
PGHÓO 
Pittsbur9h 
WQlor & Srwcr 
Authority 

05.21.2024 

Rosemary Chiavetta, Secretary 

Pennsylvania Public Utility Commission 

400 North Street 

Harrisburg, PA 17120 

RCUf} PII(: SFC RlIR 
lRA4 9R 2024 pM11:79 

Subject: Pittsburgh Water and Sewer Authoritys 2023 Annual Water Audit Report Filing 
Docket Number M-2024-3045245 

Dear Ms. Chiavetta: 

This letter is intended to serve as the Transmittal Letter for the submission of Pittsburgh Water and Sewer 
Authority's Annual Water Audit Report for the year ending 2023 to the Pennsylvania Public Utiliry 
Commission (Commission). 

As confirmation: 
• Attached to this Transmittal Letter/Cover Page please find hardcopies of PWSA's completed:. 

o 2023 Water Audit Report (PUC Annual Report Form 500) 
o 2023 AWWA Water Audit 

• Digital copies of both of these reports have also been filed digitally with the Commission, in both 
PDF format, and in separate live Excel file format (.xlsx) for each report, through the Secretary's 
SharePoint Site (Group: GRP-RateFiling-PUC, Directory: PWSA). 

Should you have any questions regarding this project, please don't hesitate to contact me at 412-255- 8800 
ext. 2291 or via email at BKing@pgh2o.com. 

Sincerely, 

Barry King, P.E., PMP 
Director of Engineering 
Pittsburgh Water and Sewer Authority 

Att:. 2023 Water Audit Report (PUC Annual Report Form 500) 
2023 AWWA WaterAudit 

cc: Shirley Spunaugle, Manager of Compliance and Assignment (C&A), PUC 
lodi Taylor, Legal Supervisor of C&A 
Ariel Wolfe, Legal Supervisor of C&A 
William Pickering, PWSA 
lennifer Presutti, PWSA 
Monica Walaan, PWSA 
Rachael Beam, PWSA 
Darby Neidig, PWSA 
Anthony Gallina, PWSA 



A FWAS v6.0 AWWA Free Water Audit Software v6.0 
Amalran WaYr W yks Assountnn Ccyytlgh C 2020, All Rlglns ReaeneE. 

412-255-8800 
Pittsburg 
Pennsylvania (PA) 

N/A Validator Name/ID: 
N/A Validator Email: 

300,000 Estimated Total Population Servetl by Water Utility:  
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AWWA Free Waler Audit Software v6.0 

This spreadsheet-based water audit toof is designed to help quantify and back water losses associated with water disefbutlon systems and identify areas far improved efficiency and cost recovery. 11 provides a"1op-down' 
summary waler audit format and is not meant to take the place of a full-sca!e, comprehensive water audil format. Auditors are strongly encouraged to refer to the most current editon of AWWA M36 Manual for Water Audits for 
detailed guidance on the water auditing process and targeting loss reduction levels. This tool contains several separate worksheets. Sheets can be accessed using the tabs at me bottom of the screen, or by clicking the TOC 

links below. 

Table of Contents (TOC) Enter Basic lnformation Key of Input Acronyms In order ofappearance in 
fhe Worksheef 

Start Page 
The current sheet. Enter contact infonnation and basic 
audit detai!s. 

Worksheet 
Enter the requiretl data on this worksheet lo ca!cutate the 
water balance and data grading. 

Interaclivo Data nswer questions about operational prac8ces for each 

Grading 
audit input, and the data validity grades will automatically 
populate. 

Dashboard 
Review NRW comDonents, performance intlicalors and 
graphical outputs to evaluate the results of the audit. 

Enter noles to explain how values were calculaled. 
Notes tlocument data sources, and related information about 

data management practices. 

Blank Shoet By popular tlemand! A blank sheet. 
The world is your canvas. 

Water Balance 
The values entered in the Worksheel automatically 
populate the Water Balance. 

Loss Control Use this sheet to interpret the results of the audit validity 
Planning score and pedormance indicators. 

Definitions 
Use this sheet to understand the terms used in the audit 

Sarvlce 
Diagrams depicting possible customer senice connection 

Connoction 
line conhgurations. 

Diagram 

Acknowledge- Acknowletlgements for development of the AWWA Free 
ments Water Audit Software v6.0. 

process. 

AW WA Web Resources for Water Loss Control 
hn • s://www.awwa.or r/Resou rces-Tools/Resource-To. ics/W ater-Loss-Control 
Items referenced in Ihe Free Water Audit Software v6.0 on the web: 

Data Grading Matrix v6.0 
Example Water Audit v6.0 
Water Audit CompJer v6.0 
AWWA Reports on Performance Intlicators 
M36 Manual 

After clicking an acronym button, answer all visible questions in 
Ihe order they're presented, choosing best-fit answer 

Grade will populate when all visible questions 
are complele for an inpul 

The limiting cnteria will be labeled along the right. If only 1 limibng criterion is 
shown, improving on that critenon will achieve a higher data grade. If mulliple 
limibng criteria are shown. improving on each limiting criterion is necessary to 

achieve a higher data gratle. A complete inventory of data grading criteria is 
available in the Da1a Gmtling Matrix v6.0 (see web msources) 

- 

Limiting 

Volume from Own Soumes 
VOS Ertor Adjustment 
Water Imported 
WI Effor Adjustment 
Water Exported 
WE Error Adjuslmenl 
Billed Melered Authorized Consumption 
Billed Unmetered Authorized Consumption 
Unbilled Metered Authorized Consumption 
Unbilled Unmetered Authorized Consumption 
Systematic Oata Handling Enors 
Customer Metering Inaccuracies 
Unauthorized Consumption 
Length of mains 
Number of service conneclions 
Average length of (private) customer service line 
Average Operaling Pressure 
Customer Retail Unit Charge 
Variable Production Cost 

Optional tlefaull 

Slart Page 1 

Name of Utility: 
Name ot Contact Person: 

Email: 
Telephone í  Ext.: 

City/Town/Municipality: 
State / Province: 

Country: 
Audit Preparation Date: 

Audit Vear: 
Audil Year Label: 

Audit Period Start Date: 
Audt Period End Date: 

USA 
Apr 30 2024 
2023 
Calendar ((Fiscal Calendar etc) 
Jan 01 2023 
Dec 31 2023 

Volume Reporting Unils: 
Waler System Structure: 

Million gallons (US) 
Retail 

Water Type: Potable Water 
System ID Number: 5020038 

Guldanceforthe Worksheet 

Choosing to enter unil of percent or volume 
(applies to VOSEA, WIEA, WEEA, CMI) 

choose entry option: 
or 

Choosing to enter default or custom input 
(applies to UUAC, SDHE, UC) 

choose entry opbon: 
0.25% 1 default or 

custom 75.000 l 

percent 

Guidance tor the Interactive Data Grading 

Use acronym buttons in IDG header to navigate among inputs. Acronym Key above. 
White = needs answers, orange = comp!ete, clear = not required. Example below. 

The Pittsburgh Waler and Sewer Authodly 
Darby Neidig.PE 
Dneidig@pgh2o.com 



Water Audit Report for: 
Audil Year: 

The Pltfabu h Water and Sawar AuthoNty  
2023 [ Jan012023-Dac312023 l Calendar 

To access degnltiarts, clica the input name 

WATER SUPPLIED 

Cllck'n'to add notes To edn water eNbm Info: I  go lo elan page  
- Cltrk'g'to determine dala vaFdity grede 

AJI volurres to be entered as: MILLION GALLONS (US) PER YEAR 
W oter Suppl,ed Enor Adjuslments 

rlioose entry opaon: 

Ql~r II 

Appannt Losaae 

Delaull opMon selecled lor 3yelemalic Dala Handang Ermn. vnm autamallc data grading of 3 
Syslemalic Dala Handling Enprs: 
Cuslomer Melenng Ina¢vradest 

Unauthorized Consumplion: 
DNault opllon eelected lar lAnauOwrizea ConsumUlinn, rvllh aNometic date gmdhg M 3 

Apparenl Losses: 

Noose entry optlon: 

0.25% defeult MCVr 
MM✓MM 

MG 

MGryr 

0.07% .ercent 
0.25% • default 

527.32 
$459.58 LALRon gaanLs 

No 
406 ft 

AUTHORIZED CONSUMPTION: 190 830 MGrYr 

WATER LOSSES MG/Yr 

RaelLoeaee 
Rea1 Lossea: )=14YW 31599)  MG/Yr 

WATERLOSSES: 9$m,fmrr MG/Yr 

NON-REVENUE WATER 
NON-REVENUE WATER', S42T550]  MGrVr 

SYSTEM DATA 

lunder-registragon 

Lengm of moins: 
Number ol service sonnections: 

Service connectian density: 

Are rustomer melers typically loraled al lhe cvrbstoplpro line? 
Avemge length ol (private) customer service line: l al g  

Customer Relail Unit Clmrge', 
VariaWe Producllon Cost 

milea lincluding Are hydrenl lend lengtha) 
(anive arM Inectlve) 

mnnJmile main 

(average dlstance ealween Gropeny line end metarl 

ar•n O) 
©fl 0 82,924 

952.9 

WATER AUDff DATA VALIDrfY TIER: 

Tho Water AudR Data Valldlty Scoro Is In Tler 111(51-70). See Dashboard tab for additlonal outputo.'--

Aweighled scale for Ihe companenls ol supply. consumption end waler loss Is induded in Ihe calculalion of the Water Audit Dala Validity Score 

PRIORITY AREAS FOR ATTENTION TO IMPROVE DATA VALIDrTY: 

Based on the Informatian plovidetl, euda rN.iability can be most Improved by addressing Oie lollovnng componenls'. 

9ow 
daeMnarC 

NEY PERFORMANCE INDICATOR TARGETS: 

OPTIONPL: If targets exist for me operallonal porfolmance indimtars. Mey wn be input below: 

Unit Total Lossea:  gal/cnnn/tlay 

UnltApparentLosses: gal/aonn/day 

Unit Real Losses":  gal/canrYday 
Unil Real Losses : gal/mile/day 

If entered above by user, largets will display on KPI gauges (see Dashboard) 

Tolal Annual OperaBng Cosl  

l 389p89.717 iLPloptnnalinpup 
r,an o ona 

22.357.650 I percant i n©o pn 0 

flfl U 

Volume Imm Own Sources: 
Walerlmponed: 
Waler Exponed: 

MG/Yr 
MG/Yr 
MG/Yr 

0.000 
VOSEA 
WIEA 
W EEA InI  J l 783.120 I percent  

WATER SUPPLIED:   MGnr 

AUTNORI2ED CONSUMPTION 

flnm 
61kf © 
fl(] 0 

MG/Vr 
MG/yr 
MG/Yr 
MG/Yr 

vos 
WI 
WE 

BMAC 
BUAC 
UMAC 
UUAC p[]o 

BAled Melered' 
Bllled Unmetered: 
Unbilled Melered'. 

UnDilled Unmefered' 
choose entry o•Gon: 

cuslom )124S60 IMGtVr 

7.019.520 
.12.460 

• '34.290 

SDHE 
CMI 
uc 

Lm 
Nc 

Lp 

AOP 

CRUC 
VPC 

1:Volume hom Own Bourae (VOS) 
2:Bllled Unmetered (BUAC) 
3:Unaulhorhed ConsumpBon (UC) 

nfl © 

Qfl o 
O[J © 

®~ 
oE_R 

wn 

Avera9e Operaung Pressure:0fl 0( 60,0f  pei 

COST DATA 

AWWA Free Water Audit Software: 

Worksheet .'\\ FW AS v6.0 

Frnrn[an W aur WYn. Af.oti]tm. 

Lslt00p gaeona (US) 

AWWA Free Water Audil Sofle.xre v6.0 Worksheet 2 



2023 

White = indomplete 
Orange complete - - 

Use acronyrns for navigatlori 

VOSEA 

CMI 
.- --, 

~ . 
., ...- ,_._ 

WIEA BUAC UUAC WI 

uc Lm Nc Lp AOP VPC , . . . - ' 

. _r _i, _, 
- 

 FWASv6.0 AmerkanWalerWorksAssoualwn.Gopynph1O2030 AIIRiqhlsReservail: r `_ 

WE UMAC BMAC Limiting 
criteria 

•F . 
(see Stan 
Page for 
delails)~. • -

V08 

SDHE 

go to input go to notes 

vos 

vos.0 

vos. 1 

Liiniting vos.2 

vos.3 

vos.4 

vos.5 

vos.6 

vos.7 

Limidng 

vos.8 

vos.9 

vos.10 

Select Best-Fit Answers to AII Visible l]uastlons Criteria Question 

95-99% What percent of own supply vofurne is metered? 

