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Appendix 1-D

Water Loss and Water Loss Audits

The TWDB established new requirements requiringewatudit reporting for
public utilities that provide potable water. Evdiye years public utilities must perform
a water audit computing the utility’s most recemnaal water loss. This appendix
provides the Executive Summary and water loss cosgaby regional water planning
area from the report prepared for the TWDB entjtldd Analysis of Water Loss as
Reported by Public Water Suppliersin Texas.

Appendix 1-D-1 Chapter 1 Appendix D



PP - 2011 Water Plan
East Texas Region

This page intentionally left blank

Appendix 1-D-2 Chapter 1 Appendix D



FINAL REPORT

AN ANALYSIS OF WATER LOSS
AS REPORTED BY PUBLIC WATER SUPPLIERS IN TEXAS

.Fl , .',- ;?’;‘T.,g i‘r;ar‘,J a 7 i; 4 f "

i
SEARCH:I;ROJECTf,}r
'FUNDED BY | /" |~

SR o *"‘:

ciiﬁﬁND PLANNING

" e =

PREPARED BY:

ALAN PLUMMER ASSOCIATES, INC.
1320 SOUTH UNIVERSITY DRIVE, SUITE 300
FORT WORTH, TEXAS 76107

WATER PROSPECTING AND ey
RESOURCE CONSULTING, W
WATER GARDENS PLAC 5

100 EAST 15™ STREET, SUITE 310 —
FORT WORTH, TEXAS 76102 <~ JANUARY 24, 200
>

S —

v.__.-.



[THIS PAGE INTENTIONALLY LEFT BLANK]



Table of Contents

1 EXECUTIVE SUMMARY — ANALYSIS OF WATER LOSS ......... cviieiiiiiiieeeeee 1-1
LA INTTOTUCTION. ..ottt ettt a s e e e e e e e e e e e e e aaeeeaeaaeeeeeeeeenennnnns 1-2
1.B Statewide Summary of Water LOSS PerformanCe. ..............oouuvuvviiiiiiiiieeeeeeeaeeenn -31
1.C Comparative Analysis of Water LOSS PerformanCe........covvvvvvviviveiiiiiiieeeeeeennn, 91-
1.D RECOMMENUALIONS ....uuuiiiiiiiiiiiiiiiiiiie s eeeeeeee ettt et e e e e e e e e e e e e s s s s s s bbb bbb beeeeeeeeeeeeaaaas 1-9

1.D.1 Water LOSS PerformanCe ...........uuuuuuuiiiiiiieeeeeeeeceeeeeeee s 1-10
1.D0.2 Regional Water Planning......... oo eeeeeeee 1-12
1.0.3 TWDB Actions to Enhance Water Loss Accountmgl Prevention.............. 1-12

2 INTRODUGCTION. .....utiiiiieiiiiiiiiite e ettt ettt e e e e s st eeaeeessnstreeeeeesssnnenneeeensnnes 2-1
2.A Project Background and FUNAING..........ccooeiieiiiiiiiieeeecir e eeeeeee e 2-2
2.B  SCOPE OF WOTK ...t s ettt seeee e e e e e e e e e e e e aeaes 2-4
2.C DElIVEIADIES ...ttt 2-4

3 QUALITY CONTROL OF REPORTED WATER LOSS DATA .....c.t eveeeeiiiieen. 3-1
G AN B = 1= B Yoo [ 8] 1 (o] o 3-1
3.B  QUAIILY CONLIOL...ceiiiiiiiiiiiiee ettt en e e e e e e e e e e e eees 3-1

I = 0 U 1 GO 3-1
G = T 1] 11 7/ o = PSPPI 3-3
G = TG T L= o [T o 1 o RS 3-3
3.B.4  City, State, and ZiP ....uueuueeeeiees et 3-3
3.B.5 Rpt_period_from and RPt_Period_10 ..... . eeeeeeiieemiiiiiiiiiiiiinnneeeeeeeeeens 3-4
3.B.6  POPUIALION_SEIVEM ......eeviiiiiiiie s e s s e e e e e e e e aaaeeeeeeeeessassnnnnnsesennnnes 3-4
G = T VL= (=T g o (=11 =T oY U 3-4
3.B.8  MStr_meter_acCCUraCy PCl.......ccouuuuummeieiiie e ee et ee e e e eeenenns 3-5
3.B.9 Cust_meter_aCCUraCy PCl ........coouiuummeeiiie e eeeeeie e e e e e eeeennanes 3-5
3.B.10 Unauthorized CONSUMIP .. ...uuuiiiiieeeeeeeeeetiiiiiiiiissss e e e e e eeeeeeeeeeeesessnssnnnnnnesees 3-5
3.B.11 NUM_SErviCe CONNECLIONS........uvuiiiieeieirtiiie e eeeriee e e e e e e e 3-6
3.B.12 MileS_MaIN_INES .....uuiiiiiiiiieee et ee e e 3-6
3.B.13 Prod_Water _COSL......ccciiiiiiiiiiiiimmmmmmn e e e e e eeeeeeeettbe e e e e e e e e aaaeeaaaaaeeees 3-7
3.B.14 Retail WaAter COSE.....cciiiiiiiiiii i ceeeeeme e e e e e e e e renn e eeeeenes 3-8
Analysis of Water Loss i

Texas Water Development Board 1/25/2007



Table of Contents (Continued)

