, which
identified the homefrom the logging sample. Theelcodes were linkedtott®i r vey | D6 s s
that data from the surveys could be used for the water use analysiKeytedes all had a
common fomat: YYSNNNN, where the first two digits represented the year in which the data
were collected, the S indicated that the data came from a single family account, and NNNN
represented a number assigned in sequence from 0001 to 9999 for all keycodes estigned
single family group during the yeaExtra keycodes were assigned in order to allow for alternate
logging homes in case some houses had to be rejected for any reason.

Table 5: Keycode assignments

NO. Level 1 Agency SurveylD Range Keycode Range
1 Denver, Colorado 521,000999 1251031226
2 Fort Collins, Colorado 530,000999 125236360
3 Scottsdale, Arizona 552,000999 125376489
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NO. Level 1 Agency SurveylD Range Keycode Range

4 San Antonio Water 541,006999 125500609
Texas

5 Clayton County, Georgi. 511,006999 125701810

6 Toho Water Agency 571,000999 12S82@917
Florida

7 Region of Peel, Ontario 611,000999 12510011122

8 Region of Waterloo 521,000999 12512011319
Ontario

9 Tacoma Water anc 561,000999 135101215
Power, WA

SELECTION OF HOT WATER GROUPS

One of the new aspects of this study compared to the original REUWS study was the
addition ofa subset of homes within the logging groups to have data obtained on their hot water
use. In all sitesexcept TacomalO homes were selected for hot wategging. In Tacoma a
total of 37 hot water homes were selected, since Tacoma power wanted to have more hot water
data in order to simulate operations of electric heat pump water heaters. This brought the total
number of hot water homes to 117 for tmeire study.

Each of the homes in the hot water group was selected from the logging group by
invitation. Letters were sent to the homes in the logging group asking who would be willing to
have a water meter installed on the inlet line to their water heete then have this meter data
logged at the same time as was the main meter. A group of 10 homes, plus a coupleip$back
were selected and plumbers were contracted to install the meters.

At the time that the technicians visited the homes to lirtbia data loggers on the main
meters, which, except for the Canadian sites, were located outside the house on a property line, a
separate data logger was installed on the feed line to the water heater, which was normally
located inside the home or in tharage. This required setting up an appointment with the owner
and gaining access to the hom@nce inside the home the technicians took a few minutes to
verify the types of toilets and clothes washers present in the home (so that this could be
comparedto the results from the surveys) and to measure the temperature of the inflow and
outflow water at the water heater.

The result of the logging were two simultaneous flow traces: one from the main water
meter and one from the hot water meter that couldaba&lyzed siddy-side in order to
disaggregate water use from each meter, so that both total water use and hot water use could be
broken down by end use.

LANDSCAPE ANALYSIS

The landscapes for each study home were analyzed by obtaining parcel shagadfiles
imagery for each of the level 1 study sites. Generally, both of these pieces of information were
made available by the water agency, the GIS department of the local government, or from other
public sources. In some cases it was necessary to useotinees for the aerial imagery, but in
al |l cases the research team was able to obt
resolution, for each study site.
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The addresses for the logging groups were located on the aerials using the parcel files.
An analyst then manually traced out the portions of each lot that peeteof the vegetated
landscape. Each landscape area was identified by its keycode, area and ground cover.

Irrigated Areas and Efficiencies

Each plant type was assigned an irrigatioficieincy based on whether it would be
expected to have a spray or drip system. The combined factors were calculated as the crop
coefficient/efficiency. Open water surfaces on the property were treated as quasi irrigated areas
and assign a species coeffitieand irrigation efficiency so that a reasonable water allocation
could be determined for them. The irrigation efficiencies were based on reasonable estimates of
target efficiencies for weltlesigned and maintained systems. The analysis was aimed at
detemining what the landscapes should require based on good practice; not on what they might
require in less than a good state of repair and operation.

Table 6: Landscape parameters

Ground Cover Species Irrigation Efficiency =~ Combined
Coefficient Allowance Factor

Entire Lot NA NA NA
Non-Turf Plants 0.65 71% 0.92
Pool or Fountain 1.25 100% 1.25
Cool Seasoiurf 0.80 71% 1.13
Warm Season Turf 0.60 71% 0.85
Vegetable Garden 0.80 71% 1.13
Xeriscape 0.30 90% 0.33
Nor+irrigated Ground 0 0 0

Landscape Ratios

The landscape ratio for each lot was calculated as the ratio of the theoretical irrigation
requirements to the reference requirements (based on ETo). Since the theoretical irrigation
requirement takes intaccount both plant types and irrigation efficiencies it is analogous to the
maximum water allocation calculation. A landscape ratio of 0.70 means that that landscape
requires no more than 70% of the ETo. It should be noted that even if the landscaiseOtdtio
or less it can still be ovarrigated so that the actual use exceeds its allowance. Conversely, a
landscape ratio may be greater than 0.7, but if it is deficit irrigated, it may not exceed the
maximum allowance. The landscape ratio is just dic@tor that the water requirement of the
landscape based on its design.

