WATER AUDIT LEVEL 1
VALIDATION

REDUCING UNCERTAINTY AND IMPROVING WATER LOSS MANAGEMENT

OCTOBER 16, 2024

D (CIIG

Delaware River Basin Commission
DELAWARE ] NEW JERSEY
PENNSYLVANIA » NEW YORK
UNITED STATES OF AMERICA

\\

Presented to an advisory committee of the DRBC on \)
October 16, 2024. Contents should not be published
or re-posted in whole or in part without permission of

the DRBC or the presenter. B AVA N A Ll G H



AGENDA

*Why Water Audit Validation matters
*How the Water Audit Validation is performed
*What the Water Audit Validation

A tie to leakage and carbon emission reductions
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Every water system experiences water loss.

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

The AWWA methodology provides a path to building
and progressing your water loss program.




THE IWA/AWWA WATER BALANCE
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DATA QUALITY MATTERS
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Audit Input

Average Difference in Pre vs Post DVG by Audit Input
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STATE OF
FLORIDA

FLORIDA
WATER
LOSS
PROGRAM

Saving Water — Reducing Costs — Being Proactive
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STATE OF
COLORADO
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Colorado Water
Loss Initiative
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WATER LOSS REDUCTION STARTS WITH DATA VALIDATION

I I|“‘|||||I|||I
Statewide Data Valid III
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ASSESSING NEEDS OF UTILITIES

Post-Validation Priority Area Counts
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COMPARISON: V5 VS V6

I O
Admin 17 26
Water Audit Input 25 22
Performance Indicator / Output 24 29
Data Grading 20 153
Total Data items from Water Audit 86 230
Compiler v5
Data Grading Limiting Criteria
) )

New Compiler v6 | ! |




THE VALUE OF THE COLORADO WATER
LOSS INITIATIVE: LEVEL 1 VALIDATION

WRF 5057 Level 1 Water Audit

Su pply Meter TeSting Validation Guidance Manual,

Second Edition
Accurate water audits allow effective

.- .- water loss control strategies to be
Utlllty A Utlllty B planned. Therefore, it's essential that
* real losses of 44.9 gal/conn/day  + real losses of 44.6 gal/con/day the quality of data that supports a

and an ILI of 2.93 and an ILI of 2.51 water audit s examined and

understood. By studying the quality

« flowmeter to be under- « flowmeter to be over-registering of the water audit data, a water audit

. . o ° ) validator will explore and document

reglste"ng by 1 07 /O, thereby by 506 /O, thereby decreaSIng the uncertainty and minimize inaccuracy.
increasing the real losses to 45.9 real losses to 21.6 gal/conn/day

gal/conn/day and ILI of 2.99 and ILI of 1.22
« Continue to investigate potential + aligns with their water loss

real loss intervention strategies targets and means that no

intervention strategy is currently
required



THE VALUE OF THE COLORADO WATER
LOSS INITIATIVE: LEVEL 1 VALIDATION

‘r1e . WRF 5057 Level 1 Water Audit
Billing Data Analysis Validation Guidance Manual,

Second Edition

Utl'lty A Ut|||ty B Accuraice water auldits aIIon effectil;/e

) ) . . .. water loss control strategies to be
The Billed Metered Authorized Consumptlon Dncfe'rent mUlt'pl'e.rS planned. Therefore, it's essential that
volumes used in the 2022 Water Audit was applied to same size the quality of data that supports a
650.200 MG. The total volume included in the  meters. A review of lvjvr?;irrstoaoud@t s examined  and

account level export was 765.875 MG, nearly multipliersis
18% in excess of the audit volume. The firsttwo  recommended.

lines in the example anomalies below account (Glank) 1 10 100 1000
for nearly 85 MG of volumes. Even assuming e 1
. . 11/2" meter 1 1,295
these volumes are in error, this does not e I
1 2" meter
account for the full discrepancy. ,, M-
3" meter 89 15 15
3/4" meter
Account # Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb  Grand Total 2 31 i 738
10-800013-13 8712100 0 0 0 0 0 0 190 84714000
10-800023-07 9,999,900 0 0 0 0 0 0 0 9,999,900 4" meter 28 7 20
or-1027001 74000 82000 76000 102,000 56,000 (NS 11000 463000 681000 907,000 747,000 396,000 [ EEMNEARERN 10000 275000 4068000 5/8" x 3/4"
0110057401 18000 17,000 15000 11000 1,000 16000 15000 50,000 498000 63000 80000 38000 20000 18000 14000 13,000 897,000 X 7 1
01-100572-01 14,000 17,000 11,000 13,000 31,000 20,000 24,000 712,000 842,000 6" meter 5 7
1030038201 20000 17,000 9000 1,000 15000 13,000 25000 126000 429000 10,000 4000 5000 2,000 692,000 g
1080002405 64200 42,000 22,300 |GG 55000 NG 116000 NGHMN 160200 459,700 meter 4 1 2
01-101089-01 3000 3000 7000 4000 2000 2000 5000 3000 3000 2000 300 O 0 0 28000 0 265000




