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Presentation Objectives

1. Transfer insights from other states in their efforts to increase reliability of water audits

2. Share perspective on how validity training/projects have changed water loss reports
and strategies in other states

3. Share some concrete examples of where audit data led a Utility/State in the wrong
direction — wrong tool, wrong problem

| realize that the group’s baseline knowledge and interest in Water Loss may vary greatly
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AWWA M36: State of the Art

2 Ed.

1t Ed.

o R,
g St
o7
8s,

2
by, //d
Qg g
2

2014

American
Water Works

“ Water
Research
Assoiation Foundation-

Ongoing Research & Development:

Performance Indicator Task Force
WRF 4695-Effective WLC Planning

2017

1991 1999 2003 2006 2009 2010 2015 2016
AWWAAudit AWWAAudit AWWAAUdit
Software v1 Software vd  Software v5
= — = Georgia California
~8,000 downloads to date of
AWWA Compiler -
developed for large ] P
audit sets - =6l LSS
omponent Analysis Model
L3 o
The Big Picture:
L3 o
Economic Intervention
< |J
Gl Cost-Benefit
Water [: M Loss Profilin |::> Intervention
g & Targets E>
Balance
* Annual M36 * Validation * Costs of losses * Leakage
water audit * Level 2 Analytics * by subcomponent Management:
* Level 3 Field Study * in aggregate « Active Leak Detection
* Apparent & . | . ¢ « Pressure Optimization
Real Loss Analyze ) osts o . * Repair Time Reduction
T — sources of |nterve.nt|on * Network Renewal
Apparent Loss strategies S
e Level 1 ) :
P *Program * Theft Mitigation
validation * Analyze 3 types design + Meter Optimization &
of Real Loss J Renewal
baseline « System- o BiIIing‘ Data System
i Integrity
. ﬁ technical SRECITE * Revenue Recovery
[ analysis economic .
@ analysis cost-effectiveness
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Water Audits 101

BILLED
METERED
BILLED AUTHORIZED CONSUMPTION
REVENUE WATER
CONSUMPTION BILLED .
UNMETERED
AUTHORIZED CONSUMPTION
CONSUMPTION UNBILLED
METERED
UNBILLED CONSUMPTION
AUTHORIZED s $ $
CONSUMPTION UNBILLED
WATER SUPPLIED UNMETERED .
CONSUMPTION
CUSTOMER METER NONREVENUE
$$ INACCURACIES WATER
appanentLosses | UNAUTHORLZED .
WATER LOSSES ®
$s8S DATA HANDLING
ERRORS
&  REALLOSSES ¢

what are our distribution system losses?

Mass balance —
process of
elimination

Account for all
water

Accuracy
matters!

Water Audits 101

* Goals of Top Down Water Audit:
Assess Volumes of Water Loss

*  Water Audit Software:

WATER SUPPLIED

<~ Eniergrading n column  and f ——>

et
Ba T000000] i mEs e
Watarimpored B8 I8 1 | werve 1 —
ate g R | warv L —rc
WATER SUPPLIED: v Enter posive % or

cost data, and system data

e collects water balance volumes, | #mecosrer

50,00 warve

'AUTHORIZED CoNSUNPTION: [l 8659 wer

* considers data validity

¢ determines total volumes of

WATER LOSSES (tator Suppled - Authorzed Consumption)
AomarentLosses.

T e v

Unaunorzed consumpton KSR 2851 v

pent Ve

(I KN E—

Customer meler

o . (=) as 17| e
‘Systematic data handiing errors: 1N BN 2.125] wenvr

g of 1
Apparentiosses: [N | 40.093] wonr

RealLosses - Wator Losses - Apparont Losses: 51 70| vorr

ATERLOSSES: T

water losses

"MON.REVENUE WATER

nonRevENvE VATER: 170.408] worvr

* Apparent Losses
¢ Real Losses
* Non-Revenue Water

* calculates performance indicators
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AWWA Free Water Audit Software

BB [ Cick toaceess deintion
B [ ciick 1o sdd s comment

Flease enter data in the whte cells below. Where available, metered values should be used; if metered values are unavailable please estimate avalue. Indicate your confidence in the accuracy of
the input data by grading each component (n/a or 1-10) using the drop-down list to the left of the input cell. Hover the mouse over the cel to obtain a description of the grades

