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Why a water
|0Ss program??



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.
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Focus of SNWA Water Loss Program
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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



What is Water Loss?
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What is Non-Revenue Water? —
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Measuring Performance:
The Three Vs

Water ple Audit - Review Only
Audit Year:| 2019 Jan 012019 - Dec 312019 Calendar
Clok "o add notes
ik g to detorming data ol grade
[To acosss definiions, iick the input name

v MILLION GALL ER YEAR
Water Supplied Error Adjustments.
[WATER SUPPLIED choose entry option:
Volume from Own Sources:[ n | o Ji7 1,000,000 Mo [0 ]8 [ 700%] percent oversegisration |
Water Imported: | n | 9 et
Water Exported: | n | 9 MGYr
WATER SUPPLIED: 990099 wGYr
|AUTHORIZED CONSUMPTION
Siled Metered: | n [ 0 |18 850.000] 1o
Billed Unmetered:| n | g MGYr
Unbilled Metered. n | 9| e choose entry option
Unbilled Unmetered:| n | 9 |14 15,000 MGrvr custom [15.000 morve
AUTHORIZED CONSUMPTION: 865000 1Grvr
[WATER LOSSES 125.089 wGrYr
[Apparent Losses
o, choose entry option:
‘Systematic Data Handling Errors:| n | 9 | 3. 2125 morve 025% defaut
Customer Metering Inaccuracies:| n | 9 | 1 8585 Mo 1.00% | percent under-registration
Unauthorized Consumption| n | 0| 3 2125 e 025% _ default
Apparent Losses: 12836 wmorvr
[Real Losses
Roal Losses: 112263 oy
WATER LOSSES: 125089 mGYr
[NON-REVENUE WATER
NON-REVENUE WATER: 140088 MGYr
svsTemDATA
Length of mains: [ 'n | 0 |1 2000/ mies (imchuding fire hydrantlead lengths)
Number of senice connections: | n | 9 | 5 5000 (actio and inactie)
Service connection density: 25 conn mis main
Are Yes.
boen sat
Average Operating Pressure: n | 9 |13 500 psi
[cosTDATA
Gustomer Retai Unit Charge: [0 | & | 7 52,00/ 571000 gotons (US) Totel Annuel Operating Cost
Variable Production Cost [ n | 9| 3 $500.00/ $Mibon galons 52,600,000 iy (ptonal nput)
ats vatiey i Ky Performanee Inicaiors i o e
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Count of How familiar are you with the current version of
AWWA Free Water Audit Software?

Advanced - | have bee...

5.6%
Beginner - I've seen th...

11.1%

Intermediate - | have a...
16.7%

Unfamiliar - I'm learnin. ..
66.7%




Million Gallons
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Intervention

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
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Economic Optimu

Aggressive Intervention is
Over-Spending

Example: replacement of
pipes and meters before their
optimal useful life

COST ($M)

m Level of

ntervent

Economic Optimum NRW
& Intervention

Economic target from
benefit-cost design (M36)

'— == == == New Supply =— =

on

Reactive Intervention is Over-Spending
Example: fixing only leaks that surface,
replacing meters only when they stop

Total NRW Cost

S — C0 st Of INtervention

NRW (Volume)



Program Design
& Key Concepts



A quick note on some firsts in this
program....

 Launched immediately after the release of
AWWA Free Water Audit Software Version 6
 Shifted from in-person to totally remote



Show participants
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On a scale of 1 to 10, how effective do you think the
virtual workshop format was for the goals of teaching
key concepts and utility-specific application? (1 being
not effective at all, and 10 being highly effective)

¢¢ Only thing missing was
stale donuts. :) 2’



Establish Your Team

* Supply Metering

* Customer Metering
* Billing/Finance

* Management
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Gather Data & Compile Water Audit

* 2019 Data
* Data Request Sheet/Supporting Documentation
* Water Audit: Inputs & Data Validity Grades