Theoretical Irrigation Efficiencies

The theoretical irrigation requirement (TIR) is a measure of the water requirement of the
landscape based on whatever plant material and areaspvwesent at the time of the analysis.
The TIR was calculated for each lot using the areas for each plant type on the lots with the ET
data and diciency allowances shown abav@he Net ETo was determined for each site based
on the best available weathdata. Net E® was determined by doing daily soil moisture
analyses from sample weather stations. The daitydfill daily rainfall for the billing year were
input, and only rainfall that reduced ETo either directly or via soil moisture storage wasdcounte
as effective. This excluded rainfall that fell in excess of the soil moisture capacity, soil uptake
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rates, or which was such a small quantity that it would not be expected to enter the root zone. In
the northern sites, rainfall was found to reduce BY 25%, while in the southern sites the net
ET was just 9% less than the grosET

The Net ED was then converted from inches to gallons per square foot using the
conversion factor 1 inch = 0.624 gpsf. The area for each landscapeesutvas then multipd
by the Net ETo and the crop coefficient for the plant material. The result was divided by the
a||0V\1led rrigation efficiency for a welllesigned and maintained irrigation system to arrive at the
TIR.

The equation used for estimating the TIR fas #tudy was:

TIR=0.624x ETp, % il{%x Kzi}
i: .

Where:

TIR= theoretical irrigation requirement (gal)

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

n= number of zones in the landscape

i= individual zone

A= area of individual zone (sf)

Eff; = irrigation efficiency allowance of individual zone

Kzi= zone coefficient for individual zone spkciesX KdensityX Kmicroclimate

Estimation of Annual Outdoor Water Use

When only a single water meter is present there is no completely accurate method of
separating indoor and outdoor uses. In most cases having indoor use from the flow trace analysis
gave good results, but not always. Use of minimum month enrage winter consumption as a
proxy for indoor use is reasonable. hea@s where irrigation occurs @nyear round basis it can
lead to an oveestimation of indoor use.

The outdoor water use for each lot was estimated by taking the annual water ugefrom t
billing data and subtracting the best estimate of annual indoor water use, obtained mainly from
the projected idoor use from the logged data. some cases the indoor use during the logging
period did not give the best estimate for annual indoor wseingtance if no one was home
during the logging period. In cases where the logged indoor use did not appear to give the best
estimate of the annual indoor use, then the minimum month water usesechasia proxy for
indoor useDue to the necessary lége between sample selection and data logging, the logging
data were usually not collected in the same year as was the billinglddteor use tends to be

! There was some discussion of using irrigation efficiencies less than 0.71, but since this is the minimum acceptable
efficiency in the MAWA calculations it was agreed in September 2009 to use 0.71. We recognize that
achieving this may be a challenge forrpalder systems. Efficiencies for drip systems were set to 90%.



76 | RESIDENTIAL END USES OF WATER STUDY UPDATE

stable therefore,use of indoor data for a period different from the billing data is not a bad
asumption as long as it is checked for reasonableness, as was done.

Application Ratios

The ratio of the actual outdoor use to the TIR is called the application ratio in this study.
This tells whether the landscape is being watered properly based actubeplant material on
site. If a lot is 100 turf an application ratio of 1.0 means that it is receiving the proper amount of
irrigation water for a turf landscape.

DATA LOGGING

Data logging began in Denver during February of 2012 and continuedamtiary 2013
when the last logging was completed in Tacoma. All data logging was completed within 12
months(seeTable7).

Table 7: Data logging efforts

Study Derver  Fort Scotts San Clayton Toho Peel Waterloo Tacoma

Site Collins Antonio Total
Number 100 100 100 100 100 100 79 83 100

Logged 862
Number 97 88 96 91 96 65 60 71 98

Main 762
Number 10 10 10 10 7 5 6 9 33

Hot 100
Daysl/tra 12.3 13.4 13.1 11.9 12.9 12.2 12.9 12.9 12.4

ce Ave=12.

Logging Febl2 Mar-12 May-12 Jut12 Augl12 Sepl2 Oct12 Now12 Janl3
Month 12 mo.

FLOW TRACE ANALYSIS

In order to properly interpret the results of this study imgartant to understand how
flow trace analysis works, and consider its strengths and weaknesses. The goal of flow trace
analysis is to disaggregate water use in a sifegtely home based on a highly precise pattern of
flow over time obtained from the nmawater meter for the house. The key is that the main water
uses, such as toilets, clothes washers, dish washers, irrigation systems, and showers in the home
provide very clear flow patterns that are relatively easy to identify. Other uses, such t& fauce
leaks, water treatment and pools are more ambiguous. The idea is to extract the information for
the easily identified events, which leaves behind a smaller volume of water in the remaining
categories. This smaller volume of water can then be anatyagstically to examine the factors
that appear to have an influence.