3.C Database DeVvelOPMENT ..........uuiiuiiiiiiieee e e e e e e e e e eee e e e e e e 3-9
4 DEFINITION OF CALCULATED WATER LOSS QUANTITIES ..... .o, 4-1
4.A Production Meter AQJUSTMENT .......coooi it eeanneaeeees 4-1
4.B Corrected INPUL VOIUME.........uuieiiiee e e e 4-1
4.C AUthOrized CONSUMPLION. .. .uuueiiees e e e e e e e e e eeeeaateaasa e s e e e e e e e e aeeeaaaaeeaeaeeeeees 4-1
4.D Customer Meter UNder-RegiSteriNg ............ooeeeeeeereeeeeeiiiiiiiiiinnaaaeeeeeaeeaaaens 4-2
A.E APPAIrENT LOSS . eeiiiiiiiiiiii ettt ettt e e e e e e aee 4-2
AF  REAILOSS ... uuiiiiiiiiiiiiiiiii ittt ettt e e e e e e e r e e e e e 4-2
4.G TOtAl WALET LOSS ....iiiiiiiiiiiiee ettt e e e e e e e e e et e e e 4-2
4. H NON-REVENUE WAALET ...ttt e e e e e nen e 4-2
4.1 Balancing AJUSTMENT ........cooiiiiieiiee e s 4-2
5 DEFINITION OF CALCULATED WATER LOSS PERFORMANCE
INDICATORS ...ttt et e e e e e e sttt e e e e e s e e e e e e e nseeeeeeeeannnes 5-1
5.A Water Loss Accounting Precision INdiCator.............coovvvvveiiiiiiiiiiiiiiiee e eee e eeen, 5-1
5.B Water Resource Performance INAICAtOr .........cccuaeiiiiiiiiiiiiiiiiiieee e eeeeeeeeeeeeiieeees 5-1
5.C Operational Performance INAICALOrS. ... eeeeeeieiiiiiiiiiiiiinanaee e e ee e eeeeeees 5-1
5.D Financial Performance INAICAtOrS. .........cccoeeeeiiiieee e 5-3
6 QUALITY CONTROL OF CALCULATED WATER LOSS QUANTITIES
AND PERFORMANCE INDICATORS ... ..ottt e 6-1
6.A Balancing AdJUSIMENT .........uueiiiiie e e e eeeeeeeeeanee 6-1
B.B  OULIIEIS .. e e e e e e e e 6-3
6.C Water LOSS SUMMArY REPOITS .......oiiiiiiiieerem et eeeeeas 6-4
7 REVIEW OF NATIONAL AND INTERNATIONAL WATER LOSS
PERFORMANC E ...t s et e et e e et e e e et e e e et e e e easrenaennsnaeeees 7-1
7.A Water LOSS PerfOrMAaNnCe..........coiiiiiiiiiseemeee ittt 7-1
7.B Water Loss Performance GOalS.........cueviiiiiiiiiiiiiiiiiiiiiiiieeeeeeee e 7-4
T.B.L LI GOQAIS....uii ittt 7-4
7.B.2  ReEAI LOSS GOAIS.....uuuuiiiiiiiie ettt 7-11
Analysis of Water Loss i

Texas Water Development Board 1/25/2007



Table of Contents (Continued)

8 DISCUSSION OF COMPARATIVE ANALYSIS OF WATER LOSS

PERFORMANCE INDICATORS ...ttt e e e e e -18
o NS =113 1o PP 8-1
8.B Results Presented in APPENICES ......ciiiiiccceeeeeiie e 8-2
8.C Interpretation Of RESUILS ..........ccooiiiiiicmmeen e e 8-3
8.D Introduction to Comparative ANAIYSIS .........ceeeiiieiiiiiiiiiiiiiinnee e eeeeeees 8-4

9 STATEWIDE SUMMARY OF WATER LOSS PERFORMANCE

INDICATORS ...ttt ettt et e e e e st e e e e e s et e e e e e nnneeeeeeeeannnes 0-1
S Y = 1 (=Y o [ o ] = | PR TTPPPPP 9-1
9.B Statewide Value of Non-Revenue WaLer .......ccccceemiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeneee 9-5

9.C Strategies for Reducing NON-Revenue WALET .. evvvverenniiiianieeeeeeeeneeeeeeennnnn 928

9.D Other Water Loss Performance INAICAtOrS. ... oo iiiiiiiiiiiiiiiiiiiiieie e 9-8
9.E Correlation COEICIENTS. .......cuiiiiiiiiie e 9-12
10 COMPARATIVE ANALYSIS BY REGIONAL WATER PLANNING
A R E A e 10-1
10.A RegioNal SEAtISHICS. .....ccveeiiiiiiiiiiiii et e e e e e e e e e e e e eeeeeeeeeeeeennnne 10-1
10.B Regional Water Loss Performance INdiCators...........ccoovvvvveviviiiiiiiiiiiiieeeeeeee 10-1
11 COMPARATIVE ANALYSIS BY COUNTY ..oiiiiiiiiiiiiiiiee e esiieeee e siiieeee e 11-1
L11. A COUNLY SEALISTICS. ..euuuuruiiiiieei ettt e e e e e e e 11-1
11.B County Water Loss Performance INdiCatorS...........ooouvveiiiiiiiiiiiiiiiinieee e 11-3
12 COMPARATIVE ANALYSIS BY BUREAU OF RECLAMATION HOT
ST = PSR SPRPRRR 12-1
12.ABOR HOt SPOt STALISTICS .. .iiieieeeeeee e ettt e e e e e e e e e e e e eeeeaaeeeeees 12-1
12.B BOR Hot Spot Water Loss Performance INdiCAtOrS ... ooveeeeeeeeeeiiiiiieeiiiiiiiinnens 12-1
13 COMPARATIVE ANALYSIS BY UTILITY TYPE......cccciiit i 13-1
13.A ULility TYPE SEALISHICS ..vvvvvvvvriiiiiiiiiee e e e e ee et s s e e e e e e e e e e e e e e aeeeeaeeeeeeesannnes 13-1
13.B Utility Type Water Loss Performance INdiCators...........ccoooveeieeeeiiiiiiiieeeiiiiiiinnnns 3-2
14 COMPARATIVE ANALYSIS BY UTILITY SIZE .....ccoiiiitt i 14-1
14.A Utility Size SEAtiSHICS .....cevvveeieiiiiiiiiimmmmmreeeeeeeeeiiie s s s s e e e e e e e e e seeeeeeessennnereeeesesennnnns 14-1
Analysis of Water Loss ii