Assemble the Supporting
Documentation

SOUTHERN NEVADA

Example of Supporting Documentation for all Water Supplied Volumes

Southern Nevada Water Authority

Water Loss Program CAVANAUGH
WATER AUTHORITY & Volume from Own Sources, Water Imported, Water Exported
I\ = I\
Well 3 Export E-1 Monthly Distribution Totals
& Timeframe for the data requested unles
back end (November 2018 through Feb |z| |Z| E
& Format for the data requested: Excel p
45.61 - 197.60
1. Calendar Year 2019 water audit, in AWW, 30.59 N 236.68
participants with adequate time before the 36.22 - 304.67
a. Just do your best to complete the 32.58 - 257.74
b. If you also are tracking water loss i - 32.04 - 246.59
2. Water Supplied WELCOME TO_THE - 5.18 191.36
o Basic schematic showing where sup =l : 32.85 43.79 151.72
export or import meters, and press S O U T H E R N N E VA DA WAT E RW.F'H\O R I T Y 35.91 22.46 126.58
o Inventory or your finished water mg 64.49 = 154.46
o Provide your current policy for flow £ WAT E R L o s s s I T E 61.89 = 123.32
o Provide all available records/repo 61.18 = 120.17
and/or purchase meter. 65.44 = 183.87
zxample of Supporting Documentation for Bi This site has been developed for participants of the
outhern Nevada Water Authori ater Loss rrogram.
Southern Nevada Water Auth Water Loss P
Manth May 2017 lune 2017 P1’ treated
Single Family Residential 3115 distribution water export
Multi Family Residential 16.07
Commericial/Institutional 1267 R1
Industrial 120
Landscape Irrigation 10.02
Municipal 345
Water Department 142 Dotable line O wi O w2
Recycled 853 811 10.08 804 1083 1195 1220 12 Raw line w3
wa O O
well field

WATER AUDIT TOTALS
excludes recycled water occo

Billed Metered Authorized Consumption: 1,051.33 MG includes SF Residential, MF Re: umping statlons
Billed Unmetered Authorized Consumption NfA all billed customers have o mel Storage Tank '
Unbilled Metered Autherized Consumption: 17.27 MG this includes our own facility u

Unbilled Unmetered Authorized Consumption: this includes minimal flushing, Well Meter O
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Workshop and Level 1 Validation Session

* Learning: Key Concepts of Water Auditing and Loss Control
Programs (AWWA M36 Methodology)
* Application: Breakout Level 1 Validation Sessions (2019 Data)



AWWA M36 Methodology —
Water Auditing & Loss Control

Uy,
bea”oil/ a0 h"?p
ef@,_ O’?y (pr:; /14, 06"’9//&?}} ‘rf(,dy
e, A U Y 15 S
o, S \%{ 3, 7oy, L
M36 M36 ey %, & Y, 9y, %, %,
Op . ©L
15t Ed. 2nd Ed. 4 Lo : T /o@;” "y, ‘\\ \ ‘Igéasgrch
COMMITTEE REPORT: wate'
Applying worldwide BMPs ——— Research (o) American w
.water loss control : an fondston 7 Water Works :0 Foundation
Association
Ongoing Research & Development:
Performance Indicator Task Force
,,,,,, WRF 4695-Effective WLC Planning
( 1991 1999 2003 2006 2009 2010 2014 2019 2020
AWWA Audit SoftwareAWWA Audit  AWWA Audit AWWA Audit
vl Software v4 Software v5 Software v6

NORTH AMERICAN

California

AWWA Compiler &
developed for large audit

RF Real Loss

sets =

omponent Analygilg Model

=




AWWA Free Water Audit Software

Water Audit Report for:
Audit Year:

[To accass definitions, click the input name

Pre-Release Example Audit - Review Only
2019 Jan 01 2019 - Dec 31 2019
Click 'n’' to add noles
Click 'g’ to determine data validity grade

