Pittsburgh
PG il o Watcer & Sewer

Authority
05.21.2024

Rosemary Chiavetta, Secretary
Pennsylvania Public Utility Commission

RCUD PUC SEC RHR
400 North Street A R 2054 v 109
Harrisburg, PA 17120
Subject: Pittsburgh Water and Sewer Authority’s 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 Utility
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 {.xIsx) 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@pgh20.com.

Sincerely,

N

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 Water Audit

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



AWWA Free Water Audit Software v6.0

American Water Worka Associntion Copynight C 2020, All Rights Reserved

This spreadsheet-based water audil ool is designed to help quantify and lrack water iosses associaled with water distribution systems and idenfify areas for improved efficiency and cost recovery. [l provides a "op-down™
summary water audit format and is not meant to take the place of a full-scale, comprehensive water audit format. Auditors are strongly encouraged to refer to the most current edition of AWWA M38 Manual for Water Audits for
detailed guidance on the waler auditing process and targsting loss reduction levels, This tool contains several separate worksheets. Sheets can be accessed using the {abs at the bottom of the screen, or by clicking the TOC

links below.
Tabie of Contents (TOC) Enter Basic Information Key of input Acronyms 79" ‘i;‘; %‘:“r’f::g:fce in
. " . Name of Utility: [The Pittsburgh Waler and Sewer Authority VOS  Volume from Own Sources
Start Page ::gnc :;rt:ri};sheet. Enter contact information and bassic Name of Contact Person: [Darby Neidig,PE VOSEA  VOS Emor Adjustment
) Email; Dneidig@pghZo.com Wl Water Imported
. , Telephone [ Ext.: |412-255-8800 | WIEA Wi Error Adjusiment
Workshoet 52;: :;‘;;22:';: c:laal;or;audﬂ;z worksheet to calcutate the CitylTown/Municipality: |Pittsburgh WE  Water Exported
8 g. State / Province: [Pennsylvania (PA) WEEA  WE Error Adjustment
{nteractive Data Answer questions about operationa! practices for each BMAC  Billed Metered Authorized Consumption
Gradin audit input, and lhe data validity grades will automatically Country: [USA BUAC  Billed Unmeiered Autharized Consumption
d populate. Audit Preparation Date: [Apr 30 2029 UMAC  Unbilled Metered Authorized Consumption
" L Audit Year: {2023 UUAC  Unbilled Unmetered Authorized Consumption
Bashhoard R;“m;gg ﬁ?ﬂgi’::;itge‘;‘f::r::a?:;?m?;::“and Audit Year Label: [Calendar |{Fiscal Calendar, etc) SDHE  Systematic Data Handling Errors
grap P i Audit Period Start Date: |Jan 01 2023 CMI  Customer Metering Inaccuracies
Enter notes to explain how values were calculaled, Audit Pericd End Date: [Dec 31 2023 UC  Unauthorized Consumption
Notes document data sources, and related information about Volume Reporting Units: [Million gallons (US) Lm  Length of mains
data management practices. Water System Structure: |[Retail N¢  Number of service conneclions
Water Type: |Potable Water Lp Average length of (private} customer service line
|
Blank Sheet ?z:t:;t:::ri:egn;n:éra:;ank sheet. System ID Number: [5020038 AOP  Average Operating Pressure
4 ' Validator Name/ID: [N/A CRUC  Customer Retail Unit Charge
. . Validator Email: [NfA VPC  Variable Production Cost
The values entered in the Worksheet autormatically . q e
Water Balance populate the Water Balance. Estimated Total Population Served by Water Utility: | 300,000

Loss Control Use this sheet to interprat the resulls of the audil validity . ; prrommmmesmeey
Planning score and performancs indicators. Color Koy userinpul [ ] Cateutated  |FNENENN Optional default | i
Definitions ;’;‘Zé‘;‘: sheet to understand the terms used in the audit Guidance for the Worksheet Guidance tor the Interactive Data Grading
Service _. - . . . Choosing to enter unit of percent or volume Use acronym buttons in IDG header to navigate among inputs, Acronym Key above,
d . "
Connection I;hagrams ep!cl.mg possible customer service connection {applies to VOSEA, WIEA, WEEA, CMI) White = neads answers, orange = complete, clear = not required. Example below.
. line configurations. .
Diagram choose entry option:

[ 1.00% percent | or
volume | 25.000 |

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

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

After clicking an acronym button, answer all visible guestions in [:—___.]
the order they're presented, choosing best-fit answer

AWWA Web Resources for Water Loss Control . choose entry option:

https /iwww.awwa.ara/Resources- Tools/Resource-Topics/Water-Loss-Control| 1 025% T default or ' - )

ltems referenced in the Free Water Audit Software v6.0ontheweb: | cusiom 75.000 Grade will populate when alt V's'bk: questions A
Data Grading Matrix v6.0 are complete for an input
Example Water Audit v6.0 The limiting criteria will be labeled along the right. If only 1 limiting criterion is
Water Audit Compiler v6.0 shown, impraving on that criterion will achieve a higher data grade. If multiple
AWWA Reporis on Performance Indicators limiting criteria are shown, improving on each limiting criterion is necessary to Limiting
M36 Manual achieve a higher data grade. A complete inventary of data grading criteria is

available in the Data Grading Matrix v6.0 (See web resources)

If you have gueslions Qr comments regardin:.l this software Elease contact us at: Mc@awwa‘org

AWWA Free Waler Audit Software v6.0 Slart Page 1



AWWA Free Water Audit Software:  rwasweo

Worksheet Armenican Waler Works Asaociaton.

Water Audit Report for: | The Pittsburgh Water and Sewar Autho|
Audit Year: 2023 Jan 01 2023 - Dec 31 2023 Calendar

i Click 'n* 10 add notes

detgrri ” : (9o o siart page |
o Click g io ine dala vakdity grade Ta adi water sysiam Infa W
To access definitions, click the inpul name v v All volumes to be entered as: MILLION GALLONS (US) PER YEAR
Whoter Supphed Eror Adjustments
WATER SUPPLIED choose entry eption;
vos Volume from Own Sources:[ n] g 22.357.650) MGAYr LTI pecent] VOSEA
wi Waler Imported:| n | g Enal| .000] MGAYr WIEA
WE Water Exported: [1 | g 783.120] MG 15 WEEA
WATER SUPPLIED: T15731530) MGvr
AUTHORIZED CONSUMPTION
BMAC Billed Matered'| n | o WO 7.019.520] MG/Yr
BUAC Billed Unmatered:{ n ] g 12,4601 MGHYT
UMAC Unbilled Melered: | n | g Il .- "34.290] MG/ choose entry option:
ULAC Unbillag Unmetered | n | 2 12315601 MGAYT ! cusiom i124.550 lMGu‘Yr
AUTHORIZED CONSUMPTION: 1901830] MGAYr
WATER LOSSES MG/Yr

Apparent Lossea

Dafaull option selected [or Systemalic Data Handhng Ermors. with automatie data grading of 3 choose entry option:

SDHE Systematic Data Handling Errors:[ 0 [ g [17/550) MGrYr _0.25% gefault
CMI Customer Melering Inaccuracies:f n | @ (41941 MGrYr 1 0.07% | _percent
uc Unauthorized Consumption:] 0} § 1 71580] MGrYr - 0.25% :_delaull

Defaull aption selactad for Unauthorized Consumplion, with avtomatic data grading of 3

Apparent Losses: MG

Real Losses
Real Losses: MGIYr
WATER LOSSES: 14¥383700] MGHYT
NON-REVENUE WATER
NON-REVENUE WATER: MG/Yr
SYSTEM DATA
Lm Length of mains:[n T g RO 952.9] mies {including NiFe hydrant lead lengths}
Ne Number of service connections: [ n | g Je] {aclive and Inactive)
Service connaction density: [E7] connmile main
Are cuslomer meters typically Jocaled al the curbstop/pro; ine? L 'Nol
Lp Avarage length of [privale) customer servica ine: ﬁyﬁ—_ﬂ ft {average distance between property line znd meter)
AP Average Operaung Pressure: [ n [ QWEERL___  60.0] psi
COST DATA
CRUC Customar Retail Und Charge:| a [ g Gl $27.32|[8/1000 galons (US) | Total Annual Operating Cost
vPC Variable Production Gost:| o | g K] $459.58] $/MEkon galons [ $59.469.717 | s/yr {optionat inputy
WATER AUDIT DATA VALIDITY TIER:
r = The Water Audit Data Validity Score Is In Tler fll (51-70). See Dashboard tab for additional outputs. =~ [_ug;i;;g_l
A weighted scaie for the companents of supply, consumption and walsr loss Is included in Lhe calculation of the Water Audit Data Validity Score
PRIORITY AREAS FOR ATTENTION TQ IMPROVE DATA VALIDITY: KEY PERFORMANCE INDICATOR TARGETS:
Based on the Informaticn provided, audi reliability can be most Improved by addressing the following components: OPTIONAL: If targets exist for the operational performance indicatars, they can be input below:
1: Yolume from Own Sources (VOS} Unit Total Losses: galiconn/day
2Z: Billed Unmetered LBUAC) Unit Apparent Losses: gal/conniday
3: Unauthorized Consumption {LIC} Unit Real Loases™ galfcann/day
Unil Real Losses®: galimile/day

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

AWWA Free Water Audit Software v6.0 Worksheet 2




Interactive Data Grading Responses

2023 - = = e — v 5 ———— ¥ 7 Lin-ii'ling'
T i - ' ; --criteria -
' White =incomplete {see Start
- Orange = compléte - - i ———— . eyl e 'P_agg for
- Use acronyms for navigation~ R R WA il At ‘5 Asacial git © 2020, All Righis Reserv . details),
) Volume from-Own Sources (VOS) = Data Grading Criteria R oo o
vos Criteria Question Select Best-Fit Answers to All Visible Questlons
vos.0 Did the water utility supply any water from its own sources during the audit year? Yes
vos. 1 What percent of own supply volume is metered? >85 - 89%

For questions 2-10 batow: Choose the answer that applies for those meters that measuro >90% of the finished water volume.