Did the waler utility supply any water from its own sources dudng the audit year? Yes 

For questlons 2-10 bolow: Choose the answer that applles for those meters that measuro>90%of the nnlshed wator volume. 
In-snu flow accuracy testing = a test process that conOrrns the Oow measuring accuracy of the primary device (the flowmeter), in its installed location, using an independent reference volume. 
Elettronic calibratlon = a process that checks for error in the metedng secondary device(s) and/or the tertiary device(s). 
Seqondary devlco can include conversion to mA, meter transmiher or similar instmmenlation. 
Tertlary devlco can include SCADA, historian or other computerized archival syslem. 

Yes 

What is the frequency of electronic calibmtion? Annually 

None, or Not within last 5 years What is the Irequency of in-silu flow accumcy testing? 

Is the most recent electronic calibration documenta0on available for review? 

No 
Have testing and calibm0on procedures been closely scrulinlzed for compliance with 
procedures descnbetl in the AWWA M36 and/or M33 Manual(s)? 

7 FINAL DATA GRADE FOR THIS AUDIT INPUT: 

What level of data bansfer errors are checked as part of the electronic calibmtion 
process? 

Which best descdbes the frequency of fmished water meter readings? ConOnuous 

Which best descnbes the frequency of data review for anomalles/errors? These can 
include numbers that are outside ol typical pattems, and zero or'null'values that 
may re0ecl a gap in data recording. 

More frequenlly lhan monlhly, but nol every day 

Data transfer errors are checked al secondary device(s), but no lemary device(s) exist 

Interactive Data Grading Responses 

AWWA Free Water Audit Software v6.0 Interactive Data Grading 3 of 38 



Are tank levels monitored automatically & recorded daily? 

Are dally changes of stored water volumes in distributlon system tanks Included in 
Ihe tabulation of the daily'Volume from Own Sources" quantlty? 

Is the annual net dlsVibution storege change included In either the VOS Inpul or the 
VOSEA input? 

Yes 

No 

No 

Are the flow accuracy test anWor electronlc calibration resulls included In the 
VOSEA input in the water audit? No error adjustment made due to absence of testing or callbration results 

FINAL DATA GRADE FOR THIS AUDIT INPUT: 8 

Interactive Data Grading Responses 

gotoinput . ,' . V•lum-Tr•m•wn.S.urc-s..Err•r'•lustm - nt(VSSE•)- •t•Gr•rin•Grlt-rl•- • , -... - .. • gotonotes 

vosea Criteria Question Select Best-Fit Answers to AII Vlslble Questions 

vosea.1 

vosea.2 

vosea,3 

vosea.4 

Limiting 

AWWA Free Water Audit Software v6.0 Interactive Data Grading 4 of 38 



wl 

wi.0 

wi.1 

wi.2 

wi.3 

wi.4 

wi.5 

wi.6 

wi.7 

wi.8 

wi.9 

w1.10 

Select Best-Fit Answers to All Visible Questions Criteria Question 

Did Ihe water u01iry import any water dunng the audit year? No 

For questlons 2-10 below: Choose the answer Ihat applies for those moters that moasure >90%of the wator Imported volume. 
In-sbu flow accuracy testing = a tesl process that confirms the flow measuring accuracy of the pnmary device (Ihe Ilowmeter), in its installed locatlon, using an independent reference volume. 
Electronic calibratlon = a process that checks for error in the metenng secondary devlce(s) and/or the ter0ary device(s). 
Secontlary devlce can Indude conversion to mA, meter transmi0er or simllar instrumentauon. 
Tertiary devlce can Include SCADA, historlan or other computerized archival system. 

n/a 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 

Interactive Data Grading Responses 

go to input    go o notes        

AWWA Free Water AuditSoftware v6.0 Interactive Data Grading 5 of 38 



t 

Interactive Data Grading Responses 

gotoinput? _ ~ - •rt - •.Err•r.••justm -nt(VVit•).='•t..Gr-•m•.Grlt - rl.   : r'~_7_~~-.'~ gatonotas 

wlea 

wiea.1 

wiea.2 

wiea.3 

wiea.4 

Criteria Question  Seleot Best-Fit Answers to AII Vlsible Questions 

   

   

   

   

  FINAL DATA GRADE FOR THIS AUDfT INPUT: 
Na 

        

AWWA Free Water Audit Software v6.0 Interactive Data Grading 6 of 38 



we 

we.0 

we.1 

Limibng we.2 

we.3 

we.4 

we.5 

we.6 

we.7 

we.8 

we.9 

we.10 

Limiting 

Once per month 
What is the frequency of data review & conection by Exparbng or ImporOng Utlliry for 
data gaps and/or anomalies? These can include numbers that are outside ol typical 
pattems, and;ero or'null'values that may reflect a gap In data recording. 

Select Best-Fit Answers to All Visible Questions Criteria Question 
Did the water qtiliry export any water during the audit year? 

What percent qf water exportetl is metered? >99% 

Yes 

For questlons 2-10 below: Chooso tho answer that applies for thoso meters that measuro >90°k of the water exportetl volumo. 
In-sltu flow accuracy testlng = a test process Ihet confirms the flow measudng accuracy of the primary device (the 0owmeler), in its installed IocaUon, using an independent reference volume. 
Electronic calibration = a process that checks lor error in the metering secondary device(s) and/or the tertiary device(s). 
Secondary device can indude conversion to mA, meter bansmiher or similar inshumenta0on. 
Tertlary devlce can indude SCADA, histodan or other computenzed archival system. 

None, or Not within last 5 years What is the frequency of electronic calibration? 

None, or Not within last 5 years What is the frequency of in-silu Oow accuracy testing? 

Which best descnbes the frequency of ineter readings (dala collection frequency as 
opposed to billing frequency)? 

ConBnuous 

3 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 

Interactive Data Grading Responses 

goloinpul W-t - r.EX• •rt - • (WE)-e-t- Gr-.In• Crlt - r[. . - ~ - - ~ gotonotes 

AWWA Free Water Audit Software v6.0 Interactive Data Grading 7 of 38 



go to input ~'_+1jNi - ~~r zporte.`: rror •JUs ment;(!! >=,'ata; ra.irig= ritena•I~~,~ .,. d• f :~?ra ~ t- : Y_ ;ti3F~.Y~ go to notes 

Select Best-Fit Answers to All Visible Questions weea Criteria Cuestlon 

weea.1 

weea.2 

weea.3 

weea.4 

Is an agreement in plaoe between Exporling and Imporling Ufility7 

Are meter accumcy teseng or electronic calibration mquirements sepulated in the 
water purchase agreement7 

Are flow accuracy test and/or electronic calibratlon results used to inform the error 
adjustment input In the water audit? 

Who has access to the import meter readings Including cuh'ent and archlved data7 

Interactive Data Grading Responses 

FINAL DATA GRADE FOR THIS AUDIT INPUT: 

AW WA Free Water Audit Software v8.0 Interactive Data Grading 8 of 38 



Yes 
Is the BMAC volume pro-rated to represent consumption occuring exactly dudng the 
audit period? 

Were any customers metered in the audit year? Yes 

For billed metered accounts. what % of bills are esOmated in a typical billing cyUe? 5% orless 

How often does the utility read its customer meters? 
For systems wlth multiple read frequencies, select the reading frequency that 
qescribes the majodty of your customers. 

More frequently than monthly 

How frequently does intemal review by utility staff of the BMAC volumes occur? Every billing cycle 

What level of detail is examined in the intemal review of BMAC volumes? Totals grouped by use type or customer class and specillc accounts flagged for anomalous consumption 

When was the most recent billing data review by someone who is independent of the 
ulility billing process? 
What level of detail was examined in the review by someone who is independent of 
the utility bllling process? 

Within last 3 years 

Full billing database query and analysis of raw data to verify the summary consump0on volumes 

10 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 

go to input 

bmac 

bmac.0 

bmac.1 

bmac.2 

bmac.3 

bmac,4 

bmac.5 

bmac.6 

bmac.7 

go to notes 

Cfltefla Question Select Best-Fit Answers to All Visible Questlons 

Interactive Data Grading Responses 

AWWA Free WaterAudit Software v6.0 Interactive Data Grading 9 of 38 



Interactive Data Grading Responses 

go to input `„_ ~'.; ,Billed Unmetered•Authorized!Consumptibn (BUAC)_= Data:Grading(Cntena~„. : . ~r~. . ... . . .. . . . go to notes 

buac 

buac.0 

buac.1 

buac.2 

buac.3 

 Cdteda Guestion Select Best-Flt Answers to All Visible puestions        

 
Was there any billed consumption on unmetered accounts In ere audit year? Yes 

  

 
What portion of billed accounts are unmetered (°h by number of accounl.s)? 5% or less 

       

 
Methodology to quantity consumption for unmetered accounts? Estimated based on assumptions of consumpllon by customer characteristics (i.e. customer type or meter size) 

 
Limiting 

 
How frequently is unmetered customer consumption estimated? Monthly 

        

  FINAL DATA GRADE FOR THIS AUDIT INPUT: 
2 

        

AWWA Free Water Audit Software v6.0. Interactive Data Grading 10 of 38 



umac Criteria Guestion Select Best-Fit Answers to All Visible Questions 

Interactive Data Grading Responses 

gotoinput ~, _ ,~. -":'i`T-?='"Un•I •• M•t•r•.'f•ut •rIZ••;G•nsum•tl•n,( _ - aS-t-'j, r••In• i Grli rl. •~i';:'--;. - ao*.7:~~~y ~ . , .. .. golonoles 

Limiling 

AWWA Free Water Audit Software v6.0 Interactive Data Grading 11 of 38 

umac.0 

umac.1 

umac.2 

umac.3 

umac.4 

How many unbilled metered accounts exist? Monitored, count available 

Did the water utility have any unbilled-metered consumption in the audit year? Yes 

Does the water utility policy articulate which accounts ere exempt from billing? Policy bmadly addresses and there exlsts a collectlve understanding 

How often Is each unbilled customer meter read? 
For systems with muLLlple read trequencies, select the reading frequency that 
describes the majorlty of your cuslomers. 

Monthly or more frequently 

How often are unbilled metered volumes revlewed for ermR Each billing cycle 

4 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 



Interactive Data Grading Responses 

  
;._ 4.~ Un6illed•Unmetered Authbriied!Consumption (UUAC) - Data?Grading;Criteria,._ 

         
go to input        go lo notes              '             

uuac 

uuac.0 

lluac.l 

uuac.2 

uuac.3 

 Criteria Ouestlon Select Best-Fit Answers to All Visible Ouestions  

 
On the Worksheet, the status of the default option is: A system speclflc volume has been entered 

 

 
How well-untlerstood is the extent of unbilled umnetered use? Exemples known, but no complete inventory Llmlang 

    
 Which best descrybes the records thal are kept For events of unbilled unmetered 

Documentatlon exists, but not specilic to each event  
 use?      

 
How is the majorlry of unbilled unmetered use estimated? By number of events multiplied by typical use estlmates 

 

  FINAL DATA GRADE FOR THIS AUDIT INPUT: 
4 

           

•AW WA Free W ater Audit Software v6.0 Interactive Data Grading 12 of 38 



_--{ ~' u~,,i'i,' go to notes go to input «~; ti i ~ ;~ ~. Systematic_'Data,Handling~Error; (SDHE)'=iData,Grad,ing Crite'ria,'., ~_°: 

Interactive Data Grading Responses 

This Data Grading Cdteda Is hldden when the'default' input Is used on lhe Worksheet 

FINAL DATA GRADE FOR THIS AUDR INPUT: 
3 

AWWA Free Water Audit Software v6.0 Iriteractive Data Grading 13 of 38 



cmi 

cmi.0 

cmi.1 

cmi.2 

cmi.3 

cmi.4 

cmi.5 

cmi.6 

cml.7 Limiting 

cmi.6 

cmi.9 

Select Best-Fit Answers to All Visible Questions Criteria Questlon 

No Has the input dedvation been reviewed by someone wlth expert knowledge in the 
M36 metliodology? 