L2 ]
WATER SUPPLIED
Volume from Own Sources:| n | g | 7 1,000.000| MGryr
Water Imported:| n | @ MG
Water Exported:| n | 9 MGYT
WATER SUPPLIED 990.099 MGYT
(AUTHORIZED CONSUMPTION
Billed Metered:| n | g | 8 850.000| MGYT
Billed Unmetered:| n | 9 MGYT
Unbilled Metered:| n | g MGYT
Unbilled Unmetered:| i | 9 | 4 15.000 marvr
AUTHORIZED CONSUMPTION 865.000 mGrYT
(WATER LOSSES 125.089 MGrYr
(Apparent Losses
Default oplion selected for Systematic Data Handling Errors, with automatic data grading of 3
Systematic Data Handling Errors; n | 9 | 3 2,125 MGrYr
Customer Metering Inaccuracies:| n | 9 | 1 8.586 MGrvr
Unauthorized Consumption:| n | 9 | 3 2125 MGy
Default option selected for Unauthorized Consumption, with automatic data grading of 3
Apparent Losses: 12.836 MGYr
Real Losses
Real Losses 112.263 MGHYT
WATER LOSSES 125.088 MGrYr
NON-REVENUE WATER
MNON-REVENUE WATER 140.099 MGYr
SYSTEM DATA
Length of mains: n | @ | 1 200.0| miles
Mumber of service connections:| n | g | & 5,000

Service connection density:

25 conn./mile main

Calendar

All volumes to be entered as: MILLION GALLONS (US) PER YEAR

Water Supplied Error Adjustments

choose entry option:

9|8 1.00% percant

choose entry option:
15.000

custom

choose entry option:

0.25% | default
1.00% | percent
0.25% . default

(including fire hydrant lead lengths)
(active and inactiwe)

over-registration

MGYr

under-registration

Total Annual Operating Cost

Are customer meters typically located at the curbstop/property Yes
n|gjio
Average length of customear samice ing has been sat 1o 2ero and a data grading of 10 has been applad
Average Operating Pressure:| n | g | 3 50.0) psi
COSTDATA
Customer Retail Unit Charge:| n | g | T $2.00| |$/1000 galions (US)
‘Variable Production Cost:| n | 0 | 3 $500.00| $Milion gallons $2,500,000

$/yr (oplional input)

Data Validity
Data Validity Score: | &5 Valicity Tior: | Tise Al (55765
Sew Loss Conte Planning fo Tiee sl
— Tel

Tera

American
Water Works
Association

L i Kay Performance Indicators 15 e wunsten
g N par et ry amges®
v e
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Leve

Service |Customer Location Location Address Depart
WA 6 41017 KART Building Building

IR 6 505 301 N Fifth St. Building
WA 6 505 301 N Fifth St. Building

IR 6 37a07 Fire Hydrant Contrac

IR 6 23723 S Side [-40/Fairgounds S5 Contrac
WA 5] 2913 1650 Harrison St. Fire De
WA 6 7737 3345 Harrison St. Fire De
WA 6 12857 302 Eastern St. Fire De
WA 6 26931 4000 Sierra Rd. Fire De
WA 6 33765 Tank Haul Fire De
WA 6 33769 Tank Haul Fire De
WA 6 33N Tank Haul Fire De

IR 6 40831 Fire Hydrant Fire De
WA, 6 5503 3000 Fairfax St. GolfCa |
IR 6 23757 Golf Course Golf Co |
WA 6 23875 1001 Gates Ave. Golf Co

IR B 25049 1003 Gates Ave. Golf Co
WA 6 25049 1003 Gates Ave. Golf Co

IR 6 25051 1005 Gates Ave. Golf Co

IR 6 25053 1007 Gates Ave. Golf Co

IR 6 25055 1009 Gates Ave. Golf Co
WA B 27099 1011 E. Gates Ave. Golf Co

IR 6 28703 1013 Gates Ave. Golf Co |#
IR 6 40965 402 E. Andy Devine Grants
WA 6 40965 402 E. Andy Devine Grants

|R = AAQAE FEarctarn Dathusar Crante

IR T

R |/ i ]
R I T T

3

:
TIE

1 Validation Efforts

STORAGE TANKS

I v s 1
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The Water Balance & Water Auditing

Billed Water Exported

Water

Exported

Billed

‘ - Authorlzed :
Water balance

Revenue
Water Billed Metered Consumptlon

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, 4% Ed.