In-situ flow accuracy testing = a test process that confirms the flow measuring accuracy of the primary device {the flowmeter), in its installed location, using an independent reference volume.
Electronic calibration = a process that checks for error in the metening secondary device(s) and/or the tertiary device(s).

Secondary device can include conversion to mA, meter transmitter or similar instrumentation,

Tertlary devico can include SCADA, historian or other computerized archival syslem.

vos.2 What is the frequency of electronic calibration? Annually Limiting
vos.3 r:::;l;;el of data transfer errors are checked as part of the electronic calibration Data transter errors are checked al secondary device(s), but no lerliary device(s) exist
vos.4 ;;ne most recent electronic calibration documentation available for review? Yes
vos.5 What is the [requency of in-situ flow accuracy testing? None, or Not within last 5 years Limiting
vos.6
vos.7
vos.8 Have testing and calibration procedures been closely scrutinized for compliance with No

procedures described in the AWWA M36 and/or M33 Manual{s)?

-vos.g Which best describes the frequency of finished water meter readings? Continuous

Which best describes the frequency ol dala review lor anomalles/errors? These can
vos.10 includa numbers that are oulside of typical pattemns, and zero or null' values that More frequenltly than monthly, but not every day

|Ey reflect a gap in data recording,

FINAL D:\TA GRADE FOR THIS AUDIT INPUT: ?

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



Interactive Data Grading Responses

90 lo input " Volume from Own Sources. Error:Adjustment (VOSEA) - Data Grading Criteria’ - -

vosea Criteria Question Select Besi-Fit Answers to All Visthle Questions
vosea.1 |Are tank levels monitored automatically & recorded daily? Yes
vosea.2 Ara dally changes of stored water volumes in distributien system tanks included in No Lirnitin
" |the tabulation of the daily "Volume from Own Scurces” guantity? imiting
vosea.3 Is the annual net distribution storage change included in either the VOS input or the No
"~ |VOSEAinput?
vosead Ara the flow accuracy test andsor efectronic calibration results included in the No ermgr adjustment made due 10 absaence of testing or callbration results

VOSEA input in the water audit?

FINAL DATA GRADE FCR THIS AUDIT INPUT: §

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



Interactive Data Grading Responses

go o input I Water Imported (WI) -Data Grading Criteria .~ .~~~ IEXE
Criteria Question Select Best-Fit Answers to All Visible Questions
Did the water utility impert any water during the audit year? No

wi
wi.0

wi.1

wi.2

wi.3

wi.d
wi.5
wi.B

wi.7

wi.8

wi.g

wi. 10

For questions 2-10 below: Choose the anawer that applies for those maters that measure >90% of the water imported volume,

in-situ flow accuracy testing = a test process that confirms the flow measuring accuracy of the pimary device (the flowmneter), in its installed location, using an independent reference volume,
Electronic calibration = a process that chacks for efror in the metering secondary device(s) and/or the terliary device(s). ’

Secondary device can Include conversion fo mA, meter transmitter or similar instrumentation,

Tertiary device can include SCADA, historlan or other computerized archival system,

nfa

FINAL DATA GRADE FOR THIS AUDIT INPUT:

AWWA Free Water Audit Software v6.0 Interactive Data Grading
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Interactive Data Grading Responses

go to input [

wlea Criteria Question

“i:v. Water.Imported Error.Adjustment (WIEA).< Data.Grading.Criteria; ~ .. ~.:"7

Select Best-Fit Answors to All Visible Quastions
wiea.1
wiea.2
wiea 3
wien 4
nfa
FINAL DATA GRADE FOR THIS AUDIT INPUT:

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



Interactive Data Grading Responses

- ________Water Exported (WE) - Data Grading Criteria -~ . < i

we Criteria Question Select Best-Fit Answers to All Visible Questions
we.0 Did the water utility export any water during the audit year? Yes
we.1 What percent of water exported is metered? »89%

For questlons 2-10 below: Chooso tho answer that applies for those meters that measura >90% of the water eprrted voluma.

In-sltu flow accuracy testing = a test process that confirms the flow measuring accuracy of the primary device {the flowmeter), in its installed locatien, using an independent reference volume.
Elactronic calibration = a process that checks for efror in the metering sacondary device(s) and/or the tertiary device(s).

Secondary device can include conversion to mA, meter transmitter or similar instrumentatlon.

Tertiary device can include SCADA, historian or other computerized archival system.

we.2 What is the frequancy of electronic calibration? None, or Not within last § years i_imiling
we.3
wa 4
wa.5 What is the frequency of in-situ flow accuracy testing? None, or Not within last 5 years Limiting
we.B
we.7
we.§
we.s Which best d‘escribes the frequency of meter readings (data collection frequency as Continuous
opposed to billing frequency)?
What is the frequency of data review & comaction by Exporting or Importing Utility for
we,10 data gaps and/or anomalies? These ¢an include numbers that are outside of typical |Once per month

patterns, and Zero or 'null’ values lhat may reflect a gap in data recording.

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

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

wgea. 1 |ls an agreement in place between Exporting and importing Ulility?

Are meter accuracy testing or electronic calibration requirements stipulated in the

weea.2 water purchase agreement?

Are flow accuracy test and/or electronic calibratlon resufts used to inform the error

w
000.3 adjustment input In the water audit?

weead |Who has access to the import meter readings Including current and archived data?

FINAL DATA GRADE FOR THIS AUDIT INPUT:

AWWA Free Water Audit Software v6.0 Interactive Data Grading 8 of 38



go to input

Interactive Data Grading Responses

bmac

bmac.0

bmac.1

bmac.2

bmac.3
bmac.4
bmac.5

bmac.6

bmac.7

Criteria Question

- go to notes

Select Best-Fit Answers to All Visible Questions

Were any customers melered in the audil year?

Yes

For billed metered accounts, what % of bills are estimated in a typical billing cycle?

5% or less

How often does the utility read its customer meters?
For systemns with mulliple read frequencies, select the reading frequency that-
describes the majority of your customers.

More frequently than monthly

I= the BMAC volume pro-rated 1o represent consumption occuring exactly during the
audit period?

Yes

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 speciflc accounts flagged for anomalous consumption

When was the most recent billing data review by someone who is independent of lhe
uility billing process?

Within last 3 years

What level of detail was examined in the review by somecne who is independent of
|the utdlity billing process?

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

FINAL DATA GRADE FOR THIS AUDIT INPUT:

10
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Interactive Data Grading Responses

50 10 o R ~»Billéd:Unmetered:Authorized:Consuniption (BUAC):Data Grading; Criteiiz SR
buac Criteria Question Select Best-Fit Answers to All Visible Questions
buac.0  |Was there any billed consumption on unmeterad actounts In the audit year? Yes
buac.1 What portion of billed accounts are unmetered (% by number of accounts)? 5% or less
buac.2  |Methodology te quantify consumplion: for unmelared accounts? Estimated based on assumptions of consumplion by customer characteristics (i.e. customar type or mater size) Limiting
buac.3  |How frequently is unmetered customear consumption estimated? Monthly
2
FINAL DATA GRADE FOR THIS AUDIT INPUT:
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Interactive Data Grading Responses

T IR SRR sRal U il sd[MeterediAuthorized Consumption|(UMAC)EiDataiGrading Criteria ikt T sstonmtes |
umac  Criteria Question Select Best-Fit Answers to All Visible Questions

umac.0 |Did the waler utility have any unbilled-metered consumption in the audit year? Yes

umac,1 |Doas the water ulility policy articulate which accounts are exempt from billing? Puolicy broadly addresses and there exists a collective underslandlné : Limiting
umac.2 [How many unbilled metered accounts exist? Monitored, count availabie

How often Is each unbilled customer meter read? -
umac.3 |For systems with multipls read frequencies, selecl the reading frequency that Monthly or more fraquently
describes the majorlty of your customers.

umac.4 |How often are unbilled metered volumes reviewed for error? Each billing cycle

FINAL DATA GRADE FOR THIS AUDIT INPUT:

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



uuac

uuac.0

uuac.1

uuac.2

wac3

Criteria Question

.Unbilled. Unmetered,Auith

Interactive Data Grading Responses

yrizéd Consumption’(UUAC):-:Data Grading‘Criteria

Select Best-Fit Answers to All Visible Questions

On the Worksheet, the status of the default option is:

A systemn specllc volumse has been entered

How well-understood is the axtent of unbilled unmetered use?

Examples known, but ne complete inventory

Which best describes the records thal are kept for events of unbitled unmetered
use?

Documentation exists, but not specific to each event

How is the majority of unbilled unmetered use estimated?

By number of avents multiplied by typical use estimates

FINAL DATA GRADE FOR THIS AUDIT INPUT:

AWWA Free Water Audit Softiware v6.0

Interactive Data Grading
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This Data Grading Cniteria Is hidden when the 'default’ input Is used on the Worksheet

FINAL DATA GRADE FOR THIS AUDIT INPUT:

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



Interactive Data Grading Responses

"~ Customer Metering Inaccuracies (CMI) - Data Grading Criteria~ "~ -~ - -~ - - [JETIe

go ta input [

cmi

cmi.0

cmi.1

cmi.2

cml.3
cmi.4
cmi.b
cmi.B
cml.?
cmi.B

cmi9

Criteria Quastion

Seloct Best-Fit Answers to All Visible Questions

Was there any meterad customer usage during the audit period?

Yes

Do you test meters reactively (when triggered by customer complaint or
billing/consumplion flag)?

Reactive festing conducted

For small size customer meters, which best describes the frequency of proactive
testing (affort beyond when triggered by customer complaint or billing/consumption
flags)?

QOngoing, conducted annually

Which best describes what meters are included in the proactive small size customer
meter testing activitles?

Proactive - representative sample (for small metars)

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

Ongoing, conducted annually

Which best describes what meters are included in the proactive mid- and large
customer meler lesling activities?

Proactive - all large meters are on a testing schedule

'Which best describes how the input was derived?

Calculated based on most recent meter accuracy tests, comprehensive of all meter performance

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

No Limiting

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 describes the raliability of meter installation records?