Texas Water Development Board 1/25/2007



Table of Contents (Continued)

14.B Utility Size Water Loss Performance INdiCators..............oovvvvvvviiiiiiiiiiiiieeeeeeeenn, 14-1
15 OTHER COMPARATIVE ANALYSIS ...t 15-1
15.A Comparison by SUPPIY SOUICE ......cooo e 15-1
15.B Comparison by Connection DENSILY ..........vveeeeeeeeeeiiiiiiiiiiiiiie e e e eeeeeeeeeeeeeeeieeees 15-2
16 CONCLUSIONS AND RECOMMENDATIONS.....coiiiiiiiiiiimiiiiie e e esiiieeee e 16-1
16.AWater LOSS PerfOrMaNnCe..........cooiiiiiiiiiceceeeeiieee e ee e s 16-1
16.A.1 Balancing AdJUSTMENT ..........ooiiiiiiceeeee e s 16-1
L16.A.2 REAILOSS .. oottt e e e e e e e 16-2
16.A.3 Water Loss Performance and Connection DENSIL..........ccceeeeeiieieeeeeeneeen, 16-4
16.A.4 NON-REVENUE WALET ........euniiiiieet s et e e aeeeeeeeenes 16-4
16.A.5 Statewide Value of Total Water LOSS...cccccievviiiiiiiiiiiiiee e 16-4
16.B Regional Water Planning.............uuuuuuioemmmmiiiiienes e s 16-5
16.CTWDB Actions to Enhance Water Loss Accounting aestddtion.......................... 16-5
17 REFERENGCES......ooii ittt ettt e e e s ettt e e e e e e anbte e e e e snnnneeeesannnees 17-1
Analysis of Water Loss iv

Texas Water Development Board 1/25/2007



List of Tables

Table 1-1: Statewide Totals of Reported Water Ldaste-feet) ..........ooovvvvviveiiiiinneees oo 1-4
Table 1-2: Statewide Totals of Reported Water LAgstions)............coovviiiiiiiiiiiiiiiiniieeees 1-5
Table 1-3: Statewide Percentages of Reported VaBas*...............ccceeeevveeeveevvviiiiiiccieenn 1-6
Table 1-4: Statewide Summary of Reported Water DIS..............uvvveiiiiiiiieeeee e 1-8
Table 3-1: Description of Fields in Water LOSS SIOFNEEt .........cvvvvviiiiiiiieeeeeeeeeeee s e 3-2
Table 4-1: International Standard Water Audit FArma.............oooooviiiiiiiiiiiiiiiii e 4-1
Table 7-1: Summary of North American Water Losddétarance for Individual Utilities ....... 7-2
Table 7-2: Summary of North American and Internadid/Nater Loss Performance................ 7-5

Table 7-3: AWWA General Guidelines for Setting ade Infrastructure Leakage Index (ILI)
for Utilities That Have Not Determined Their Syst&pecific Economic Level of

LEAKAGE ...ttt ettt ettt ettt ee ettt 7-8
Table 7-4: Proposed Minimum Leakage Activities Aurstralian Utilities"® ™A ... 7-9
Table 7-5: Proposed Use of ILI as a Performancecétdr in Developed and Developing

Countries™™® MY e, ettt 7-10
Table 7-6: German Leakage Level Guideliff8™ Y. ... . oo, 7-11
Table 9-1: Statewide Totals of Reported Water Ldaste-feet) ..........ooevvvvivvveiiiiinnees e 9-2
Table 9-2: Statewide Totals of Reported Water LAgstions)............coovvvvviiviiiiiiniiis i 9-3
Table 9-3: Statewide Percentages of Reported VaBas™.............ccoo oo, 9-4
Table 9-4: Total Annual Value of Non-Revenue Wdtar All Utilities That Reported Water

LOSS DAL ... . ciiii ittt e e e e e e e e e e aee 9-7
Table 9-5: Statewide Summary of Reported Water IDBES............ceiiiiieeeeeeeeeeeeeeeeeees 9-10
Table 10-1: Regional Average QUAaNTItIES. ......cccariiiiiiiiiiiiiiiiiieeas e e e e e eeeeeeeeee e eeeeeaneees 10-3
Table 12-1: BOR Hot Spot Average QUANtIties ...ccceeuvveiiiiieee e 12-3
Table 13-1: Utility Type Average QUAaNTILIES ...caaaeurrriiiiiiiei et 13-2
Table 14-1: Utility Size Average QUANTITIES. . eeerrrrrrrrrriiiiiiiiiaaeeeeeeeesseeeeeereeeeseeeeennnnnn 14-2
Analysis of Water Loss v