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

To select the correct data grading for each input, ne €
the utility meets or exceeds all criteriafor that grade and all grades below it Master Meter Error Adustiments
WATER SUPPLEED < Enter gradi >  pent Valie:
Volume from own sources IS 1,000.000 fMGYr 1 O ® |100.000 WG
Water imported: 5 -1~ ® O | WG
Waler exported: [ 100.000 MGy BEE s [c ® [25.000 v
Enter negative % or value for under-registration
WATER SUPPLIED: 825.000 ey Enter positive % or value for over-registration
AUTHORIZED CONSUMPTION Cickhere: N
Billed metered: I s for help using opsion
Biled unmetered: I DY < buttons below
led metered I Pert: Vae:
Untilled urmetered: IS ® O | MG
Default option selected for Unbilled unmetered -a g 4
AUTHORIZED CONSUMPTION: - e Use buttons to select

percentage of water
supplied

AWWA Free Water Audit Software

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 47 out of 100 ***

Performance Indicators:

Financial:
{ Non-revenue water as percent by cost of system: 1.9%| Real Losses valued at Variable Productd

Apparent Losses per senvice ionperday [ 514]gallons! day

Real Losses per service ion per day: 53 38|gallons/ Id:
Real Losses per engh ofmain per day'-
Real Losses per senvice connection per day per psi pressure: 0.75g i 1yipsi

Operational Efficiency:

From Above, Real Losses = Current Annual Real Losses (CARL): 66.17|milion gallonsiy

Infiastruciure Leakage Index (ILl) [CARLUARL]
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M36: State of the Art

AWWA M36
Regulatory Landscape

OR

NV
ut

CA
No Water Loss Policy

Basic Water Loss Reporting

. Annual Reporting Using
AWWA M36 Terminology

Annual Reporting Using

AWWA Free Audit Software

Annual Reporting Using AK
AWWA Free Audit Software

with Validation

MT ND MN
SD
wy
IA
NE
]
OK

NM
A a,
HI ®

ME
“. ﬂ/" A
- Ny MA
¢
\ Ml RI
CcT
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_ PA NJ
OH DE
IL IN
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Statewide Water Loss Management Program — Model Implementation

Phase 1

Establish Annual M36
Water Auditing

Establish annual M36 Water
Auditing Auditing for all utilities MaDr::l;age
Educate Regulatory Qe

Community on M36 Method
and appropriate use of
performance indicators
Establish Statewide Water
Loss Control Committee

Outreach Validation

Develop State Manual and

Phase 2

Achieve Minimum
Standard of Audit

Reliability

Develop and implement data

management system

Establish posting system and

communication protocols

Establish minimum standards of
validation for quality assurance

Determine by Agency or 3 Party

Establish validation program until
certification program is in place

Design and implement a

Certified Water Audit program

Phase 3

Manage Water Loss
Performance for Long-
Term Reduction

Suite of Performance and
Process Measures

System specific improvement
) over time in a cost-effective
Benchmarking manner

No universal targets
Excessive thresholds
established

Annual audit submission
threshold exceedances

System specific progress

Training & Training Framework for sustained quality control SHEovEment revielw at de5|grr]\ated
i i ificati regulatory touchpoints
Tech Asst Provide extended, progressive ertification Statewide Water Loss Control guiatory fouchpol
training to utilities (funded) Committee provides support
Statewide Water Loss
Statewide Data Validity
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7
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M36: State of the Art

AWWA M36
Economic Optimum

Aggressive Intervention is Economic Optimum Loss Reactive Intervention is Over-Spending
Over-Spending & Intervention Example: fixing only leaks that surface,
Example: replacement of pipes Economic target from replacing meters only when they stop
and meters before their benefit-cost design (M36)

optimal useful life

A

[~ — — — NewsSupply — — Total Cost

The target of the Water

New R
M e < ad Loss Program

COST ($M)

Cost of Intervention

>

Water Loss (Volume)

M36: State of the Art AWWA M 36
State Programs

Washington Colorado Wisconsin
Pilot, 10 Systems, 9 Months Pilot, 50 Systems, 3 Months Pilot, 6 Systems, 6 Months

Utah
Pilot, 20 Systems, 6 Months

California Arizona North Carolina + South Carolina
Full Scale, 460 Systems, 2 Years Pilot, 6 Systems, 6 Months Regional Basin, 19 Systems, Multi-year