Records are kept for meter installations, but data is missing for installation dale, type, size, or manufacturer

FINAL DATA GRADE FOR THIS AUDIT INPUT:

AWWA Free Water Audit Software v6.0 Interactive Data Grading
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Interactive Data GradingrResponses

Unauthorized:Consumption:{UC).-.Data Grading:Criteria.
This Data Grading Criteria is hidden when the "default’ input is used on the Worksheet

go 1o input

FINAL DATA GRADE FOR THIS AUDIT INPUT:

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



Interactive Data Grading Responses

Lm Criterla Question Select Best-Fit Anawoers to All Visible Questions

Lm. How was the input derived? ] Derived directly from Mains inventory (GIS, ledger, efc)

Lm.2 Ara hydrant laterals included in the input derlvation? Yes

Lim.3 Which best describes how the Mains inventory (GIS, ledger, elc) is kept up to date? |Additions or subtractions are updated in the mains inventory {GIS, ledger, etc), at least annually
Which best describes how Lhe Malns inventory {GIS, ledger, etc) is field validated to . .

Lm.4 confirm field conditions match the inventory? : : Fieid vaildation s accompiished (i.e. in daily operatlons or specific vatidation projects}

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

EXT] AR SR INIINR N Ui mibe [0 f|ServicelConnections)(NE)EDatalGrading[Criteria RSN I

Nc Criteria Question ' Salect Best-Fit Answers to All Visible Questions
Ne.1 How was the input derived? Extracted from Services inventory (GIS, billing system, etc}
Nc,2 What is the count of services based on? Premise based, |.e. service connection count, location D count

Are inactive (but still pressurized) service lines Included in the input? These may be
Nc.3 Yes

metered or unmetered.
Nc.4 th.:h best describes how the inventory of service connactions (GIS, billing system. Additions or subtractions are updated in the service line inventory {GIS, billing system, atc), at least annually

etc) is kept up lo date?

Which best describes how the inventory of service connactions (GIS, billing system, |_. o I ! . I . . -~
Nc.5 etc) is field validated to confirm field conditions match the inventory? Field validation is accomplished for a portion of the system {l.e. in daily cperations or specific validation projects) Limiting

8
FINAL DATA GRADE FOR THIS AUDIT INPUT:
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Interactive Data Grading Res.ponses

go to input I go to notes

- Average tength of (Privaté) Customer Service Line (Lp) -.Data Grading Criteria

Lp Criteria Questlon Select Best-Fit Answers to All Visible Questions

Lp0 Are customer maters typibally located at the curbstop or property line? No

Lp.1 How was the input derived? Derived from full mapping and customer invenlory

Lp.2 Which best describes how the Customer Service Line and Meter Locations mapping Additions or sublractlons are updated in the service line and meter locations inventory, at leasl annually

Is Kept up to date?

Which best describes how the Customer Service Line mapping is validated to what

s in the field? Field validation is accomplished {i.e. through normal work order processas or specific validation projects}

Which bes! describes the policy 1o define where the utility's ownership of Lhe service

tp4 line ends, and the customer's ownership of the service line begins?

Policy is clear, and adherance in practice is consistent

10

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

[ o]

Data Grading Criteria. ~

Average Operating Pressure (AOP) -

aop Criteria Question Selact Best-Fit Answers to All Visible Questions
* aop.1 \;:':(l; )t;e st describes checks on the boundary intagrity for the system's pressure Normally-closed boundary valves between zones have been confirmed to be fully closed more Lhan 3 years ago Limiting
aop.2 gﬁr;;e; t describes how ane-time pressure readings (i.e. from hydrants) are Collecled annually during routine system flushing and/or hydrant testing
aop.3 :':r"::;:::::ﬁ:::‘zfmirso‘:}:;r:;u5 pressura data (via temporary data loggers At zone boundary condilions, plus locations inside the zone(s) representing the full pressure profile
aop.4 Which best describes how continuous pressure data is collected? Year-round data collection via permanent menitoring
aop.5 How was the input derived? Derived from hydraulic model, where model has been fiald calibrated In the last 5 years

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

[ goto input | _‘Customer Retail Unit Charge (CRUC) - Data Grading Criteria - . | wotwnotes |
cruc Criteria Question Select Best-Fit Answers to All Visible Questions
cruc.0 Was any metered consumgption billed on a volumetric basis in the audit period? Yes
cruc. 1 Which best describes the use and reliability of the current rate structure? Customer bill calculations have been checked to confirm lhe rate structure is comectly implemented
cruc.2 Choose the option that best describes how the input was derived A volurne-weighted average of all rates was calculated

Is there any additional volumetric revenue the utility receives that depands on water

cruc.3 Yes, and this has been incorporated into the volume-welighted average calculation
meter readings, such as sewer?
cruc.4 Has the input derivation been reviewed by someone with expert knowtedge in the No Limmitin
) M36 methadology? g
9

FINAL DATA GRADE FOR THIS AUDIT INPUT:
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vpce
vpe.1

vpe.2

vpc.3

vpc.d

go to input |

Interactive Data Grading Responses

Criteria Question

riable Production Cost (VPC) - Data-Grading Criteria

Select Best-Fit Answers to All Visible Questions

Choose the option that best describes how the Input was derived

Only one source of waler exists, which was the basis for the input derivation

Choose the option that best describes which short-run marginal costs have been
included in the input, using the definitions below for reference. Short-run marginal costs
can include the following:

- chemicals + power for treatment, typically applicable if the ulility is producing/treating
water

- power for distribulion, typically applicable if pumps exist in the distribution network

- waler acquisition costs, typically applicable if the ulility is purchasing water or incurs any
exlraction costs for withdrawing from a source

Some short—un mzarginal costs may not be applicable. The auditor should analyze the
system characteristics to determine which costs are applicable for inclusion in the VPC
input derivation. See also the latest AWWA M36 Manual for further guidance.

All applicable short-run marginal ¢osts are included

Choose the option that best describes which long-run marginal costs have been
in¢luded in the inpul, using the definitions below for reference. Long-run marginal ¢osls
can include the following:

- water treatment residuals management, typically applicable if sclids are produced from
waler treatment process

- accelerated wear & tear on dynamic aquipment, typically applicable if pumps exist for
treatment and/or distribution, or any other eguipment exists thal wears cut as a function
of use instead of time {i.e. fiter meqla, chemical dosing pumps, uv disinfection bulbs,
etc)

- payouts for damage claims from main and service line breaks, typically applicabla if
damage claims are paid by the utility

- accelerated expansion of supply capacity, typicalty applicable i the ulility is at or
nearing supply capacity, or scarecity costs in waler scarce areas

- full cosl pricing that includes all lifecycte costs and externalities (internalized or not)
Some long-un marginal costs may not be applicable. The auditor should analyze the
system characterislics to determine which costs are applicable for inclusion in the VPC
input derivation. See also the latest AWWA M36 Manual for further guidance,

Long-run marginal costs have been evaluated for applicabllity, and some but net all applicable costs are included

Has the input derivation been reviewed by someone with expert knowledge in the M36

melhodology?

No

FINAL DATA GRADE FOR THIS AUDIT INPUT:

AWWA Free Water Audit Software v6.0
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AWWA Free Water Audlt Software Dashboard

o Amencan Watﬂr Works Associauon, i ’
i Capyright @ 2020, All Rights Reserved.
| FWAS v6.0 Water Audit Report for; The Pittsburgh Water and Sewer Authority

Audit Year: 2023 Calendar

i et R L .

goto gradlng

e rnoen v Gz

go to references

go to worksheet [

Jan 01 2023 - Dec 31.2023

Data Validity

Data Valldity Score:[—70"] Data Validity Tier: [_Tier Il {51=70)"]
See Loss Control Planning for Tier Details

Tier Il (26-50) Tier 1l (51-70)

Tier IV (71-90)

Tier 1 (<25)
Tier V (91-100)

Actual KPI result
——

750 %ile

Median
Median
25
%ile .
result is abov 25t
90th %ile %ile
10™ Sile 90 ] 107 %ile
Total Loss Cost Rate

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

16,000 MGrYe STIS9.9501 <0 500,000
14,000 $8,000,000
. g12,000 - $7,000,000
= - $6,000,000
| 10,000
12 - $5,000,000
1= 8000
L $4.000,000
6,000
L $3,000,000
4000 L $2,000,000
2,000 L $1,000,000
0 $0
Real Losses Unauthorized Consumption

Unbilled Unmetered Auth Cons
Unbilled Metered Authorized Cons

Systematic Data Handling Errars
Customner Metering Inaccuracies

Vhﬁgmf Vsafl;'.’f Basis of Valuation
Apparent Losses 40.1 $1,004.915 CRUC
Real Losses 14,3436 $6,592,031 VPC
Unbilled Authorized Cons 158.9 $73,004 VPC
Non-Revenue Water 14,5426 $7,759,950 Blended

92.70 | $/connlyear

Median 75M %ile

25lh
%ile

100 %ile e 10 %ile
Unit Total Losses

[475.2] gal/conn/day

Average Operating Pressure

25th %ile
; 10th %ile

75 %ile

60 psi Median
s 304N %ile
ewem 75th %hile N
result is above
90th %ila
s Median

Key Performance Indicators

Apparent Loss Cost Rate
13.20 | $/connfyear

75" %ile

Unit Apparent Losses
1:3]qalconn/day

4
Infrastructure Leakage Index {ILI}
281 ]dimensionless

See UARL definition for additional guidance on the IL|

Tar et (see Workshee!)

gauge %iles per validated industry rangesz
75% %ile

75 Yile

Median:

25n
%ile result is above
90th %ile

10™ %ile
Real Loss Cost Rate
[ 7949 ] $/conniyear

90t %ile a0t Seile

75 %ile
Median

25th
%tle

‘resull is above
90th %ile

100 %le
Unit Real Losses”

“473.9 |qalconn/day

90t Hile lle

75t %ile

Median

25!
Yile

result is above

Sbth %ile
109 %ile
Unit Real Losses

41,240 |ga|fm||elday

{UARL) Unavoidable Annual Real Losses |

510.7 [MG/Yr ]

16.8 [galiconn/day

+ The eight indicators shown are the recommended suile per the
AWWA Walter Loss Control Committes 2020 Position on KPis®,

+ A suite of KPIs Is necessary, as no single KPI can holistically
communicate water loss performance for a given water system,

« See Table 1 below for Uses and Limitations for each KPi,
excerpted from the AWWA Water Loss Control Cammittee
Report {2020)*, with naming conventions updated.

