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Agenda – Day 1



Introduction
Learning Objectives
Workshop Format



At the end of the program, participants will……

• Understand key concepts of the American Water Works 
Association (AWWA) M36 Methodology;

• Know how to navigate and populate the new version 6 of 
the AWWA Water Audit Software using system-specific 
data and apply each year moving forward;

• Understand the Importance of Water Audit Validation 
and how to evaluate system-specific data validity;

• Learn how to interpret and identify next steps.

Learning Objectives



Program Task 
Levels

Task 1

Website & 
Reporting

Task 2

Introductory 
Session

Task 3

AWWA 
M36 
Workshop 
Session

Task 4

Coaching

Task 5

Lessons 
Learned

Task 6

Close Out 
Training

By Fractus Learning - Fracus Learning, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=69357265

Knowledge Knowledge
Comprehension

Knowledge
Comprehension
Application

Knowledge
Comprehension
Application
Analysis
Synthesis

Knowledge
Comprehension
Application
Analysis
Synthesis
Evaluation

Knowledge
Comprehension
Application
Analysis
Synthesis
Evaluation



Workshop Approach



Presentation
Knowledge
Comprehension
Application



Large Group Interaction

This Photo by Unknown Author is licensed under CC BY

Knowledge
Comprehension
Application

http://piarteaga.blogspot.com/2017/02/desafios.html
https://creativecommons.org/licenses/by/3.0/


Small Group Interaction
Breakout Rooms

This Photo by Unknown Author is licensed under CC BY-NC

Knowledge
Comprehension
Application

https://techboomers.com/zoom-features-host-controls
https://creativecommons.org/licenses/by-nc/3.0/


Test Your 
Knowledge
Kahoot! Practice Run



M36 
Methodology
Water Balance 101



Annual M36 
water audit

Apparent & 
Real Loss 
volumes

Level 1 
validation

Annual 
Water 

Balance
Advanced Validation 
•Level 2 Analytics
•Level 3 Field Study
•Margins of Error

Apparent Loss Profile
•Theft
•Meter Inaccuracy
•Data Handling

Real Loss Profile
•Reported Leakage
•Unreported Leakage
•Background Leakage

Loss Profiling & 
Uncertainty

Costs of losses
• by subcomponent
• in aggregate
• wholesale & retail

Costs of 
intervention 
strategies

Program design

System-specific

Cost-Benefit 
& Targets

Leakage Management:
• Active Leak Detection
• Pressure Optimization
• Repair Time Reduction
• Network Renewal

Revenue Protection:
• Theft Mitigation
• Meter Optimization & 

Renewal
• Billing Data System 

Integrity
• Revenue Recovery

Validity

Value

Volume

economic
analysis

technical 
analysis

baseline

cost-effectiveness

Stage 1 Stage 2 Stage 3 Stage 4

Intervention

The Big Picture





3-V

Validity

Value

Volume
MG per Year
Gal/connection/day
Leakage Index

$ per Year
Economic Loss Index

Water Audit Data Validity Score
95% Confidence Limits
Key Data Input Grades



Real
Losses

Apparent
Losses

Unbilled
Authorized

Consumption

Billed
Authorized

Consumption

Non-
Revenue

Water

Revenue
Water

Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption

Water
Imported

Own
Sources

Total
System
Input

( allow
for

known
errors )

Water
Losses

Authorized
Consumption

Water
Exported

Water
Supplied

The Water Balance & Water Auditing

Water balance
The summary of key water audit data that shows water management
from source to customer, with the sum of quantities in all columns equal and thus
balancing.