Hawaii New Mexico Georgia
Full Scale, 100 Systems, 4 Years Full Scale, 134 Systems, 12 Months Full Scale, 230 Systems, 5 Years




Data Validity Grades

Data validity grades (DVGs) document utility practices of:

* Data collection
e Datareview

* |nstrument maintenance
Each audit input is assigned a DVG between 1 and 10 based on criteria

The Data Validity Score is an indicator of:

* the extent best-practices for measurement and data-management
are being applied

* If next steps should be focused more on data-improvement or
water loss control

The Data Validity Score is NOT an indicator of audit accuracy

Data Validity Grades

PLEASE CHOOSE REPORTING UNITS FROM THE INSTRUCTIONS SHEET BEFORE ENTERING DATA
=t data grading for each input, determine the highest grade where

neets or exceeds all criteria for that grade and all grades below it. Master Meter Error Adjustments
e Enter arading in column 'E’ and 'J' Dent: \falia: |
= /a (not Select this grading only if the water utity purchases/mports al of ks water resources (.e. has no
Volume from own sources: | sources of s own)
Water imported: || | 1. Less than 25% of water production sources are metered, remaning sources are estmated. No regular meter accuracy

Water exported: | “|testing or electronic calbrabon conducted

N sources are metered; other sources estimated. No regular meter accuracy

WATER SUPPLIED: [|3. condtions bewween 2 and 4
4, 50% - 75% of treated water production sources are metered, other sources estmated. Occasional meter accuracy
testng or electronic calbration conducted.

- 7|5+ Condtions between 4 and 6
5 7
_Bllhd metered: - 1-6. At least 75% of treated water production sources are metered, or at least 90% of the source flow s derived from
Billed unmetered: I BBl | |metered sources. Meter acauracy testing and/or electronic caibraton of relsted instrumentation s conducted annualy. Le
Unbilled metered: ]| than 25% of tested meters are found outside of +/- 6% accuracy.
Unbilled unmetered: B3l 7. Condkines between 6 3nd 3

18, 100% of treated viater production sources are metered, meter accuracy testing and electronic calbration of related
ault percentage of 1.25% (of billed metereqnstrumentation i conducted annualy, less than 10% of meters are found outside of +/- 6% aczuracy

= 9. Condtions between 8 and 10
THORIZED CONSUMPTION: n [: 10. 100% of wreated water production sources are metered, meter accuracy testing and electronic calbration of related

s conducted By, vith less than 10% found outside of +/- 3% accuracy. Procedures are
reviewed by a thrd party knovdedgeable in the M36 methodalogy.
tharizad Pancimntiant I nnnn eI

Meet all criteria at a grade for that grade to apply or
drop to a lower grade ...

“meet/beat....or retreat”

5/8/2018



Water Audit Results Across the Country

* 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

CA DRBC GA TN X
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%

sources of uncertainty:

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

Levels of Validation

Validation

Water audit validation aims to:
* Identify and correct errors

Evaluate and communicate uncertainty

v
. . Vv —
Level 1 —interview & summary records W,

Level 2 — deep data review

Level 3 — new data from the field V

5/8/2018
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Levels of Validation

Different levels of review and investigation to confirm water audit inputs

Seff-Reported | ___levell | __level2 | lewl3s |

* No validation * Examined for * Investigations of ¢ Bolstered by
+ Accuracy and inaccuracies raw data and field tests of
reliability have evident in archived reports instrument
not been summary data of instrument accuracy
confirmed and application CEEUIEIEY * The estimate of
of methodology corroborate Real Losses has
+ Data validity volumes been confirmed
grades assigned ¢ Best sources of through pilot
to inputs data to inform leak detection,
accurately reflect the water audit Component
utility have been Analysis of Real

identified and Losses, and/or

‘ applied minimum night
flow analysis.

’-\\ Water
. Research
Project 4639 Foundation®

Validation in Action!