UTILITY FEEDBACK ON WATER
AUDIT VALIDATION

By having the auditor provide a detailed breakdown of what the vision is of the project and for that section of the software and
how it fits in the whole scheme of the project. It opens the eyes to those divisions to see how their input plays a role in the
utility/project.

encouraged communications among the billing, meter, regional, and water production departments as we all try to piece
together how each area's involvement contributes to the overall balance of water accounting

This process has led to increased visibility and focus in our comparison of water produced versus water sold. Some of our
tracking mechanisms have been tweaked as the result

It provides more detailed information so money is spent in the right areas for cost savings

The AWWA methodology and Water Validation was more detailed and gave a better understanding on our system

[ ———— ‘



THE BIG PICTURE
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AR S QY

Establish Your Team
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*Level 2 Analytics
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Gather Data & Compile Water Aud

LULTE
Water
Balance
M . Annual M36 Advanced Validation Costs of losses Leakage Management:
¢ D R h r I n D I I l n I n water audit el 2y s + by subcomponent + Active Leak Detection
el STl Do « in aggregate « Pressure Optimization

Apparent & *Margins of Error * wholesale & retail * Repair Time Reduction
* Network Renewal

* Water Audit: Inputs & Data Validity Grades - A

N A * Theft Mitigation
Level 1 *Data Handling strategies - Meter Optgimiza“on o
validation Real Loss Profile Program design Renewal

*Reported Leakage * Billing Data System
baseline *Unreported Leakage System-specific Integrity
*Background Leakage * Revenue Recovery
technical .
analysis economic )
analysis cost-effectiveness




SUPPORTING
DOCUMENTATION

REQUIRED SUPPLEMENTAL

O Volume from Own Sources O Customer Meter Inaccuracy derivation
broken down by month and meter

O Average Operating Pressure derivation
a  Water Imported

broken down by month and meter O Customer Retail Unit Cost derivation

a  Water Exported ) ) deri )
broken down by month and meter Variable Production Cost derivation
Q System Schematic

showing locations of Supply and Export

Meters

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

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

O

Required Supporting Documents are critical for Level 1 Validation



WATER SUPPLIED DATA

REQUIRED

O Volume from Own Sources U Customer Meter Inaccuracy derivation
broken down by month and meter

SUPPLEMENTAL

U Average Operating Pressure derivation
O Water Imported
broken down by month and meter L Customer Retail Unit Cost derivation

O Water Exported O Variable Production Cost derivation
broken down by month and meter

O System Schematic

O Supply Meter Test Records showing locations of Supply and Export Meters
for all supply meters, if conducted

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

EemPlE o SuppoTTnE Documentation Tor System Schematic Example of Supporting Documentation for all Water Supplied Volumes
TM Volume from Own Sources
finished P’ tré-d UNITS = Gal
A water meter b——> distribution water export Manth Mater 1 Meter 2 Meter 3 Maonthly Distribution Totals
raw water MNovember 2030 254, 860 132650 45, 606 " 432, 115.67
impart RL December 2020 355,890 111,780 30,586 © 458, 255.80
January 2021 339,870 111,056 27,764 : 478,690.00
. February 2021 279,900 91,456 22,864 . 394,220.00
P27 distrioution ¢ March 2021 379,860 124,096 31,024 534,980.00
Potable e ___ Ow: Qw2 April 2021 439,890 143,720 35,930 © 619,490.00
Raw line — wo A" May 2021 579,780 189,448 47,362 © £16,590.00
Miter A @] held June 2021 599,780 195,984 48,996 B44, 760.00
we L4

Jully 2021 679,750 222,112 55,528 957,390.00
Treatment faciity G2 August 2021 719,730 235,176 58,794 © 1,013,700.00
Pumping stations 0 September 2021 599,780 195,984 48,996 : 844, 760.00
Storage Tank ' October 2021 479,820 156,784 39,196 . 675, 800.00
Well Meter o November 2021 399,850 130,656 32,664 563,170.00
December 2021 359,870 117,592 29,398 506,860.00
January 2022 345,770 106,330 34,010 : 486,110.00
February 2022 340,020 101,220 34,670 475,910.00
VOS Total 5,857,830 1,914,064.00 478,516 8,250,410.00

Notes:

No water exported




AUTHORIZED CONSUMPTION DATA

REQUIRED SUPPLEMENTAL

U Volume from Own Sources O Customer Meter Inaccuracy derivation
broken down by month and meter
- Average Operating Pressure derivation
O Water Imported i
broken down by month and meter U Customer Retail Unit Cost derivation

O Water Exported U Variable Production Cost derivation

broken down by month and meter ;

-0 System Schematic

O Supply Meter Test Records showing locations of Supply and Export Meters
for all supply meters, if conducted !