Texas Water Development Board 1/25/2007



List of Figures

Figure 2-1: Bureau of Reclamation HOt SPOtS iN BeXa........cccvviiiiiiiiiiiiiiiiee e e 2-3
Figure 3-1: Reported Population Versus Miles Of Mal..........cccoeevvieeieeiiiiiiiiiiiiieeeeee e, 3-7
Figure 6-1: Absolute Value of Balancing Adjustmasta Percentage of Corrected Input Volume
.................................................................................................................................... 6-2
Figure 8-1: Interpretation Of RESUIS......coooiii i 8-4
Figure 10-1: Regional Water Planning Areas in TeXaS..........ccvvvvvrrrvvuriiiiiiiieeeeeeeneeeneenns 10-2
Figure 10-2: Distribution of Reporting Utilities Begional Water Planning Area................. 10-3
Figure 10-3: Average Annual Non-Revenue Water bgi®Re..............covvvvvveiiiiiiiieieeeennn. 10-4
Figure 10-4: Average Annual Value of Non-Revenuda&Wper Connection by Region ........ 10-6
Figure 11-1: Ten Counties with the Highest Corrédtgut Volume..............coeevvviirinnnnne 11-2
Figure 11-2: Distribution of Reporting Utilities b@ounties with Highest Reported Corrected
] 0 10 LAY 0 11 o =SSR 11-3
Figure 11-3: Average Annual Non-Revenue Water byr®@p............cooovvviiviiiiiiiiniienneeenn, 11-4
Figure 11-4: Average Annual Value of Non-Revenuda&Wper Connection by County......... 11-6
Figure 12-1: Bureau of Reclamation HOt SPOtS INABEX.......cccoveeeeeiiiiiiiieiiiiiiii e 12-2
Figure 12-2: Distribution of Reporting Utilities BOR HOt Spot ...........oovvvvvviiiieiii 12-3
Figure 12-3: Average Annual Non-Revenue Water byYRB@Dt SPot...........ccooeeeiiiiiiiiiiiiinnnnns 12-4
Figure 12-4: Average Annual Value of Non-RevenuetéVaer Connection by BOR Hot Spot
.................................................................................................................................. 12-6
Figure 13-1: Distribution of Reporting Utilities bytility TYPe .......vvvvciiiieiiiiiieeeeeiieeeeeeenes 13-1
Figure 13-2: Average Annual Non-Revenue Water GitWType........ccooeeeiiiiiiiiiiiiiiiininns 13-3
Figure 13-3: Average Annual Value of Non-RevenudaWper Connection by Utility Type 13-4
Figure 14-1: Distribution of Reporting Utilities btility Size.........cccooeeiiiiiiiiiiiiiiiiiieeenn. 14-2
Figure 14-2: Average Annual Non-Revenue Water perr@ction by Utility Size ................ 14-4
Figure 14-3: Average Annual Value of Non-Revenudé&Wper Connection by Utility Size.. 14-5
Figure 15-1: Non-Revenue Water Percentage by Caoiondoensity ...............ccccceevvvvvvvnnnnn.. -85
Analysis of Water Loss Vi

Texas Water Development Board 1/25/2007



List of Appendices

Appendix A: Water Audit Reporting Form

Appendix B: Active Retail Public Water Utilities @hHave Not Reported Water Loss
Data as of July 20, 2006

Appendix C: Statewide Water Loss Figures

Appendix D: Regional Water Loss Figures

Appendix E: County Water Loss Figures

Appendix F: BOR Hot Spot Water Loss Figures

Appendix G: Utility Type Water Loss Figures

Appendix H: Utility Size Water Loss Figures

Appendix |: Other Water Loss Figures

Appendix J: TWDB Comments on Draft Report and Rasps to TWDB Comments

Analysis of Water Loss vii
Texas Water Development Board 1/25/2007



[THIS PAGE INTENTIONALLY LEFT BLANK]



1 EXECUTIVE SUMMARY — ANALYSIS OF WATER LOSS

The first broad analysis of water loss for retaiblac utilities in Texas reveals that:

* Approximately half of retail public utilities in kas reported their water loss data.

« Reporting utilities serve as much as 84 perceth®ftate’s populatioh.

* A substantial amount of water (the balancing adpesit) was not attributed to any water
use category, causing significant uncertainty itnestes of water loss and non-revenue
water.

« Reporting utilities experienced total water fos6212,221 to 464,219 acre-feet per year,
or 5.6 to 12.3 percehbf all water entering the reporting systems. Basedhe 2004
statewide average municipal water use of 150 gslfwer capita per ddy* equivalent
water volumes could supply between 1.3 million a@imillion Texans.

« Reporting utilities experienced non-revenue wWatér311,333 to 563,331 acre-feet per
year® or 8.3 to 15.0 percehof all water entering the reporting systems.

* When extrapolated to all retail public utilities Texas, the statewide value of total water
loss is estimated to be between $152 million ariB3$8illion per year.

» Reporting utilities may have underestimated thed water loss.

This research provides information necessary ferltbxas Water Development Board (TWDB),
Regional Water Planning Groups (RWPGSs), and rgtalilic utilities to direct planning and
funding resources, to recover lost revenue throtegtuction of non-revenue water, and to

achieve water savings through reduction of rea.los

This percentage is uncertain because someaesiliiported both retail and wholesale customerlptipos.
Total water loss includes real loss (water thas whysically lost from the system, such as magaks and leaks,
customer service line breaks and leaks, and staragiélows) and apparent loss (water that was ootiately
measured and billed to a customer, such as unazgldoronsumption, customer meter under-registesnd,
billing adjustment and waivers).

The smaller number is the total reported by tiii@ies. The larger number is based on the assiomhat the
entire balancing adjustment is water loss.

References are denoted with letters and are qezbén Chapter 17. Footnotes are denoted with eusndnd are
presented at the bottom of the same page.

However, it is not possible to recover all wdoss.

Non-revenue water includes real loss, apparesst lnd unbilled authorized consumption. Unbilletharized
consumption includes water used for fire fightisgwer flushing, etc.

Analysis of Water Loss 11
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1.A Introduction

Water loss minimization can be an important watenservation strategy for retail water
suppliers. Historically, retail public utilities ha lacked detailed knowledge about their water
loss performance. This is due partially to a ladkcareful water auditing and partially to
inconsistent water loss reporting using non-unifetatistics, including the use of “unaccounted-
for water” percentages to compare performance. salt, utilities may not know whether their
water losses are due to leaks, accounting practivefs, metering problems, or other factors, and

may have difficulty developing water loss minimipat strategies.

To address the lack of information on water loks, 78" Texas Legislature passed House Bill
3338, which required retail public utilities thatopide potable water to “perform and file with
the [Texas Water Development Board] a water aumlitfmuting the utility's most recent annual
system water los&"every five years. Under this authority, the TeXéaster Development Board
(TWDB) instituted new water audit reporting requirent§’ that require retail public utilities to
carefully audit their system water use at leaseawery five years; to estimate system water use
in standard, well defined categories; and to repiwir first set of water loss data to the TWDB
by March 31, 2006.