Flow trace is a very good tool when understood in this way, but it does involve a degree
of uncertainty and random error. When one balances the information provided by flow trace
analyss against the practical impossibility of soketering a home to provide end use
information of equal detail, its value is clear. Working with flow traces and the Trace Wizard
program, an experienced analyst can determine the important information teldkesd daily
household use for the key fixtures and appliances, and can determine the efficiency levels of
these as measured by their volumes of use and flow rates. Water use for categories like faucets
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and leaks can overlap since sometimes events pedduca faucet may appear to be a leak, and

vice versa. This is where the information from the surveys can be used to identify relationships
between household characteristic and the end use in question. This process can help clarify the
factors that ar@robably linked to the use. For example, leak events may sometimes include
very small faucet uses, intermittent flows for automatic pool filling, ice machine, or continuous
flows from certain water treatment systems. By modeling leakage against thecprespools,

home water treatment, automatic irrigation systems etc., it is possible to see what factors explain
increased leakage or lelike events. Leakage estimates should be tempered with the
knowl edge that i n some cmaaybesalegitimate usathay recuires t o
continuous flow. These types of issues tend to work on the fringes of the data. The main body of
information provided by the analysis is the core household water use patterns and efficiency
levels for the household.

Each flow trace file obtained during the site visits was analyzed into individual water use
events using the Trace Wizard software. During Trace Wizard analysis each event is
characterized according to its end use, start time, duration, volume, maximunnate and
mode flow rate. This is a stepwise process. Each trace is first checked to verify that the logged
volume agrees with the meter volume. When the volumes agree then the trace can analyzed as
is. When the volumes do not agree further investigas required. In some cases the data logger
records the data but the volume recorded differs from that of the meter by a small amount. These
traces usually are used with a correction factor applied so that the volumes agree. In other cases
the volumeof the data logger and the meter volumes differ by a substantial amount. These traces
are opened for inspection. In some cases the trace files may contain a few erroneous events,
caused by infrequent electrical interference with the sensor, which cadsssaedy high flow
rates to be recorded. If these are isolated events they can be removed manually during analysis,
and the rest of the trace can be used. If the entire trace is contaminated with interference then it
has to be discardedn some casesé logger simply fails to record any data, in which case the
trace is discarded and if necessary the site-isgged.It is also not uncommon for a logger to
record flow through the meter that the register fails to-pjghbecause of age or repair issuas
these cases the volume from the logger was used.

After the volumeswere evaluated and, if needed, correction factors applied, each of the
traces with usable dataas disaggregated into individual events. The Trace Wizard program
contains a templatef indoor fixtures and appliances that serve as the starting point for the
analysis. If these templates are set up carefully they can identify many of devices on the initial
calculation. The Trace Wizard program is similar to an expert system in thangigst
identifies how events should be categorized according to fixture type, and then the program uses
this information to find all similar events in the trace and assign them to the chosen fixture. For
example, if on Day 1 of the trace a toilet is ideed that has a volume of 3.5 gallons, a peak
flow of 4 gpm, and a duration of 90 seconds, these fixture parameters are adopted by the analyst.
The program will then find other similar events throughout the duration of the logging period
that match the fst event. Each of these events is labeled as a toilet with no further intervention
required on the part of the analyst.

The analyst works through the flow trace to find all of the major fixtures, assigns the
fixture parameters, and verifies that thigtures have been identified successfully by the
program. When multiple events occur simultaneously it may be necessary for the analyst to
identify events by inspection and separate these events manually. The analyst also identifies the
first cycle of all clothes washer and dishwasher events in a.tfHus allows the number of



78 | RESIDENTIAL END USES OF WATER STUDY UPDATE

clothes washer and dishwaslogclesto begrouped into loadsrom which the gallons per load
can be determined.

The analyst may need to evaluate other events on ebgasesebasis. Water treatment
systems, pool filling, and evaporative cooling can have enough variability from one trace to
another that it can be difficult to develop a template that contains all of the necessary parameters
to identify them automatically. Gsite regenerating water treatment systems may have similar
patterns from one trace to the next, but it is impossible to have a template that accounts for all of
the variability. Events such as these are identified through inspection by the analyst. Visual
inspection may be necessary for identifying more common events as welexgomple if
someone leaves a kitchen faucet running for 10 minutes while they wash the dishes it may look
like a showeif it is flowing in the shower rangeln these cases class#itton of the evenis a
judgment callsupportedby factors such as frequency, time of day (showers are more likely to
occur in the morning) and the proximity of other events (long periods of faucet use may be
followed by the dishwasher).

Each water use ewmein the flow trace is characterized by fixture type, flow rate, duration
and volume. The analysis does not however, reveal the make or model of a fixture or appliance.
The efficiency of devices like toilets, showers, and clothes washers is inferradttisr
measured volumes or flowrates.her e may, for exampl e, be many
flow at 2.5 gpm or | es shigheffifieneys boweus d bec &zl ;¢
meet the EPAct 206%riterion, which requires a flow rate Bf5 gpm @ 80 psi.