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

Example of Supporting Documentation for Authorized Consumption

[Billed M d Authorized C ption (BMAC)
Month »21 F-21 M-21 A-21 M-21 »21 21
Residential 122,394 100,795 136,793 158,392 208,790 215,989 244,788
Commericial 85,053 70,044 95,060 110,069 145,091 150,094 170,107
leitted u d Authorised Ci ion (BUAC)

100,000 100,000 100,000 100,000 100,000 100,000 100,000

74,660 61,485 83,444 96,619 127,362 131,753 149,321
nbilled U d Authorized C ion (UUAC)
for 2021 (Gal)
Unbilled Unmetered Customers 3,000,000 residential only - estimated at X gal/month/connection

Enbﬂh‘ Metered Authorized Consumption (UMAC)

WQ flushing 23,500

Complaint flushing 590

Repair flushing 8,500

Fire Department 17,580

New construction flushing 22,200
Street cleaning 9,800

Sewer jetting 41,500



AWWA FREE WATER AUDIT SOFTWARE - INSTRUCTIONS
WORKSHEET

AWWA Free Water Audit Software v6.0

American Water Works Assodstion Copyright & 2020, All Rights Reserved.

This spreadsheet-based water audittool is designed to help quantify and track water losses associated with water distribution systems and identify areas for improved efficiency and cost recovery. It provides a "top-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 M36 Manual for Water Audits for
detailed guidance on the water auditing process and targeting loss reduction levels. This tool contains several separate worksheets. Sheets can be accessed using the tabs atthe bottomn of the screen, or by clicking the TOC
links below.

In order of appearance
in the Worksheet

Table of Contents (TOC) Enter Basic Information Key of Input Acronyms

Mame of Utility. |County Water Utility VOs§

Mame of Contact Person: [John Smith, Manager VOSEA
Email: Wi

Telephone | Ext. WIEA
CityTown/Municipality: WE
State / Province: WEEA

BMAC
BUAC
UMAC
UUAC

Volume from Own Sources

VOS Error Adjustment

Water Imported

Wl Error Adjustment

Water Exported

WE Error Adjustment

Billed Metered Authorized Consumption
Billed Unmetered Authorized Consumption
Unbilled Metered Authorized Consumption
Unbilled Unmetered Authorized Consumption

Start Page The_currerjt sheet. Enter contact information and basic
audit details.

Worksheet Enter the required data on this worksheet to calculate the

water balance and data grading. BT

- Answer questions about operational practices for each
Interactive Da
Grading audit input, and the data validity grades will automatically
populate.

USA
Mov 02 2022
2021

Country:
Audit Preparation Date:
Audit Year:

Dashboard Review NRW components, performance indicators and

graphical outputs to evaluate the results of the audit.

Enter notes to explain how values were calculated,
Notes document data sources, and related information about
data management practices.

Audit Year Label: |Calendar

[(Fiscal, calendar, etc)

Audit Period Start Date: |Jan 01 2021

Audit Period End Date: |Dec 31 2021

Volume Reporting Units: |Million gallons (US)

SDHE
[ ]]
uc
Lm

Systematic Data Handling Errors
Customer Metering Inaccuracies
Unauthorized Consumption
Length of mains

Mumber of service connections

Water System Structure:|Retail Nc
Water Type: |Potable Water Lp

System ID Number: AOP
Validator Mame/D: CRUC
‘Validator Email: VPC

Estimated Total Population Served by Water Utility:

Average length of (private) customer senvice line
Average Operating Pressure

Customer Retail Unit Charge

‘ariable Production Cost

Blank Sheet By popular_demand! Ablank sheet.
The world is your canvas.

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

Loss Control Use this sheet to interpret the results of the audit validity

Planning score and performance indicators. Color Key

Calculated

Userinput [ ]

Optional default |

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

OCESS. Guidance for the Worksheet

Guidance for the |nteractive Data Grading

Choosing to enter unit of percent or volume Use acronym buttons in IDG header to navigate among inputs. Acronym Key above.
(applies to VOSEA, WIEA, WEEA, CMI) White = needs answers, orange = complete, clear = not required. Example below.

choose entry option:
1.00% percent or VoS || vosea | Wi Loz

| wolume 25.000 | SDHE cm uc Lm Ne Lp AOP

Service Connection Diagrams depicting possible customer service
Diagram connection line configurations.

BMAC
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)
choose entry option:

0.25% _ieianl or Grade will populate when all visible questions

Iﬂ DTN are complete for an input

The limiting criteria will be labeled along the right. If only 1 limiting criterion is
shown, impraving on that criterion will achieve a higher data grade. If multiple
limiting criteria are shown, improving on each limiting criterion is necessary to
achieve a higher data grade. A complete inventory of data grading criteria is
available in the Data Grading Matrix v6.0 (see web resources)

After clicking an acronym buttan, answer all visible questions in
AWWA Web Resources for Water Loss Contral the order they're presented, choosing best-fit answer
hittps:ihwww.awwa. org/Resources-Tools/Res ource-TopicsAWater-Los s-Contr
ltems referenced in the Free Water Audit Software v6.0 on the web:

Data Grading Matrix v&.0

Example Water Audit v6.0

‘Water Audit Compiler va.0

AWWA Reports on Performance Indicators

M35 Manual

Limiting

f you have questions or comments regarding this software please contact us at: wlc@awwa.org