M36 Water Auditing and Loss Control Programming, 4th Ed.



captures all the potable water input to the distribution 
system

Water Supplied

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑊𝑊𝑆𝑆 = 𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆𝑉𝑉𝑊𝑊 𝑓𝑓𝑊𝑊𝑉𝑉𝑉𝑉 𝑂𝑂𝑂𝑂𝑂𝑂 𝑆𝑆𝑉𝑉𝑆𝑆𝑊𝑊𝑆𝑆𝑊𝑊𝑆𝑆 + 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐼𝐼𝑉𝑉𝑆𝑆𝑉𝑉𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆 −𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐸𝐸𝐸𝐸𝑆𝑆𝑉𝑉𝑊𝑊𝑊𝑊𝑊𝑊𝑆𝑆
Water Supplied
Volume of treated and delivered (pressurized as needed) water supplied to the retail water 
distribution system of the water utility. It is equal to the Volume From Own Sources, plus the 
volume of water imported or purchased and supplied from a neighboring water utility or 
regional wholesale water authority, minus the volume of water exported or sold in  bulk to 
other water utilities during the audit period.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Water Supplied
Volume from Own Sources (VOS)

What are the sources?
• Groundwater
• Surface water

Which meters are we using?

Where are the meters?

Volume from Own Sources
Volume of water withdrawn (abstracted) from water resources (rivers, lakes, streams, wells, 
etc.) controlled by the water utility and then treated for potable water distribution. Most 
water 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.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Real
Losses

Apparent
Losses

Unbilled
Authorized

Consumption

Billed
Authorized

Consumption

Non-
Revenue

Water

Revenue
Water

Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption

Water
Imported

Total
System
Input

( allow
for

known
errors )

Water
Losses

Authorized
Consumption

Water
Exported

Water
Supplied

Own
Sources

Well 
1

Well 
2

Well 
3

Treatment 
Facility

Surface Water/Raw Water

Establishing the water audit boundary

Potable Distribution System

The Water Balance & Water Auditing



Water Supplied
Water Imported (WI)

Who are we purchasing from?

What do agreements look like?

Which meters are we using?

How is the water tracked?

Water Imported
The bulk water purchased by a water utility to become part of the Water Supplied volume. 
Typically, this is water purchased from a neighboring water utility or regional water 
authority and is metered at the custody transfer point of interconnection
between the two utilities.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Real
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Apparent
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Unbilled
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Billed
Authorized
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Non-
Revenue

Water

Revenue
Water

Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption

Total
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known
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Water
Losses

Authorized
Consumption

Water
Exported

Water
Supplied

Own
Sources

Well 
1

Well 
2

Well 
3

Treatment 
Facility

Surface Water/Raw Water

Establishing the water audit boundary

Potable Distribution System
Water

Imported

Purchased Water

The Water Balance & Water Auditing



Water Supplied
Water Exported (WE)

Bulk water sales?

Supplements to
raw/reclaimed systems?

Which meters?

How is Water Exported tracked?

Water Exported
The bulk water purchased by a water utility to become part of the Water Supplied volume. 
Typically, this is water purchased from a neighboring water utility or regional water 
authority and is metered at the custody transfer point of interconnection
between the two utilities.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Real
Losses

Apparent
Losses

Unbilled
Authorized

Consumption

Billed
Authorized

Consumption

Non-
Revenue

Water

Revenue
Water

Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption

Total
System
Input

( allow
for

known
errors )

Water
Losses

Authorized
Consumption

Water
Supplied

Own
Sources

Well 
1

Well 
2

Well 
3

Treatment 
Facility

Surface Water/Raw Water

Establishing the water audit boundary

Potable Distribution SystemWater
Imported

Purchased Water

Water
Exported

Other 
system

The Water Balance & Water Auditing



Breakout 
Exercise
Water Audit Boundary



Water Supplied Error Adjustment 
(VOSEA, WIEA, WEEA)

How accurate are Water Supplied 
meters?

electronic calibration
volumetric accuracy testing

Master Meter Error Adjustment
An estimate or measure of the degree of inaccuracy that exists in the master meters 
measuring the annual volume (production, imported, or exported), and any error in the data 
trail that exists to collect, store and report the summary production data.  This adjustment is 
a weighted average number that represents the collective error for all master meters for all 
days of the audit year and any errors identified in the data trail.