California Level 1 Water Audit Program: Water Loss TAP

WAVE 2 WAVE 3 WAVE 4
AT

teleconference teleconference

work session validation session

Georgia Level 1 Water Audit Program

2, Georgia
‘. Association of G ORGIA
. ‘Water DEFARTMENT OF NATURAL RESOURCES
Professionals  ENVIRONMENTAL PROTECTION DIVISION




Accuracy in the Water Balance

BILLED
METERED
BILLED CONSUMPTION
REVENUE WATER
CONSUMPTION BiIeD
UNMETERED
T CONSUMPTION
CONSUMPTION UNBILLED
METERED
UNBILLED CONSUMPTION
SYSTEM INPUT UNBILLED
CONSUMPTION
VOLUME UNMETERED
CONSUMPTION
CUSTOMER METER NONREVENUE
INACCURACIES WATER
UNAUTHORIZED
wareR Losses | APPRRENT LOSSES | Ouchbemion
'DATA HANDLING
ERRORS
REAL LOSSES

inaccuracy &

inputs

uncertainty in —>

Where does error sneak in!?
* Primary instrumentation

* Secondary data management,

archival, and summary

e |nteraction with data and

methodology; estimation

inaccuracy &

uncertainty in

results*

* especially for systems
with low levels of loss

Accuracy in the Water Balance

the accuracy of our two most important volumes in the water balance makes a big difference!

a )

SYSTEM INPUT
VOLUME

4 )

AUTHORIZED

BILLED
AUTHORIZED
CONSUMPTION

BILLED
METERED
CONSUMPTION

BILLED
UNMETERED
CONSUMPTION

REVENUE WATER

CONSUMPTION

UNBILLED
AUTHORIZED
‘CONSUMPTION

UNBILLED
METERED
‘CONSUMPTION

UNBILLED
UNMETERED
‘CONSUMPTION

WATER LOSSES

APPARENT LOSSES

CUSTOMER METER
INACCURACIES

UNAUTHORIZED
CONSUMPTION

DATA HANDLING
ERRORS

REAL LOSSES

NONREVENUE
WATER

5/8/2018
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System Input Review

BILLED
METERED

BILLED CONSUMPTION
AL WATER
CONSUMPTION BILLED
UNMETERED
AUTHORIZED CONSUMPTION
CONSUMPTION UNBILLED
METERED
UNBILLED CONSUMPTION
SYSTEM INPUT c“‘,ﬁ;‘l‘,‘jj‘;ﬁf.‘,’" UNBILLED
VOLUME UNMETERED

CONSUMPTION
CUSTOMER METER |  NONREVENUE
INACCURACIES WATER

UNAUTHORIZED
APPARENT LOSSES
WATER LOSSES CONSUMPTION

DATA HANDLING
ERRORS

REAL LOSSES

v #2 — Meter location

v #1 = Meter wear v #4 — Meter programming
v #5 — Flow data archiving
g #3 — Meter selection

System Input Review

| I
8” Propeller "’ (o

Meter ~ \
/ Well Pump

‘Check Valve

Accuracy results from MFR
test bench: 99.5%

Accuracy results from in-
situ test: 142.2%

Courtesy MESCO

5/8/2018
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System Input Review

Primary device and secondary device = lowmeter Installation

Secondary devi
pressure cell or

Prirriary devics [Pl
plate in reter housing

* Flow (Accuracy) Testing confirms the
accuracy of the primary device —the
element that measures the flow of
water

Flow cortour
[«——— Upstream IPD) ————| |+— Dowrstizarn (PD) —,
Ister run

* Signal Calibration confirms the
functions of the secondary device - P
. A . ifice Plate Flowmeter components
which is a data transfer device, (Source: AWWA M36 Publication, 4™ Ed.)
typically a differential pressure cell, X
chart recorder, or similar device

* Many water utilities regularly calibrate
their secondary devices, but do not
regularly verify the primary device by
regular flow accuracy testing. Thus,
inaccuracies can be carried through to
reports

UNTESTABLE

System Input Review

F I OW Data Arc h IVI n g 8/15/2012, High Service High Service
s | e ow | row recorded data
* Production flow data 0:00 9 9
should be reviewed o g £
every business day for o i r
data gaps 00 X 0
:00 .44 0
* Gaps occur due to: e 2 2
* Unplanned interruption: T 2 2
lightning strike, power 11:00 2 512
failure 200 Z Z
* Planned interruption: 4:00 0 0
instrumentation o = =
calibration 7:00 18 18
. 8:00 .25 .25
* Gaps in water flow data 500 . =
should be quantified 100 7 75
and added back to the 20 o =
daily total 0:00 5.68 5.68
Total 212.43 151.29
Average 8.85 6.30
(Source: AWWA M36 Publication, 4th Ed.) Difference, 2.55