AWWA FREE WATER AUDIT SOFTWARE
WORKSHEET

Water Audit Report for: Pre-Release Example Audit - Review Only
Audit Year: 2019 Jan 012019 - Dec 312019 | Calendar

To access definitions, dlick the input name All volumes to be entered as: MILLION GALLONS (US) PER YEAR

‘Water Supplied Error Adjustments
WATER SUPPLIED choose entry option:
Volume from Own Sources: L 1,000,000 [ 1.00%] percent |
Water
Water

WATER SUPPLIED:

AUTHORIZED CONSUMPTION

Billed Metered: n [ g | 8
Billed Unmetered:| n | 9 |
Unbilled Metered:| n | g |

Unbilled Unmetered: n | 9 | 4

AUTHORIZED CONSUMPTION: | 886,000 morvr

WATER LOSSES [ 25088 vorve

Apparent Losses

Default option selected for Systematic Data Handling Errors, with automatic data grading of 3
Systematic Data Handling Errers:| n | g |
Customer Metering | ies: n | 9|
Uneuhorzed onsumpion [0 [0

Default option selected for Unauthorized Consumption, with automatic data grading of 3
Apparent Losses:

Real Losses: || 112:263 oY
WATER LOSSES: | 1251088 Marvr

NON-REVENUE WATER

NON-REVENUE WATER: | 140.099 movr

Length of mains: n [ g | (including fire hydrant lead lengths)
Number of service connections:| n | @ | 8 | 5,000 (active and inactive)

SYSTEM DATA

Service connection density:

Are customer meters typically located at the curb
'n|al
Awvarage length of customer service line has been set to zero and a data grading of 10 has bean applied

Average Opsraing Pressure. [0 [0 |81 [ 600] s

COSTDATA

Customer Retail Unit Charge: | n | a | 7 $2.00][$:1000 gallons (US) Total Ani rating Cost
Varae Production Cost [ n |9 13| $500.00 suamon okons [ 52800000 Jsv otonatiosy




AWWA FREE WATER AUDIT SOFTWARE - DATA GRADING

« Components are assigned a Grading from 1-10 based upon the validity of the
source data and operational practices

* Interactive Data Grading Matrix worksheet gives criteria for grading components
according to utility operations and practices

« Grading criteria is a process-based approach

Test Utility AWWA Free Water Audit Software: Interactive Data Grading §

] e | ewac_ | uuac I
e |

White = incomplete -
Orange = complete
Use acronyms for navigation
go to input Volume from Own Sources (VOS) - Data G ng Criteria go o notes

vos Criteria Question Select Best-Fit A rs to All Visible

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? >09%

For questions 2-10 below: Choose the answer that applies for those meters that measure >30% of the finished water volume.

In-situ flow accuracy testing refers 1o a test process that confirms the flow measuring accuracy of the primary device (the flowmeter), in its installed location,
Electronic calibration refers to a process that checks for error in the metering secondary device(s) and/or the tertiary device(s).

Secondary device can include meter transmitter, DP cell, chart recorder or similar instrumentation.

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

vos.2 ‘What is the frequency of electronic calibration? Annually

What level of data transfer errors are checked as part of the electronic calibration |00 secondary device(s) AND teriiary devioe{s)

process?

vos.4 Is the most recent electroni i docur available for review? Yes

vos.5 ‘What is the frequeney of in-situ flow accuracy testing? Less than annual but within last 5 years

vos.6 Is the most recent in-situ flow accuracy testing documentation available for review? |Yes

vos.7 ‘What are the total volume-weighted average results of in-situ flow accuracy testing
{(during or closest to audit year)? -
Have testing and calibration procedures been closely scrutinized for complian At 26% or greater

vos.8 Between +3% to 6%

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

vos.9 ‘Which best describes the frequency of finished water meter readings?

'Which best describes the frequency of data review for anomalies/errors? These
vos. 10 can include numbers that are outside of typical patterns, and zero or 'null' values
that may reflect a gap in data recording.

FINAL DATA GRADE FOR THIS AUDIT INPUT:




AWWA FREE WATER AUDIT SOFTWARE - DATA GRADING

Test Utility

2019

White= i

ncomplete

Orange = complete

Use acro

nyms for navigation

AWWA Free Water Audit Software: Interactive Data Grading §

“vos fvosea | w

Limiting

go to input Volume from Own Sources (VOS) - Data Grading Criteria gotonotes

vos Criteria Question Select Best-Fit Answers to All Visible Questi
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? >99%
For questions 2-10 below: Choose the answer that applies for those meters that measure >90% of the finished water volume.
In-situ flow accuracy testing refers to a test process that confirms the flow measuring accuracy of the primary device (the flowmeter), in its installed location.
Electronic calibration refers to a process that checks for error in the metering secondary device(s) and/or the tertiary device(s).
Secondary device can include meter transmitter, DP cell, chart recorder or similar instrumentation.
Tertiary device can include SCADA, historian or other computerized archival system.
vos.2 What is the freq of electronic calibration? Annually
vos.3 ::’::etslz\;el of data transfer errors are checked as part of the electronic calibration B o TR e dary device(s) AND tertiary device(s)
vos.4 Is the most recent electronic calibration d itation for review? Yes
v0s.5 What is the frequency of in-situ flow accuracy testing? Less than annual but within last 5 years.
vos.6 Is the most recent in-situ flow accuracy testing documentation available for review? |Yes
vos.T Whgt are the total volum_e-welghted average results of in-situ flow accuracy testing At or within £3%
(during or closest to audit year)?
vos.8 Have testing and calibration procedures been closely scrutinized for compliance Yes
. with procedures described in the AWWA M36 and/or M33 Manual(s)?
vos.9 Which best describes the frequency of finished water meter readings? Continuous
Which best describes the frequency of data review for anomalies/errors? These
vos, 10 |can include numbers that are outside of typical patterns, and zero or ‘null’ values | Daily
that may reflect a gap in data recording.

FINAL DATA GRADE FOR THIS AUDIT INPUT:

Limiting

 Includes questions regarding practices, policies, and grading criteria selections

 Automated Data Grade selections

 Includes guidance for improvement to the next grade shown as ‘Limiting’

criteria

e




AWWA FREE WATER AUDIT SOFTWARE
QUANTIFYING DATA VALIDITY

Data Validlity Score (DVS)

* A composite calculation based upon the gradings of the individual water audit
components

» Represents the overall validity, or trustworthiness, of the data and is an indirect
assessment of the utility’s processes to supply and deliver water

AWWA Free Water Audit Software: Dashboard 90 to worksheet o to grading go to references
‘ FWAS v6.0_PR Water Audit Report for: Example Water Utility Audit Year: 2020 Calendar Jan 01 2020 - Dec 31 2020

Data Validity Jhctual KPlresull Key Performance Indicators Targe
Data Validity Score: 65 Data Validity Tier:  Tier Ill (51-70) gauge %iles per validated industry ranges®
See Loss Control Planning for Tier Details 750 %ile
Tier Il (26-50} Tier 11l (51-70)

Data Validity

Data Validity Score: Data Validity Tier:  Tier lll (51-70)
See Loss Control Planning for Tier Details

Tier IV (71-90)

Tier | (225)

Tier V (91-100)

NRW Components Summary h

Total Volume of NRW = 87 MG/Yr Total Cost of NRW = Tier Il (26_50 Tier 1l (51 -70)
83,678/Y
100 . T 590,000
0 - $80,000
g ® L s70,000
] .
= 70 4
= L 560,000 Tier IV (71-90)
E ]
E w0
S 850,000 Average Operating Pressure
50 A 0000 742 psi .
40 ! e 90th %ile Tler I (525)
 $30,000
30 & A\
o P 75th %ile ;
20 [ . i
. - Tier V (91-100)
10 £ $10,000 107 %ile
Infrastructure Leaka J
25th %ile 23 d
g -0 10th %ile See UARL definition for additional guidance ont
Real Losses i (UARL) Ui idable Annual Real Losses 31.3 MG/Yr 17.2
Systematic Data Handling Erors. Unh||\ed Unme!ered Authorized Cons. Guidance Information for Key Performance Indicators
+ The eight indicators shown are the recommended suite per the KPI data by cohorts may be found in WRF 4695 Guidance
ML e R el e SRS AWWA Water Loss Control Committee 2020 Position on KPIs™. Manual, Appendix B (2019)°.
e o + Asuite of KPIs is necessary, as no single KPl can holistically - Actual KP! results that fall below 101 %ile or above 90" %ile do
olume alue Basis of Valuation communicate water loss performance for a given water system. not necessarily imply error, but should be viewed with scrutiny.
MG/Yr $Yr + See Ta.blj '1 bel;;w !\u\;v\\’/\sl:\s Ma;n.d L[“"a“gnsthl' <=:a::h K:l, + Percentiles not intended to imply targets. Targets may be input
excerpted from the ater Loss Control Committee by user for i desired, on
Apparent Losses B 202 CRUC Report (2020)1, with naming conventions updated. . She UARL and ILIin Definitions tab for dis cussion of size and
Real Losses 73 $40,483 VvPC + Percentiles (%iles) shown on KPI gauges come from Level 1 pressure limitations.
Unbilled Authorized Cons. 22 $1,263 VPC validated data in the AWWA WLCC Reference Water Audit + Systems that fall on the extreme ends of size or connection
Non-Revenue Water 87.0 583,678 Blended Dataset (2020)%. density should use caution when interpreting Unit Losses KPIs.
: " + KPI %iles shown above are not segregated by cohorts. Limited




AWWA FREE WATER AUDIT SOFTWARE
WHAT DOES THE DVS MEAN FOR MY WATER UTILITY?

e Water Loss Control

Planning Guide

Gives guidance on
interpretation of the
Data Validity Tier
(DVT)

Represents a
continuum of process-
based assessments

Higher validity =
more reliable
assessment of water
loss standing and
greater loss control
opportunities

Water Loss Control Planning Guide

Water Audit Data Validity Tier (Score Range)

Functional Focus
Area

Tier 1 (1-25)