= Percentiles {(%lles) shown on KPl gauges come from Level 1
validaled data in the AWWA WLCC Referance Watar Audit
Datase! (2020).

+ KPI} %iles shown gbove are not segregated by cohorts. Limited

Guidance Information for Key Performance

KPl data by cohorts may be tound in WRF 4695 Guidance
Manual, Appendix B (2019).

Actual KP| reswuits that fall below 10" %ile or above 80™ %ile do
not necessarily imply error, bant should be viewed with seratiny.
Percentiles not intended to imply targets, Tamets may be input
by user for operational KPis, if desired, oan Worksheet,

See UARL and ILI in Definitions tab for discussion of size and
pressure limitations.

Systerms that fall on the extreme ends of size or connection
density should use caution when interpreting Unit Losses KPls.

AWWA Free Water Audit Software v6.0
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Suitable Purposes

Type Indicator Description Assessment | Bench- | Target- | Planning | Tracking | Uses and Limitations P':'::':_'al
Marking Setting
Attribute Apparent Loss Volume | Calculated by Free Water Audit Software v v Assess loss level Utility, Regulators
Apparent Loss Cost Calculated by Free Water Audit Software v v Assess cost loss level Utility, Regulators
Real Loss Valume Calculated by Free Water Audit Software v v Assess loss level Utility, Regulators
Real Loss Cost- Calculated by Free Water Audit Software v v Assess loss cost level Utility, Regulators
Unavoidable Annual Calculated by Free Water Audit Software v v Reveal theoretical technical Utility, Regulators
Real Loss {UARL) low level of leakage
Volume Unit Apparent Losses Strong and understandable indicator for v v v v v Used for performance Utility, Regulators
{vol/conn/day) multiple users. tracking and target-setting
Unit Real Losses? Strong and understandable indicator for v v v v v Used for performance Utility, Regulators,
{vol/conn/day) multiple users. tracking and target-setting Policy Makers
Unit Real Losses? Strong and understandable indicator for use v v v v v Data collection and Utility, Regulators,
(vol/pipeline length/ by utilities with low connection density. assessment of systems with Policy Makers
day) “low” connection density
Unit Total Losses Strong and understandable indicator, v v High level indicator for Utilities,
(vol/conn/day) suitable for high-leve! performance trending analysis. Not Customers
New KPI measurement. appropriate for target-setting
or benchmarking
Infrastructure Leakage Robust, specialized ratio KPI; can be v v v Benchmarking after pressure | Utilities
Index (IL) influenced by pressure and connection management is implemented
density.
Value Apparent Loss Cost Indicators with sufficient technical rigor. v v v Data collection and Utilities,
Rate [value/conn/year) | Provide the unit financial value of each type assessment on AWWA Regulators,
New KPI of loss, which is useful for planning and indicators or contextual Customers
Real Loss Cost Rate assessment of cost efficiency of water loss v v v parameters to use in Utilities,
{value/connfyear) reduction and control interventions and conjunction with Loss Cost Regulators,
New KPI programs. Rates Customers
Valldity Data Validity Tier Strong indicator of water loss audit data v v v v Assess caliber of data inputs Regulators,
{OVT) quality, if data has been validated. Tier of the water audit Utilities
provides guidance on priority areas of
activity.

AWWA Free Water Audit Software v6.0
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" AWWA Free Water Audit Software: . -~ . - .- . FWASv0

. . American Water Works Assbciation.
User Notes _ _ N Capyright © 2020. All Rights

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

Please refer to the spreadsheet titled "CalculationSpreadsheet_2022WaterAuditPWSA_100%Submittal” for detailed information an the calculations
performed for each Audit ltem. 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 aclion items which specifically address
our waler loss issues

Audit ltem Notaes on Input Derivation Notes on Data Validity Grading
The Aspinwall Water Treatment Plant (WTP) withdraws water from Allegheny Refer to General Notes.

River for treatmant and distribution. After treatment, the water is stored within
Volume from|ing clearwell and pumped to the distribution system via the Aspinwall Pump
Own Sources| stalion ar the Bruecken Pump Station.

General Notes:

go to go o
worksheet grading

(VOs)
The Aspinwall Pump Station consists of eight (8) pumps: Aspinwall Pump No. 1
thronnh Ao A and Eny Chanal Dume Bln 1 theouash M A Tha & arnascall Broaeren
No comment Refer to General Notes.
Volume from
golo goto Own Sources
worksheet| { grading Error Adjustmant
{(VOSEA)
'|Not applicable. Refer to General Notes.
goto goto Water Imported
worksheet grading (wi)
Not applicable. Refer to General Notes.

Water Imported
Error Adjustment
{WIEA)

goto go o
worksheet grading

Please see below for a breakdown of the neighboring water systems that exist  |Refer to General Notes.
outside the PWSA service area and have bulk water connections:

goto goto Water Exported ]
worksheet | | grading {WE) Fox Chapel Authority
Reserve Township
Aspinwall Borough

Daonnouluania Amarican Watar Comnanu
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Audit Item

Notes on Input Derivation

Notes on Data Validity Grading

Water Exported
Error Adjustment
(WEIA)

No comment,

Refer to General Noles.

Billed Matered
Authorlzed
Consumption
{BMAC)

The Billed Metered usage consists of the following account types:

Residential
Residential Customer Assistance Program
Commercial

Industrial
Hanlth and FEAdnwnratinn

Refer to General Noles,

Billed Unmetered

The billed unmetered accounts consisl of existing party-iine subdivisions that can
be categorized, as follows:

Refer to General Notes.

Authorized
Consumption Type of Unill — Estimaled Flow per Year
(BUAC) Single Fa_mlly — 36,000 gallons
Two Family — 72,000 gallons
Thraao Eamily, 108 Q00 nallane
The Unbilled Metered usage consists of PWSA services within the water Reler to General Notes.
Unbilled Meatered! distribution system.
Authorizad
Consumption
{UMAC)
. The Unbilled Unmetered usage was calculaled via known data and estimaled Refer lo General Notes.
Unbilled usage.
Unmaeaterad
Authorized|The following contributors were calculated with known data:
Consumption
{UUAC)|1.Reservoir Draining — The PWSA drained the Highland No. 2 Reservoir for

ranloramant nf tha linar and ~auar

Systematic Data
Handling Errors
(SDHE)

PWSA collects water usage data through Advanced Metering Inlrastructure
{AMI) technology. A Meter Transceiver Unit {MXU) is connected to each meter
and transmits hourly water usage data via radic frequency. The MXU is situated
to facilitate a clear signal. When the meter is [ocated within a structure (e.g.,
residential building, commercial business, eic.), the MXU is installed on the

exterior surface, When the meter is located outside of a slructure (e.g., crock,
uault alr ) the Yl ic inctallad within tha roagarihateh PIASA hap faar (AVhaocg

Refer lo General Notes.

gote go to
worksheet grading
go to go (o
worksheet grading
go lo golo
worksheet grading
goto go te
worksheet [ | grading
go lo go lo
worksheal grading
gato goto
worksheet grading
goto goto
worksheel grading

Customer
Mataring
tnaccuracies
(CMI)

In accordance wilh the Pennsylvania Code, Title 52 Public Utilities, Chapter 65
Waler Service, Seclion 658 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 error in registration more

than A% ha allruad bn raoain in cariira

Refer to General Notes.

AWWA Free Water Audit Software v6.0
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Audit item

Notes on Input Derivation

Notes on Data Validity Grading

Unauthorized
Consumption
(uc)

No comment.

Refer to General Noles.

Length of Mains
(Lm)

In accordance with the Pennsylvania Code, Title 52 Public Utililies, Chapter 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 error in registration more

than A% ha allowad o ramain in corginn

Refer to General Notes.

Number of
Service
Connections
{Nc)

The number of service conneclions was derived by quantifying the water
services shown in the GIS webmap.

Refer to General Notes.

Average Length of
{private)
Customer

Service Line

(Lp)

The PWSA utilized a Geographic Information System {G1S) database to
calculale the Average Length of Customer Service Line. Please note that the
PWSA acquired Millvale Berough's water distribution system in 2009. Most of
these service lines are only mapped from the main to the curb box due to
incomplete meter location information. Therefore, the service lines located in
Millvale Borough were removed from the calculations.

Refer to General Noles.

Average
Qperating
Pressure
{AOP)

The PWSA waler distribution system contains 17 pressure districts, as follows:
Allentown Tanks, Bedford Tanks, Bloomfield Regulator, Brashear Tanks,
Garfield Tank, Herron Hill Reservoir, Herren Hill Tank, Highland Park/Garfield
Regulator, Highland Reservoir 1, Highland Reservoir 2, Inline Pump, Lanpher
Reservoir, Lincoln Tank, McNaugher Regulator, McNaugher Reservoir, Squirrel
Hill Tank and Zoo Regulator. The large number of pressure districts are required

dun tn Dittehiirah’'e rhallannina tnnanranhy fenm iba acabre of Bannt

Refer to General Notes.

Customer Retail
Unit Charge
(CRUC)

Due to varialions 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, Institutional, and Industrial:
This group of accounts share the same billing structure, which consisls of a

minimum mantbhlis charaa hacad an tho maotar ciza nhae additinngl rharoae far

Refer to General Notes.

go to go to
worksheet grading
golo go lo
worksheet| | grading
goto go to
worksheet | | grading
go te go to
worksheet | | grading
golo goto
worksheet grading
goto goto
worksheet| | grading
goto goto
worksheet | | grading

Variable
Production Cost

(VPC)

The Variable Production Cost consists of electrical, chemical, diesel and solids
disposal costs.

The water distribution system consists of eleven (11) pump stations, as follows:
Highland, Inline, Lincoln, Bruecken, Saline, Aspinwall, Ross, Herron Hill Tank,
Herron Hill, Howard and Mission. The electrical consumption at the Water

Troatmant Dlant cnnpicte af tho Bage Doimn Siatinn (eaws watar intakal Aroockan

Refer to General Notes.