AWWA Free Water Audit Software – Version 6.0



Real
Losses

Apparent
Losses

Unbilled
Authorized

Consumption

Billed
Authorized

Consumption

Non-
Revenue

Water

Revenue
Water

Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption

Water
Losses

Authorized
Consumption

Water
Supplied

Own
Sources

Well 
1

Well 
2

Well 
3

Treatment 
Facility

Surface Water/Raw Water

Establishing the water audit boundary

Potable Distribution SystemWater
Imported

Purchased Water

Water
Exported

Other 
system

Total
System
Input

( allow
for

known
errors )

The Water Balance & Water Auditing



Source Meter Testing

Meter

1

2

3

Volume (MG)

5,857.831

1,914.064

478.516

Meter Accuracy (%)

6.30

-1.3

-15.10
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Revenue
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Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported
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Leakage on Mains

Systematic Data Handling Errors
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Unbilled Unmetered Consumption

Unbilled Metered Consumption
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Own
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1
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2
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3

Treatment 
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Surface Water/Raw Water

Establishing the water audit boundary

Potable Distribution SystemWater
Imported

Purchased Water

Water
Exported

Other 
system

Water
Supplied

The Water Balance & Water Auditing



Test Your 
Knowledge
Water Supplied



Is it an authorized use?

Is it potable or are non-potable volumes inadvertently 
included?

Is it Billed?

Is it metered?

Authorized Consumption 

Authorized Consumption
Volume of water taken by registered customers, the water supplier, and others who are 
implicitly or explicitly authorized to do so by the water supplier  for  residential,  
commercial,  industrial,  or  agricultural  purposes.

M36 Water Auditing and Loss Control Programming, 4th Ed.
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Revenue
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Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors
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The Water Balance & Water Auditing

Own
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Water
Exported

Authorized
Consumption



 Is it an authorized use?

 Is it potable or are non-potable volumes inadvertently 
included?

 Is it Billed?

Is it metered?
Is it unmetered?

Authorized Consumption
Billed Authorized Consumption 

Billed Authorized 
Consumption
Water  consumption  that  is  billed  and  authorized by  the  water  utility.  This  includes  
both  metered  and  unmetered  consumption.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Real
Losses

Apparent
Losses

Unbilled
Authorized
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Non-
Revenue

Water

Revenue
Water

Leakage & Overflows at Storage

Billed Unmetered Consumption

Billed Metered Consumption

Billed Water Exported

Leakage on Service Lines

Leakage on Mains

Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption
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for

known
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Water
Losses
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Supplied

Own
Sources

Water
Imported

Water
Exported

Authorized
Consumption

Is the consumption 
billed? Is it metered?

Billed
Authorized

Consumption

The Water Balance & Water Auditing



Authorized Consumption
Billed Metered Authorized Consumption (BMAC)

Per class per month Units

Helpful notes

Billed Metered Authorized 
Consumption

Part of billed authorized consumption that is metered and 
billed to retail customers, including all groups of customers 
such as domestic, commercial, industrial, or institutional.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Authorized Consumption
Billed Unmetered Authorized Consumption (BUAC)

WRF 5057 Level 1 Water Audit Validation Guidance Manual, 2nd Ed.

Billed Unmetered Authorized 
Consumption
The part of billed authorized consumption volumes that are calculated based on estimates 
or norms from water usage sites that have been determined by utility policy to be left 
unmetered.

M36 Water Auditing and Loss Control Programming, 4th Ed.
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Billed Unmetered Consumption

Billed Metered Consumption
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Unauthorized Consumption

Unbilled Unmetered Consumption
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Supplied

Own
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Authorized
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unbilled? Is it 

metered?

Billed
Authorized

Consumption

The Water Balance & Water Auditing



Authorized Consumption
Unbilled Metered Authorized Consumption (UMAC)

WRF 5057 Level 1 Water Audit Validation Guidance Manual, 2nd Ed.