Tier 11 (26-50)

Tier lll (51-70)

Tier IV (71-90)

Tier V (91-100)

Audit Data Collection

Launch auditing and loss control team;
address supply metering deficiencies

Analyze business process for customer
metering and billing functions and water
supply operations; Identify data gaps;
improve supply metering

Establish/revise policies and procedures
for data collection

Refine data collection practices and
establish as routine business process

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

Short-term loss control

Long-term loss control

Target-setting

Benchmarking

Research information on leak detection
programs; Begin flowcharting analysis of
customer billing system

Conduct loss assessment investigations
on a sample portion of the system:
customer meter testing, leak survey,
unauthorized consumption, etc

Establish ongoing mechanisms for
customer meter accuracy testing, active
leakage control and infrastructure
monitoring

Refine, enhance or expand ongoing
programs based upon economic
justification

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

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

Begin to assemble economic business
case for long-term needs based upon
improved data becoming available
through the water audit process

Conduct detailed planning, budgeting
and launch of comprehensive
improvements for metering, billing or
infrastructure management

Continue incremental improvements in
short-term and long-term loss control
interventions

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

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

Evaluate and refine loss control goals on
a yearly basis

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

Performance 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 validity scores of 50 or below, the shaded blocks should not be focus areas until better data validity is achieved.




ACCURACY IN THE WATER BALANCE

Where does error sneak in?

Water Exported
(WE) Revenue Water
(corrected for known Billed Water Exported (Exported)
errors)
-~ -r= - _—— - _—— - -
Billed Metered Consumption (BMAC)
Billed Authorized Consumption (water exported is r d) Revenue Water
Volume from Own Authorized
Sources (VOS) Consumption Billed Unmetered Consumption (BUAC)
(corrected for known
errors) - n -
Unbilled Authorized Consumption Unbilled Metered Consumption (UMAC) Non. Re;::n:ﬁ Water
Unbilled Unmetered Consumption (UUAC)
System Input
Volume Water Supplied Systematic Data Handling Errors (SOHE)
Apparent Losses
Customer Metering Inaccuracies (CMI)
Unauthorized Consumption (UC)
Water Losses
Water Imported (W) Leakage on Transminion and/or Distribution
(corrected for known Mains
errors) Real Losses Not broken down
Leakage and Overflows at Utility’s Storage
Tanks
Not broken down
Leakage on Service Connections
Not broken down

* Primary instrumentation
» Secondary data management, archival, and summary

* Interaction with data and methodology; estimation



Impacts of Data Validation for a Particular Water Utility - DVS Decreased!

Pre-Level 1 Validation

Data Validity

Data Validity Score: 82 Data Validity Tier:| TierlV (71-90)
See Loss Contral Planning for Tier Details

Tier Il (26-50) Tier Il (51-70)
Tier IV (71-90)
Tier| (25)
TierV (81-100)

NRW Components Summary

Total Volume of NRW =201 Acre-  Total Cost of NRW =
250 ftYr $30,043Yr %35 000
- $30,000
= 200 -
% - $25,000
=
g 190 - $20.000
=
;Q
L E
100 - $15,000
- $10,000
50
- $5,000
0 | — | &

- Real Losses Unautherized Consumplion
Systematc Data Handling Errors Unbiled Unmetered Auth Cons

-Custﬂmer Metering Inaccuracies -Unbilled Mefered Authorized Cons

Infrastructure Leakage Index (ILI)
1.3 dimensionless

Graphics are from FWAS Dashboard worksheet

Post-Level 1 Validation

Data Validity

Data Validity Score: 69 Data Validity Tier:  Tierlll (51-70)
See Loss Control Planning for Tier Details

Tier Il (26-50) Tier Il (51-70)
Tier IV (71-90)
Tierl (s25)
Tier V (91-100)

NRW Components Summary

Total Violume OfNRW 201 Acre- Total Cost of NRW =
250 MRHINT 5140000
+ §120,000
= 200 -
= N
Y $100,000
<
g 190 - 580,000
=
;Q
100 - - 350,000
540,000
50 4
- 520,000
0 - - 80
-Real Losses Unauthonzed Consumpéon

Systematc Data Handling Errors Unbiled Unmetered Auth Cons
- Customer Mefenng Inaccuracies Unbilled Metered Authenzed Cons

Infrastructure Leakage Index (ILI)
1.2 dimensionless
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Level 1 Validation Session

e One-on-One validation session
with your water audit

validator

Annual
Water
Balance
Annual M36
water audit

Apparent &
Real Loss
volumes

Level 1
validation

baseline

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

technical
analysis

Costs of losses
* by subcomponent
* in aggregate

« wholesale & retail
Costs of
intervention
strategies

Program design

System-specific

economic
analysis

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

cost-effectiveness




WATER AUDIT BOUNDARY

== Direction of potable water flow
== Direction of raw water flow

] Utility-operated production facility
. Potable distribution system
. Neighboring distribution system

