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AWWA M36 Approach

é Every water system experiences water loss.

é Establishing a baseline of validated water audit data is the anchor of a successful water loss
strategy.

é The IWA/JAWWA methodology provides a path to building and progressing yourwater loss
program.

BASELINE TECHNICAL ECONOMIC COST-
Annual Water Balance ANALYSIS ANALYSIS EFFECTIVE

Loss Profiling & Uncertainty Cost-Benefit & Targets Intervention

e Annual AWWA water ¢ Advanced Validation e Costs of losses ¢ Leakage Management
audit e Apparent Loss Profile e Costs of intervention e Revenue Protection

e Apparent & Real Loss e Real Loss Profile strategies
volumes e Program design

¢ Level 1 validation




Evolution of Industry Standards

M36 M36

Alllllly‘lnﬁ‘warldeeBMPs Ty = —_— - EE ﬁ"'&’;‘;’m ﬁ t: Key

wwater loss control | [RESSENY e & : Foundaton § ndica
== . = . Nonrevenue
WESr /3 ensm e Water—AWWA's

. ‘ ‘. | 2020 Position

Level 1 Water Audit Validation

1991 1999 2003 2006 2009 2010 2014 2015 2016 2017 2020

AWWA Audit AWWA Audit AWWA Audit AWWA Audit

Software v1 Software v4  Software v5 NORTH AMERICAN NORTH AME PR Software v6

2015 2019
California Tennessee

M36 5t Ed.

Governmental Policies for
Drinking Water Utility
Water Loss Control

Jater Audits and
ntrol Programs

WATER LOSS
Texas
A

to date

I I WRF Real Loss

AWWA Compiler v4, v5 Component Analysis Model

~3,000 downloads

(el [l RV -
AWWA Compiler v6.0




Focus on the AWWA Free Water Audit Software

FWAS v1 FWAS v4 FWAS v5
(13,000)

FWAS v2 —v3

MG volumes .only = Data grading matrix (1-10) I
Data g‘radlng. , Service connection diagram : | E -
either ‘measured ) French language version =
or ‘estimated available

Megaliters added Separate data input/output tabs
Two financial performance indicators Dashboard

added (cost of real and apparent losses) Volume weighted data grading
Acre-ft added Comments page

Example audits included Meter error adjustment for all
Two default values water supplied components
Data checks / instant feedback added

AWWA Compiler developed for - ”l” -
large audit sets = ”““




AWWA Free Water Audit Software
Water Balance

‘\\ VOLUME in MG/Yr
4

Volume from Own
Sources (VOS)

(corrected for known
errors)

11,111.111

Water Imported (WI)
(corrected for known
errors)

7.142.857

System Input
Volume

18,253.968

Water Audit Report for: Example audit
Audit Year: 2024
Data Validity Tier: Tier lll (51-70)

Water Exported
(WE)
(corrected for known
errors)

485.437

Water Supplied

17,768.531

Authorized
Consumption

9,037.000

IWA/AWWA Water Balance

FWAS v6.1

American Water Works Association.
Copyright @ 2025, All Rights Resenved.

Jan 01 2024 - Dec 31 2024

Billed Water Exported

Billed Authorized Consumption

9,010.000

Billed Metered Consumption (BMAC)
(water exported is removed)

9,000.000

Billed Unmetered Consumption (BUAC)
10.000

Revenue Water
(Exported)

485.437

Revenue Water

9,010.000

Unbilled Authorized Consumption

27.000

Unbilled Metered Consumption (UMAC)
12.000

Unbilled Unmetered Consumption (UUAC)
15.000

Water Losses
8,731.531

Apparent Losses
238.362

Systematic Data Handling Errors (SDHE)
22.525

Customer Metering Inaccuracies (CMI)
193.312

Unauthorized Consumption (UC)

Real Losses

8,493.170

Target Leakage Reduction

6,000.000

Leakage Level After Reduction
2,493.170

Non-Revenue Water
(NRW)

8,758.531




Leakage Management Strategies:
Four Pillars of Leakage Management

Pressure
Management

Real Losses in this
range are not

speed and Quality technically recoverable Active
of repairs Leakage Control

Real Losses in this range
are not economic to recover

Economically Recoverable
Annual Real Losses

Pipeline and
Asset Management
Selection,
Installation,
Maintenance,
Renewal,
Replacement