AWWA Free Water Audit Software v6.0
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AWWA Free Water Audit Software FWAS v6.0
Ameritan Water Works Associalion.

Water Balance Water Audit Report for: The Pittsburgh Water and Sewer Authority Copyrighl @ 2020. All Rights Reserved.

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

(WE) Revenue Water
(corrected for known Bllled Water Exported {Exported)
orrors)
783.120 ———— 783.120
Billed Metered Consumption {BMAC) R Wate
Billed Authorized Consumption {water exported Is removed) evenue r
Volume from Own Authorized 7.019.520
Sources (VOS) Consumption 7,031.980 Billed Unmetered Consumption (BUAC) 7,031.980
{corrected for known 12.460
arrors} 7.190.830 Unbilted Metered Consumption {UMAC) Non-Revenue Water
' tl
Unbilled Authorized Consumptlon 34.290 (NRW)
22,357.650 158.850 Unbilled Unmetered Consumption (UUAC)
System Input 124.560
Volume Water Supplied Systematic Data Handling Errors {SDHE) 14,542.550
22,357.650 Apparent Losses 17.580
21,574.530 40.101 Customer Metering Inaccuracies (CMI)
4.941
Unauthorized Consumption {UC)
Water Losses 17.580
Water Imported (W) 14.383.700 Leakage on Transmission andior Distribution
{corrected for known e Mains
errors) Real Losses Not broken down
Leakage and Overflows at Utllity's Storage
14,343.599
0.660 ! Tanks
Not broken down
Leakage on Service Connections
Not broken down

AWWA Free Water Audit Software v6.0 Water Balance 28
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Water Audit Report for:
Audlt Year:
Data Validity Tier:

" . AWWA Free Water !
'Determining.Water Loss Standing

Audit Software: -

T
FWAS v6.0
Amencan Walsr Worka Association,

" Copyright @ 2020, Alk Rights Reagrved.

{The Pittsburgh Water and Sewer Autherity

2023 |

Jan 012023 -Dec 312023 |

Tler I (51-70)

Water Loss Control Planning Guide

Water Audit Data Validity Tier (Score Range)

Functional Focus
Area

Tler | {1-25)

Tier Il (26-50)

Tier 11l {(51-T0)

Tler IV (71-90)

Tier V {91-100)

Audit Data Collection

Launch audiling tnd less control team;
address supply metoring deficiencies

Analyze business pracess lor eustomer
metering and billing functions and water
supply cperations; {dentify data gaps:
improve supply metering

Establish/revise pclicies and procedures
{or data collection

Refina data collection praclices and
establish as routine business process

Annual water audil is a reliable gauge of
year-to-year water efficiency standing

Short-term loss control

Research information on leak detection
programs; Begin llowcharting analysis of
custamer tllling systam

Conduct loss assessmenl investigations
on a sample portion of lhe sysiem:
cusiomer meler lesting, leak survay,
unauthorized consumption, otc

Establish ongoing mechanisms for
customer meter accuracy testing, active
leakage contrel and infrastructure
manitoring

Refine, enhanca of expand ongaing
programs based upon economic
justification

Stay abreast of improvements in
metering, meter reading, biling, leakage
management and infrastructure
rehabilitation

Long-term loss control

Begin to assess long-term needs
requiring large expenditure: cusiomer
meter replacement, water main
replacement program. new cusiomer
billing system or AMR/AMI system

Begin to assemble economic business
case for long-lerm needs based upon
improved data becoming available
ihrough the waler audit process

Conduct detailed planning, budgeting
and launch ol comprehensive
improvermnents for melering, billing or
infrastructure management

Continue incremental improvements in
short-ierm and leng-term loss control
interventions

Targel-setting

Establish long-term appareni and real
loss reduction goals (+10 year horizon)

Establish mid-range (5 year horizon)
apparent and real loss reduclion goals

Evaluate and refine loss control goals en
a yearly basis

Benchmarking

Preliminary Comparisons - can begin to
raly upon with Pls for performance
comparisons for real losses

Parformance Benchmarking with Pls is
meaningful in comparing real loss
standing

Identify Best Practices/ Best in class:
Pls are very reliable as real loss
performance indicators for best in class
service

For valldity scoras of 50 or below, the shaded blocks should not be focus areas until better data valldity Is achiaved.

B
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 AWWA Free Water Audit Software: _

Amarican VWater Works Association.

Definitions Capyrighl © 2020, Al Righs Reserved.

Description

Apparant
Losses

= systemnatic dala handling arrors + customer metering inaccuracies + unauthorized consumption

Apparent Losses include all types of inaccuracies associated with customer metering {worn meters as well as improperly sized matars or wrong type of mater
for the water usage profile) as wall as systematic data handling errors (meter reading. billing, archiving and reporting), plus unauthorized consumption (theft or
illegal use}.

NOTE: Over-eslimalion of Apparent Losses results in under-estimation of Real Losses. Under-estimation of Apparent Lossas results in over-estimation of
Real Losses.

AUTHORIZED
CONSUMPTION
~ Find -

= billed metered + billed unmetered + unbilled metered + unbilled unmetered consumption

The volume of melared and/or unmelered water taken by registered customers, the water ulility'’s own uses, and uses of others who are implicitly or explicitly
authorized to do so by the water ulility; 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. Thase types of consumption, along with bllled water exported, provide revenue potential for the water utility. Typically a lag will
exist between liming for reading of supply meters and reading of customer meters. A lag-ime commection shoutd typically be calculated to account for this, Be
cortain to tabulate the water exported volume as a separate component and do not "double-count” it by Including In the billed metered consumption
component as well as the water exportad component.

Unbilled authorized consumption occurs typically in non-account uses, including water for fire fighting and training, flushing of water mains and sewers, street
cleaning, watering of municipal gardens, public fountains, or similar public-minded uses. QOccasionally lhese uses may be metered and billed {or charged a flat
fee), but usually they are unmetered and unbilled. In the latier case, the water auditor may use a default value to estimate this quantity, or implement
procedures for the reliable quantification of these uses. This starts wilh documenting usage events as they occur and estimating the amount of walter used in
aach event. [See Unbilled Unmetered Authorized Consumption)

View
Service

Cannection.
Diagram |

Averagoe Length’
of (private)
Customer Service
Line
(Lp}

This is the average length of underground customer service line, Lp, that is owned and maintained by the customer; from the point of ownership transfer to the
custorner water meter, or building line (if unmetered). The quanlity 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 conneclions 1o obtain a total length of customer owned piping in the system. The purpose of this parameter is to account 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 arranged 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 customer water meter exists near the ownership transfor point (usually the curb stop located between the water main and the customer premises) this
distance is zero because the meter and transfer point are the same. This i1s the often encountered configuration of customer water meters located in an
underground mater box or "pit” outside of the customer's bullding. The Free Water Audit Software asks a "Yes/Ne" queslicn about the meter at this location. If]
the auditor selects "Yes" then this distance is set lo zero and the data grading scora for this component is set to 10. '

If waler meters are typically located Inside the customer premise/building, or properties are unmetered, it is up 1o the water auditor to estimate a system-wide
average Lp length based upon the various customer land parcel sizes and building locations in the service area. Lp will be a shorter langth in areas of high
densily housing, and a longer langth in areas of low density housing and varied commercial and industrial buildings. General parcel demographics should be
employed to obtain a total Lp length {Lc) and subsequently a weighted average Lp length for the entire system.

Refer o the "Service Connection Diagram” worksheel for a depiction of the servica line/metering configurations that typically exist in water utilities. This
worksheet gives guidance on the determination of the Average Lenglh, Lp, for each configuration.

Avarage
Oparating
Pressure
(AOP)

This is the average pressure in the distribution systom 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, hut wilh a low data grading, In subsequent years of auditing, effort should be made to improve the accuracy of the
average pressure quanlity. This will then qualify the value for a higher data grading.

In the absenca 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
inte account the elevation of the fire hydrants, which typically exist saveral feet higher than the level of buried water pipelines.

If your water utility has an up-to-date and calibrated hydraulic modal of the water distribution system, it can be utilized to obtain a very accurate quantity of
average pressure. However using the average pressure of all "nodes” in the system model is nol necessarily the most accurate way to'calculate the average
operating pressure. This is aspecially true if there are significant pressure differences throughout the system, and the "nodes” are not evenly distributed
throughout the distribution system. The most accurate catculation is to obtain the average pressure thal each pipe segment experiances. The way to do this is
Jto calculate the pressure at each end of the pipe. Then calculate the averags of those two values and multiply this average value by Ihe length of that pipe.
This must be calculated for all pipe sagments in the model. Finally calculate tha sum of all of these values and and divide by the total pipe length. This
effectively calculates a weighted average of pressure over the total pipe length. For low density systemns (<32 connections/mile), average mains pressures at
the service connection or curb stop may have greater influence and should be considered.

Bllled Authorlzed
Consumption

All consumplion that is billed and authorized by the utility. This may include both metered and unmetered consumption. Sea "Authorized Consumption"” for
more information,

AWWA Free Waler Audit Software v6.0 Definitions 30
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Ttem Name

Description

Billed Metered
Authorized
Consumption
(BMAC)

Bliled Unmetared
Authorized
Consumption
{BUAC)

Customer
Metering
Inaccuracies
{CMI)

All metered consumplion which is billed to retail customers, including all groups of customers such as domestic, commercial, industrial or institational. It does
INOT Include water supplled to neighboring utilities {(water exported} which is metered and billed. Be sure to subtract any consumption for exported
waler sales that may be Included In these bllling roles. Water supgplied as exports to neighbering water utilitles should be Included only in the
‘Water Exported component. The metered consumption data can be taken directly fram bllling records for the water audit period, The accuracy of yearly
metered consumption data can ba refined by including an adjustmeant to account for customer meler reading lag lime sinca not all customer meters are read

on the same day of the meter reading period. However additional analysis is necessary to datarmine the lag time adjustment vaiue, which may or may not be
significan!.

