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Agenda – Day 2



Review 
from Day 1





Water Audit Jeopardy!

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

http://itismymind.blogspot.com/2011/02/wouldve-liked-to-have-seen-this-episode.html
https://creativecommons.org/licenses/by-sa/3.0/


AWWA Free 
Water Audit 
Software
Demonstration



Developing 
the Inputs



AWWA Free Water Audit Software
Developing the Inputs



Developing the Inputs

1. Assemble supporting documents

2. Develop the data inputs

3. Check the metrics



Supporting 
Documentation
provides more detail on key values

Goal: show the source data and/or derivations used to get audit input

When compiling supporting documents, remember!

• excel spreadsheets, text files preferred over PDFs for tabular data

• include notes on any exceptions, corrections, or data gymnastics 
included in your audit input calculation



Supporting Documentation
provides more detail on key values

REQUIRED SUPPLEMENTAL

 Volume from Own Sources
broken down by month and meter

 Water Imported
broken down by month and meter

 Water Exported
broken down by month and meter

 Supply Meter Test Records
for all supply meters, if conducted

 Volume of Metered Consumption
broken down by month and use type/code

 Customer Meter Inaccuracy derivation

 Average Operating Pressure derivation

 Customer Retail Unit Cost derivation

 Variable Production Cost derivation

 System Schematic 
showing locations of Supply and Export Meters

Required Supporting Documents are critical for Level 1 Validation



Step 1 – Assemble the 
Supporting Documents



Walk-Through of 
Supporting 
Documentation



System Schematic



Water Supplied 



Authorized Consumption



System
Data



Cost Data



Developing the Inputs

1. Assemble supporting documents

2. Develop the data inputs

3. Check the metrics

Must-have docs

Good-to-have docs



Developing the Inputs

1. Assemble supporting documents

2. Develop the data inputs

3. Check the metrics

Must-have docs

Good-to-have docs

Build it from supporting docs

Look for errors. Does the data 
make sense?



Step 2 – Develop the Inputs

• Develop the Input

• Trace from production 
reports

• Trace from testing reports

• Look for Potential Errors

• Missing or extra volumes

• Mismatched timeframe

• Error adjustment should be 
a weighted average of test 
results (if available)

• Wrong + or – on error 
adjustment



Potential Errors 
in Water 
Supplied

• Meter wear
• Meter location
• Meter selection
• Meter programming
• Flow data archiving

Billed
Authorized

Consump�on

Revenue
Water

Billed Unmetered Consump�on

Billed Metered Consump�on

Billed Water Exported

Total
System
Input

( allow
for

known
errors )

Water
Losses

Water
Supplied

Own
Sources

Water
Imported

Water
Exported

Authorized
Consump�on

Real
Losses

Unbilled
Authorized

Consump�on

Non-
Revenue

Water

Leakage & Overflows at Storage

Leakage on Service Lines

Leakage on Mains

Systema�c Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consump�on

Unbilled Unmetered Consump�on

Unbilled Metered Consump�on

Apparent
Losses



8” Propeller 
Meter

Check Valve

Well Pump

Accuracy results from MFR 
test bench: 99.5%

Accuracy results from in-
situ test:  142.2%

Courtesy MESCO



Flow Data Archiving

• Production flow data should 
be reviewed every business 
day for data gaps

• Gaps occur due to:
• Unplanned interruption: 

lightning strike, power 
failure

• Planned interruption: 
instrumentation 
calibration

• Gaps in water flow data 
should be quantified and 
added back to the daily 
total 

(Source: AWWA M36 Publication, 4th Ed.)

8/15/2012,
hrs

High Service 
Pumping Rate, mgd

actual flow

High Service 
Pumping Rate, mgd
raw recorded data

  
  

 
0:00 8.69 8.69
1:00 8.65 8.65
2:00 8.32 8.32
3:00 8.11 8.11
4:00 7.94 0
5:00 8.02 0
6:00 8.44 0
7:00 8.98 0
8:00 9.34 0
9:00 9.25 0
10:00 9.17 0
11:00 9.12 9.12
12:00 9.27 9.27
13:00 9.22 9.22
14:00 9.08 9.08
15:00 8.99 8.99
16:00 9.14 9.14
17:00 9.18 9.18
18:00 9.25 9.25
19:00 9.22 9.22
20:00 8.82 8.82
21:00 8.78 8.78
22:00 8.75 8.75
23:00 8.71 8.71
0:00 8.68 8.68