Who invited Carbon to the party?

www.leigroup.org

Im WATERLDSS
SPECIALIST GROUP

the international
water association

Resources Maating Recaps Cass Stuties

As a result of Water Loss 2022 in Prague, the IWA WLSG
proposed an initiative that seeks to quantify the impact that
-unmanaged leakage has concerning avoidable carbon =~
emissions. Through this initiative we will be linking unchecke

Establishing Leakage Emissions Metrics to Incentivize non-
revenue water management and emissions reduction



http://www.leigroup.org/

Carbon dating Version 6.1

April 2022

e Water Loss 2022,
Prague, CZ. IWA
WLSG proposed
initiative to quantify
the impact that
unmanaged leakage
has concerning
avoidable carbon
emissions.

October
2022

eInaugural meeting
of the Leakage
Emissions Initiative

April 2023

eLEl White Paper
published with
agreed upon
methodology for
calculating carbon
emissions as a result
of leakage

2024

eCarbon Balance
published with IWA
Standard Water
Balance

April 2025

*AWWA publishes
Water Loss Control
Committee’s
Leakage Emissions
Initiative Report

June 2025

eCarbon Balance and
Calculations are
integrated into
Version 6.1 of the
AWWA Free Water
Audit Software




Introducing the AWWA Free Water Audit
Software — Version 6.1

p——— 3 - = i Version 6.1 integrates the
—— Leakage Emissions Initiative
Free Water Audit methodology for quantifying
Software carbon emissions

> Free Water Audit Software

UPDATE

Just Released: Version 6.1

The Free Water Audit Software (FWAS) has seen exponential growth in adoption since original release (v1) in the mid-
2000s. There continues to be growth in the North American water industry for the FWAS as the industry-standard tool for
conducting a top-down water balance and assessment of associated Key Performance Indicators (KPIs).

FWAS v6.0 was released in 2020 and included significant evolutions in the tool. Following the 2025 publication of the
AWWA Water Loss Control Committee Report on the Leakage Emissions Initiative (LEI), the FWAS Development Group
integrated the LEI methodology for quantifying carbon emissions into the FWAS v6.1.

All the same functionality of v6.0 remains, with the addition of Carbon Calculations and a Carbon Balance.

Download Version 6.1 °




Introducing the AWWA Free Water Audit
Software — Version 6.1

AWWA Free Water Audit Software: FWAS v6.1
Carbon Calculations (Optional) ey e
Need Help? Click Itern Name below for Definitions & Guidance
Carbon Intensity Calculation Value Units Calculation Notes
System Input Volume 18,254 MGy Calculated: From Water Balance
Reference Carbon Intensity 540|g/kWh  User Provided: From Utility's energy source(s), in grams CO, equivalent per kWh
Utility Energy Usage|  40,000,000|kWh User Provided: From Utility Energy Bill(s)
Utility Energy Intensity 2,191 kWhmiG Calculated: Utility Energy Usage divided by Volume of Water Supplied
Utility Carbon Intensity 118 mtmc Calculated: Reference Carbon Intensity imes Utility Energy Intensity, convert g to metric tons (n
Carbon Reduction Calculation Volume Carbon Calculation Notes
MGIYr mtiyr mt=metrictons
System Input Volume 18,254 21,600 Calculated: From Water Balance
Current Leakage Level 8,493 10,050 Calculated: From Water Balance

Target Leakage Reduction 6,000| 7,100 User Provided: Manual input, typically based on a Real Loss Component Analysis
Leakage Level After Reduction 2493 2950 Calculated: Current Leakage Level minus Target Leakage Reduction

Carbon Reduction Visualization

Display Volume ~ 3elect Volume or Carbon for display

MG/Yr M Current Leakage Level M Leakage Level After Reduction # Target Leakage Reduction

9,000

500 %
7,000
6,000
5,000
4,000
3,000
2,000
1,000
1]

Current Reduction




Introducing the AWWA Free Water Audit
Software — Version 6.1

AWWA Free Water Audit Software
Carbon Balance (Optional)

N\

VOLUME in MG/Yr
CARBON in metric tons (mt)

Volume from Own
Sources (VOS)

(corrected for known
errors)

11,111 MG/Yr

System Input
Volume

18,254 MG/Yr
21,600 mt

Water Imported (WI)
(corrected for known
errors)

7,143 MG/Yr

Water Exported
(WE)
(corrected for known
errors)

485 MG/Yr

Water Supplied

17,769 MG/Yr
21,026 mt

Water Audit Report for: Example audit

Audit Year: 2024
Data Validity Tier: Tier lll (51-70)

Authorized
Consumption

9,037 MG/Yr
10,694 mt

FWAS v6.1

American Water Works Association.
Copyright ® 2025, All Rights Reserved.