Losses
Real
Losses

Leakage on Mains

Leakage on Service Lines

Leakage & Overflows at Storage




Level 1 Validation

Fgaﬁ?jﬁ,onm ESTABLISHING WATER UTILITY GUIDANCE AND

METHODOLOGY FOR WATER AUDIT VALIDATION

@ Water WRF PROJECT 4639:

Data validation — a quality control
process conducted to the water audits

submitted by water utilities. verify, and P U rpose Of I—evel 1
improve as needed, the data inputs and Va | |d atiO N

gradings of

Water Loss Audit validation — does not 1. Review of audit

make data inputs or gradings “right” o methodology and volume
“wrong”, but merely aligns them W|th . .

the actual conditions that occurred in determination

the operation of the utility for the audit

year 2. Review of Data Validity

Level 1 -- Top down Data Review
Level 2 -- Top down Data Mining Review
Level 3 -- Bottom up Field Investigation

Grade selection




Data Validity Grading

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

] e | =

orange =compioe IR | N |_AOP_ e

Use acronyms for navigation FWAS v6.0_Gamma. American Water Works Association. Copyright © 2020, All Rights Reserved. details)
go to input Sources (VOS) - Data Grading Criteria go to notes
vos Criteria Question Select Best-Fit Answers to All Visible Questions
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 frequency of electronic calibration? Annually
v0s.3 \:r/::éslz‘,;e] of data transfer errors are checked as part of the electronic calibration Data transfer errors are checked at secondary device(s) AND tertiary device(s)
vos.4 Is the most recent electronic calibration documentation available for review? Yes
vos.5 What is the frequency of in-situ flow accuracy testing? Less than annual but within last 5 years Limiting
v0s.6 Is the most recent in-situ flow accuracy testing documentation available for review? |Yes
vos.7 What are the total vqumg-we|ghted average results of in-situ flow accuracy testing At or within £3%

(during or closest to audit year)?

8 Have testing and calibration procedures been closely scrutinized for compliance Yes

VoS- 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: 7




Volume (MG/Yr)

NRW Profile

NRW Components Summary

Total Volume of NRW = 220 MG/Yr Total Cost of NRW =
250 SLMINT 5350,000
$300,000
200
- $250.000
1o - $200,000
100 - $150,000
- $100,000
50
- 550,000
0 50
- Real Losses Unauthorized Consumpéon
Sysiemabc Data Handling Errors Unbiled Unmetered Auth Cons

- Cusfomer Metenng Inaccuraces Unbiled Metered Authonzed Cons



Supply Meter Testing

Potential Errors in Water Supplied

Billed Water Exported

Billed
Authorized
Consumption

Revenue
Water

*  Meter wear

Billed Metered Consumption

Own Authorized
Sources Consumption
Total

Billed Unmetered Consumption

e Meter location

Input Unbilled
Authorized

Consumption

Unbilled Metered Consumption

° I\/I | . (allow Water Unbilled Unmetered Consumption
eter Se eCthn for Supplied

known

errors )

Unauthorized Consumption

Apparent Non-
Losses Revenue
Water

Customer Metering Inaccuracies

Systematic Data Handling Errors

e Meter data transfer

Water
Losses Leakage on Mains
Real
Losses

Leakage on Service Lines

 Flow data archiving

Leakage & Overflows at Storage



Customer Meter Testing

Goals:

e Study accuracy of the
meter stock

* Calculate an Apparent
Loss volume™* due to
metering inaccuracy

* [nform proactive
management of meter
stock’s accuracy

in the Water Balance, our understanding of Apparent Losses
directly impacts our understanding of Real Losses