The new water audit reporting requirements follomethodology that is recommended by the
International Water Association (IWA) and the Ancan Water Works Association (AWWA)
Water Loss Control Committee. This methodologyeibn strictly defined water use categories
(Table 1-1) and water loss performance indicatois ia becoming the international water loss
accounting standard. The IWA Water Loss Task F@ndach included AWWA participation)
developed this methodology from 1997 through 2®ae first reference to the methodology’s

performance indicators was published in 266t ™ ®)

The U.S. Bureau of Reclamation (BOR) has designatedmber of “hot spots” in the Western
U.S. where existing water supplies are projectdoetmadequate to meet the demands of people,
farms, and the environment by the year 2025, inotugix hot spots in Texds.As part of the
Water 2025 Program, the BOR offered Challenge Gramtfund projects related to “water

conservation, efficiency and markets and collabonat Recognizing this program as an

Analysis of Water Loss 1-2
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opportunity to partner with the BOR, to leveragedkisting budget, and to enhance conservation
technical assistance, the TWDB applied for andivecea Challenge Grant for two purposes: 1)
to purchase 10 acoustical leak-detection unitsnraakle them available to public water suppliers,
and 2) to perform an analysis of water loss in Bexesing water loss data provided by public
water suppliers. The TWDB solicited proposalstfoe analysis of water loss and subsequently
awarded a Research and Planning Fund Grant teseanrch team of Alan Plummer Associates,

Inc., and Water Prospecting and Resource Consulting.

This executive summary describes the results esaarch project to examine the reported water
loss data for consistency, errors, omissions, dahdrajuality control issues; to calculate water
loss performance statistics; to compare waterpestormance by utility location, type, and size;
and to make recommendations for improving the waielit reporting process. The details of the
data quality control are discussed in later chaptéy statewide summary of water loss
performance, comparative analysis of water lossfopaance, and recommendations are

presented below.

1.B Statewide Summary of Water Loss Performance

For reporting utilities, statewide totals for eaegaiter use category are shown in Table 1-1 (acre-
feet), Table 1-2 (gallons), and Table 1-3 (perea#rtorrected input volume). The total reported
corrected input volundes 3,761,965 acre-feet over approximately one.yBais figure includes

retail water sales and wholesale water §dtmsthe reporting utilities.

The balancing adjustment in Table 1-1 through TdbRis the water volume remaining after
authorized consumption and total water loss aré&racied from the amount of water that entered
the utility system (the corrected input volume)a l@itility perfectly accounts for its water useg th

balancing adjustment equals zero.

" Corrected input volume is the amount of watet s actually delivered to a utility, including teathat was not
measured by the master meter(s).

8 A retail water sale is the sale of water to thd aser. A wholesale water sale is the sale ofwata utility that
resells the water.

Analysis of Water Loss 1-3
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Table 1-1: Statewide Totals of Reported Water Loss{acre-feet)

Corrected input volum
(3,758,484)

(251,998)

Billed authorized Billed metered consumption
consumption _ (3,190,972) _ Revenue water
_ _ (3,195,153) Billed unmetered consumption (3,195,153)
Authorized consumptioh T (4,181)
(3,294,265) Unbilled authorized Unbilled m((;tzergzgdS;:onsumption
co(r;sgu;nlpzt;on Unbilled unmetered consumption
' (46,414)
Unauthorized consumption
(10,770)
e Apparent losses Customer meter under-registering
(109,310) (87,218) Non-revenue water
Billing adjustment and waivers (311,333)
Water losses (11,322)
(212,221) Main breaks and leaks
(83,529)
Real losses Storage overflows
(102,910) (3,341)
Customer service line breaks and leaks
(16,040)
Balancing Adjustment**

* Over approximately one year. Most utilities refgar data for calendar or fiscal year 2005.

** Balancing adjustment is the corrected input volumiieus authorized consumption minus total water.ldsal water is fully attributed to the various
potential uses, balancing adjustment is zero. Balgradjustment may consist of underestimatedlosal apparent loss, or authorized consumptionh®iit
further refinement of a utility’s water audit, tiees no accurated hocmethod for determining the actual water use falewthat has been allocated to

balancing adjustment.

Analysis of Water Loss
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Table 1-2: Statewide Totals of Reported Water Losstgallons)

Corrected input volum
(1,224,705,675,107)

Authorized consumptio
(1,073,439,695,489)

Billed authorized
consumption
" (1,041,143,853,511)

Billed metered consumption
(1,039,781,485,415)

Billed unmetered consumption
(1,362,368,096)

Revenue water
(1,041,143,853,511

Unbilled authorized
consumption
(32,295,841,978)

Unbilled metered consumption
(17,171,730,325)

Unbilled unmetered consumption
(15,124,111,653)

[¢%)

Water losses

Apparent losses
(35,618,824,222)

Unauthorized consumption
(3,509,318,446)

Customer meter under-registering
(28,420,204,130)

Billing adjustment and waivers
(3,689,301,646)

(69,152,291,366)

Main breaks and leaks
(27,218,129,878)

Real losses
(33,533,467,144)

Storage overflows
(1,088,723,441)

Customer service line breaks and leaks

D

(5,226,613,826)

Non-revenue water
(101,448,133,344)

Balancing Adjustment**

(82,113,688,252)

* Over approximately one year. Most utilities refgar data for calendar or fiscal year 2005.