All billed consumplion which is calculated based on estimales or norms from water usage sites lhat have been determined by utility policy to be lefl unmetered.
This is typically a very small component in systems that maintain a policy to mater their customer population. Howaver, this quantity can be tha key
consumption comnponent in utilities thal have not adopted a universal metering policy. This component should NOT Include any water that is supplied to
noighboring utilities (water exported) which is unmetered but billed. Water supplied as exports to neighbaring water utilitles should be included
only in the Water Exported component.

Apparant water losses caused by tha cellactive under-registration of custormner water meters. Many customer water meters gradually wear as large cumulative
volumes of water are passed through them over time. This causes the meters 1o undar-register the 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
yaars. For meters sized 1-inch and larger - typical of multi-unit residential, commercial, Institutional and industrial accounts - matar under-registration can
occur from wear or from the improper application of the meter; i.e. installing the wrong type of meter or the wrong size of meter, for the flow pattern {profile) of
lhe consumer. For instance, many larger meters have reduced accuracy at low flows. If an oversized meter is installed, mest of the time the routine flow will
gocur in the low Now range of the mater, and a significant portion of it may not be registered. ILis important to properly selact and install all meters, but
particularly large customer meters, size 1-inch and larger.

The audilor has two options for entaring data for this component of the audit, The auditor can enter a percentage under-registration {lypicatly an estimaled
value), this will apply the selected percentage lo the two categories of metered consumption to determine the volume of water not recerded due to customer
meter inaccuracy. Nota that this percentage is a composite average inaccuracy for all customer meters in the entire mater population. The percentage will be
multiplied by the sum of the volumes in the Billed Metered and Unbilled Metered components. Alternatively, if the auditor has substantial data from meter
lasling aclivilies, he or she can calculate their own loss volumes, and this volume may be entered directly.

Note that a value of Zero will be accepted but is not recommended, as all materad systems tend to have some degree of inaccuracy. A positive value should
be entered. A value of zero in this component is generally valid only if lhe water utility does not meter its customer population,

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

Customer Rotail
Unit Charge
(CRUC)

tnfrastructure
Leakage Index
(n

. 1

The Customer Retail Unit Charge represents lhe volumetric portion of the total charges that customers pay for water service. The CRUC dees not include
fixed charges. This unit charge cost is applied routinely to the components of Apparent Loss, since these losses represent water reaching customers but not
(fully) paid for. Since most water utilities have a rate structure that includes a variaty of different charges cosls based upon ¢lass of customer, a volume-
weighted average of water sold at each unique rate should be calculated to datermine a single composile charge that should be entered into this cell. Finally,
the weighted average charge should also include additional charges for sewer, storm water or biosolids processing, but only if these charges are based upan
the volume of potable water consumed., ’

Far waler utililies in regions with limited water resources and a guestionable ability to meet the drinking water demands in the future, the Customer Retail Unit
Charge Cost might also be applied to 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 Ieakage reduced by leakage management activities will be sold to a customer.

Note: the Free Waler Audil Software allows the user to selact the units that are charged to customers {either $/1,000 gallons, $/hundred cubic feet, or $/1,000
litres} and automatically converts these units for purpose of calculating Apparent Loss valuations, The monetary units are Uniled Slales dollars, §.

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

|[NOTES ON THE UARL AND ILI:

1, This Free Water Audit Software version & 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 to be modified when modeling low leakage limils in systems that are very small (< 3000 conn), or have very low
average pressures, or have very high pressures (aka boundary cases). Inherent over- or under- estimation of WARL volume may axisl in lhese boundary
cases, as thay operata at or near the limits of tha UARL model assumptions. More widespread applicalion and understanding of system specific corrections
to the UARL model in these boundary cases is now likely to occur, bul are not included in the FWAS at the time of this publication. Caution is advised when
using the standard UARL modsled valua {and subsequently the ILI} for boundary cases. In boundary cases, the ILI may still be considered a general
Performance Indicator, but not used as an absolute performance measurement or for benchmark comparisons.

2. The UARL term is based on average operaling pressure in a given audit year, and a utility's current pressure cenditions may not ba optimized. Thus, ILI
should aiways be interpreted with some measure of pressure, and only used for tracking pregress if all justifiable pressure management has already been
completed,
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Dascription

Length of Mains
{Lm)

Find

Length of all pipelines {except sarvice connections) in tha system starting from the point of system input metering (for example al the outiet of the treatmant
Iplant}. Itis also recommendad to include in this measure the total length of fire hydrani lead pipe. Hydrant lead pipe is the pipe branching from the water main
to the fire hydrant. Fire hydrant leads are typically of a sufficiently large size that is more representative of a pipeline than a service connection. The average
length of hydranl leads across the entire system can be assumed if not known, and multiplied by the number of fire hydrants in the system, which can also ba
assurned if not known. This value can then be added to the total pipeline langlh. Total length of mains can therefore be calculated as:

Length of Mains, miles = (total pipeline length, miles} + [ {{(average fire hydrant lead length, fi) x (number of fire hydrants}} / 5,280 fiymile )

or
Length of Mains, kilometres = (lolal pipeline length, kilometres} + [ {{averaga fira hydrant lead length, metres} x (number of fire hydrants}} / 1,000
metres/kilometre |

NON-REVENUE
WATER

= Apparent Losses + Real Losses + Unhilled Metered Consumption + Unbilled Unmetered Consumption, This is water which does nat provide revenue
potential to the utility.

+ find

Number of
Service Number of customer service connections, extending Irom the water main to supply water to a customer. This includes the actual number of pressurized piping
Connections  [connections, including fire connections, whether active or inactive. This may differ substantially from the number of customers {or number of accounts).
[Nc) |Note: this numbar does not Includa the plpeline teads to fire hydrants. The total length of piping supplylng fire hydrants should be included in the
Find "Length of mains” input, and excluded from the Number of service connectlons Input.
1 e
| Real Losses

Physical waler losses from the pressurized system {waler mains and customer service connections) and the utility's storage lanks, up lo the point of customer
consumption. In metered systems this is the customer meter, in unmetered situations this is the first paint of consumption (stop tap/tap) within the property.
The annual volume lost through all types of leaks, breaks and overflows depends on frequencies, flow rates, and average duration of individual leaks, breaks
and overflows.

| Ravenue Water

IThose components of System Input Volume that are billed and have the potential to produce revenue. | .

Sarvice
Connection
Dansity

17

=number ol customer service connections f length of mains

Systematic Data
Handling Errors
(SDHE)

Apparent lesses caused by accounting omissions, ermant computer programming, gaps in policy, procadura, and permitiing/aclivation of new accounts; and
any type of data lapse that results in under-stated customer water consumption in summary billing reports, Systemnatic Data Handling Errors occur as a
customer consumption volume and can result in a direct loss of revenue potential. Water utilitles can find "lost” revenue by keying on this
componentL

Utilities typically measure water consumption vaolumes registered by water meters at customer premises. The meter should be read routinely {(ex: monthly) and
the data transferred to the Customer Billing System, which generates and sends a bill lo the customer. Data Transfer Errors result in the registered
consumption volumne value being less than the actual consumption volume, creating an apparent loss. Such error might ocgur from illegible and mis-racorded
hand-written readings compiled by meter readers, inputting an incomrect meter register unit conversion factor in the automatic meter reading equipment, or a
variety of sirnilar emors,

Apparent losses also oceur from Data Analysis Errors in the archival and data reporting processes of the Customer Billing System. Inaccurate estimates used
|for accounts that fait to produce a meter reading are a common source of error. Billing adjustments may award customers a rightful monetary credit, but do so
by crealing a negalive value of consumplion volume, thus under-stating the actual consumption. Account activation lapses may allow new buildings to bagin
using water for months without meter readings and billing. Poor permitting and construction inspeclion practices can result in a new bullding waler service
commencing without a billing account, a water meter and mater reading; i.a., the customer is unknown to the utility's billing system. Close auditing of the
[permitting, metering, meter reading, billing and reporting processes of the water consumption data trail can uncover data management gaps that create,
volumes of systematic data handling error. Utilities should routinely analyze customer billing records to detect data anomalies and quantify these losses. For
example, a billing account that registers zero consumption for two or more billing cycles should ba checked to explain why usage has seemingly halted. Given
the revenue loss Impacts of these losses, water utilities are well-justified in providing continuous oversight and timely correction of data transfer errors & data
handling errors,

If the water auditor has not yet gathered detailed data or assessment of systematic data handling error, it Is racommended that the auditor apply the dafault
value of 0.25% of tha Billed Authorized Consumption voluma. However, if the auditor has investigated the billing system and its controls, and has well
validated data that indicates tha volume from systematic data handling error is substantially higher or lower than that generated by the default value, then the.
auditor should enter a quantity that was derived from tha utillty Investigations and select an appropriate grading. Negative or zero values are not allowed for
this audil component.

Note: occasionally billed consumption volumes for a customer account may be over-stated due 1o issues of double-counting an account or applying an aver-
isiated meter multipller. The possibility of such occumrences should be explored in the data validation process, particularly if billed authorized consumption

volumes for the year, or for any sub-group of customers (by classificalion or meter size), appears to be inordinately high. It is recommended to comect any

Total annual
operating cost
{optiona! input}

*This input has bean mada optional, as it is no longer used in calculating & Performance Indicator. Auditors are welcoma to continue to track this input as
desired.* These costs include those for operations, maintenance and any annually incurred costs for long-term upkeep of the drinking water supply and
distribution systern. It should include the costs of day-to-day upkesp and long-term financing such as repayment of capital bords for infrastructure expansion
or improvemenl. Typlcal costs include employee salaries and benefits, materials, equipment, insurance, fees, administralive costs and all other costs that
exist to sustain the drinking water supply. Depending upon water ulility accounting procedures or regulatory agency requirements, it may be appropriate to
include depreciation in the total of this cost. This cost should not include any costs lo operate wastewater, biosolids or other systems outside of drinking
water.
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Itam Name

Description

Unauthorized
Consumption
(uc)

Includas water illegally withdrawn from fire hydrants, illegal connactions, bypasses lo customer consumption maters, or tampering with metering or meter
reading equipment; as well as any other ways to receive water while thwarting the water utility's ability to collect revenue for the water. Unauthorized
consumplion results in uncaptured revenue and creates an error that understates customer consumption. In most water ulilittes 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 the Billed Authorized
Consumption volume. However, if the auditor has investigated unauthorized occurrences, and has well validated data that indicates the volume from
unauthorized consumption is substantially higher or lower than that generated by the default value, then the auditer should enter a quantity that was derived
from the utility investigations. Note that a valua ol zerc will not be accepted since all water ulilities tend to have some voluma of unautherized consumption
occurring in their system.