Was there any metered customer usage dudng the audll penod? Yes 

Do you test meters reac9vely (when tnggered by wstomer complainl or 
billing/consumplion flag)? 

For small size wstomer meters, which best descdbes the frequency of proactive 
IesGng (effort beyond when tnggered by cuslomer complaint or billing/ronsumption 
flags)? 

Ongoing, conducted annually 

Which besl descdbes what meters are included in the proactive small size customer 
meter testing activltles? 

Proactlve - representative sample (for small meters) 

For mid and large size customer meters, which best describes the frequency of the 
proactive lesting program? 

Which best descnbes what meters are induded in the proactive mid- and large 
customer meter tesU'ng aco'vilies? 

Which best descnbes how the input was derived? Calculated based on most recent meter accumcy tests, comprehensive of all meter perfonnance 

To what extent does meter replacement occur and for which meters? Annual proactive replacement of subset of meters (i.e. by age or throughput) 

Which best descdbes the reliability of meter installation records? Records are kept for meter installations, but data is missing for installatlon dale, type, size, or manufacturer 

9 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 

Reactive tes6ng conducted 

Ongoing, conducted annually 

Proactive - all large meters are on a tesUng schedule 

Interactive Data Grading Responses 

gotoinput:, .' - - . GUst•m-r M-t-rin• In.ccur.ci-s'I(MI)'- l •t- Cir. •In• Grlt-rl. . - :. - - .. - . gotonotes 

AWWA Free Water Audit Software v6.0 Interactive Data Grading 14 of 38 



Interactive Data Grading Responses 

     
:-iUnauthorizedConsumption'(UC).-,DataiGrading!Cntena '=, F ~,:,;;;: gotonote:  

`s:: :; •, ~ 
   

go to input   
            

This Data Grading Cdteda is hidCen when the'delautt' input is used on the Worksheet 

FINAL DATA GRADE FOR THIS AUDIT INPUT: 
3 

AWWA Free Water Audit Software v6.0 Interactive Data Grading 15 of 38 



Dedved direcily from Mains inventory (GIS, ledger, etc) How was the inpul derived? 

Are hydrent laterals included in the input dedvaeon? Yes 

W hich best describes how the Malns inventory (GIS, ledger, elc) is kept up to date? Additions or subtractlons are updated in the mains inventory (GIS, ledger, etc), at least annually 

Which best describes how the Malns inventory (015, ledger, etc) is field validated to 
confum feld conditlons match the inventory? 

Field valldatlon Is accomplished (i.e. in dailyoperatlons or speclfic vatlda0an pmJects) 

10 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 

Interactive Data Grading Responses 

~¢~~'~~~. ;~„~s"~~4~~A~y~ r ~~vy I ,_ ~~;A:~Lengthof,Mains;"(Lm),-'Data•Grading,Criteria t  ~  ..~ ~M1,«£~1~-.y,Yr 4f.1f..15a~  xl~.~:~.~)4.'Ci`,4'           

Cdterla l]uestlon Select Best-Fit Answers to All Vlslble Questions 

go to input 

Lm 

Lm.1 

Lm.2. 

Lm.3 

Lm.4 

go to notes 
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go to input o e go to notes 

Select Best-Fit Answers to All Visible Questions Nc Criteria Question 

Yes 

Eztracted from SeMrss Inventory (GIS, billing system. etc) How was Ute input derived? 

Premise based, I.e. service connection count, location ID count What is the count of services based on? 

Are Inactive (but still pressurized) servlce lines Included in the input? These may be 
metered or unmetered. 

Interaclive Data Grading Responses 

Limiting 

AWWA Free WaterAudit Software v6.0 Interactive Data Grading 17 of 38 

Nc.1 

Nc.2 

Nc.3 

Nc.4 

Nc.5 

Whlch bestdescribes how the inventoryof servlce connections (GIS, billing system, 
etc) is kept up to date? 

Additions or subtractlons are updated in the service Ilne inventory (GIS, billing system, etc), at least annually  

Which bestdescdbes howme inventoryof service connections (GIS, billing system, 
etc) is field validated to conOrm field oonditfons match the Inventoryî 

Field validation is accomplished for a portion of the system (I.e. in daily opera0ons or specMc validation projects) 

8 
FINAL DATA GRADE FOR THIS AUDfT INPUT: 



Interactive Data Grading Responses 

gotoinput ~ ~ ~~ ~•v - r.• - L - r1•th•t(~.Flv-t - )Gust•fil - rS - rVIC - tlll•1L•)_-;e-t-Gf-•Inr lYlt - rl- - - go to notes 

Lp 

Lp.0 

Lp.1 

Lp.2 

Lp.3 

Lp.4 

 Criteria Cuestlon Select Best-Flt Answers to All Visible Questions 
   

 
Are cuslomer meters typically located at the curbstop or propeny line? No 

 
Howwas the input derived? Derived from full mapping and customer invenlory 

   
 Which besl describes how the Customer Service Llne and Meter Locations mapping 

Additions or sublractlons are updated in me service line and meter localions invenlory, at leasl annually 

 is kept up to date? 

 
Which besl descrlbes how the Customer Servlce Llne mapping is validaled lo what 
is in the field? 

Field validation is accomplished (i.e. through normal work order processes or specific validation projects) 

 Which best describes the policy to defne where me utilitys ownership of Ihe service 
Policy is clear, and adherance in practice is consistent 

 
line ends, and the customers ownership of the service line begins? 

  FINAL DATA GRADE FOR THIS AUDIT INPUT: 
10 
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Interactive Data Grading Responses 

goloinput _ 'V-r-r-•.•r•tin•'r•ssur•('S')-••t•Gr.rin•Grlt•ri•.  , ' gotonotes 

aop  Criteria Question Select Best-Fit Answers to AII Visible t]uestions        
- aop.1  Which best describes checks on the boundary integrity for the system's pressure 

Normallyclosed boundary valves between zones have been conrirmed to be fully closed more Ihan 3 years ago  Limiung 
 zone(s)?  

aop.2  Which best describes how one-Bme pressure readings (i.e. Irom hydrants) are 
Collecled annually dunng routlne syslem flushing and/or hydranl lesling   

 collected?   
aop.3  Which best describes where continuous pressure data (via temporary data loggers 

At zone boundary condltions, plus locations inside the zone(s) representing the full pressure profle   
 or permanent telemetry) is collected?         

aop.4 
 Which best describes how continuous pressure data is collecled? 

Year-round data collection via permanent monitoring 
        

eop.5 
 

How was the input denved? Derived from hydraulic model, where model has been feld calibmted In the lasl 5 years 
        

  FINAL DATA GRADE FOR THIS AUDIT INPUT: 
8 
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Was any metered consumption billed on a volumetric basis in the audit period? Yes 

Which best describes the use and reliability of the current rate structure? Customer bill calculabons have been checked to conOnn the rate structure is correctly implemented 

Choose Ihe optlon that best describes how the input was derived A volume-weighted average of all rates was calculaled 

Is Ihere any additional volumetnc revenue the utility receives that depends on water 
meter readings, such as sewer? 

Yes, and this has been incorporated Inlo the volume-welghted average calculation 

Has the input denvalion been reviewed by someone with expert knowledge in the 
M36 methodology? 

9 
FINAL DATA GRADE FOR THIS AUDIT INPUT: 

No 

Interactive Data Grading Responses 

gotoinput Otlst•m-r '-t-ilUnitCh-r•-.(G'UG)-e.t. Gr-•in•Grlt-rl- ' .   - gotonotes 

Crlteria Question Select Best-Fit Answers to All Visible Questions cruo 

cruc.0 

cruc. 1 

cruc.2 

cruc.3 

cruc.4 Limiting 
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Criteria Question 

Choose the opaon that best descnbes how the Input was derived 

Select Best-Fit Answers to All Visible Questions 
Only one source of water exists, which was the basis for the input denvation 

Choose the option that best descdbes which shon-mn marginal costs have been 
included in the input, using the definitions below for reference. Shart-run marginal costs 
can include the following: 
- chemicals t power for Veatment. typically applicable if the ulilily is producinglVeating 
water 
- power for distrbuUon, typically appllceble X pumps exist in the distribugon network 
- water acquisidon costs, typically applicable 6the utilily is purchasing water or incurs any 
exlractlon costs for wilhdrawing from a source 
Some shon+un marginal cosls may not be applirable. The auditor should analyze the 
system chamcter'st¢s to determine which costs are applicable for inclusion in the VPC 
input demation. See also me latest AW WA M36 Manual for furmer guidance. 

All applicable shon-run marginal costs are included 

Choose the option that best descnbes which long-run marginal costs have been 
includetl in the inpul, using the derinilions below for reterence. Long-run marginal cosls 
can include the followirg: 
- water treatrnent residuals management, typically applicable M solids are produced from 
water treatment process 
- accelerated wear & tear on tlynamic equipment, typically applicable if pumps exist for 
treatmenl and/or distrlbution, or any other equipment exists thatwears out as a function 
of use instead of time (i.e. filter medla, chemlcal dosing pumps, uv disinfection bulbs, 
etc) 
- payouts for darnage claims from main and service line breaks, typically applicable A 
damage claims are paid by the ubliy 
- accelerated expansion of supply capaclly, ypically applicable if Ihe utiliy is at or 
neanng supply capacity, or scarecity costs in water scarce areas 
- full cosl pricing that intludes all Ofecycle costs and extemalilies (internal¢ed or not) 
Some long+un marginal cosls may not be applicable. The aud'aor should analyze the 
system charactedsUcs to detennlne which costs are applicable for inclusion in the VPC 
input dadva6on. See also the latesl AWWA M36 Manual for furtherguidance. 

Long-run marginal costs have been evaluated for applicablliry, and some but not all applicable costs are included 

Has the input dedva6on been reviewed by someone with expen knowledge in the M36 
methodology? 

FINAL DATA GRADE FOR THIS AUDIT INPUT: 9 

No 

Interactive Data Grading Responses 

gotoinpm~ ' - ... . . , ~ V•rl••le'r••uctl•n~C•st(V•G)- • •. t•Gr.•in• Grlt•rl• , , - , , - '. , gotonotes 

vpc 
vpc.1 

vpc.2 

Limiting 

Limigng 

vpc.3 

vpc.4 
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go to worksheet go to gratling 

Actual KPI result 

75t %ile 75w %ile 751h %ile 

Key Pertormance Indicators Target (see Worksheet) 

gauge %iles per validated industry ranges2 

MGIYr $7,759 950fyr 

Š 
12,000 

10,000 

16,000 

14,000 

8,000 

6,000 

4,000 

2,000 

0 

CRUC 
VPC 
VPC 

Blended 

$1,094,915 
$6,592,031 

$73,004 
$7,759,950 

Tier 1 (525) 

Tier IV (71-90) 

Tier V (91-100) 

AWWA Free Waler Audit Soflware v6.0 Dashboard 22 

Am`I``anwa'a`wa.~As~«'al'°" AWWA Free Water Audit Software: Dashboard fl 
CnpyneM O 20pn, Ar Rlehw RnscrvM. 

' 

- 

FWAS v6.0 Water Audil Report for: The Pittsburgh Water and Sewer Authority Audit Year: 2023 Calendar 

AWWA WaterLassContrW Comminee 2020Positianan KPIs'. 
A sulte of KPIs Is necessary. as no single KPI can hollsbcapy 
communicate water loss Perrormance for a given water system, 
See Table 1 below for Uses and Limitations for each KPI, 
excertned hom the AW WA Water Loss Conbol Committee 
Repon (2020), with naming conventions updated. 
Percentiles (%Iles)shown on KPI 9auges come from Level 1 
validated data in the AWWA WLCC Reference Water Audit 
Dataset (2020). 
KPI %Ilea shown above are not segregated by cohorts. Limited 

Manual, Appendix B (2019)S. 
• Actual KPI results Ihat faA belaw 10" %ile or above 90°` %ile do 

not neoe5aarlly imply enar, but should be viewed wlth scratiny. 
• Pereentiles not intended to imply targeh. Targets may be input 

by user for operational KPIs, if desired, an Worksheet, 
• See UARL and ILI in Derinitions tab for discussion of slze and 

pressure limitations. 
• Systems that fall on the extreme ends of size or connection 

density should use caution when interpreting Unit Losses KPIs. 