** Balancing adjustment is the corrected input volumiieus authorized consumption minus total water.ldsal water is fully attributed to the various
potential uses, balancing adjustment is zero. Balgradjustment may consist of underestimatedlosal apparent loss, or authorized consumptionh®iit
further refinement of a utility’s water audit, tiees no accurated hocmethod for determining the actual water use falewthat has been allocated to

balancing adjustment.
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Table 1-3: Statewide Percentages of Reported Watenss*

: . Billed metered consumption
B'giﬂsiur;hp?[irgned (84.9) Revenue water

(85.0) Billed unmetered consumption (85.0)

Authorized consumptioh ' (0.1)
(87.6) Unbilled authorized Unbilled meztlarzz)d consumption
consumption Unbilled unmetered consumption
(2.6)
(1.2)
Unauthorized consumption
(0.3)
Corrected input volumge Apparent losses Customer meter under-registering
(100.0) (2.9 (2.3) Non-revenue water
Billing adjustment and waivers (8.3)
Water losses (0.3)
(5.6) Main breaks and leaks
(2.2)
Real losses Storage overflows
(2.7) (0.1)
Customer service line breaks and leaks
(0.4)
Balancing Adjustment**
(6.7)

* OQver approximately one year. Most utilities refgat data for calendar or fiscal year 2005.

** Balancing adjustment is the corrected input volunieus authorized consumption minus total water.|tdsal water is fully attributed to the various
potential uses, balancing adjustment is zero. Balgradjustment may consist of underestimatedlosal apparent loss, or authorized consumptionhauit

further refinement of a utility’s water audit, tlkes no accuratad hocmethod for determining the actual water use falewthat has been allocated to
balancing adjustment.
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Some or all of the balancing adjustment is duerdevestimation of real and apparent water
losses. Without further refinement of a utility’sater audit, there is no accuraeé hocmethod

for determining the actual water use for water tiegt been allocated to balancing adjustment.
Therefore, for a given water loss performance @i a range of potential values are

presented. One end of the range is calculatedtljireom the reported water loss data, and the
other end of the range is based on the assumptianall of the balancing adjustment is

unreported water loss (either real or apparenteni@ipg on the performance indicator). The
balancing adjustment may be a positive quantity negative quantity.

Assuming the real loss is valued at the marginadipction water cost and that apparent loss and
the balancing adjustment are valued at the retaiemcost, the estimated value of total water
loss in Texas is between $152 million and $513iamlper year. Adding the value of unbilled
authorized consumption to these totals gives amattd value of non-revenue water in Texas
between $253 million and $635 million. To increése reliability and narrow the range of these
estimates, the production and retail water coststrha more uniformly reported, and utilities
must refine their water accounting, thereby redytire balancing adjustment.

Statewide median and average water loss performartieators are shown in Table 1-4.
Generally speaking, the balancing adjustment isldoge in relation to other quantities to draw
reliable conclusions about water loss trends. Fatimeported data, balancing adjustment was
6.7 percent of total corrected input volume, whidal loss was 2.7 percent, and apparent loss
was 2.9 percent. On average, therefore, the balgramdjustment is larger than sum of the real
and apparent losses. Given similar statisticsndividual utility would not be able to determine

whether its best strategy is to reduce real loge ceduce apparent loss.

The screening-level infrastructure leakage indekI( is the real loss divided by the

theoretical unavoidable annual real loss. In theong SLILI should not be less than one,
because the real loss should not be less thanndeoidable real loss. However, the statewide
median SLILI is 0.22 when calculated from reportiadia. In addition, the statewide median real

loss is 3.6 gallons per connection per day, whsabnly about 23 percent of the lowest identified

® This estimate is not fully reliable, becausemfi® percent of the reported production and retater costs were
modified as discussed in Chapters 3.B.13 and 3.Blt#all non-revenue water can be recovered.
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Table 1-4: Statewide Summary of Reported Water LosPata

. Median With Average With
Median from Balancin Average from Balancin
Statistic or Performance Indicator Units Reported : 9 Reported : g
Adjustment Adjustment
Data . Data :
Assumption Assumption
Absolute Value of Balancing Adjustment/CorrectegunVolume?® % 2.6 2.6 7.1 7.1
Real Loss per Mile of Main Per Day gal/mi/day 77 323 204 417
Real Loss per Service Connection per Day gal/cayny/d 3.6 18.8 14 51
Apparent Loss per Service Connection per Day gaiftay 6.4 17.5 15 51
Non-Revenue Water/Corrected Input Volume % 7.3 13.4 8.3 15.0
Value of Real Loss per Mile of Main Per Day $/mifda 0.12 0.31 0.24 0.49
Value of Real Loss per Service Connection per Day /corh/day 0.004 0.018 0.010 0.040
Value of Apparent Loss per Service Connection pey D $/conn/day 0.018 0.046 0.042 0.140
Screening-Level Infrastructure Leakage Index (S)HLI - 0.22 2.04 1.08 4.10

2 The average of the absolute value balancing adrtas a percentage of corrected input volume doesatch the balancing adjustment percentage rshow

in Table 9-3, because the balancing adjustmenh&pative quantity for some utilities.
1 Calculation of the Screening-Level Infrastructueakage Index was performed only for utilities wWitf900 or more connections and 32 or more conmestio

per mile of main. See discussion in Chapter 5.C.
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real loss for a North American system (16 gal/cdaw/for Halifax Central, shown in Table 7-1).

Even assuming that the balancing adjustment ispanted real loss, the statewide median SLILI
is only 2.04, and the statewide median real l048i8 gal/conn/day. Compared to the American
Water Works Association (AWWA) guidelines for ILlIogls (Table 7-3) and real loss
performance by North American utilities (Table 74hese statistics seem to indicate that at least
half of reporting utilities have excellent real $osontrol. However, most utilities in Texas
practice real loss control in a reactive way (ratih@n a proactive way), so it is surprising that
half of the reporting utilities have such excelleal loss performance, particularly in

comparison to other North American utilities.