Toilets with flush volumes of 2.2 gpf or less were classified in this report as efficient
toilets, meaning that they flush at or below a volume most likely due to a ULF eetligikncy
toilet® High-efficiency toilet refers to a spiic model of toilet designed to flush at 1.28 gpf or
less. Toilets in this study were classified based on the measure flush volumes not their make and
model. This means that an old toilet that had been modified to flush with less water would be
classifed as an efficient device, even though an audioking at it might classify itas
inefficient because it was not stamped as a ULF of HET mGaelversely, theraresome ULF
toilets with flush volumes as high as gallons as a result of being poodgjusted or because of
a mal function. These toilets would not be con

Following the initial disaggregationnd analysis process, the trace wdsecked by
another analyst to make sure there are no obvious errors areyéindéd that require a judgment
call seem reasonable. Once all questions are resolved, the trace is then ready for further
processing, and the process is repeated on another trace. Simple traces can be analyzed in as
little as 30 minutes. Analysis of cqex traces may take several hours to complete. The level of
complexity is normally related to the volume of water used in the home during the logging
period and the frequency of events occurring simultaneously.

TRACE WIZARD IDENTIFICATION OF COMMON HOUSE HOLD FIXTURES

Trace Wizard analysis provides a visual tool for identifying individual events that take
place during the twaveek data logging period. The most common events found during trace
analysis are toilets, faucets, showers, clothes washers, diséngarrigation eventsand leaks.
Examples of these events follow along with a description of a typical profile. While flow trace

2 EPACt1992 Energy Policy Act ofl992National Efficiency Standards and Specifications for Residential and
Commercial WatelJsing Fixtures and Appliances
% The EPAct 1992 standard for UL6ilets is 1.6 gpf
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analysis is not perfect it performs very well in identifying the key household end uses. There are
always ambiguous eventhat can be categorized differently by different analysts, and these
create scatter to the results.

Trace Wizard is at its best in identifying anything that is controlled by a timer or a
mechanical controller. These include toilets, dish washersgslethshers, irrigation timers and
water treatment regeneration systems. Fixtures that are limited by a valve or which operate in a
repeatable fashiosuch as showers or bathse also fairly easy to identify. The program deals
with simultaneousvents bysplitting out the supeevent from the base event. This covers the
situation of the toilet flush on top of the shower or irrigation. It also has the ability to split out
events that run into each other, but this requires the analyst to manually idleatipint at
which one event ends and another begins. This covers the situation where a faucet is turned on
before a toilet stops filling.

The following sections provide some examples of how typical fixtures and appliances are
recognized in flow trace aitysis, and discuss issues encountered in dealing with each category
of end use.

Toilets

Trace Wizard determines the time of day, the volume, the duration, the peak flow and the
mode flow of toilet events. From this it is possible to draw inferences aldwi type of toilet
might be behind the trace. However, this inference process is not perfect, and must be used with
discretion. Trace Wizard cannot tell if a 3.0 gallon flush is coming from a malfunctioning ULF
toilet or a modified high volume flushitet.

There are also two ways of looking at toilets. From the perspective of a household
efficiency study what is important is the actual volume of the flush, the distribution of flush
volumes and the overall average gallons per flush in the home. tReoperspective of a water
agency that is interested in tracking the percent of all toilets that have been replaced, the key is
the actual make and model of the toilet. The flow trace data can be helpful in making judgments
about the market penetrationast but it is inherently ambiguous when it comes to assigning
actual toilet designs.

The other complicating factor about toilet analysis is that houses contain mixtures of
different types of toilets. This makes it necessary to look at things like thenpefdéushes at
different volumes (toilet heterogeneity) in an effort to determine the mixture of toilets in the
home. All of these techniques aredsnd discussed in the report.

Figurel4is an excellent exampld @our toilet flush events (green) that take place over a
two hour period and were identified using the Trace Wizard program. The program identifies
flow events with similar properties including volume, peak flow, and duration. Also shown in the
figure arefaucet events (yellow) that have been separated from the toilet events and are not
included in the toilet volume. The baseline flow (blue) has been labeled leakage. Although the
flow rate is less than a tenth of a gallon per minute, it is continuouggtintbe entire trace and
accounts for nearly 1,400 gallons of water during the two week data logging period. In these
cases the presumption is that these represent leaks unless there is evidence that the household has
some sort of continuous use water devie.g. for medical or water treatment purposes).
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Figure 14: An example of four toilet flushes, faucet use, and baseline leaentified using the Trace Wizard program

It is not uncommon to find several different toilet profiles in the same residence. This
may be the result of replacing only one of the toilets with a ULFT or HET, toilets of different
brands in the home, flappe¥placement, or the addition of a displacement device or some other
conservation measure in one of the toilEigure15is an example of two different toilet profiles
in the same home; two of the toilet flushes aoenfa ULF toilet and the other two flushes are
from a high volume or high water use toilet with a flush volume of 2.7 gallons.
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Figure 15: Four toilet flushes with two different profiles identified in Trace Wizard

Clothes Washers

Although there are many brands of residential clothes washers available, there are enough
similarities in their profile to make them easily recognizable in the Trace Wizard program.
Figure16is an example of the characteristics of altmgding, norconserving clothes washer,
shown in light blue. Each cycle is similar in volume-@2gallons) and represeriiling of the
clothes washer tub. Cleaning and rinsing is accomplished by agitating clothing in a volume of
water sufficient to submerge the clothing. The initial cyclgaigged as firstycle, whichallows
the total volume of the clothes washer tachkulated for statistical purposes.