Guidance Information for Key Pertormance 
TTe eight Indicaton shown arethe recommendetl suite per the KPI data by cofwrts may be fouod In WRF 4695 Guidance 

75t %ile 

Mediam 

Median 

25" 
%ile 

result is above 
90m %ile 

10" %ile 

See UARL definition for additional guidance on the ILI 
(UARL) Unavoidable Annual Real Losses [ 510.7 IMG/Yr 

25" 
%ile result is above 

90th %ile 

le 101" %ile 
Un-lt Real LossesA  

473.91qal7conn/day 

75° %ile Median 

25" 
%ile 

Median 

25" 

result is abov 
90th %ile 

%ile 

10°i %ile 90 
Total Loss Cost Rate 

$/conn/year 92.701 

Median 

25w 
%ile 

e 10A %ile 90" %ile 
Apparent Loss Cost Rate 

r 13.201$/conn/year 

result is above 
90th %ile 

75^' %ile Median 

101h %ile 
Unit Total Losses 
t- 475:21gal/conn/day 

251h 
%ile 

Average Operating Pressure 

result is above 
90th %ile 

10'^ %ile 
Unlt Real Lossesa 
--" 41-,240- Igal/mile/day 

16.9 lgal/conn/day 

75w %ile 
Median 

25°i 
%ile 

e 1lP^ %ile 90s' %ile 
Unlt Ap_p_arent Losses 

~ 1.3~qalloonn/day 

10" %ile 90" "• 1 e 
Real Loss Cost Rate 

r'79A91$/conn/year 

75'^ %ile 
Median 

25'h 
%ile 

result is above 
90th %ile 

60 psi 

® 90th %ile 

s® 751h %ile 

0 Median 

:

25th %Ile 

10th %ile 

Infrastructure Leakaqe Index (ILI) 
f28"fldimensionless 

NRW Components Summarv 
Total Volume of NRW = 14,543 Total Cost of NRW = 

=Cust imler 

RealLosses 
System®tic Dete Hendling Errors

 Metering Inaccuracies 

Volume 
MG/Yr 

Apparent Losses 
Real Losses 

Unbilled Authoraed Cons 
Non-Revenue Water 

40.1 
14,343.6 

158.9 
14,542.6 

Unauthorized Consumption 
Unbilled Unmetered Auth Cons 
Unbilled Metered Authorized Cons 

Value 
Basis of Valuation 

$!Yr 

Data Validity 
Data Valldity Score: fl70]  Data Validlty Tier: I I ler 111-(515_70)] 

See Loss Conlrol Planning for Tier Details 

Tier 11 (26-50) / ~Tier 111 (51-70) 

go to relercnces 

$9,000,000 

$8,000,000 

$7,000,000 

$6,000,000 

$5,000,000 

$4,000,000 

$3,000,000 

$2,000,000 

$1,000,000 

$0 

Jan 01 2023 - Dec 31.2023 



2020 AWWA Audit Method 

Utility, Regulators, 
Policy Makers 

Strong and understandable indicator for use• 
by utilities with low connection density. 

Benchmarking after pressure 
management is implemented 

Infrastructure Leakage 
Index (ILI) 

Assess caliber of data inputs 
of the water audit 

Data ValidityTier 
(DVi) 

Table with naming conventbons updated 

Performance Indicators: Limitations Audit Outputs o ~KA:U y7 

Suitable Purposes Principal 
Users 

Uses and Limitations Indicator Type Description Planning Tracking Bench-

Marking 
Target- 
5etting 

Assessment 

✓ ✓ Assess loss level Utility, Regulators Apparent Loss Volume Calculated by Free Water Audit Software Attribute 

✓ ✓ Assess cost loss level Apparent Loss Cost Utility, Regulators Calculated by Free Water Audit Software 

✓ ✓ Assess loss level Utility, Regulators Real Loss Volume Calculated by Free Water Audit Software 

✓ ✓ Real Loss CosD Assess loss cost level Utility, Regulators Calculated by Free Water Audit Software 

✓ ✓ Reveal theoretical technical Utility, Regulators Unavoidable Annual Calculated by Free Water Audit Software 
low level of leakage Real Loss (UARL) 

✓ ✓ ✓ Used for performance ✓ ✓ Utility, Regulators Volume Unit Apparent Losses Strong and understandable indicator for 
tracking and target-setting (vol/conn/day) multiple users. 

✓ ✓ ✓ ✓ Used for performance ✓ Unit Real LossesA 
(vol/conn/day) 

Utility, Regulators, Strong and understandable indicator for 
tracking and target-setting Policy Makers multiple users. 

✓ ✓ ✓ ✓ ✓ Data collection and 
assessment of systems with 
"low" connection density 

Unit Real Lossese 
(vol/pipeline length/ 
day) 

✓ High level indicator for 
trending analysis. Not 
appropriate for target-setting 
or benchmarking 

✓ Unit Total Loss®s 
(vol/conn/day) 

New KPI 

Utilities, 
Customers 

Strong and understandable indicator, 
suitable for high-level performance 
measurement. 

✓ ✓ ✓ Utilities Robust, specialized ratio KPI; can be 
influenced by pressure and connection 
density. 

✓ ✓ ✓ Data collection and 
assessment on AWWA 
indicators or contextual 
parameters to use in 
conjunction with Loss Cost 
Rates 

Utilities, 
Regulators, 
Customers 

Indicators with sufficient technical rigor. 
Provide the unit financial value of each type 
of loss, which is useful for planning and 
assessment of cost efficiency of water loss 
reduction and control interventions and 
programs. 

Value Apparent Loss Cost 
Rate (value/conn/year) 
New KPI 

✓ ✓ ✓ Utilities, 
Regulators, 
Customers 

Real Loss Cost Rate 
(value/conn/year) 

New KPI 
✓ ✓ ✓ ✓ Regulators, 

Utilities 
Strong indicator of water loss audit data 
quality, if data has been validated. Tier 
provides guidance on priority areas of 
activity. 

Valldity 
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go to 
worksheet 

go to 
worksheet 

go to 
worksheet 

go to 
worksheet 

go to 
worksheet 

go lo 
grading 

go to 
grading 

go to 
grading 

go to 
grading 

go to 
grading 

Notes on Data Validity Grading Audit Item Notes on Input Derivation 

Not applicable. Refer to General Notes. 

Water Imported 
(WI) 

Not applicable. Refer to General Notes. 

Water Imported 
Error Adjustment 

(WIEA) 

Fox Chapel Authority 
Reserve Township 
Aspinwall Borough 

(WE) 

The Aspinwall Water Treatment Plant (WTP) withdraws water from Allegheny 
River for treatment and distribution. After treatment, the water is stored within 
the clearwell and pumped to the distribution system via the Aspinwall Pump 
Station or the Bruecken Pump Station. 

The Aspinwall Pump Station consists of eight (8) pumps: Aspinwall Pump No. 1 
16munF Nn A - 1 t6m,m6 Aln A TM Aeninw~ll Dumn" 
No comment 

Refer to General Notes. 

Refer to General Notes. 

Volume from 
Own Sources 

(VOS) 

Volume from 
Own Sources 

Error Adjustment 
(VOSEA) 

Please see below for a breakdown ol the neighboring water systems that exist 
outside the PWSA service area and have bulk water connections: 

Dnnnr,A„nN+ m m~dren VJarn. rmm~nn~. 

Refer to General Notes. 

Water Exported 

./\\ 

AWWA Free Water Audit Software: 
User Notes 

:FWAS v6.0 

Amenwn W ater Works Assutiation. 
Copynghl ®.2020. AI I'.. Rghts' 

Water Audit Report for: The Pittsburgh Water and Sewer Authority Calendar 
Audit Year: 2023 Jan 01 2023 - Dec 31 2023 

General Notes: 

Please refer to the spreadsheet titled "CalculationSpreadsheet_2022WaterAuditPWSA_100"/oSubmittal" for detailed information on the calculations 
performed for each Audit Item. Following submission of this water audit to the Pennsylvania Utility Commission, PWSA will prepare the 2022 Water 
Audit Validity Evaluation (WAVE) Report to compare the current results with prior water audits and to compile action items which specifically address 
our water loss issues   
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go to 
grading 

go to 
grading 

go to 
grading 

go to 
grading 

go lo 
grading 

go to 
grading 

go to 
grading 

Notes on Data Validity Grading Audit Item Notes on Input Derivation 
No commenl. Refer to General Notes. 

Water Exported 
Error Adjustment 

(WEIA) 

.,.dvrmrN nr r6nlinn, nnd rn~ 
PWSA collects water usage data through Advanced Metering Infrastructure 
(AMI) technology. A Meter Transceiver Unit (MXU) is connected to each meter 
and transmits hourly water usage data via radio frequency. The MXU is situated 
to facilitate a clear signal. When the meter is located within a structure (e.g., 
residential building, commercial business, etc.), the MXU is installed on the 
exterior surface. When the meter is located outside of a structure (e.g., crock, 

The Billed Metered usage consists of the following account types: 

Residential 
Residential Customer Assistance Program 
Commercial 
Industrial 
4nnl16 >nd Gd..r-,linn 
The billed unmetered accounls conslsl of existing party-line subdivisions that can 
be calegorized, as follows: 

Type of Unit — Estimated Flow per Year 
Single Family — 36,000 gallons 
Two Family — 72,000 gallons 
T6ene C~,.,a„ inv nnn n-,annr  

Billed Metered 
Authorized 

Consumption 
(BMAC) 

Billed Unmetered 
Authorized 

Consumption 
(BUAC) 

The Unbilled Metered usage consists of PWSA services within the water Refer to General Notes. 

Unbilled Metered 
Authorized 

Consumption 
(UMAC) 

distribution system. 

The Unbilled Unmetered usage was calculated via known data and estimated 
usage. 

The following contributors were calculated with known data 

1.Reservoir Draining — The PWSA drained the Highland No. 2 Reservoir for 

„Ar ..ir 1h.. A,IYI I ie in.-Inllnw ,.,b6in Ibr rnv..dFnlr6 Du/cA fn,,. Ml Ime.. 
In accordance wilh the Pennsylvania Code, Title 52 Public Utilities, Chapler 65 
Water Service, Section 65.8 Meters, the PWSA must adhere to the following 
requirements: 

1.No water meter which has an error in registration of more than 2% may be 
placed in service, nor may a water meter which has an enor in registralion more 
r6'an Ao/ 6u rllnu,..d rn .rmtin in rrnnrr~ 

Systematic Data 
Handling Errors 

(SDHE) 

Unbilled 
Unmetered 
Authorized 

Consumption 
(UUAC) 

Customer 
Metering 

Inaccuracies 

(CMI) 

Refer to General Noles. 

Refer lo General Notes. 

Refer lo General Notes. 

Refer lo General Notes. 

Refer to General Notes. 
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Notes on Data Validity Grading Audit Item Notes on Input Derivation 
No comment. Refer to General Notes. 

UnaLithorized 

Consumption 
(UC) 

Number of 
Service 

Connections 

(Nc) 

services shown in the GIS webmap. 

In accordance with the Pennsylvania Code, Title 52 Public Utilities, Chapter 65 
Water Service, Section 65.8 Meters, the PWSA must adhere to the following 
requirements: 

1.No water meter which has an enor in registration of more than 2% may be 
placed in service, nor may a water meter which has an error in registration more 
Ihnn An/ kn nlln,.,nA fn ~mm~in In  
The number of service connections was derived by quantifying the water 

The PWSA utilized a Geographic Informalion Syslem (GIS) database lo 
calculale the Average Length of Customer Service Line. Please note that lhe 
PWSA acquired Millvale Borough's water distribution system in 2009. Most of 
these service lines are only mapped from the main to the curb box due lo 
incomplete meter location informalion. Therefore, the service lines localed in 
Millvale Borough were removed from lhe calculalions. 