Because the actual statewide median SLILI valsmibbw (somewhere between 0.22 and 2.04),
it appears that most reporting utilities have uedémated actual real loss. Furthermore, from
comparison to AWWA guidelines and real loss perfange by other North American utilities, it

appears likely that the actual real loss is undien@sed even if the balancing adjustment is
treated as real loss. Real loss estimation probleshsithstanding, at least 8 to 30 percent of
Texas utilities with more than 5,000 connectiond 82 or more connections per mile of main

have an SLILI greater than 3.0 (Appendix C).

1.C Comparative Analysis of Water Loss Performance

Water loss performance was also compared on this baaitility location, type, size, water
source, and connection density. The primary finginfthe comparative analysis are similar to
the findings in the statewide summary: the balagpcadjustment is too large to allow
identification of trends in the water loss datag aeal loss appears to be underestimated. Other
findings from the comparative analysis are disadis$erther in the conclusions and
recommendations section (Chapter 1.D).

1.0 Recommendations

This report, the first broad analysis of water lessl water loss accounting for retail public
utilities in Texas, provides information necesséy the TWDB, RWPGs, and retail public

utilities to direct planning and funding resources recover lost revenue through reduction of
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non-revenue water, and to achieve water savingaigffr reduction of real loss. However, the
size of the balancing adjustment results in sigaiit uncertainty in the water loss performance
indicators. Recommendations for improving wates|psrformance and water loss accounting
are presented below in the following categoriestewdoss performance, regional water

planning, and TWDB actions.

1.0.1 Water Loss Performance

Recommendations regarding balancing adjustment,l@eg, connection density, non-revenue

water, and the value of total water loss are dseddelow.

Balancing Adjustment

Recommendation #1Utilities should refine their water audits uritile balancing adjustment is

small in comparison to the other quantities ofresé €.9, real and apparent water loss) so that
reliable conclusions about water loss trends camlrbgn. It may be tempting to change the
volumes in some water use categories for the salpose of eliminating the balancing
adjustment. This is not a legitimate way to redoakancing adjustment: it only disguises the real
issues, making it harder to identify what stratege utility should pursue in the future. To
legitimately reduce balancing adjustment, a utdibpuld refine its estimates for each water use

category by implementing more accurate measurearetior estimation procedures.

Recommendation #2Ithough utilities are only required to reporethwater audits every five

years, utilities should implement annual or biehpimgrams to develop the data necessary to
gradually reduce the uncertainty in their water isudnd should review their water audits
annually or biennially. Programs should targetwlaer audit categories with the most uncertain

water volume estimates.
Real Loss

Recommendation #3Because it appears that utilities have undereséichreal loss, utilities

should refine their water audits to better estimdueir actual real loss. This may involve

confirmation of existing informatione(g, calibration of production and consumption meters)
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additional analysis of existing information, andllection of new information €.g, flow

monitoring in District Metered Areas).

Recommendation #4Utilities should determine their economic levdl leakage (ELL) and

should use the ELL as a goal for real loss. Paatdtermining an ELL, utilities should strive for
a maximum ILI of 3.0 (Table 7-3). Utilities with &BLILI greater than 3.0 and other utilities
with significant real loss in comparison to otheortth American utilities (Table 7-1) should

consider implementing real loss control measures.

Water Loss Performance and Connection Density

Recommendation #5Average real loss per mile of main per day insesawith increasing

connection densit}y? and average non-revenue water percentage decredsesncreasing
connection density (Figure 1-2 in Appendix ). Reas for these trends should be identified.
Future analysis of water loss performance shoultsider connection density as an independent

variable, along with utility location, type, anasi
Non-Revenue Water

Recommendation #6Utilities should determine their economic tarde¥el for non-revenue

water and strive to reduce their non-revenue wiatehe economic target level. In particular,
utilities in Regions | and J should consider stepecover lost revenue from unbilled authorized
consumption, and utilities in Harris, Hidalgo, Nasgc Tarrant, and Travis Counties should

consider steps to reduce non-revenue water.

Statewide Value of Total Water Loss

Recommendation #7The estimated total value of total water lossTexas is between $152

million and $513 million per year. To increase thediability and narrow the range of this
estimate, the production and retail water costsilshibe reported in consistent units, and utilities

must refine their water accounting, thereby redyi¢cire balancing adjustment.

12 The number of service connections per mile of main

Analysis of Water Loss 1-11
Texas Water Development Board 1/25/2007



1.0.2 Regional Water Planning

Recommendation #&RWPGs should use the research results to estipoaatial water savings

from system water audits and water loss prevergioategies and should update the regional

water plans as appropriate.

Recommendation #9'he TWDB should work to align the regional wapéanning cycle and the

water audit reporting cycle so that up-to-date whiss data is used in developing the regional

water plans.

1.0.3 TWDB Actions to Enhance Water Loss Accounting and Revention

The TWDB should consider the following general @tsi to enhance water loss accounting and

prevention in Texas:

Recommendation #10To provide a more comprehensive picture of wé&bss in Texas, the

TWDB should consider extending water auditing regmients to include wholesale utilities that

provide raw or potable water. This may require &ddal authorization from the Legislature.

Recommendation #1IThe TWDB should continue to promote water lossvpntion to retail

public utilities, focusing on the retail public littes that have the greatest need for water loss

reduction.

Recommendation #12To make the water loss data more comprehendme,TWDB should

continue to seek water audit data from retail pubtilities that have not reported.

Recommendation #13The TWDB should continue to provide equipmentucadion, and

financial assistance to help retail public utiktiachieve improved water loss accounting and

water loss performance.

Recommendation #14To minimize the impact of balancing adjustment ttve water loss

analysis, the TWDB should consider devoting addalgersonnel and/or resources to assisting

utilities with refinement of their water audits.
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Recommendation #15 The TWDB should convey the findings, conclusionand

recommendations of this research effort to stalddrsl through workshops or other means of

communication.