This figure also shows a typical i nter mit
going on and off during the trace period. These are most likely dripping faucets or valves that
Al eako at a | owomman.e, which are ver
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Figure 16: Typical profile of a top-loading clothes washer

High-efficiency clothes washers are designed to use less water than the standard top
loading clothes washers. They use a tumbling action that provides cleaning by continually
dropping and lifting clothes through a small pool of water. The clothes washer loaws, ish
light blue inFigure17, use less than 15 gallons per load. As with a standasibaoljing clothes
washer, the initiatycle is flagged as first cycle, which allows the total volume of the clothes
washer to bealculated for statistical purposes.
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Figure 17: Typical profile of two high-efficiency clothes washer loads identified in Trace Wizard

Showers

Showers typically have one of two profiles. The profile shownFigure 18 is
representative of homes that have what is commonly referred to as a tulb/sbowe, in which
the shower and bathtub are operated by the same faucets. This results in a high flow when the
faucets are turned on initially and the temperature is being adjusted; the diverter is then pulled
and the flow is restricted by the shower he@lde flow then remains constant until the faucets
are turned off. The shower shownRigure18 has an initial flow of 5.6 gpm, which drops to 2.0
gpm for the duration of the shower. There are a number of HET toidét évents (1.28 gpf) that
occur during the twour time period shown in the figure, one of which occurred during the
shower, and has been separated from the shower.

The second shower profile, shown Figure 19, is typical of a stall shower where the
flow goes directly through the showerhead and is therefore limited by the flow rate of the
showerhead. The flow rate of a showerhead is dependent on the flow rating of the showerhead
and the operating water pressurbeThower irFigure19is 14 minutes in duration with a flow
rate of 1.7 gpm. Also shown is a clothes washer event and several toilet and faucet events.



84

RESIDENTIAL END USES OF WATER STUDY UPDATE

- Fislure Properties
-

Min Max
R EI ]
Peak:| 243 484
pur [ 0000:30 | 000730
Modsi[ [
Mogel [ [
- EvenlPropettes
Presewve [ vob| 2277
Adept | Peake[ 583
puc|  0010:20
Mode: [ 197
Modeti:| 12
Num: [ 31
Stat| 22172007 81452

End:| 2/21/2007 g:25:12

Class: Base

Figure 18: Classic profile of tub/shower combo with HE toilet events and some faucet use
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Figure 19: Profile typical of a stall shower with clothes washer, faucet, and toilet events
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Dishwashers

Although dishwashers are multiple cycle events, their water use typically accounts for
less than 5% of the total indoor use. Because they are cyclical and there is very little variation in
the flow rate or volume of the cycles, dishwasher esvarg easily identifiable. And, like clothes
washers, the first cycle of the dishst@r event is labeled using t@ symbol which enables the
number of events to be countédgure20 is an example of a dishwasher eweiith six cycles.
Faucet use often precedes or occurs during dishwasher events as dishes are rinsed, or items are
being hand washed. In the flow trace analysis the dishwasher category includes only water being
used by mechanical dishwashing machines.teWased for hanevashing of dishes would be
counted as part of the faucet category.
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Maeth
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/ 2.0 gallons per cycle

q
12— /

Monday, September 17, 2007 (10:54:59 AM - 12:54:59 PM)

Figure 20: Multiple cycles typical of dishwasher usage

Water Treatment

There are two kinds of water treatment that need to be considered. The most common is
the water softening device, which works by ion exchange. Raw water is run through a resin bed
and the hardness ions (calcium and maigimes primarily) are adsorbed onto the resin in
exchange for sodium. This reduces the hardness of the water, but does not affect its total
dissolved solids. Once the exchange capacity of the bed is exhausted it is regenerated by
backwashing with salt wate This backwash process is the only water consumed by the process.
The treated water simply flows into the water pipes for use by the occupants as riégdesl.
21 shows a typical regeneration cycle for a home water softener. These are sometime controlled
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with a timer and sometimes by a sensor. These types of systems are very simple to identify in
Trace Wizard.