‘ Meter

Treatment Plant

Potable Distribution System

Image: WRF 5057



WATER AUDIT BOUNDARY

== Direction of potable water flow
== Direction of raw water flow

. Utility-operated production facility
. Potable distribution system
. Neighboring distribution system

Treatment Plant

eters that form example water audit boundary
Meter used to determine volume from own sources (VOS)

Meter used to determine water imported (WI)
‘ Meter used to determine water exported (WE)

eters that are not part of example water audit boundary
Meter not used to determine VOS, WI, or WE

Image: WRF 5057



LM Wells

Lake Mary

DP

LM WTP

Surface
Water

Mag
Meter
(full
bore)

Zone B flow

3 LM Well Flow
learwell poe 003

City Flow
(not
functional
last 3
months;
velocity
too low
(36” line),
very deep

Plant use
meter #1
(inactive)

Filter wash

feed; metered vau’lt
but no (207)

totalizer

Filter wash
feed;
metered?

(to Filter Building)

Plant use
meter #2

WATER AUDIT BOUNDARY - EXAMPLE

Woody Mtn

Booster

Station

Distribution

Network

poe 004

Foxglenn well

S O)

poe 003a

Sinagua well

I

poe 006

Interchange well

I

poe 007

Main

Shop well

I

Storage

Res

poe 008

Rio well

I

poe 009

Tuthill well

I

poe 005

Continental well

I

poe 010

McAllister well

I




DETERMINE NEXT APPROPRIATE
STEPS

- Production Meter Testing

High Loss High Loss
Low Confidence High Confidence Detailed Billing Data Analysis

(%)
e
_ b i
— () Large Customer Meter Testing
+—
g
||I Leak Detection
Low Loss Low Loss -
Low Confidence High Confidence
)—bﬁ, Real Loss Component Analysis
. ||
Loss Profiling &
» Uncertainty
Annual M36 Advanced Validation Costs of losses Leakage Management:
water audit “Level 2 Analytics * by subcomponent * Active Leak Detection
H *Level 3 Field Study « in aggregate * Pressure Optimization
a ta O n I e n C e Apparent & *Margins of Error * wholesale & retail * Repair Time Reduction
Real Loss Apparent Loss Profile Costsof © Wz ez
volumes :Meter — interve'ntion Re:/TeJl:eMl?trioat:::ion:
Le\{el 1 “Data Handling strategies Lo Optgimization .
validation Real Loss Profile Program design Renewal
*Reported Leakage « Billing Data System
baseline “Unreported Leakage System-specific Integrity
*Background Leakage * Revenue Recovery
technical economic
analysis analysis cost-effectiveness




Technical Assistance

Infrastructure

Team Effort

Water Audit Compilation

Data Requirements

Operational data to fill out AWWA FWAS v6

No specific requirements

Time to gather data and answer the team'’s
questions during the data review process.

Estimation of Unmetered Authorized
Consumption

Operational data of unmetered water
consumptions

No specific requirements

Time to gather data and answer the team'’s
questions during the data review process.

Level 1 Validation

Completed AWWA FWAS for last year and
additional required supporting documentation

No specific requirements

Time to gather the data and fill out FWAS plus the 2-
hour validation meeting.

Supply Meter Testing

Supply meter type, brand/make information, flow
history data, and piping configuration

Upstream & downstream distance
of straight pipe or nearby tank

Time to gather data and up to 1 day of support
during field testing

Billing Data Analysis

Raw data export from meter reading/billing system
in electronic data format (.xls, .csv, or similar) that
includes meter info, customer info, meter reads,
read dates, billed volumes. Additional detail to be
provided.

Metered customers

Time to prepare the data export

Customer Meter Testing: Test Design or Results
Analysis

Meter summary statistics including size, type, age,
and throughput. Results of all

customer meter tests performed. Additional detail
to be provided.

Metered customers

Time to prepare the data export or
aggregate meter test results.

Real Loss Component Analysis

Completed water audit, detailed leak repair data,
leak detection results (if applicable), infrastructure
summary data including hydrants, valves, service
lines, mains, and storage capacity

No specific requirements

Time to gather data

Leak Detection Survey

Water infrastructure maps or GIS files

Preferable if customer meters are
at curb stop and accessible.

Time to gather data. For field work, effort will vary
depending on utility preference. Field team usually
works independently.

—v"“ “““_



WATER LOSS AUDIT VALIDATION IN
NORTH AMERICA

THE
2015: Water Audits in Water 2021: Level 1 Water
the United States: A Research Audit Validation
Review of Water Losses S UINEATIE Guidance Manual,
and Data Validity Second Edition

2017: Level 1 Water
Audit Validation
Guidance Manual

Unrealistic results of self- Manual develops Manual updated to
reported water audits standardization of align with newer
creates the need for water audit version of the

water audit validation. validation AWWA Water Audit




WATER LOSS AUDIT VALIDATION

Definition: Purpose:

process of examining water audit inputs to
improve the water audit’s accuracy and document
the uncertainty associated with water audit data « Identify and correct errors

Water audit validation aims to:

« Evaluate and communicate uncertainty

Level 1 - interview & summary records
Level 2 - deep data review

Level 3 - new data from the field




WHAT DOES LEVEL 1 WATER AUDIT
VALIDATION DO?