In addition, the water loss reporting process sthdnal revised to help assure data quality and to
make the maximum use of reported water loss datditidnal recommendations regarding data

quality control and the water loss reporting preca® presented in Chapter 16.
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10 COMPARATIVE ANALYSIS BY REGIONAL WATER PLANNING ARE A

Water loss results were compared across the 16maigvater planning areas in Texas (Figure
10-1). The distribution of reporting utilities arkde total corrected input volume is shown by
region in Figure 10-2. As discussed in the previchepter, wholesale water sales are included in
the corrected input volume multiple times, so tlogalt corrected input volume does not

necessarily reflect total retail water use.
Regional statistics and water loss performancecatdrs are presented in the following sections.

10.A Regional Statistics

Several additional regional average quantities loanderived from the reported data (Table

10-1). The ranges of the regional averages are:

= Master meter accuracy: 95.7 — 100.3 percent

= Customer meter accuracy: 94.1 — 99.5 percent

* Production water cost: $0.34 — $2.02 per thousatidrgs
» Retail water cost: $0.94 — $5.13 per thousand gsllo

= Service connections per mile of main: 14.6 — 89.6

= Reporting period: 346.7 — 383.5 days

10.B Regional Water Loss Performance Indicators

The average reported non-revenue water as a pageemf corrected input volume for each

region is shown in Figure 10-3. Regions | and Jehtne highest average non-revenue water
percentage (ranging from approximately 19 percerdis much as 27 percent). These regions
also had the highest reported average unbilledoaat#d water use, at 5.5 percent and 9.4
percent of corrected input volume, respectivelynpared to the statewide reported average of
2.6 percent. Utilities in Regions | and J shouldhsider steps to recover lost revenue from
unbilled authorized consumption. This will redu¢® thon-revenue water percentage in these

regions.
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Figure 10-1: Regional Water Planning Areas in Texas*
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Figure 10-2: Distribution of Reporting Utilities by Regional Water Planning Area
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Table 10-1: Regional Average Quantities

. Retalil .
Production Service
Master Customer Water . .
. Water Cost Connections | Reporting
Region Meter Meter Cost : .
($/1,000 per Mile of Period
Accuracy | Accuracy ($/1,000 :
gallons) Main
gallons)
A 98.0% 95.4% $0.70 $1.89 40.2 362.8
B 98.4% 98.4% $1.70 $3.11 22.3 365.4
C 99.7% 97.8% $0.90 $2.60 51.2 366.0
D 99.0% 97.6% $1.51 $3.96 14.6 383.5
E 99.4% 99.5% $0.61 $2.52 73.9 346.7
F 99.1% 94.1% $2.02 $2.66 29.6 372.1
G 98.5% 97.0% $1.42 $2.85 19.5 363.0
H 98.4% 98.3% $0.80 $2.38 89.6 363.4
I 99.8% 98.2% $0.34 $2.68 19.2 363.5
J 97.9% 96.0% $0.91 $3.09 27.9 360.7
K 100.3% 96.1% $0.57 $2.89 38.8 360.0
L 99.6% 98.6% $1.20 $5.13 50.0 364.6
M 99.3% 96.1% $0.72 $1.81 38.2 364.2
N 95.7% 97.2% $1.62 $2.46 38.7 364.1
O 98.5% 97.0% $0.86 $1.64 49.0 380.4
P 98.3% 98.0% $0.36 $0.94 47.0 365.0
TOTAL 99.1% 97.7% $0.84 $2.72 43.5 365.2
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Figure 10-3: Average Annual Non-Revenue Water by Rgon
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The average annual value of non-revenue water @emection is shown by region in Figure
10-4° On a per-connection basis, utilities in RegioneRort the lowest average value of non-
revenue water (approximately $14 per connectionygar), and utilities in Regions D and K
report the highest average value of non-revenuernatore than $50 per connection per year).
Reported values include real loss, apparent legsuabilled authorized consumption. However,
after accounting for the balancing adjustment,aberage value of non-revenue water in Regions
B, C, D, G, L, and N may be more than $80 per cotie per year. The total balancing
adjustment for Region A is negative, which caudes halancing adjustment assumption to

reduce the average value of non-revenue water.

Graphs showing other average water loss performardieators by region for all reporting
water utilities (after quality control) are presetitin Appendix D. These graphs present the
performance indicators with and without the balagcadjustment assumption discussed in
Chapter 6.A. The ranges of average real loss aexhge SLILI are on the low end of the ranges
of real loss and ILI reported by North Americanitiis (Table 7-1), while the range of average
apparent loss is similar to, or perhaps somewrestgr than, the range of apparent loss reported

by North American utilities.

Regions B, H, and M each have an average balaradpgtment (absolute value) that is more
than 10 percent of the corrected input volume (FEgD-1). With the balancing adjustment
assumption, this results in a relatively wide ramdeupper and lower bounds for water loss
performance indicators for these regions. This estggthat utilities in these regions should
refine their water accounting procedures to mopeigtely quantify water use in each category.

Three regions (A, F, and O) have average SLILI eglilnat range from 0.36 to 0.71 as calculated
from the reported data and range from 0.71 to Wiifi the balancing adjustment assumption
(Figure D-4). As discussed in Chapter 5.C, the rdtgzal minimum SLILI is 1. These
observations suggest that the larger utilffiés these regions may be underestimating real loss.
It is interesting to note that these regions amgigaous and are located in West Texas and the
Panhandle (Figure D-12). It is not known whetheréhs a common geographic or system factor

that would result in low levels of real loss in$keegions.

% Utilities having 5,000 connections or more ancdb8ore connections per mile of main.
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Figure 10-4: Average Annual Value of Non-Revenue War per Connection by Region
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The average SLILI values for Regions | and K suggest the larger utiliti€s in these regions

might benefit from real loss control measures.

10-6
1/25/2007

Texas Water Development Board

Analysis of Water Loss



PP - 2011 Water Plan
East Texas Region

This page intentionally left blank