The other type of home treatmestreverse osmosis. These systems run the potable
water through a membrane, which separates the water from the salt. Typically around 25% of
the total water input to the system emerges as product water and 75% is wasted. Whenever
water is being treatethe system is using water. The flow rates are typically low, and can be
mistaken for leaks. The difficulty in identifying them as water treatment as opposed to leakage
is the pattern of use. If only a few gallons are produced at a time, the systeshomila
repeatable pattern that can be identified. For example, if once or twice a week two gallons of
product water are treated for drinking and cooking this will show up on the trace as a 10 gallon
event with a fairly repeatable flow rate. If the systenused to treat large volumes of water
which is rare,it will start to look like a continuous leakSurvey informationthat identifies
houses with RO systems helpith thisidentification
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Figure 21: An example of a regdential water softener in Trace Wizard

Leakage & Continuous Events

There are two kinds of leaks identified in Trace Wizard. The first type is intermittent
leaks, such as toilet flappers or faucet drips and the second is continuous leaks due to broken
valves or leaky pipes. Intermittent leaks are identified by their legrylow rates (too low to be
faucets), association with other events that might initiate a leak, or the fact that they simply do
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not appear to be faucet use, and because they occur too frequently to be explained by someone
standing at a sink and operafia faucet for hours at a time. Intermittent leaks are very common,
and most traces contain a number of these typ
based on the ability of the water meter to register the flow. To the extent that the caetest
register very low flows, leakage measurements would be testienated.

Constant leaks, on the other hand, are continuous eventarebases these may not be
leaks at all, but instead represent a device that has a constant water demansl ,asteleese
osmosis system or a ontleough cooler. The presumption, though, is that these are leaks. Use
of survey information can be used in conjunction with the end use data to look for correlations
between leakage and fixtures in the home to s#®ie might be a relationship that helps clarify
the source of -litelevwentsi| eako and | eak

Figure 22 is an example of an event that is classified as leakage in the Trace Wizard
program. Although the flow rate uite lowi averaging less than 0.5 gpginover the 2 week
period of the trace nearly 5,400 gallons were attributed to this event. Leakage is flow that cannot
be easily classified as a typical fixture, such as use for toilet flushing, clothes washiegs,fau
showering, irrigation, or other commonly found household use. Leaks can be attributable to
malfunctioning fixtures such as a leaking toilet or irrigation system or due to process uses, such
as a reverse osmosis system, evaporative cooling, or-eeaioculating pond or fountain. The
cause of flow attributed to leakage may be discovered during a site visit or from information
provided on the survey returned by the homeowner. Often, however, this information is
unavailable, and the cause of leakageagmns unknown. Since the dl
such an important part of singlamily residential water use, looking further into the causes of
these types of events would be beneficial.
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Figure 22: Four-hour period showing a continuous event classified as a leak

Irrigation

Large automaticrrigation eventsare the easiest to identify aade usuallycharacterized
by a large event consisting of several very distinct segments, each with its own duration and flow
rate as the various zone valves open and clédagomatic irrigation is generally operated by a
timer device that turns on the irrigation aset time, on specified days, and irrigates multiple
zones in sequence. The flow rate for each zone varies depending on the type and number of
sprinkler heads located on that zoRegure 23 shows an irrigation evenhat occursMonday,

October 29, 2007 at 1:12:1QVP The event properties show that the volume of the irrigation
event is949 gallons with a peak flow af8.4gallons per minuteanda duration ofL hour and 12
minutes. This event vgarepeated daily throughbthe duration of the data logging periodheT
change in flow rate occurs sevemes during the irrigation event and is indicative of different
irrigation zones.

Drip irrigation is typically lower flow than overhead irrigation and may be operated
mantally or as a separate zone on an automatic irrigation system. Drip irrigation is generally
used for norturf type plants that require less water and less frequent watering than turf or other
high wateruse plantsFigure24 is an example of a drip irrigation event with a flow rate of 2.5
gpm and a duration of 96 minutes. The total volume of the event is 190 gallons. There are several
toilet flushes and some faucet use that are running concurrently to the irrigatibnfeken to
recognizing this event as irrigation as opposed to some other large use was the fact that it was
repeatediuring the logging period at similar time of day.
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Monday, October 29, 2007 (11:38:51 PM - 1:38:51 AM)

Sunday, September 30, 2007 (8:18:47 AM - 10:18:47 AM)
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Faucet Use

Basically, faucet events are generally intended to identify uses for kitchen and bathroom
faucets. These include a wide range of events that are similar, with flowesgtdban 2.5 gpm
and durations and volumes that are reasonable with respect to what one would expect from a
bathroom or kitchen sink. Exceptions to this would include flows at higher flow rates that might
come from a utility sink or a bath tub with a uoie too low to be a bath fill. Another quality of
faucet use is their irregular and random type of pattern, with fairly short durations and low
volumes. Use of faucets to handsh dishes while leaving the water run continuously is one of
the largest typeof faucet uses encountered in the analysis.

Other Uses

Events that simply do not fit neatly 1into
They might have flow rates too large for a sink, but volumes too small for irrigation or a bath.
These eents are set into the category of miscellaneous other uses.

The end result of the flow trace analysis is a Microsoft Access database file with a unique
keycode that identifies the home. The file for each home contains one record for each water use
event abng with the fixture name, volume, flow rate, start time and duration. A typical two
week trace will contain anywhere from 1,500 to 10,000 events.