Unavoldable
Annual Real
Losses (UARL)

hie UARL 15 a theorelical reference value representing the technical [ow nmil of leaRage Tor wel managea Syslems in good condilion, with aggressive acive
leakage control. It is a key variable in the calculation of the Infrastructure Leakage tndex (ILI).

UARL (gallons) = (5.41Lm + 0.15Nc + 7.5L¢} x P x 365 diyear,
or
JUARL {litres) = (18.0Lm + 0.8Nc + 25.0Lc) x P x 365 diyear

whera:
Lm = {ength of mains {miles or kilometras)
Ne = number of customer service connections
Lp = the average length of customer service connection piping {feet or metres)
{see the Workshest "Sarvice Connection Diagram" for guidance on deterring Lhe value of Lp)

Lc = total length of customer service conneclion piping {miles or km})

Lc=Nc X Lp {miles or kilomelres) )
|P = Average operating pressure (psi or metres) (see Average Operaling Pressure definition)

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 rasearch is now
available on predicting how UARL is likely to be modified 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 cases). Inherenl over- or under- estimation of UARL volume may exist in these boundary
cases, as they operate at or near the limits of the UARL model assumptions. More widespread application and understanding of system specific corrections
lo the UARL model in these boundary cases is now likely to occur, but are not included in the FWAS at the time of this publication. Caution is advised when
using the standard UARL modeled value (and subsequantly the ILI) for boundary cases. In boundary cases, the ILI may still be constdered a general
Performance Indicator, but not used as an absolute perffoormance measurement or for benchmark comparisons.

2. The UARL term is based on average operating prassure In a given audit year, and a ulility’s current pressure condiions may not be optimized. Thus, ILI
should atways be interpreted with some measure of pressura, and only used for racking progress if all justifiable pressure management has already been
jcompieted.

Unbliled
Authorized
Consumptlon

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

|

Unbilled Motored
Authorized
Consumption
(UMAC)

Unbilled
Unmotered
Authorized

Consumption

(UUAC)

|Matered consumption which is authorized by the water wutility, but, for any reason, is deemed by utility policy to be unbilled. This might for example include
melered water consumed by the utility itself in treatment or distribution operations, or metered water provided to civic institutions free of charge. It does not
include water supplied to neighbering utillitios (water exported) which may be metered but not bliled.

/Any kind of Authorized Consumption which is neither billed nor metered. This component typically includes water used in activities such as fire fighting,
flushing of waler mains and sewers, streat cleaning, fire flow tests conducted by the water utility, etc. In most water utilities il is a small component.

This component does NOT include water supplied to neighboring ulilities (water exported) which is unmetered and unbilled — an unlikely case. Also, if any
patable waler used at a water treatment plant is tapped from a location upstream of the meter{s} used to determine the Volume from Own Sources in lhe audit,
this is outside of the boundary of the audit and should therafore nol be included as part of Unbilled, Unmetered Autheorized Consumplion.

This component has many sub-componenis of water use which may not yet be quantified. The default is 0.25% of the Billed Authorized Consumpticn volume
(BMAC + BUAC), and is recommended for temporary use if customized estimates are not yet available, with recommaendation to begin tracking and estimating
these volumes for the next audit,

Note that a value of zaro is not permitied, since all waler ulilities likely have some volume of water in this componant occurring in their system,

Units and
Canversions

The user may develop an audit based on one of thrae uril selections:

1) Million Gallons (US)

2} Megalitres (Thousand Cubic Matres}

3} Acre-feel

Onca this selection has been made in the instructions sheet, all calculations are made on the basis of the chosen units. Should the user wish lo maka
additional conversions, a unit converter is provided below {use drop down menus to select units):

Enter Units:
100

Converisto.....
Acre-feet

Convert From. ...

306.888329

Million Gallons {US) |

-
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[tem Name

Description

{conversion factor = 3.0689)

Variable
Productlon Cost
{VPC)
(appliod to Real
Lossas)

The cost to produce and supply the next unit of water {e.g., $/million gallons), This cost can include both short-run and leng-run marginal costs. See the VPC
dala grading questions on IDG tab for examplas 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 strained and the ability to meel fulure drinking waler

demands is in question, then the water auditor may be justified in applying the Customer Retail Unit Charga to the Real Loss volume, rather than applying the
Variable Production Cost.

Volume from Own
Sources
(vOs)

Find

The volume of water withdrawn (abstracted) from water rasources (rivers, lakes, streams, wells, atc) controlled by the water utility, and then treated for potable
water distribution. Mosl waler audits are compiled for utility retail water distribution systems, so this volume should reflect the amount of treated drinking water
that entered the distribution system. Often the volume of water measured as lreated effluent of the treatment works is slightly less than the volume measured
al the raw water source, since some of the water is used in the treatment process. Thus, it is uselul if flows are metered at the effluent of the freatment works.
Water treatment plants are alse oftan supplied potable drinking water and therefore are a "customer” of the waler utility. If Lhe service connection line serving
the water treatment plant is downstream of treated water efftuent flowmeters, this water should be metered and billed as billed autherized consumption. In this
casa, this velume of water doas not enter into any ¢alculations for Volume from Own Scurces. If the service connection line suppling potable water to the
treatment plant is upstream of treated water effluent flowmaters, then this waler is considered "process” water and included with calculations accounting for
process water use.

If metering exists only at the raw water source, an adjustment lor water used in the treatment process should be included to account for water consumed in
lreatment operations such as filler backwashing, basin flushing and cleaning, plant potable water consumption (if the supply is drawn upstream of effluent
flowmetering.) and similar uses. If the audit is conducted for a wholesale waler agency that sells untreated water, then this quantity reflects the measure of the
raw water, typically metered at the source.

Volume from own
S0Urces. orror
adjustment

An estimate or measure of the degree of Inaccuracy that exists in the master (production) meters measuring the annual Volume from own Sources, and any
error in the data trail Ihat exists to collect, store and report the summary production data. This adjustment is a weighted average number that represents the
collective ertor for all master meters for all days of the audit year and any errors identified in the data trail, Meter error can occur in different ways. A meter or
meters may be inaccurate by under-registering flow (did nol capture alt the flow}, or by over-registering flow {overstated the actual flow). Data error can occur
dua to data gaps caused by temporary cutages of the meter or related instrumentation. All water utilities encounter some degree of inaccuracy in master
metars and data errors in archival systems are common. Enter a posilive percentage or volume, then selact 'under-registration’ or ‘over-registration’ from the
drop-down immediately adjacent. Sea Water Supplled Error Adjustments definition for guidance on how to calculate this input.

Water Exported
(WE)

The Water Exported volume is the bulk water conveyed or sold by the water utility to neighboring water systems that exists outside of their service area.
Typically this water is metered at the custody transfer point of interconneclion between the two water utilities. Usually the meter{s) are owned by Lhe water
utility that is selling or transfering the water: i.e. the axporter. f the water ulility who is compiling the annual water audit sells or transfers bulk water in this
manner, they are an exporier of water.

Note: The Water Exported volume is typically sold to wholesale customers who are charged a wholesale rale thal is different than retail rates charged to the
retail customers existing within the service area, Many state regulalory agencies require that the Water Exported volume be reported to them as a quantity
separate and distinct from the retail customer billad consumption. For these reasons - and others - the Water Exported volume is always quanlified separately
from Billed Authorized Consumption in the standard water audit. Be certain not to "double-count” thls quantity by including it in both the Water
Exported box and the Billed Meterad Consumption box of the water audit Worksheet. This voluma should be Included only in the Water Exported
|eox.

Water Exported:
Error Adjustment
(WEEA)

Water Imported
Wi

An estimate or measure of the volume by which the Water Exported volume is incorrect. This adjustment is a weighted average hal reprasents the collective
error for ali of the metered and archived exported flow for all days of the audit year. Meter error can accur in diffarant ways. A meter may be inaccurate by
under-registering flow (did not capture all the flow), or by over-registering flow {overstated the actual flow). Error in the metered, archived data can also accur
due to data gaps caused by temporary outages of the meter or related instrumentation. All water utilities encounter some degree of error in their metered data,
particularly if meters are aged and infrequantly tested. Occasional errors also occur in the archived data. Enter a positive percentage or volume, then select
‘under-registration’ or ‘over-registration’ from the drep-down Immediately adjacent. | regular metar accuracy testing is conducted on the meter(s) - which is
usually conducted by the water utility selling the water - then the results of this testing can be used to halp quantify the meter error adjustment. Corrections to
dala gaps or other errors found in the archived data should also be included as a portion of this meter error adjustment. See Water Suppliad Error
Adjustments definition for guldance on how to calculate this Input.

The Water Imported volume is the bulk water purchased lo bacome part of the Water Supplied volume. Typically this is water purchased from a neighboring
water utility or regional water wholesale supplier, and is metered at the custody transfer poinl of inlerconnection batween the two water utilities. Usually the
meter(s) are owned by the water supplier selling the water to the ulility conducting the water audit. The water supplier selling the bulk water usually charges
Ilhe recetving ulility based upon a wholesale water rate.