Refer to General Notes. 
Average Length of 

(private) 
Customer 

Service Line 
(Lp) 

The PWSA water distribution system contains 17 pressure districts, as follows: 
Allenlown Tanks, Bedford Tanks, Bloomfield Regulalor, Brashear Tanks, 
Gameld Tank. Herron Hill Reservoir, Herron Hill Tank, Highland Park/Garfleld 
Regulator. Highland Reservoir 1, Highland Reservoir 2, lnline Pump, Lanpher 
Reservoir, Lincoln Tank, McNaugher Regulator, McNaugher Reservoir, Squirrel 
Hill Tank and Zoo Regulator. The large number of pressure districts are required 
d In o:nrl.,,.n6'r rhnonnnlnn In 6 f Ir, nnLr nf b1n.,nf 
Due to variations in the rate structure and prevalence of account types, the 
PWSA utilized a weighted average approach to calculate a single, composite 
cost. Please see below for a description of each account type: 

Residential, Commercial, Instilutional, and Industrial: 
This group of accounts share the same billing structure, which consisls of a 

nnfAlo rMmn hn'.nA nn f6n mNnr Nvr. nl..r nddilinn"l r6nrnnr fn~ 
The Variable Production Cost consists of electrical, chemical, diesel and solids 
disposal costs. 

The waler distribulion system consists of eleven (11) pump stations, as follows: 
Highland, lnline. Lincoln, Bruecken, Saline, Aspinwall, Ross, Herron Hill Tank, 
Henon Hill, Howard and Mission. The electrical consumption al the Waler 
Trn-,lmnnl Dl~nl rnnrlr.lr nf fhn Dn..r rA,mn Pf_,tlnn 1w.u.u-,lnr:nf',Ln\ nn.nrLnn 

Customer Retail 
Unit Charge 

(CRUC) 

Average 

Operating 
Pressure 

(AOP) 

Variable 
Production Cost 

(VPC) 

Refer to General Notes. 

Refer to General Notes. 

Length of Mains 
(Lm) 

Refer to General Notes. 

Refer to General Notes. 

Refer to General Notes. 
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System Input 
Volume 

22,357.650 

Water Supplied 

21,574.530 

AWWA Free Water Audit Software 
   
  FWAS v6.0 

American Waler W orks Associelion. 
Copyrighl ® 2020. AII Rights Reserve4. 

   
Water Balance Water Audit Report for: The Pittsburgh Water and Sewer Authority  

A    Audit Year: 2023   Jan 01 2023 - Dec 31 2023          
         
  Data Validity Tier: Tier 111 (51-70)                               

Water Exported 

(WE) 
(cortoctedforknown 

orrors) 
783.120 

Revenue Water 
(Exported) 

783.120 

Bllled Water Exported 

Billed Metered Consumption (BMAC) 
(waterexportedlsremoved) 

7,019.520 

Billed Unmetered Consumption (BUAC) 

12.460 

Unbilled Metered Consumption (UMAC) 
34.290 

Unbllled Unmetered Consumption (UUAC) 

124.560 

Systematic Data Handling Errors (SDHE) 

17.580 

Customer Metering Inaccuracies (CMI) 

Revenue Water 

7,031.980 

Billed Authorized Consumption 

7,031.980 
Volume from Own 

Sources (VOS) 

(corroctod for known 
errors) 

22,357.650 

Authorized 
Consumption 

7,190.830 Non-Revenue Water 
(NRW) 

14,542.550 

Unbllled Authorized Consumptlon 

158.850 

Apparent Losses 
40.101 

4.941 

Unauthorized Consumption (UC) 

17.580 Water Losses 

14,383.700 Waterlmported(WI) 
(corrected for known 

erron:) 

0.000 

Leakage on Transmisslon andlor Dlstribution 
Mains 

Not broken down 
Leakage and Overflows at Utllity's Storage 

Tanks 
Not broken down 

Leakage on Servlce Connections 
Not broken down 

Real Losses 

14,343.599 
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Tler V (91-100) Tlor IV (71-90) Tier I11(51-70) Tierll(26•50) Tler 1 (1-25) 

Short-term loss control 
Research infonnegon on leak tlotection 

programs; Bogin flowchaning unalysis of 
customer bllling system 

Launch audi0ng and loss wntral team: 
address supply metodng dofciencies 

Analyce business process lor customer 
metering and billing lunclions and water 
supply operatians; Identay data gaps: 

improve supply meterirg 

Refine data collection practices and 
establish as routine business process 

Annual water audil is a reliable gauge ol 
year-to-year water eKciency standing 

Conduct loss assessmenl investigations 
on a sample portion of Ihe system: 

customer meler lesting, leak survoy, 
unauthorized consumplion, otc 

Eslablish angoing mechanisms for 
customer meter accuracy testing, active 

Icakaga control and infrastructure 
moniloring 

Refine, onhance or expand ongoing 
programs based upon economic 

justiliwtion 

Stay abreast of improvements in 
metering, melerreadirg, bllling,leakage 

management and infraslructure 
rehabilitalion 

Begin to assess long-lerm needs 
requiring large expenditure: customer 

meter replacement, water main 
replacement program. now customer 

billing system or AMR/AMI system 

Begin to assemble economic business 
case for long-lerm needs based upon 

improved data becomirg available 
through the waler audil process 

Conduct detailed planning, budgeting 
and launch ol comprehensive 

improvements for melerirg. billing or 
infrastmcturo management 

Continue iocremental improvemonts in 
sllort-leml and IOng-Ie1Rl loss comrol 

imerven0ons 
Long-term loss control 

Target-se0ing 

Preliminary Comparisons - can begin lo 
rely upon with Pls for performance 

comparisons for real losses 

Performance Benchmarking vAlh Pls is 
meaningful in aomparing real loss 

standing 

Identily Best Praclices/ Best in class: 
Pis are very reliable as real loss 

pedormance indicators for best in class 
service 

Benchmarking 

For valldily scores of 50 or be/ow, tho shaded blocks shou/d not be locus areas until better data valld!ty /s achieved. 

Functional Focus 
Area 

Audit Data Collectlon 
EstablisNrevise policies and procedures 

for data collection 

Establish long-term apparem and real 
loss roducgon goals (N0 year horizon) 

Establish mld-range (5 year hodzon) 
apparent and real loss reducllon goals 

Evaluale and regre loss control goals on 
a yearly basis 

     - ---,- 
AWWA•Free Water Audit Software: 

• Determining,Water.Loss Standing 
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Apparent 
Losses 

Find 

AUTNORIZED 
CONSIIMPTION 

Find 

View 

• Service 

Connection 

Diagram 

Average Length 
of (private) 

Customer Servlce 
Line 
(Lp) 

Find 

Avorage 
Operating 
Pressure 

(AOP) 

Find 
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ftem Name Descrlptlon 

= systematic data handling errors + customer metering inaccuracies + unauthorized consumption 

Apparent Losses include all types of inaocuracies associaled with customer metedng (worn meters as well as improperly sized meters or wrong type of motor 
for the water usage prafile) as well as syslemalic data handling errors (meter reading, billing, archiving and reporting), plus unauthonzed consumption (theft or 
illegal use). 
NOTE: Overrestimation of Apparent Losses results in under-estimation of Real Losses. Under-estimation of Apparent Losses resulls in over-estmation of 
Real Losses. 

= billed metered + billed unmetered + unbilled metered + unbilled unmetered consump6on 

The valume of metered and/or unmetered water taken by registered customers, the water utilitys own uses, and uses of others who are implicitly or explicitly 
authorized to do so by the water utility, for residential, commercial, industrial and public-minded purposes. 

Typical retail customers consumption is tabulated usually from established customer accounts as billed metered consumplion, or - for unmetered customers - 
billed unmetered consumption. These types of cunsumption, along wilh bllled water exported, provide revenue potenlial for the water utility. Typically a lag will 
exist between timing for reading of supply meters and reading of customer meters, A lag-time conecfion should typically be calculated to account for Uis. Be 
certaln to tabulate the water exported volume as a separate component and do not "double<ount" It by Including In the bllled metered consumption 
component as woll as the water exported component. 

Unbilled authodzed consumption occurs typically in non-account uses, including water for fire fighting and training, flushing of water mains and sewers, street 
cleaning, watedng of munlUpal gardens, publlc fountains, ar similar public-minded uses. Occasionally mese uses may be metered and bllled (or charged a flat 
fee), but usually they are unmetered and unbilled. In the laher case, the water audilor may use a default value to estimate this quantity, or implement 
procedures for the reliable quanlification of these uses. This starts wllh documenang usage evenls as they occur and esOmadng Ihe amount of water used in 
each event. (See Unbilled Unmetered Authorized Cansumptian) 

This is the average length of underground customer service line. Lp, that is owned and maintained by Ihe customer; bom the point of ownership transfer to the 
customer water meter, or building line (if unmetered). The quanfity is one of the data inputs for the calculation of Unavoidable Annual Real Losses (UARL), 
which serves as the denominator of the performance indicator: Infrastructure Leakage Index (ILI). The value of Lp is multiplied by the number of customer 
service connectlons to obtain a total length of wstomer owned piping in the system. The purpose of this parameter is to acoounl for the unmetered service 
line infrastructure that is the responsibility of the customer for arranging repairs of leaks that occur on their lines. In many cases leak repairs ananged by 
customers take longer to be executed than leak repairs arranged by the water utility on utility-maintained piping. Leaks run longer - and lose more water- on 
customer-owned service piping, than utility owned piping. 

If the cuslomer water meter exists near the ownership transfor point (usually the cum stop located between the water main and Ihe customer premises) this 
distance is zero because the meter and transfer point are the same- This is the often encountered configuration of customer water meters lorated in an 
underground meter box or'pit' outside of the customefs bullding. The Free Water Audlt Software asks a'Yes/No" question about the meter at this location. If 
the audilor selecls "Yes" then this dislance is set to zero and the data grading score for Ihis component is set to 10-

If water meters are typically located Inside the customer premise/building, or proper6es are unmetered, it is up to the water auditor to esfimate a system-w9de 
average Lp length based upon the various customer land parcel sizes and building locetions in the service ama. Lp will be a shorter lenglh in areas of high 
density housing, and a longer length in areas of low density housing and vaded commercial and industnal buildings. General parcel demographics should be 
employed to obtain a total Lp length (Lc) and subsequenUy a weighted average Lp length for the entire system. 

Refer to the 'Servira Connection Diagmm' worksheel for a depic6on of the service line/metenng configurations that typically exist in water utilibes. This 
worksheet gives guidance on the delenninalion of Ihe Average Length, Lp, for each configuration. 

This is the averege pressure in the distdbution system that is the subject of the water audit. If the water utility is compiling the water audit for the first time, the 
average pressure can be approximated, but with a low data grading. In subsequenl years of auditing, effort should be made to improve the accuracy af the 
average pressure quantity. This will Ihen qualify tho value for a higher data grading. 

In the absence of a hydraulic model, the average pressure may be approximated by obtaining readings of static water pressure from a representative sample 
of fire hydrants or other system access points evenly located across the system. A weighted average of the pressure can be assembled; but be sure to take 
into accounl the elevalion of the fire hydrants, which typically exist several feet higher than the level of buried water pipelines. 

If your water ufility has an up-to-date and calibreted hydraulic model of the water distribution system, it can be utilized to obtain a very accurate quantity of 
average pressure. However using the averege pressure of all'nodes" in the system model is not necessarily the most accurate way to calculate the average 
operatlng pressure. This is especially tme if there are significant pressure dlfferences throughoul the system, and the'notles-  are not evenly distributed 
throughout Ihe dislnbution system. The most accurate calculation is to obtain the average pressure that each pipe segment expenences. The way to do this is 
to calculate the pressure at each end of the pipe. Then ralculate the average of those two values and multiply this average value by the length of that pipe. 
This must be ralculated for all pipe segments in the model. Finally celculale the sum of all of these values and and divide by the total pipe length. This 
efieclively calculates a weighted averege of pressure over the total pipe length. For low density systems (<32 connections/mile), average mains pressures at 
the service connection or curb stop may have greater influence and should be considered. 