Jan 01 2024 - Dec 31 2024

Billed Water Exported

Billed Authorized Consumption

9,010 MG/Yr
10,662 mt

Billed Metered Consumption (BMAC)
(water exported is removed)
10,650 mt 9,000 MG/Yr

Billed Unmetered Consumption (BUAC)
12 mt 10 MG/Yr

Revenue Water
(Exported)

485 MG/Yr

Revenue Water

9,010 MG/Yr
10,662 mt

Unbilled Authorized Consumption

27 MG/Yr
32 mt

Unbilled Metered Consumption (UMAC)
14 mt 12 MG/Yr

Unbilled Unmetered Consumption (UUAC)
18 mt 15 MG/Yr

Water Losses
8,732 MG/Yr
10,332 mt

Apparent Losses
238 MG/Yr
282 mt

Systematic Data Handling Errors (SDHE)
27 mt 23 MG/Yr

Customer Metering Inaccuracies (CMI)
229 mt 193 MG/Yr

Unauthoerized Consumption (UC)
27 mt 23 MG/Yr

Real Losses
8,493 MG/Yr

10,050 mt

Target Leakage & Carbon Reduction

7,100 mt 6,000 MG/Yr

Leakage Level After Reduction
2,950 mt 2,493 MG/Yr

Non-Revenue Water
(NRW)

8,759 MG/Yr
10,364 mt




Summary

 Water Loss Control Framework

* Based on AWWA M36 and IWA/AWWA
methodology

e Structured approach: Baseline Audit -
Technical Analysis - Economic Evaluation -
Cost-Effective Intervention

* Industry Evolution
* Emphasis on validated data and sustainability
* Water loss now linked to climate impact

* Water Balance
* Mass balance
* Accounts for all volumes of water
* Accuracy matters

* Leakage Management Strategies
* Pressure Management
* Speed & Quality of Repairs
* Active Leakage Control
e Asset Management & Renewal

e Carbon Emissions Integration

e AWWA Free Water Audit Software v6.1 now
includes carbon emissions calculations

Developed through the Leakage Emissions
Initiative (LEI)

Aligns with IWA Standard Water Balance




Prompts Questions:

. What metric(s) are you using to track improvement in water
loss?

. Have you quantified Carbon emissions associated with
distribution system leakage? If so, what are you doing with it?

. Where are you in your Demand Management Program? Is
GPCD going up/down?




The Disillusion of Progress: Case Study
in Reducing Water Loss and Demand

Chief Operations Officer, Cavanaugh & Associates

CAVANAUGH
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NRW Program Highlights to Date

2018 2019 2020 2021 2022 2023 2024

Annual Leak Detection Survey - Entire System Water Main Replacements
~10% of the total 700 miles

Annual Meter Testing — Supply, Export, Large Customers Small Meter Replacements
~20% of the total 50,000 meters

Select Large Meter Replacements

Formal Validation
2024 Water Audit

Dividing 700-mile network into 6 Zones
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NRW Reduction Target by DMA (in gpm)
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HIS

ORICAL TRENDS

Flow (Gallons Per Minute)

=—\Nater Supplied

12,000

11,000

10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

Billed Use

- N\ OnN-Revenue Water

WY 2018

WY 2019 Wy2020 WY 2021

Wy 2022 WY2023 WY2024



HISTORICAL TRENDS

—\\ater Supplied Billed Use - Non-Revenue Water
12,000
11,000 =
10,000 —
— 9,000
£ 8000
ag 7,000
S
S 6000
g
Water Year 2018 5,000 Water Year 2024
NRW ~ 4,000 GPM 00 NRW ~ 3,000 GPM
3,000