DATABASE CONSTRUCTION

Summarie®f the key data collected and created as part of this study wasl pfec one
of several database tables® that they could be analyzedhis was one of the project
deliverables. A total of six Xcel spreadsheets were crtezbntain the project database, and
these are described in the chapter devoted to the project dataliaggies of these tables are
available for download from either the research team of the Foundation. These files can be used
in Excel to create summaries and comparisons of the data, or can be loaded into specialized
statistical programs, such as SASSS@SS, for more advance analysis.

DESCRIPTIVE STATISTICS

Descriptive statistics were preparied the various water use parameters investigated in
the study. Typical statistics reported were means, medians ranges, and confidence intervals.
Where posdile, comparisons were made between the current study and the first REUWS. Many
data sets lent themselves to distribution analysis, so there are many histograms in the report. Bar
charts, scatter diagrams and tables of data are used throughout to repbe water use
statistics. Similar analyses are presented for hot water use and outdoor use.

A closely related topic to the statistics was the development of benchmarks from the data
that reflect the water use metric. The concept here is thaw#ikbility such a high amount of
detailed data provides a very rich set of water use metrics with which to describe the use
patterns. Comparisons of these metrics against known levels of efficiency in certagtsob
the data allow benchmarks, orrnative levels of use to be identified for standard homes,
efficient homes and highly efficient homes. These benchmarks are especially useful for
conservation planning and determination of available savings from conservation.

REGRESSION MODELING
The summary tables and survey information was used to create regression models in
order to examine the factors that help explain water use. Regression models use both continuous
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and categorical variables in an attempt to convert the data collected as partsufdghénto
patterns of useful information about how single family water use varies with factors such as the
number of persons per home, the size of the home, the presence of high efficiency fixtures and
appliances, income, education and attitudes, etc.

INFORMATION ON PARTICIPATING AGENCIES
SELECTION OF STUDY SITES

Tale 45 Table8 shows the complete list of all of the participants in the study, at which
level they participated, the number sihglefamily accounts served by each and the average
number of residents per account as reported by the survey respondents. The weighting factor,
shown in columriour of the table is based on the percentage of the total numbirgtd family
accounts representedy lkeach agency. This weighting factor will be used as the basis of
weighted averages, where necessary.

Table 8: Water agencies participating in REUWS 2.

Agency Location Level Number of SF

accounts 2010
Clayton Georgia, USA 1 70,421
Denver Colorado, USA 1 195,487
Ft Collins Colorado, USA 1 27,867
Peel Brampton, ON, CAN. 1 273,989

. Texas,
San Antonio USA 1 331,853
Scottsdale Arizona, USA 1 146,138
Washington,
Tacoma USA 1 85,288
Kissimmee,
Toho Florida, USA 1 68,021
Aurora Colorado, USA 2 70,608
. Texas,

Austin USA 2 189,038
Cary North Carolina, USA 2 45,120
Chicago llinois, USA 2 269,698
Edmonton Alberta, CAN. 2 220,090
Henderson MR, 2 80,352

USA
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Agency Location Level Number of SF

accounts 2010
Miami Florida, USA 2 377,846
Mtn View California, USA 2 11,802
Otay California, USA 2 40,994
Philadelphia Pennsylvania, USA 2 392,639
Portland Oregon, USA 2 153,500
RWACT. Connecticut, USA 2 107,141
Santa Barbara California, USA 2 16,919

New Mexico,
Santa Fe USA 2 26,871
Average - - 141,627
Maximum - - 392,639
Minimum - - 11,802
Sd. Dev. - -

DEMOGRAPHICS AND CENSUS INFORMATION

The communities participating in this study were varied. In some ways they were
comparable and in some ways they were the same. Understanding some of the differences can
help understand the context and differences in water demand. One important noténes®out
data: the census data is based census metropolitan areas and these may not exactly match the
service area of a given agency. However, gestalt of the census data can still inform about the
communities and their demand for water. One major househal@ateristic that affects water
demand is number of people per homable9 shows U.S. Census data for average household
size. Note that these are for all househoids just he subset of singlemily homes. Overall,
the Census shows slightly higher occupancy than the survey data from this study (please see
Table38for comparsons).

Table 9: U.S. Censuslata from selectedpopulation profiles

Utility Metropolitan Statistical Area  year Average
of household size
data
Clayton Atlanta-Sandy Springs 2009 2.86
Marietta
Denver Denver-AuroraBroomfield 2009 2.59
Ft. Collins Fort CollinsLoveland 2010 2.42
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Utility Metropolitan Statistical Area  year Average
of household size
data
San Antonio San AntonieNew Braunfels 2009 2.92
Scottsdale  PhoenixMesaGlendale 2009 2.92
Tacoma SeattleTacomaBellevue 2009 2.86
Toho OrlandeKissimmeeSanford 2009 2.77

(American Communitysurvey 1-year estimatgs

Singlefamily homes are the focus of this study. So it can be helpful to know what
portion of a c¢ommuni tfamidydousding.ursei cangus ecoms differents s i
types or homes, based on number of units and whetheot the unit is detached. Singlait
detached is comparable to the sinfgmily home criteria of this studylable 10 shows total
housing units and the breakdowih singleunit detached homes. With a calculation of what
percent of total stock is singlenit, detached homes. The average across all study sites is 63% of
housing units are singlamily detached, which validates the importance of evaluating water use
patters for this sector of water users.