Bllled Authorized All consumption that is billed and authonzed by the utility. This may includo both metered and unmetered cansumption. See'Authorized Consumption" for 
Consumption  more infomiation. 
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Item Name Descrlptlon 

All metered consumplion which is billed to relail customers, including all groups of cuslomers such as domestic, commemial, industnal or institulional. R does 
NOT Include water supplled to nelghboring utilities (water exported) which Is metered and bllled. Be sure to subtract any consumptlon for exported 
water sales that may be Included In these bllling roles. Water supplled as exports to neighboring water utllitles should bo Included only in the 
Water Exported component. The metered consumption data can bo taken dlreclly from bllling records lor Ihe water audit period. The accuracy of yeady 
metered consumption data can be refined by including an adjustmaot to account for customer meler reading lag lime since not all customer meters are read 
on the same day of the motor reading period. However additional analysis is necessary to determine the lag time adjustment value, which may or may not be 
significant. 

Billed Metered 
Authorized 

Consumptlon 
(BMAC) 

FinB ' 

Bllled Unmetered 
AuthorBed 

Consumptlon 
(BUAC) 

All billed consumption whirll is calculated based on estimates or norms from waler usage sites Ihal have been determined bv utilitv Policv lo be left unmetered. 
This is typically a very small component in syslems that maintain a policy to meter their customer population. However, this quantity can be the key 
consumption componenl in utilities lhal have not adopted a universal metedng policy. Thls component should NOT Include any water that is supplied to 
nefghboring utllities (water exported) which Is unmetered but billed. Water supplled as exports to neighboring water uUlitles should be included 
only in the Water Exported component. 

Find 

Apparenl water losses caused by Ihe colleclive under-registration of customer water meters, Many customerwater melers gradually wear as large cumulative 
volumes of water are passed through them over time. This causes the meters to under-register Ihe flow of water. This occurrence is common with smaller 
residential meters of sizes 5/8-inch and 3/4 inch after they have registered very large cumulative volumes of water, which generally occurs only after periods of 
years. For meters sized 1-inch and larger - typical of multi-unit residential, oommerclal, Institulional and industrial accounts - meter under-registration can 
occur from wear or from Ihe improper application of the meler; i.e. installing the wrong type of meter or the wrong size of ineter, for the flow pattern (profile) of 
Ihe consumer. For instance, many larger meters have reduced accuracy at low 0ows- If an oversized meter is installed, most of the time the routine flow will 
occur in the low Oow range of the meter, and a slgnificant portion of it may not be regislered. II is important to properly select and install all melers, but 
particulady large customer meters, size I,inch and larger. 

The audilor has two options for entedng data for this component of the audit. The auditor can enler a percentage under-registration (lypically an esOmated 
value), this will apply the selected percentage to the Iwo categories of metered consumplion lo determine the volume of water not recorded due to customer 
meter inaccuracy. Nole that this percentage is a composite average inacwmcy for all customer meters in the en8re meter populalion. The percentage will be 
mulliplied by the sum of the volumes in the Billed Metered and Unbilled Metered components. Alterna0vely, if Ihe auditor has substantial data from meter 
tesgng activiues, he or she can calculate their own loss volumes, and this volume may be entered direc0y. 

Note thal a value of zero vdll be accepted but is not reoommended, as all metered systems tend to have some degree of inaccumcy. A positive value should 
be entered. A value of zero in this component is generally valid only if Ihe waler utility does nol meter its customer population. 

The formula for caculating a volume of CMI from a percentage input is as follows: CMI volume =(BMAC.UMAC)/(1-CMI%)-(BMAGUMAC) 

Customer 
Metering 

Inaccuracles 
(CMI) 

Find 

The Customer Retail Unit Charge represents the volumetdc poNon of Ihe total charges thal customers pay for water service. The CRUC does not include 
fixed charges. This unit chargo cost is applied roulinely to the components of Apparent Loss, since these losses represent water reaching customers but not 
(fully) paid for. Since mosl water u6lities have a 2te stmclure lhat includes a vadety of different charges oosls based upon class of cuslomer, a volume-
weighted average of water sold at each unique rate should be calculated lo determine a single composile charge thal should be entered into this cell. Finally, 
the weighted average charge should also include additlonal charges for sewer, storm water or biosolids processing, but only if these charges are based upon 
the volume of polable water consumed. 

For water utilities in regions wilh limited water resources and a questionable ability to moot the ddnking water demands in the future, the Customer Retail Unit 
Charge Cost might also be applied lo value the Real Losses; instead of applying the Variable Production Cost to Real Losses. In this way, it is assumed that 
every unit volume of leakage reduced by leakage management activllies will be sold to a customer. 

Note: the Free Water Audil Software allows the user to selecl the units mat are charged to customers (either $/1,000 gallons, $Rmndred cubic fee1, or $/1,000 
litres) and aulomatically converls these units for purpose of calculating Apparent Loss valuations. The monetary units are Uniled Slales dollars, $. 

Customer Retail 
UnH Charge 

(CRUC) 

Find , 

Infrastructure 
Leakagalndex 

(ILI) 

The ratio of the Current Annual Real Losses (Real Losses) to the Unavoldable Annual Real Losses (UARL). This pedormance indicator is dimensionless. 

NOTES ON THE UARL AND ILI: . 
1. This Free Water Audit Software version 6 presents the calculated UARL and ILI for systems of all sizes and all pressures. Some published research is now 
available on predicting how UARL is likely lo be modified when modeling low leakage limits in systems that are very small (< 3000 conn), or have very low 
average pressures, or have very hlgh pressures (aka boundary cases). Inherent over- or underv estima6on of UARL volume may exisl in Ihese boundary 
cases, as thoy operate at or near the limits of Ihe UARL model assumptions. Moro widespread applicatlon and understanding of system spacifc corrections 
to the UARL model in these boundery cases is now likely to occur, but are not InUuded in the FWAS at Ihe time of this publication. Caubon is advised when 
using the standard UARL modeled value (and subsequen8y the ILI) for boundary cases. In boundary cases, the ILI may stlll be considered a geneml 
Performance Indicator, but not used as an absolute pedormance measurement or for benchmark comparisons. 

2. The UARL term Is based on average operafing pressure in a given audit year, and a uUlitys current pressure condidons may not be optimized. Thus. ILI 
should always be interpreted with some measure of pressure, and only used for tracking progress if all justifiable pressure managemenl has already been 
compleled. 

Find 
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Item Name Descrlptlon 

Length of all pipelines (except service connecgons) in me system starting from the point of system input metedng (for example al the ouaet of ine treatment 
plant). 11 is also recommended to include in this measure the total length of fire hydrant lead pipe. Hydrant lead pipe is the pipe branching from the water main 
lo the fire hydrant Fire hydrant leads are typically of a sufficiently large size that is more representative of a pipeline than a service connecbon. The average 
length of hydrant leads across the entire system can be assumed if not known, and multiplied by the number of fre hydrants in the system, which can also be 
assumed ir not known. This value can then be added lo the total pipeline length. Total length of mains can therefore be calculated as: 

Length of Mains, miles =(total pipeline length, miles)+ [{(average fre hydranl lead length, ft) x (number of fire hydrants)} / 5,280 fl/mile [ 
or 

Length of Mains, kilometres = (total pipeline lenglh, kilometres) +[((average fire hydrant lead length, metres) x (number ol fire hydrants)) / 1,000 
metres/kilometre j 

Length of Malns 
(Lm) 

Find 

NON-REVENUE 
WATER = Apparent Losses + Real Losses + Unbilled Metered Consumption • Unbilled Unmetered Consumption. This is water which does not provide revenue 

potential to the utility. Find 

Number of 
Servlce 

Connectlons 
(Nc) 

Number of customer service connections, extending from the water main to supply water to a customer. This includes Ihe aclual number of pressudzed piping ~ 
connecgons, including fire connecLons, whether active or inactivo. This may differ substantially from the number of customers (or number of accounts). 
Note: this number does nol Includo the plpeline leads to flre hydrants. Tho total length of piping supplying flro hydrants should be Included In the 
"Length of malns" Input, and excluded from the Number of seMce connectlons Input. Find 

Roal Losses Physical water losses from the pressudzed system (water mains and customer service connections) and the utilitys slorage lanks, up to tho point of customer 
consumption. In metered systems this is the customer meter, in unmetered sltua0ons this is the fust point of consumption (stop tap/tap) within the property. 
The annual volume lost through all types of leaks, breaks and overfows depends on hequencies, flow rates, and average durabon of individual leaks, breaks 
and overflows. 

Find 

Rovonuo Water Those components of System Input Volume that are billed and havo the potential to produce revenue-

Servlce 
Connection 

Donslty 

Find 

=number of customer service connections / length of mains 

Apparenl losses caused by accounbng omissions, enant compuler programming, gaps in policy, procedure, and permihing/acuvauon of new accounts; and 
any type of data lapse that results in under-stated customer water consumption in summary billing reports. Systematic Data Handling Errors occur as a 
customer consumption volume and can result in a direct loss of revenue potential. Water utllltles can flnd "lost" revenue by keying on thls 
component 

UGlities typically measure water consumption volumes registered by water meters at customer premises. The meter should be read routinely (ex: monthly) and 
the data tmnsferred to the Customer Billing System, which generates and sends a bill to the customer. Data Transfer Enors result in the registered 
consumption volume value being less than the actual consumplion volume, creating an apparent loss. Such error might occur from illegible and mis-recordetl 
hand-wdtten readings compiled by meter readers, inputting an inconecl meter register unit conversion factor in the automatic meter reading equipment, or a 
vadety of similar errors. 

Apparent losses also occur from Data Analysis Errors in the archival and data reporting processes of the Customer Billing System, Inacwrate estimales used 
for accounts that fail to produce a meter reading are a common source of enor. Billing adjustrnents may award customers a rightful monetary credit, but do so 
by creaung a negative value of consump0on volume, thus under-stating the actual consumption. Account actlvation lapses may allow new buildings to begin 
using water for months without meter readings and billing. Poor permifting and consbucdon inspection pmctlces can result in a new building water service 
commenung without a bllling account, a water meter and meter reading; i.e., me customer is unknown lo the uglitys billing system. Close audi8ng of the 
permitting, metenng, meter reading, billing and repordng processes of the water consumption data tmil can uncover data management gaps that creata 
volumes of systematic data handling enor. UfiliBes should routinely analyze customer billing records to detect data anomalies and quantify these lossos. For 
example, a billing account that registers zero cansumption for two or more billing cycles should be checked to explain why usage has seemingly haltetl. Given 
me revenue loss Impacts of Ihese losses, water utilities are well-justified in providing continuous oversight and timely correction of data transfer errors & data 
handling enors. 

If the waler auditor has not yet gathered detailed data or assessment of systematic data handling error, it is recommended that Ihe auditor apply the default 
value of 0.25% of the Bllled Authorized Consumption volume. However, if the auditor has investigated the billing system and its controls, and has well 
validated data that indlcates the volume from systematic data handling enor is substantlally higher or lower than that goneratod by the default value, then Ihe, 

auditor should enter a quantity that was derived from the utillty Investlgatlons and select an appropriate greding. Negalive or zero values are not allowed for 
this audit component. 

Note: occasionally bllled consumption volumes for a customer account may be over-stated due to issues of double-counting an account or applying an over-
stated meter multipller. The possibility of such occunences should be explored in the data validation process, parbculady if billed authodzed consumption 
volumes for the year, or for any sub-qroup of cuslomers (by classifca0on or meter size), appears lo be inordinatoly hiqh. It is recommended to conect any  

'This input has been made optional, as it is no longer used in calculating a Pedormance Indicator. Auditors are welcome to continue to treck Ihis Inpul as 

desired' These costs include those for operetions, maintenance and any annually incuned costs for long-tenn upkeep of Ihe drinking water supply and 
distnbution system. It should include the costs of day-to-day upkeep and long-term fnancing such as repayment of capital bonds for inhastructure expansion 
or improvemenl. Typlcal cosls Include employee salaries and bene6ts, materials, equipment, insurance, fees, administrative costs and all other cosls that 
exist to sustain the ddnking water supply. Depending upon water ulility accounting procedures or regulatory agency roquirements, it may be appropriate to 

include depreciation in the total of this cost. This cost should not Include any costs to operate wastewater, biosolids or other syslems outside of drinking 
water. 