Total 212.43 151.29
Average 8.85 6.30

Difference 2.55

Example of Water Pumping Data Gaps an  



Step 2 – Develop the Inputs

• Develop the Input

• Trace from billing reports

• Trace from flushing (etc) 
tracker

• Look for potential errors

• Billing report 

• Double counting Water 
Exported in Billed Metered 

• Double counting Unbilled 
Metered in Billed Metered 

• Including leaks / breaks in 
Unbilled Unmetered



Potential Errors 
in Authorized 
Consumption

Billed
Authorized

Consump�on

Revenue
Water

Billed Unmetered Consump�on

Billed Metered Consump�on

Billed Water Exported

Total
System
Input

( allow
for

known
errors )

Water
Losses

Water
Supplied

Own
Sources

Water
Imported

Water
Exported

Authorized
Consump�on

Real
Losses

Unbilled
Authorized

Consump�on

Non-
Revenue

Water

Leakage & Overflows at Storage

Leakage on Service Lines

Leakage on Mains

Systema�c Data Handling Errors

Customer Metering Inaccuracies

Unauthorized Consump�on

Unbilled Unmetered Consump�on

Unbilled Metered Consump�on

Apparent
Losses

• Duplicate volumes
• Non-potable volumes
• Missing volumes
• Mismatched 

timeframes



System Data

Infrastructure information

• Length of Mains (includes hydrants laterals)

• Count of service connections (active and inactive)

Operating Pressure

used to calculate a technical minimum volume of leakage



Cost Data

Total Annual Operating Cost

Customer Retail Unit Cost

Variable Production Cost



Developing the Inputs

1. Assemble supporting documents

2. Develop the data inputs

3. Check the metrics

Must-have docs

Good-to-get docs

Build it from supporting docs

Look for gremlins

Inside typical ranges

Metrics versus practices

Sanity check



• Metrics versus  Practices
• Inside the range – are they high, mid, or low?
• How does that compare to the water loss management 

practices?

Step 3 – Check the Metrics



Test Your 
Knowledge
Developing the Inputs



Breakout 
Exercise
Common Exercise – Developing the 
Inputs



Break



Review of 
Common 
Exercise



Data 
Validity
Data Validity Score
AWWA Free Water Audit Software –
Interactive Data Grading
Importance of Level 1 Validation



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



Data Validity 
Grades
Data validity grades (DVGs) document 
utility practices of:

• Data collection

• Data review

• Instrument maintenance

Each audit input is automatically assigned 
a DVG between 1 and 10 based on 
answers to IDG criteria questions

DVG criteria are predominantly 
qualitative

DVGs are NOT a measure of accuracy!



Data Validity Grading



Data Validity Grading

v6



Data Validity Grading v6
Test Utility acronym key

2019 Limiting
criteria
(see Start
Page for 
details) 

AWWA Free Water Audit Software:  Interactive Data Grading

CMISDHE UC

BMAC UMACBUACWEEAWEWIEAVOS VOSEA WI

AOPLm Nc Lp CRUC VPC
Use acronyms for navigation
Orange = complete

FWAS v6.0_Gamma.  American Water Works Association.   Copyright © 2020, All Rights Reserved.

UUAC
White = incomplete



Data Validity Grading v6
Test Utility acronym key

2019 Limiting
criteria
(see Start
Page for 
details) 

AWWA Free Water Audit Software:  Interactive Data Grading

CMISDHE UC

BMAC UMACBUACWEEAWEWIEAVOS VOSEA WI

AOPLm Nc Lp CRUC VPC
Use acronyms for navigation
Orange = complete

FWAS v6.0_Gamma.  American Water Works Association.   Copyright © 2020, All Rights Reserved.

UUAC
White = incomplete



The BEST(?) Number

100



The BEST(?) Number

Report Card
A 
B
C
D
F        DVS=62?!

vs.



inaccuracy & 
uncertainty in 

inputs 

inaccuracy & 
uncertainty in 

results  

Data quality matters!