Unbilled Metered Authorized 
Consumption

Metered consumption that is authorized by the water 
utility, but, for any reason, is deemed by utility policy to be 
unbilled.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Authorized Consumption
Unbilled Unmetered Authorized Consumption (UUAC)

Typical uses may  include:
• WQ flushing
• Complaint flushing
• Repair flushing
• Fire Department
• New construction flushing
• Street cleaning
• Sewer jetting

Unbilled Unmetered 
Authorized Consumption
Any kind of authorized consumption that is neither billed 
nor metered. This component will typically include water 
used in activities such as fire fighting, flushing of water 
mains and sewers, street cleaning, fire flow tests 
conducted by the water utility, and so forth.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Test Your 
Knowledge
Authorized Consumption



Break
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Systematic Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consumption

Unbilled Unmetered Consumption

Unbilled Metered Consumption

Total
System
Input

( allow
for
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Supplied

The Water Balance & Water Auditing
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Authorized
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Water Supplied
- Authorized Consumption

Water Loss

Water
Losses



Water Loss

Water Loss

The difference between the Water Supplied volume and 
Authorized Consumption, also equal to the sum of 
apparent and real losses.

M36 Water Auditing and Loss Control Programming, 4th Ed.
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The Water Balance & Water Auditing
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Water Loss
Apparent Loss (AL)

Customer
Metering 

Inaccuracies
Unauthorized 
Consumption

Systematic 
Data 

Handling 
Errors

Apparent Losses are made up of these three 
subcomponents:Apparent Loss

Losses in customer consumption attributed to inaccuracies associated
with customer metering, systematic data handling errors, plus unauthorized
consumption (theft or illegal use of water). Apparent losses represent nonphysical
(paper) losses that result in uncaptured revenue for the water utility and distortion
of customer consumption data.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Apparent Loss
Unauthorized Consumption (UAC)

Examples may include:
• Unpermitted water withdrawn
• from fire hydrants
• illegal connections
• bypasses to customer meters
• Meter or meter reading equipment tampering

Unauthorized Consumption
Any water taken from the water distribution system 
without the authorization of the water utility.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Apparent Loss
Customer Metering Inaccuracies (CMI)

Reasons for customer meter inaccuracies:
• meter wear
• improper sizing or type of meter for the customer usage
• improper installation
• aggressive water quality
• malfunction

Customer Metering 
Inaccuracies
Apparent losses caused by the collective under-registration
or malfunction of customer water meters. Customer 
metering inaccuracies are a major component of apparent 
losses.

M36 Water Auditing and Loss Control Programming, 4th Ed.
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The Water Balance & Water Auditing
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Water Loss
Real Loss

Real Loss includes:
• Leakage from mains
• Leakage from service connections
• Storage tank overflows

Real Losses
The physical water losses from the pressurized system and 
the utility’s storage tanks, up to the point of customer 
consumption, which is the customer meter in those utilities 
that meter their customers.

M36 Water Auditing and Loss Control Programming, 4th Ed.
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The Water Balance & Water Auditing

Own
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Imported
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Exported
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Apparent
Losses

Unbilled Authorized Consumption
Apparent Losses

+ Real Losses

Non-Revenue Water

Non-
Revenue

Water



Non-Revenue Water

Non-Revenue Water

Those components of system input volume that are not 
billed and produce no revenue. NRW equals unbilled 
authorized consumption plus apparent and real losses.

M36 Water Auditing and Loss Control Programming, 4th Ed.



Non-Revenue Water



Test Your 
Knowledge
Non-Revenue Water



AWWA Free 
Water Audit 
Software
Overview





Why a 
Water 
Audit?
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AWWA M36 Methodology –
Evolution of the Water Audit Software





v6.0 – What’s New?

•Interactive Data Grading to improve consistency, objectivity, 

transparency in data grade assignment for each input

• Blank sheet for user calculations / extras

•Fighterjet Dashboard 

•KPIs updated per AWWA 2020 Position

•KPIs shown on gauge against industry ranges

SUMMARY OF MAJOR V6 IMPROVEMENTS



Worksheet

Worksheet



Worksheet

Worksheet



Worksheet



Worksheet



Worksheet



Blank Sheet



v6
Blank 
Sheet



Dashboard 



Dashboard





Dashboard



Dashboard



Dashboard – Key Performance 
Indicators



Test Your 
Knowledge
AWWA Free Water Audit Software



Summary 
Review & 
Wrap-Up





Workshop 
Evaluation
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