* The Level 1 water audit validation aims to:

e Confirm the accurate application of water audit methodology and terminology to the utility-specific
situation

e |dentify/adjust any evident inaccuracies

e \Validation of practices and policy criteria, and understanding the answers in full context of the utility
operations

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

e Data validity grades that reflect utility practices
e |dentification of macro-level inaccuracies

e 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. Water audit validation does not:

e Correctinaccuracies in raw data that may affect summary data and audit inputs

e [nvestigate data processing and handling to identify and correct inaccuracies

e Study instrument accuracy through field tests to improve the certainty of the water audit

e Corroborate the volume of Real Losses with bottom-up or field investigations of leakage




BROADER COUNTRY WIDE TRAINING INITIATIVE

Pilot Studies | Statewide Programs | Certitication Programs

[ ——
Calgary
Regina
Sept
Winnipeg
Vancouver ‘ ey
b @ Georgia Water Loss Wisconsin M36 Water Loss ~ New Mexico Water Loss
attle
% Program Auditing Control Training Program
Qubec
Portland 3 Ottawa Montreal
Minneapolis ,:.I‘:”
\@ Toronto
Milwslkee Crand
! Rapids Buffala Albatiy
Detroit Boston
Chicago Providence California Water Loss Utah Water System ‘Washington Water Loss
Cleveland = 5 < &
S%kc ven @ Technical Assistance... Efficiency and Water Loss...  Pilot Program
UNITED pittsburgh Newy o
. ;. Columbus Philadelphia
@wer ST ATES Indianapolis FLORlDA p ~ g
Kansas City Cincinnati Washingtbn S e
Sacramento St Louis WATE R - e
o Louisville . 7
Francisco Richmond LOSS :
Fresno % @ Narfalk PROGRAM - | \ | .
Las Yegas Nashville b
@ Oklahoma Knowdlle @ RaMigh : .
aly i, ChaMatte Florida Water Loss Pilot The Catawba-Wateree
@ sl Technical Assistance... Program Water Loss Program
Los Angefes @ i
Pho€nix Birmingham a"@
SanDiego Dallas
Tueson
ElPaso
Austin New Jacksonville
Houston orl
san Antanio La 5
Hermosillo -
Chihuahua
T;ei:a i Arizona Water Loss Pilot Colorado Water Loss Quebec's Water Efficiency
ﬁ-\u Program Initiative Strategy
Torreén Monterrey GUlFof Miami +
Culizcan Mexico S
Havana .
san Luls O
Esri, HERE, Garmin, FAC, NOAA, USGS, EFA Potos 400kml | Powered by Esri

https://arcg.is/1nrHTvVO



https://arcg.is/1nrHTv0

NORTH AMERICAN REGULATORY STATUS
(2021) | | Water Audit Validator

Certification Programs:
« State of California
 State of Georgia

« State of Indiana

» State of Colorado*
« State of Texas*

. Minimum Standards:
« AWWA M36 \Water Balance
« Data Validity Assessment

Governmental Policies n’/’ A " « Level 1 Validation
for Drinking Water Utility

Water Loss Control X A0 Minimum Standards:
E + AWWA M36 Water Balance

« Data Validity Assessment
* No Level 1 Validation (Self-Reported)

@ Minimum Standards:
+ AWWA M36 Water Balance
« No Data Validity Assessment
* No Level 1 Validation (Self-Reported)




States Requiring Level 1 Water Audit Validation
(CA, GA, HI, IN, QBC, TX*)

States With Water Audit Validator
Certitication Programs (CA, GA, IN, QBC)

States Requiring Water Auditing without Level 1 Validation
(CO, FL, NV, MN, NM, NV, TN, WI, DRBC*)

States with Pending Water Auditing Legislation
(NJ, VA)

States Reviewing Current Water Loss Control Policy A
(NJ, WA)

AWWA Section Water Loss Control Committees,
1 State Established Committee
(CA-NV, CO, GA, IN, KY-TN, NJ, SC, TX)

B T

my By (5[ (5
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LEAKAGE EMISSIONS INITIATIVE

Andrew McCarthy

andrew.mccarthy@cavanaughsolutions.com



mailto:Andrew.mccarthy@cavanaughsolutions.com

QUESTIONS?

Drew Blackwell
drew.blackwell@cavanaughsolutions.com

Relevant Roles:

Secretary, AWWA Water Loss Control Committee
Board Member, Alliance for Water Efficiency
Co-author, WRF 5057 Level 1 Water Audit
Validation Guidance Manual

Director of Water Efficiency, Cavanaugh

Andrew McCarthy

andrew.mccarthy@cavanaughsolutions.com

Relevant Roles:

Member, IWA Water Loss Specialists Group
Member, American Biogas Council

Co-author, AWWA Committee Report: Leakage
Emissions Initiative

Business Development Manager, Cavanaugh


mailto:drew.blackwell@cavanaughsolutions.com
mailto:Andrew.mccarthy@cavanaughsolutions.com
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