• Instruments

• Databases

• People

• Missing information

Sources of 
error:



Water audit validation aims to:

• Identify and correct errors

• Evaluate and communicate uncertainty

Level 1 – interview & summary records

Level 2 – deep data review

Level 3 – new data from the field

Levels of Validation



WRF #4372B:

WATER AUDITS IN THE UNITED STATES:
A REVIEW OF DATA VALIDITY AND RESULTS

Data quality – the validity, or trustworthiness, of the data



If a Water Audit is self-
reported in the forest, 
is it valid?



CA DRBC GA TN TX

total audits 300 517 452 629 2,646

# of unrealistic audits 100 130 74 122 1,065

% of unrealistic audits 33% 25% 16% 19% 40%

• Water Research Foundation 4372B 

• many audits are unrealistic
• more training (ie GA, TN) produces fewer unrealistic audits
• even level 1 validation doesn’t fully eliminate unrealistic audits

Water Audit Results Across the Country

sources of uncertainty: 
• data source quality (primary measurement or secondary data management)
• methodology (use of the software, selection of data)



2016 UWMP Submitted Data - Unfiltered



WRF #4639:

ESTABLISHING WATER UTILITY GUIDANCE AND
METHODOLOGY FOR WATER AUDIT VALIDATION

Data validation – a quality control process conducted to verify, and improve as 
needed, the data inputs and gradings of the water audits submitted by water 
utilities.

Water Loss Audit validation – does not make data inputs or gradings “right” or 
“wrong”, but merely aligns them with the actual conditions that occurred in the 
operation of the utility for the audit year
Level 1 -- Top down Data Review
Level 2 -- Top down Data Mining Review
Level 3 -- Bottom up Field Investigation



Purpose of Level 1 Validation
review of audit methodology and volume derivation

review of Interactive Data Grading answers
1)
2)

goals: quality and consistency



Purpose of Level 1 Validation
review of audit methodology and volume 
determination

review of Data Validity Grade selection

1)

2)

Level 1 Validation Tools: 
• Discussion with Validator

• Supporting Documentation



What does Level 1 water audit 
validation do?

The Level 1 water audit validation aims to:

• Confirm the accurate application of AWWA M36 water audit methodology and 
terminology to the utility-specific situation

• Identify/adjust any evident inaccuracies  
• Validation of best-fit IDG answers, and understanding the answers in full 

context of the utility operations

In meeting these goals, the Level 1 validation process results in:

• Data validity grades that reflect utility practices
• Identification of macro-level inaccuracies
• Recommendations for advanced validation activities



What does Level 1 water audit 
validation NOT do?

Level 1 water audit validation is the least rigorous level of validation. The effort 
and time required to complete Level 1 validation are relatively small. Level 1 water 
audit validation does not:

• Correct inaccuracies in raw data that may affect summary data and audit 
inputs

• Investigate data processing and handling to identify and correct inaccuracies
• Study instrument accuracy through field tests to improve the certainty of the 

water audit
• Corroborate the volume of Real Losses with bottom-up or field investigations 

of leakage



WRF #5057:
UPDATE TO LEVEL 1 VALIDATION GUIDANCE MANUAL

• New chapter on AWWA Software v6 that describes the major changes from v5 and 
how they affect the validation process. This manual assumes that the user is 
validating a water audit completed using the AWWA Software v6.

• New content related to audit input validation that emphasizes key points of 
consideration when reviewing the methodology used to determine specific input 
values.

• Real world examples of supporting documentation for each audit input, as well as 
idealized versions to make best practices clear.

• Updated language throughout the manual to match AWWA Software v6 and to clarify 
confusing or ambiguous terminology.

• Summary of research related to certification programs and the effect of validation in 
North America.

• Revisions based on industry feedback that was collected from a dedicated advisory 
group of water loss professionals familiar with the first edition of the manual.



Pre-Validated 
vs. Post-
Validated 
Audits

Changes to 
Data Validity 
Grades



Pre-
Validated 
vs. Post-
Validated 
Audits

Data 
Validity 
Distribution



Pre-Validated 
vs. Post-
Validated 
Audits

Identification 
of macro-
level 
inaccuracies

• Unit errors. Unit errors typically occur when the auditor 
enters the volumetric inputs as the wrong unit (i.e. 
‘gallons’ instead of ‘million gallons’). 

• Method errors. NRW is the sum of water losses (Apparent 
and Real Losses) and Unbilled Authorized Consumption. 



Test Your 
Knowledge
Data Validity



Summary 
Review & 
Wrap-Up





Workshop 
Evaluation
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