Table 10: U.S. Censuslata from selected housing characteristics

. Percent
year  Total single single
Utility of Hogsing unit, unit
data  Units detached detached
Clayton 2012 2,175,303 1,455,705 67%
Denver 2012 1,086,263 646,920 60%
Ft. Collins 2012 134,704 89,085 66%

San Antonio 2009 781,756 533,879 68%
Scottsdale 2009 1,737,335 1,116,083 64%
Tacoma 2012 1,478,935 874,944 59%
Toho 2009 907,080 542,548 60%

There are many characteristics that can be used to help describe a community. Possibly
some of the most telling are economics. Income, which has a correlation to water demand, is
captured in census dafBable 11 shows median household income for logging sites. Note that
this data is from all households, not just siAgmily homes. Poverty is also an important
parameter that can give a sense the financial limitsmbammu niiatnydd sa watier ager
resources, and one measure of this is also showalle11.
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Table 11: U.S. Censuglata from selectedeconomiccharacteristics

Percentage of

Median families whose
Utility year of household* income in the past
data . .
income 12 months is below
the poverty level
Clayton 2009 55,464 10.3%
Denver 2009 59,007 8.7%
Ft. Collins 2009 55,676 7.7%
Peel
SanAntonio 2009 47,955 12.6%
Scottsdale 2009 52,796 10.7%
Tacoma 2009 64,028 6.7%
Toho 2009 46,946 9.8%
Waterloo

CLIMATE AND DROUGHT
Measures ofClimate

Climate sets the stage for water use, particularly outdoor use. And while wisaHezy
parameter in outdoor demand analysis developed in this study, climate is the baseline, long term
weather norms that present the context of wediheed demand.

The Kdppen climate classification is a vegetati@sed empirical system. This syate
uses quantitated qualifiers such as temperature and dryness and gives a qualitative interpretation
of biomes.Figure25 shows a map of the climate zones for Northekita andTable 12 shows
the climates of the Level 1 water agencies (these agencies were the ones featuring in the outdoor
analysis). Looking at this table it is obus that there is a mix of warm and cold sites as well as
humid and seraarid todesertclimates in this study.
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Figure 25: Climate map of North America

Table 12: Climates of participating agencies

KoppenClass Description
Clayton Cfa warm oceanic climate / humid subtropical
Denver Bsk cold semiarid climate
Ft. Collins Bsk cold semiarid climate
Peel Dfa humid continental
San Antonio  Cfa & BSh transition humid subtropical to hot and serairid climate
Scottsdale BWh warm desert climate
Tacoma Csb TemperateMediterraneanclimate
Toho Cfa warm oceanic climate / humid subtropical
Waterloo Dfa humid continental

In addition to the qualitative climate classifications, kiegn weather averagean also
be used to understand climate. ThegibhalOceanicand Atmospheric Admistration(NOAA)
provides climate data. One useful set of data are the climate normal. These are defined-as the 30
year (1981 to 2010) year averagd©AA computes thenontHy average temperature normal as
the mean (difference) of the monthly maximum temperature normal and the monthly minimum
temperature normakigure26 shows these fahe participating agencies.
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Figure 26: The monthly average temperature(°F) normal from NOAA.

Thirty-year normals of precipitation data are another important measure of climate.
NOAA data are shown iifable 13. This monthly data is totaled to give some sensanoiual
averages. For referengarecipitationdata used in the outdoor analysis is also presented. From
this it can be seen hoile study year (2010 in most casesinpared to the typical rainfall. Note
that San Antonio and Denver were decidedly drier than average. San Antonio was in drought
(discussed below) but Denver was not. Denver reported no drought during the summer but an
unusually dry autumn.

Table 13: Monthly average precipitation normals, in inches, from NOAA and precipitation used in outdoor analysis.

Clayton Denver th Peel San' Scottsdale Tacoma Toho Waterloo
Collins Antonio
January 4.5 0.5 0.4 1.6 1.8 13 5.9 2.4 1.6
February 4.8 0.6 0.4 2.1 1.8 1.2 3.9 2.8 2.1
March 5.0 15 14 2.0 2.3 1.2 4.1 3.8 2.0
April 3.5 2.1 2.0 2.9 2.1 0.5 3.0 2.3 2.9
May 3.5 2.5 2.4 3.6 4.0 0.2 2.1 3.6 3.6
June 3.9 2.0 2.0 3.1 4.1 0.1 1.6 7.7 3.1
July 5.0 2.0 1.2 3.7 2.7 1.0 0.7 7.5 3.7

August 3.9 2.1 13 2.4 2.1 1.2 0.8 7.9 24
















































































































































































































































































































































































































































































































































































