Rinse & Repeat with 2020 data

e Data Gathering and Water Audit Compilation
e Level 1 Validation Sessions (2020 Data)



Qutcomes



Million gallons (US)

Water Loss by volume - 2019

mm \Water Losses ——Median (873.49) ~ = 90th Percentile (2310.40)
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1,000

500

-500




Million gallons (US)

2,500

2,000

1,500

1,000

500

-500

Real Loss by volume - 2019

I Real Losses ——Median (390.22) - = 90th Percentile (2006.23)

e
< < < A < < < <
& & & & & S & &
N ~ N o & Q 8 S
RN & S
& & & & N & 8 &

Utility 4
Questionable accuracy of
supply meter




Million gallons (US)

Apparent Loss by volume - 2019

I Apparent Losses ——Median (65.61) ~ = 90th Percentile (709.92)

1,000

900

800

700

600

500

400

300

200

100

Utility 2

Better estimation of CMI




Million gallons (US)

160

140

120

-3
o

a
o

Unbilled Authorized Consumption
Loss by volume - 2019

i Annual Volume of Unbilled Authorized Consumption ——Median (28.30) = = 90th Percentile (95.62)

Utility 3
Own estimation of UUAC
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Common Utility
Recommendations

* Improved understanding of Supply Meter (Import) Master Meter Error: consider
adopting or increasing the rigor of a source meter volumetric testing and
calibration program, informed by the guidance provided in AWWA Manual M36
— Appendix A.

* Level 2 validation on raw data for Billed Metered Authorized Consumption to
determine and resolve any instances of potable volume duplication or non-
potable volume inclusion.

* Provide detailed customized estimate of Unbilled Unmetered Authorized
Consumption: consider producing itemized, agency-specific estimates of
unbilled unmetered (operational) uses per month. Ensure leakage estimates are
excluded.

* Improved estimation of CMI: consider a customer meter testing program which
tests a sample of random meters whose stratification (by size, age, or other
characteristics) represents the entire customer meter stock.



After completing the SNWA Water Loss Program, what is the level of capacity
(e.g., staff, time, expertise, other resources) in your utility to complete water
audits using the AWWA M-36 methodology?

We hay
adequate..
We have
limited...

We have
limited...

We do not have
adequate...

0% 10% 20% 30% 40%: 50% 60% T0% 0% 0% 100%

Powered by (‘} SurveyMonkey'



Do you feel the SNWA Water Loss Program has equipped you to comply with
Nevada AB163?

If no, please
explain why.

0% 10% 200 30% 40% 50% 60% T0% 80% a0% 100%

Powered by h SurveyMonkey*



Aggregate NRW — SNWA Water
Purveyors

SNWA NRW by Volume (MG)
6000

5000
4000
3000
2000
1000

0

2019 2020

5 Billion
Gallons

W Annual Volume of Apparent Losses M Annual Volume of Real Losses B Annual Volume of Unbilled Auth. Consumption

SNWA NRW by Cost ($)

$9,000,000.00

$8,000,000.00
$7,000,000.00
$6,000,000.00
$5,000,000.00
$4,000,000.00 S
$3,000,000.00 8M
$2,000,000.00 Dollars
$1,000,000.00

$0.00

2019 2020

B Annual Cost of Apparent Losses M Annual Cost of Real Losses B Annual Cost of Unbilled Auth. Consumption



Recommended
Next Steps for
SNWA

* Continue to encourage annual
Level 1 Water Audit
Validations

* Conduct a Real Loss
Component Analysis to
develop your leakage profile.

* Conduct an Apparent Loss
Component Analysis to
develop your apparent loss
profile.

* Cost-benefit analysis & target
setting for water loss
components.

* Design & implement water
loss control program for cost-
effective loss reduction and
revenue recovery.

I3

Annual M36
water audit

Apparent &
Real Loss
volumes

Level 1
validation

baseline

%,

Loss Profiling &
Uncertainty

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

Cost-Benefit
& Targets
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
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