Systematic Data 
Handling Errors 

(SDHE) 

Find 

1 

Total annual 
operating cost 
(optlonal input) 

Find 
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(tam Name Description 

Includes water illegally withdrawn from fire hydrants, illegal connectlons, bypasses to customer consumption meters, or tampedng with metoring or meler 
reading equipment; as well as any other ways to receive water while thwarting the water utilitys ability to collect revenue for the water. Unauthorized 
consumption results in uncaptured revenue and creates an error that understates customer consumplion. In most water ulililies this volume is low and, if the 
water auditor has not yet gathered detailed data for these loss occurrences, il is recommended to use the default value of 0.25% of Ihe Billed Authonzed 
Consumption volume. However, if the audltor has investigated unauthonzed occurrences, and has well validated data that indicates the volume from 
unauthodzed consumplion is substantially higher or lower than that generated by the default value, then the audltor should enter a quantily that was derived 
from the utility investigations. Note that a value of zero will not bo accepted since all water ulilities tend lo have somo volume of unauthorized consumption 
occuning in their system. 

Unauthorized 
Consumptlon 

(UC) 

Find 

I he UAHL i5 a theoretical reterence value represenbng the techniral low hmd ot leakage Ior well managed systems in good contlmon, wnh aggressive acbve 
leakage control. II is a key vadable in the calculaUon of the Infraslmcture Leakage Index (ILI). 

UARL (gallons) = (5.41 Lm + 0.15Nc + 7.5Lc) x P x 365 d/year, 
or 

UARL (litres) =(18.0Lm + 0.8Nc + 25.0Lc) x P x 365 Ctyear 

where- 
Lm = length of mains (miles or kilometres) 
Nc = number of customer service conneclions 
Lp = lhe average lenglh of customer service connection piping (feet or metres) 

(see the Worksheet'Service Connection Diagram" for guldance on deterring the value of Lp) 
Lc = lolal length of customer service connecUon piping (miles or km) 

Lc = Nc X Lp (miles or kilometres) 
P Average operating pressure (psl or melres) (see Average Operating Pressure defnilion) 

NOTES ON THE UARL AND ILI: 
1. This Free Water Audit SoRware verslon 6 presents lhe calculated UARL and ILI for systems of all sizes and all pressures. Some published research Is now 
available on predic6ng how UARL is likely to be motllUed when modeling low leakage limits in systems that are very small (< 3000 conn), or have very low 
average pressures, or have very high pressures (aka boundary rases). Inherent over- or under- estimalion of UARL volume may exist in these boundary 
cases, as they operate at or near the limits of the UARL model assumptions. More widespread applicaUon and understanding of system specific corrections 
lo the UARL model in these boundary cases is now likely to occur, but are nol included in Ihe FWAS at the Ume of thls publication. CauUon is advised when 
using Ihe standard UARL modeled value (and subsequenUy Ne ILI) for boundary cases. In boundary cases, me ILI may still be considered a general 
Pertormance Indicator, but nol used as an absolute pedormance measurement or for benchmark compadsons. 
2. The UARL lenn is based on averege operaling pressure In a given audil year, and a utilitys currenl pressure condifions may not be opUmized. Thus. ILI 
should always be inlerpreted with some measure of pressure, and only used for uacldng progress if all jusUfiable pressure management has already been 
comDleled-

Unavoldable 
Annual Rea1 

Losses (UARL) 

•Find 

Unblllod 
Authorized 

Consumptlon 

All consumption that is unbilled, but still authorized by the ulility. This includes Unbilled Metered Authodzed Consumption (UMAC) + Unbilled Unmetered 
Authonzed Consumption (UUAC), See 'Authonzed Consumption' for more information. 

I Unbilled Metered 
Authorized 

Consumptlon 
(UMAC) 

Melered consumption which is authorized by the water utility, but, for any reason is deemed bv utilitv Pollcv  to be unbilled. This mighl for example include 
metered water consumed by the utility ilself in treatmenl or distribution operations, or motered water provided to civlc Inslltutlons free of charge. It does not 
Include water supplied to neighboring utllltlos (wator oxportod) whlch may be metered but not bllled. ~ 

Find 

Any kind of Authorized Consumpbon which is neimer billed nor metered. This component typically includes waler used in activi0es such as fire fighling, 
flushing of water mains and sewers, slreel deaning, fire flow tests conducted by the water utiliry, etc. In most water utililies it is a small component. 

This component does NOT include waler supplied to neighbonng ulilities (water exported) which is unmetered and unbilled — an unlikely case. Also, if any 
polable water used at a water trealmenl plant is tapped fmm a localion upstream  of the meter(s) used to determine the Volume from Own Sourws in the audit, 
this is outside of the boundary of the audil and should Iherefore not be included as part of Unbilled, Unmetered Authonzed Consump0on. 

This component has many subcomponenls of water use which may not yet be quantified. The defaull is 0.25% of the Billed Authorized Consumpbon volume 
(BMAC + BUAC), and is recommended for temporary use if cuslomized estimales are not yet available, with recommendalion to begin tracking and estimaUng 
these volumes for Ihe next audll. 

Note that a value of zero is not permihed, since all waler u6lities likely have some volume of waler in this component occurdng in meir system. 

Unbilled 
Unmotered 
Authorized 

Consumptlon 
(UUAC) 

I 

Find 

The user may develop an audit based on one of three unlt selectlons: 
1)Million Gallons (US) 
2)Megalilres (Thousand Cubic Metres) - 
3)Acre-feel 
Once this selection has been made in Ihe instructions sheel, all calculations are made on the basis of the chosen unils. Should the user wish to make 
addifional conversions, a unit converter is provided below (use drop down menus to select units): 

{ 

Unnsand 
Conversions 

Enter Units: Convert Fmm... Converb to..... 

100 Mllllon Gallons (US) 306.888329 Acre-feet 
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Item Name Descrlptlon 

(mnversion fador = 3.0689) 

The mst to produce and supply the next unit olwater (e g., S/million gallons). This cost can include both short-mn and long-run marginal msts. See the VPC 
data grading questions on IDG tab for examples of short-run and long-run marginal costs that may be included. 

It is common to apply the VPC unit cost to the volume of Real Losses. However, if water resources are saained and the ability to meel future drinking water 
demands is in question, then the water auditor may be justifled in applying the Customer Retail Unit Charge to the Real Loss volume, mther than applying the 
Variable Production Cost. 

Varlable 
Protluctlon Cost 

(VPC) 
(applled to Real 

Losses) 

Find 

The volume of water withdmwn (abstracted) from water resources (dvers, lakes, streams, wells, etc) controlled by the water ulility, and then treated for potable 
water distribution. Most water audits are compiled for utility retail water distdbution systems, so this volume should reflect the amount of treated drinking water 
that entered the distdbuaon system. Often the volume of water measured as treated effluent of the treatment works is sligh0y less than the volume measured 
al the rawwater source, since some of the water is used in the treatment process. Thus, it is useful if flows are metered at the effluent of the treatment works. 
Water treatment plants am also often supplied potable drinking water and therefore are a'customef of the water u81ity. II lhe service mnnecgon line serving 
the water treatment plant is downstream of treated water eflluent flowmeters, this water should be metered and billed as billed authorized mnsumption. In this 
case, this volume of water does not enter into any calculations for Volume from Own Sources. If the service mnnec8on line suppling potable water to the 
treatment plant is upstream of treated water effluent flowmeters, then this water is mnsitlered'pmcess watar and included with calculations amounting for 
process water use. 
If ineledng exists only at the raw water source, an adjustrnent for water used in the treatment process should be included to account for water mnsumed in 
treatment operations such as filter backwashing, basin flushing and cleaning, plant potable water consumption (if lhe supply is drawn upstream of effiuent 
flowmetedng.) and similar uses. If the audit is conduded for a wholesale water agency that sells untreated water, Ihen this quantity refleds the measure of the 
raw water, typically metered at the source 

Volume from Own 
Sources 

(VOS) 

Find 

An eslimate or measure of the degree of Inaccuracy that exists in the master (production) meters measuring the annual Volume hom own Sources, and any 
error in the data trail Ihat exists to collect, store and report lhe summary production data. This adjustment is a weighted average number that represents the 
mllective error for all master meters for all days of the audit year and any errors identified In the data Irall. Meter error can occur in different ways. A meter or 
meters may be inamurate by under-registering flow (dld not capture all the flow), or by over-registedng flow (overstated the actual flow). Data error can occur 
due to data gaps caused by temporary outages of the meter or related instrumentation. All water utilities encounter some degree of inaccuracy in master 
meters and data errors in archival systems are mmmon. Enter a positive percentage or volume, then selecl'under-regislration' or'over-registration' from the 
drop-down immediately adjamnt. See Water Supplled Error Adjustments definition for guldance on how to calculate thls input. 

Volume from own 
sollrces: orror 
atljustment 

Find 

The Water Exported volume is lhe bulk water mnveyed or sold by the water utility to neighboring water systems that exists outside of their service area. 
Typimlly this water is metered at the mstody transfer point of interconnection between the two water utilities. Usually Ihe meter(s) are owned by the water 
utility that is selling or transfedng the water i.e. the exporter. N the water utility who is mmpiling the annual water audit sells or lrensfers bulk water in this 
manner, they are an exporter of water, 

Note: The Water Exported volume is typically sold to wholesale customers who are charged a wholesale rate that Is dieerent than retail rates charged to the 
relail customers existing within the servim area. Many state regulalory agencies require that the Water Exported volume be reported to them as a quantity 
separate and dis8nct from lhe retail customer billed consumplion. For these reasons - and others - the Water Expodetl volume is always quanbfied separately 
from Billed Authonzed Consumption in the standard wator audit. Be certaln not to'doublecount" thls quantity by including it in both the Water 
Exported box and the Billed Metered ConsumpDon box of the water audit Worksheet. Thls volume should be Included only in the Walor Exported 
box. 

Waler Exported 
(WE) 

Find 

An estimate or measure of the volume by which the Water Exported volume is incorrecl. This adjustment is a weighted average mat represents the collective 
enor for all of the metered and archived exported flow for all days of the audit year. Meter error can occur in diflerent ways. A meter may be inaccurate by 
under-mgislering flow (did not capture all the flow), or by over-registenng flow (overstated the actual flow)- Error in the metered, archived data ran also omur 
due to data gaps caused by temporary outages of the meter or related instrumentalion. All water utilities enmunter some degree of error in their metered data, 
particulady il meters are aged and inhequently tested. Occasional enors also occur in the archived data. Enter a positive percentage or volume, then selecl 
'under-registration' or'over-registratlon' from the drop-down Immediately adjacent. If regular motor accuracy testing is mnducted on the meter(s) - which is 
usually mnducted by the water ublity selling the water - then the results of this testing can be used to help quantity Ihe meter error adjustment. Correclions to 
data gaps or other enors found in the archived data should also be induded as a poreon of this meler enor adjustment. See Water Supplled Ertor 
Adjustrnents definition for guldance on how to calculate this Input. 

Water Exported: 
Error Ad)ustment 

(WEEA) 

Find 

The Water Imported volume is the bulk water purchased lo bemme part of the Water Supplied volume. Typically this is water pumhased hom a neighboring 
i 

water utility or regional water wholesale supplier, and is metered at the custody tmnsfer point of inlermnnection belween the two water ulilities. Usually the 
meler(s) are owned by the water supplier selling the water lo the u0lily mnducling the water audit. The water supplier selling the bulk water usually charges 
Ihe receiving ulility based upon a wholesale water rate. 