Water Imported:
Error Adjustment
[WIEA)

An estimate or measure of the volume by which the Water Imported valume s incorrect. This adjustment is a weighted average that represents the collective
error for all of the metered and archived imported flow for all days of the audit year. Meter error can occeur In different ways. A meter may be inaccurate by
undar-registering flow {did not capture all the flow), or by over-registering flow (overstated the actual flow}. Eror in the metered, archived dala can also oceur
due to data gaps caused by temporary cutages of the meter or related insirumentation. All water utilities encounter some level of meter inaccuracy, particularly
|it meters are aged and infrequently tested, Occasional errors also occur in the archived metered data. Enter a positive percentage or volume, then select
'under-registration' or ‘over-registration' from the drop-down immediately adjacent. If regular meter accuracy tasting is conducted on the meter(s} - which Is
usually conducted by the water ulility selling the water - then the results of this testing can be used to help quantify the meter arror adjustment. See Water
Supplied Error Adjustmenta definition for guldance on how to calculate this input.
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Water Supplled
Error
Adjustments

Disclalmer: The guidance provided below should be considered general, reprasenting a typical approach to determining Emor Adjustmant. Supply matering
setups, metering technologies, instrumentation, data recording/archlval, and data management systems can vary significantly from one water utility to the naxt.
Inherent margins of error will also vary among different testing and calibration 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 communicalion outages in the audit period, tested flowrates versus
typical operating flowrates, and test durations. All of these factors must be considered when assessing Error Adjustment for the Water Supplied inputs. Each
specific situation should be carefully analyzed to determine the most appropriate approach for determining the Emor Adjustment to input, if any.

General: For the Water Supplied inputs, there are three typical sources of emor Ihat may warrant an Error Adjustment on the Worksheet.

1. Meter arror: measuremnent inaccuracy in the meter(s) used to derive the input volume, typically identified through in-situ flow accuracy tesling. Applicable
for VOS, Wl and WE, If no such testing has been performed, adjustment for meter error is not typically recommended.

2. Data transfer error: inaccuracy in archived volumes, typically due to gaps In data, programming errors impacting unit conversions, and/or programming
arrors impacting totalization of measured volumes ovar the audit period, Applicable for VOS, Wi and WE. These errors are typically identified through
electronic calibration to verify data transfer at the secondary device (i e. conversion to mA, maeter transmitter or similar instrumentation) and/or the tertiary
device {i.e. SCADA, historian or other computerized archival system).

3. Net distribution storage change: The differance batwean end of audit perlod and beglnning of audit peried for tetal finished water stored, downstream of
the system input meter(s). Typically applicable for VOS or WI. This volume Is typically derived by comparing distribution storage tank water levels at and and
beginning of the water audit peried and using approximate tank geometry to convert levels to volumes.

|Derivation Guldancae:

If an Emor Adjustment input is being calculated as a volume, each source of error (described above) may be separately calculated, with careful consideration
of under- vs over-registration, then added logeiher to detarmina the composite volume to input, The composite input shoukd be entered on the Worksheet as a
positive number, then under- or over-registration selected on the adjacent dropdown. ;

If an Error Adjustment input is being calculated as a percent, some very general guidance for calculating each ermor source {described above) is provided
below. The auditor is again cautioned that each specific water supply selup needs to be evaluated closely as noted in the Disclaimer. Refer to the latest
AWWA M36 Manual for additional discussion and guidance on this matter,

1. Meter ermor: Il in-situ flow accuracy testing has been performed, and inherant testing method eror is understood, first the meter accuracy % may be
determined as follows:
meter accuracy % = System input meter{s) volume / Reference volume

Then, the metsr error % may be determined as follows:
meter error % = meter accuracy % - 100%

2. Data transfer emor: If electronic calibration at the secondary {j.e. convarsion to mA, meter transmitter or similar instrumentation) and/or tertiary {i.e. SCADA,
historian or other compulerized archival system} devices has been performed, first the data transfer accuracy % may be detenmined as follows:
data transfer accuracy % = Tertiary device volume / Reference volume (typically at Secondary device)

Then, tha data transfer error % may be determined as follows:
data transfer error % = data transfer accuracy % - 1009

H no error is identified, or if electronic calibration has not been performed, or if no secandary or tertiary devices exist, a dafa transfar error % adjustment is not
typically recommendod.

3. Net distribution storage change. If meter error andfor data transfer error are being calculated as a %, it is recommended to make the adjustmant for nat
distribution storage change as a volume adjustment, directly in the VO3S or Wl input, as applicable.

The final step is to add meter error % and data transfer ermror %;
Error Adjustment % = meter accuracy % + data transfer error %

|if tha total Error Adjustment % calculates out as a negative numbar, it represents an under-registration. Vice versa, il positive. The composite input should ba
anterad on the Worksheet as a posilive numbar, then under- or over-registration selected on the adjacent dropdown.

WATER LOSSES

= apparent losses + real losses
= waler supplied - authorized consumption

Water Losses are lhe difference belween Water Supplied and Authorized Consumption. Water [osses can be considered as a total volume for the whote
system, or for partial systems such as transmission systems, pressure zones or district metered areas (DMA), i one of these configurations are the basis of
the water avdit,
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Customer Serwce Lme Dlagrams Copyright © 2020, All Rights Reserved,

Average Length of Customer
Service Line

Lp = 0 since meter

» Connection | at curb stop

The three figures shown on this
worksheet display the
assignment of the Average
Length of Customer Service
Line, Lp, for the three most
commaon piping configurations.

ﬂ - =
Connection to q?
Water Mal

Figure 1 shows the o \ [ Fouest Ell g

configuration of the water meter TF
outside of the customer building )
next 1o the curb stop valve. In PR

this configuration Lp = 0 since -

the distance between the curb Typica!l house connection: Meter at curb stop
stop and the customer metering Figure 1 Mot 1o sca'e

point is essentially zero, =

Lp

{undarground pipe
from curb stop to meter)

Figure 2 shows the
configuration of the customer
water meter located inside the
customer building, where Lp is
the distance from the curb stop
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VERSION HISTORY:

Version:

Release
Date:

Number of
Worksheets:

Key Features and Developments

v

2005/
20086

The AWWA Water Audit Software was piloted in 2005 (v1.0 bela). 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 identified whether Lhe input was measured or estimated.

v2

2006

The most significanl enhancemenl in v2 of Lhe software was to allow the user to choose the volumetric units to be used in the audit,
Million Gallons or Thousand Cubic Metres (megalitres} per year. Two financial performance indicalors were added to provide feedback toj
the user on the cost of Real and Apparent losses.

vl

2007

In v3, the oplion to report volumetric units in acre-feet was added. Ancther new feature in v3 was the inclusion of default values for two
water audit components {unbilled unmetered and unauthgrized consumpticn}. v3 also included two examples of completed audits in unils
of million gallons and Megalitres. Several checks were added into v3 to provide instant feedback o the user on common data entry
preblems, in order to help the user complete an accurate water audit.

vd -v4.2

2010

10

v4 (and versions 4.x) of the software included a new approach to data grading. The simple "estimated” or "measured” approach was
replaced with a more granular scale {typically 1-10) that reflected descriptions of utility practices 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 Maltrix
also showed the aclions required to move to a higher grading score. Grading descriptions were available on the 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 audit accuracy) are identified, once a user completes the requied data grading. A service connection diagram was also added to
help users understand the impact of customer service line configurations 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.

v5

2014

12

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

vB

2020

11

v6 brings an cverhaul to the user interface for data grading, now presented as a series of questions on the Interactive Data Grading (ID_G)
tab for each input that, when answered (by selecting best-fit answer from a dropdown menu), autemically determines the data grade for
the given input. This provides transparency to the dala practices selected and which specifically are limiting, removes subjectivity in data
grade assignments, and provides clarity on candidate next steps for data validity improvements. |DG tab includes navigation buttons
across top banner for ease of movement between inputs, and color signals for completion. The Worksheet (fka Reporling Worksheet)
includes overt designation of error adjustment as "under” or "over” for the 3 Water Supplied inputs, as weil as Customer Metering
Inaccuracies. This makes the convention consislent, transparent, and reduces chance of user error, A Blank Sheet has been added
allowing the user to, as desired, perform supplemental calculations or capture additional relevant information. The Dashboard has been
overhauled to include Data Validity, NRW Componenis and Key Performance Indicators {KPls). KPls are presented in gauge format,
depicting the specific KPI result against the range of results from Level 1 validated 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 Conlrol Commitlee, subsequent to research and reporting from its NRW Performance Indicators Task Force.

If you have questions or comments regarding the software please contact us via email at: wic@awwa.org

- =
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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 permit a ready identification, analysis, & verilication of all

relevant facts. The Company shall be prepared to fumish to the Commission this detailed information.

Line Description {Gallons) {gpd)
No. (a) (b) (c)
1 |Water Delivered for Distribution & Sale: -
2 Water Obtained from Company Sources 22,357,650,000 61,253,836
3 Water Obtained from Other Independent Utilities
4 Total Water Delivered 22,357,650,000 61,253,836
5 |Metered Sales:
6 Residential 2,651,172,000 7,263,485
7 Commercial 3,167,794,000 8,678,888
8 Industrial 157,644,000 431,901
9 Public 1,034,432,000 2,834,060
10 | Other Watcr Utilities 783,121,000 2,145,537
11 Private Firc Protection 7,448,000 20,405
12 Public Fire Protection
13 Other Mctered Sales  Fower Gardens 1,027,000 2,814
14 I Total Metered Sales 7,802,638,000 21,377,090
15 JUnmetered Sales:
16 | Residential 12,460,800 34,139
i7 Commercial
18 Industrial
19 Private Fire Protection
20 Public Fire Protection
21 Other Unmetered Sales
21 Teotal Unmetered Sales 12,460,800 34,139
22 Total Sales 7,815,098,800 21,411,230
23 INon-Revenue Usage Allowances: Unbilled Metered Usage 34,293,000 93,953
24 | Authorized Unmetered Usage:
25 Main Flushing 23,230,746 63,646
26 Blow-off Use
27 Others: Reservoir & Rising Main Flushing 54,462,933 149,214
28 Unauthorized Use 17,580,000 48,164
29 Unavoidable Leakage 1,466 ppd/mile of main 510,700,000 1,399,178
30 | Adjustments:
31 Located & Repaired Breaks in Mains & Services 3,916,757,718 10,730,843
32 Others
33 Total Allowances & Adjustments 4,557,024,397 12,484,998
34 Unaccounted-for-Water 9,985,526,803
35 Percentage Unaccounted-for-Water 44.7%
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