2,000
Wy 2018 WY2019 WY2020 Wy2021 WY2022 WY2023 WY2024



HISTORICAL TRENDS

—\\ater Supplied Billed Use - Non-Revenue Water
12,000
11,000 =
10,000 —
— 9,000
£ 8000
ag 7,000
S
S 6000
g
Water Year 2018 5,000 Water Year 2024
NRW ~ 4,000 GPM 00 NRW ~ 3,000 GPM
3,000

6-Year Reduction
2,000

WY2018 WY2019 WY2020 WY2021 WY2022 WY2023 WY 2024 NRW ~ 1,000 GPM



HISTORICAL TRENDS

—\\ater Supplied Billed Use - Non-Revenue Water
12,000
11,000 =
10,000 —
=5 9,000
z o Successful Customer-
§ 7,000 <| Side Conservation
Qm, 6,000
g
Water Year 2018 " 5,000 Water Year 2024
NRW ~ 4,000 GPM 00 NRW ~ 3,000 GPM
3,000

6-Year Reduction
2,000

WY2018 WY2019 WY2020 WY2021 WY2022 WY2023 WY 2024 NRW ~ 1,000 GPM



HISTORICAL TRENDS

—\\ater Supplied Billed Use - Non-Revenue Water
12,000
11,000 B
10,000 . Supply Reduction
=5 9,000
z o Successful Customer-
cg 7,000 <| Side Conservation
5 6,000
Z
Water Year 2018 | © so000 Water Year 2024
NRW ~ 4,000 GPM 00 NRW ~ 3,000 GPM
3,000

6-Year Reduction
2,000

WY2018 WY2019 WY2020 WY2021 WY2022 WY2023 WY 2024 NRW ~ 1,000 GPM



—\\ater Supplied Billed Use - Non-Revenue Water

12,000

11,000 =
10,000 — Supply Reduction

©w
(=]
(=]
(=]

Water Year 2018
NRW ~ 4,000 GPM
NRW ~ 35%

E 8,000 Successful Customer-
E 7,000 <| Side Conservation
3 6,000
3
T 5000 Water Year 2024
o0 NRW ~ 3,000 GPM
I{ NRW ~ 29%

6-Year Reduction
2,000

WY2018 WY2019 WY2020 WY2021 WY2022 WY2023 WY 2024 NRW ~ 1,000 GPM
NRW ~ 6%



HISTORICAL TRENDS

—\\ater Supplied Billed Use - Non-Revenue Water
12,000
11,000 =
10000 . % Supply Reduction
= 9,000
z o Successful Customer-
cg 7,000 <| Side Conservation
52 6,000
=
Water Year 2018 | © s _
ate: ear 2018 5,000 Actual NRW reductlon from Water Year 2024
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NRW ~ 35% — ourth NRW ~ 29%
oo 6-Year Reduction
WY2018 WY2019 WY2020 WY2021 WY2022 WY2023 WY 2024 NRW ~ 1,000 GPM

NRW ~ 6%



https://www.awwa.org/resource/water-loss-control/#technical

‘\\.ﬁ=.American Water Works Association

Perform
Indica

Nonrevenue AWWA recommends AGAINST the use of “Percent NRW”

Water—AWWA's omment
2020 Position It is a moving target

AWWA Water Loss Control Committee It penalizes ConservatiOn

Water utilities use performance indicators in their
efforts to control water loss.

Citing flaws in traditional percentage indicators for
nonrevenue water, AWWA favors other indicators—

some in development, some already in use. AWWA recom mends:

AWWA outlines criteria for evaluating key performance

indicators in its 2020 position statement. Loss in gallons/connection/day (typ. range 20-100)
LAyout imagery by ArtistName/Shutlerstock.com Leakage Index (typ. range 1_5)

JANUARY 2020 » VOL.112 - NO.1 11




. Fully Adopted AWWA Recommendations

Partially Adopted AWWA Recommendations

Not Following AWWA Recommendations




Prompt Questions:

1. Your experience with tracking changes in water loss concurrent
with changes in customer demand?

. What factors should be considered if Illinois, or any other
State/Regulatory body, were to eliminate “Water Loss %" or
“NRW %" as a regulatory metric?




Thank you!

Drew Blackwell Will Jernigan, P.E.
Director of Water Efficiency Chief Operations Officer
drew.blackwell@cavanaughsolutions.com will.jernigan@cavanaughsolutions.com

CAVANAUGH




Thank You to our Sponsors
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