Water Imported 

(Wfl) 

Find 

An estimate or measure of the volume by which the Water Imported volume is inmmtct. This adjustment is a weighted average that represents the mllective ~ 

enor for all of Ihe metered and archived imported flow for all days of the audit year. Meter error can omur In different ways. A meter may be inaccurate by 
under-registering flow (did not capture all the flow), or by over-registenng fiow (overslated the actual flow). Enor in the metered, archived data can also ocour 
due to data gaps caused by temporary outages of the meter or related instrumentation. All water utilities enmunter some level of meter inaccumcy, particularly 
if meters are aged and infrequently lested. Ocrasional errors also occur in the archived metered data. Enter a posibve percentage or volume, then select 
'under-registration' or'over-registration' from tho drop-down immediately adjacent. If regular meter accuracy lesting is mnducted on the meter(s)- which is 
usually mnducted by lhe water ufility selling the water - then the results of this testing can be used to help quantity the meter error adjustment. See Water 
Supplied Error Adjustments degnitlon for guldance on how to wlculate this inpuL  

Water Imported: 
Error Adjusbnent 

(WIEA) 

Find . 
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Item Name Descriptlon 

Disclalmer: The guidance provided below should be considered generel, representing a typical approach to delermining Error Adjustment. Supply metedng 
setups, matering technologies, insbumentation, data iecording/archlval, and data management systems can vary significantly from one water utility to gle next. 
Inherent margins of enor will also vary among different lesting and callbration methods and the measurement systems being tested. Other factors that may be 
Important Include, but are not limited to, frequency of testing and calibration practices, data communicahon outages in the audit period, tested gowrates versus 
typical operating flowrates, and test durations. All of these factors must be considered when assessing Enor Adjusenent for the Water Supplied inputs. Each 
specific situation should be carefully analyzed to determine the most appropriate approach for determining the Enor Adjustment to input. if any. 

General: For the Water Supplied inputs, there are three typical sources of error that may wanant an EnorAdjustment on the Worksheet. 
1.Meter error: measurement inaccuracy in the meter(s) used to derive the input volume, typically identified through in-situ flow accuracy testing. Applicable 
for VOS, W I and WE. If no such testing has been pertonned, adjustment for meter enor is not typically recommended. 
2 Data transfer error: inaccuracy in archived volumes, typically due to gaps In data, programming errors impacling unit conversions, and/or programming 
enors impacting totalization of ineasured volumes over the audit period. Applicable for VOS. W I and WE. These enors are typirally identified through 
electronlc celibration to verify data transfer at the secondary device (I,e. conversion to mA, meter transmitter or similar instrumentation) and/or the tertiary 
devlce (10. SCADA, histonan or other computedzed archival system). 
3. Net distributlon storage change: The difference between end of audlt perlod and beglnning of audit pedod for total finished water stored, downstream of 
the system input meter(s). Typirally applicable for VOS or W l. This volume Is typlcally dedved by comparing distdbution storage tank water levels at end and 
beginning of the water audit period and using approximate tank geometry to convert levels to volumes. 

Derlvatlon Guldance: 
If an Error Adjustment input is being calculated as a volume each source of enor (desodbed above) may be separately calculated, with careful consideration 
of under- vs over-registration, then added logegrer to determine the composite volume to input. The composite input should be entered on the Worksheet as a 
positive number, then under- or over-registration selected on tho adjacenl dropdown. 
If an Enor Adjuslment input is being ralculated as a percent some very general guidance for calculating each enor source (described above) is provided 
below. The auditor is again cautioned that each specific water supply setup needs to be evaluated closely as noted in the Disclaimer. Refer to the latest 
AW WA M36 Manual for addilional discussfon and guidance on this matter. 

1_ Meter error. If in-situ flow accuracy testing has been pedormed, and inherent testing method arror is understood, first the mefer accuracy % may be 
detennined as follows: 

meteraccurary%= Systeminputmeter('s)volume/Referencevolume 

Then, the meferermr % may be determined as follows: 
meter error %= meter accurary % -100% 

2.Data trensfer effor: If elecbonic calibration at the secondary (i.e. conversion to mA, meter transmitter or similar instrumentation) and/or terbary (i.e. SCADA, 
historian or other compuledzed archival system) devlces has been performed, first the dafa transfer accuracy % may be determined as follows: 

datatransferaccurary%= Tertiarydevicevolume/Referencevolume(rypimllyat5econdarydevice) 

Then, the data transfer ermr % may be determined as follows: 
data transfer error % = data transfer accuracy %-100% 

If no error is identified, or if electronic calibratlon has not been pedormed, or if no secondary or tertiary devices ezist, a data transfer error % adjustment is not 
typically recommended. 

3.Net disuibufion storage change. ff meter error and/or data trensfer enor are being ralculated as a %. it is recommended to make the adjustment for net 
distribution storage change as a volume adjustment, directly in the VOS or W I inpul, as applicable. 

The final step is to add meter error % and data transfer error %: 
Error Adjustment % = meter accurary %+ data transfer errnr % 

If the total Error Adjustment % calculates out as a negative number, it represents an under-regisba6on. Vice versa, if positive. The composite input should be 
entered on the Worksheet as a positive number, then under- or over-registration selected on the adjacent dropdown. 

= apparent losses + real losses 
= waler supplled - authonzed consumption 

Water Losses are the difference between Water Supplied and Authorized Consumption. Water losses can be considered as a total volume for the whole 
system, or for partial systems such as transmission systems, pressure zones or disbict metered areas (DMA), if one of these configuratlons are the basis of 
the water audit. 

Water Supplled 
Error 

Adjustrnente 

Find 

WATER LOSSES 

Find 
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The three f gures shown on this 
worksheet display the 
assignment of the Average 
Length of Customer Service 
Line, Lp, for the three most 
common piping configurations. 

Figure 1 shows the 
confguraGon of the water meter 
outside of the customer building 
next to the curb stop valve. In 
this configuration Lp = 0 since 
the distance between the curb 
stop and the customer metenng 
point is essentially zero. 

Figure 2 shows the 
configuration of the customer 
water meter located inside the 
customer building. where Lp is 
the distance from the curb stop 
to the water meter. 

Figure 3 shows the 
configuration of an unmetered 
customer building , where Lp is 
the distance from the curb stop 
to the first point of customer 
water consumption, or, more 
simply, the building line. 

In any water system the Lp will 
vary notably in a community of 
different structures, therefore 
the average Lp value is used 
and this should be 
approximated or calculated if a 
sample of service line 
measurements has been 
gathered. 
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Figure 1 
Typical house connection: Meter at curb stop 
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Key Features and Developments Version: 
Release Number of 

Date: Worksheets: 

2005/ 
2006 

VERSION HISTORY: 

The AWWA Water Audit Software was piloted in 2005 (v1.0 beta). The early versions (1.x) of the software restricted data entry to units of 
Million Gallons per year. For each entry into the audit, users iden6hed whether lhe input was measured or estimated. vl 5 

The most sighificant enhancemenl in v2 of Ihe software was to allow the user to choose the volumelric units to be used in the audit. 

5 Million Gallons or Thousand Cubic Metres (megalitres) per year. Two financial perforrnance indicalors were added to provide feedback to 
the user on the cost of Real and Apparent losses. 

In v3, the option lo report volumetric units in acre-feet was added. Another new feature in v3 was lhe inclusion of default values for two 
water audit components (unbilled unmetered and unauthorized consumption). v3 also included two examples of completed audits in unils 

7 of million gallons and Megalitres. Several checks were added into v3lo provide instanl feedback to the user on common data entry 
problems, in order to help lhe user complete an accurate water audit. 

v2 2006 

v3 2007 

v4 (and versions 4.x) of the software included a new approach lo dala grading. The simple "estimaled" or'measured approach was 
replaced with a more granular scale (typically 1-10) thal re8ected descriplions of utility prackces and served to describe the confidence 
and accuracy of the input data. Each input value had a corresponding scale fully described in the Grading Matrix tab. The Grading Matrix 
also showed the aclions required to move to a higher grading score. Grading descriplions were available on lhe Reporting Worksheet via 
a pop-up box next to each water audit input. A water audit data validity score is generated (max = 100) and priority areas for attention (to 
improve audil accuracy) are idenlified, once a user completes the requied data grading. A service connection diagram was also added lo 
help users understand the impact of customer service line conrigurations on water losses and how this information should be entered into 
the water audit software. An acknoweldgements section was also added. Minor bug fixes resulled in the release of versions 4.1 and 
4.2. A French language version was also made available for v4.2. 

v4 - v4.2 2010 10 

In v5, changes were made to the way Water Supplied informalion is entered into software, with each major component having a 
corresponding Master Meter Error Adjuslmenl entry (and dala grading requirement). This required changes to the data validity score 
calculation; v5 of the software uses a weighting syslem that is, in part, proportional to the volume of input components. The Grading 
Matrix was updated lo re6ect the new audil inputs and also to include clarificalions and additions lo the scale descriplions. The 
appearance of the software was updated in v5 to make the software more user-friendly and several new features were added to provide 
more feedback to lhe user. Notably, a dashboard tab has been added to provide more visual feedback on the water audit resulls and 
associated costs of Non-Revenue Water. A comments sheet was-added lo allow the user lo track noles, comments and to cite sources 
used. 

v6 brings an overhaul to the user interface for dala grading, now presented as a series of questions on the Interactive Data Grading (IDG) 
tab for each input that, when answered (by selecting best-fit answer from a dropdown menu), automically determines the data grade for 
the given inpul. This provides Iransparency lo the dala practices selected and which specifically are limiting, removes subjeclivily in data 
grade assignments, and provides clarity on candidate next steps for data validity improvements. IDG tab includes navigation bullons 
across top banner for ease of movement between inputs, and color signals for completion. The Worksheet (fka Reporting Worksheet) 
includes overt designation of error adjustment as "under" or "over" for the 3 Water Supplied inputs, as well as Customer Metering 
Inaccuracies. This makes the convention consistenl, transparent, and reduces chance of user error, A Blank Sheet has been added 
allowing the user to, as desired, pedorm supplemental calculations or capture additional relevant information. The Dashboard has been 
overhauled to include Data Validity, NRW Components and Key Performance Indicators (KPIs). KPIs are presented in gauge format, 
depicling the specific KPI result against the range of results from Level 1 validaled data in North America (see Web Resources, Start 
Page). Percentage-based indicators (% of supply, % of cosl) removed as these indicators were deemed unreliable and sunset by the 
AWWA Water Loss Control Commillee, subsequent to research and reponing from its NRW Performance Indicators Task Force, 

v5 2014 12 

v6 2020 11 

If you have questions or comments regarding the software please contact us via email at: wlc(dawwa.orq 
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The Pittsburgh Water and Sewer Authority For the Year Ended December 31, 2023 
(Company Name) 

500. WATER DELIVERED INTO SYSTEM DURING YEAR 
Every estimated value shall be supported by such detailed information as will pertnit a ready identification, analysis, & verification of all 
relcvant facts. The Company shall bc prcparcd to fumish to the Commission this tletailed information. 
Line 
No. 

Description 
(a) 

(Gallons) 
(b) 

(gpd) 
(c) 

Water Delivered for Distribution & Sale: 

2 Water Obtained from Company Sources 22,357,650,000 61,253,836 

Water Obtained from Other lndependent Utilities 3 

22,357,650,000 4 Total Water Delivered 61,253,836 

5 Metered Salcs: 

6 Rcsidential 2,651,172,000 7,263,485 

7 Contmercial 3,167,794,000 8,678,888 

8 Industrial 157,644,000 431,901 

9 Public 1,034,432,000 2,834,060 

10 Othcr Water Utilities 783,121,000 2,145,537 

11 Privatc Fire Protcction 7,448,000 20,405 

12 Public Firc Protection 

Other Mctercd Sales rwwerc m 2 13 1,027,000 2,814 

14 Total Metered Sales 7,802,638,000 21,377,090 

15 Unmetcred Sales: 

16 Residential 12,460,800 34,139 

17 Commercial 

18 Industrial 

19 Private Fire Protection 

20 Public Fire Protection 

21 Other Unmetered Sales 

21 Total Unmetered Sales 12,460,800 34,139 

22 Total Sales 7,815,098,800 21,411,230 

34,293,000 93,953 23 Non-Revenue Usage Allowances: Unbilled Metered Usage 

24 Authorizcd Unmctcred Usage: 

25 Main Flushing 23,230,746 63,646 

Blow-off Usc 26 

Othcrs: Rexrvuv & Rismg Maut FlusM1vig 27 54,462,933 149,214 

28 Unauthorized Usc 17,580,000 48,164 

510,700,000 1,399,178 29 Unavoidablc Lcakagc 1,466 gpd/milc of main 

30 Adjustmcnts: 

3,916,757,718 10,730,843 31 Locatcd & Repaired Brcaks in Mains & Services 

Others 32 

1 Total Allowances & Adjustments 12,484,998 33 4,557,024,397 

34 9,985,526,803 U naccounted-for-W ater 

35 Percentage Unaccounted-for-Water 44.7% 

Page 58 
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