5/8/2018
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Accuracy in the Water Balance

the accuracy of our two most important volumes in the water balance makes a big difference!
y Y N BILLED
METERED
BILLED CONSUMPTION
AUTHORIZED REVENUE WATER
CONSUMPTION BILLED
UNMETERED
AUTHORIZED CONSUMPTION
CONSUMPTION UNBILLED
METERED
UNBILLED CONSUMPTION
SYSTEM INPUT cg';;m“ﬁfgr‘ UNBILLED
VOLUME UNMETERED
\ ) CONSUMPTION
CUSTOMER METER | NONREVENUE
INACCURACIES WATER
UNAUTHORIZED
APPARENT LOSSES
WATER LOSSES CONSUMPTION
DATA HANDLING
ERRORS
N J REAL LOSSES

SYSTEM INPUT
VOLUME

AUTHORIZED
CONSUMPTION

BILLED
AU

CONSUMPTION

BILLED
METERED

CONSUMPTION

UNMETERED
CONSUMPTION

BILLED

REVENUE WATER

UNBILLED
AU

CONSUMPTION

UNBILLED
METERED

CONSUMPTION

UNMETERED
CONSUMPTION

UNBILLED

WATER LOSSES

CUSTOMER METER | NO!
INACCURACIES

APPARENT LOSSES

UNAUTHORIZED
CONSUMPTION

DATA HANDLING

ERRORS

REAL LOSSES

NREVENUE
WATER

5/8/2018

v #1 — Redundant volumes v #3 — Non-potable volumes
v #2 — Omitted volumes v #4 — Mis-aligned timeframes
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Accuracy in the Water Balance

Locatioujan IL]Feb ILIMar MApr uMa‘un \L]Jul uAug uSep ILIOct ILINov uDec

= 3” met
26478 413 369 430 387 1375 536 513 4 381 455 meter

LocatioILIJan ILlFeb ILIMar ILIApr ILlMan ILlJuI ILIAug \LlSep ILlOct ILINov ILlDec ILI
4 ‘!9 34

130558 4 5 10 13 31 b5 5 14 7 1”7 meter

Loation| 117 2 (* 3] a4l s|7 el 707 8lr] 9] 10| ulrl 1207 erandTotall"]

36534 1 44 309 354
110936 430 17 0 0 0 0 0 1 1 1 450
31014 4 4 3 6 1 0 9 7 7 8 2 409 460
139728 345 0 0 0 0 1 6 2 12 0 0 386 ”
43636 0 0 1 0 1 1 0 0 0 0 0 282 285 5/8 meters
1464 7 244 3 0 2 5 3 4 4 5 27
124422 2 262 2 1 2 17 2 16 10 1 2 3 350
43992 6 7 3 5 0 2 0 0 0 0 0 255 278
16600 0 149 15 0 164
115394 1 0 5 3 6 10 58 100 183 120 52 548
130224 7 4 1 0 0 28 0 42 21 3 297
2906 19 25 12 7 6 8 10 8 8 214 336
LocationllJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

88964 2 3 2 3 169 915 939 657 70 7 2 2" meter

93972 574 438 512 513 439 1374 1048 1092 1245 842 1217 2" meter

"
88954 75 80 59 65 267 877 924 630 &6 66 56 3 meter

Validation O

Georgia Level 1 Validation Program
Baseline Outcomes: Validity
95

85 ————
max

75

65

55 avg
45

35

25 min

15
Pre-Validation Post-Validation

5/8/2018
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Validation Qutcomes

Georgia Level 1 Validation Program NRW
NRW $ Baseline Outcomes: Volume & Value (MG)
$250,000,000 400,000
350,000
$200,000,000
300,000
$150,000,000 250,000
200,000
$100,000,000 150,000
100,000
$50,000,000
50,000
S_ =
Pre-Validation Post-Validation

i Aggregate NRW Value (S) —e—Aggregate NRW Volume (MG)

Real World Example

% Based Performance Indicator
Large Industry left > % 1 >

“Water Loss Problem”

40.0 40%
30.0 30% = Water Supplied (MGD)
20.0 20%

= Authorized Consumption (MGD)

10.0 10%
I =\Nater Loss (Percent of Supply)
0%

2013 2014 2015 2016

5/8/2018
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Validation Qutcomes

© — validity

Pre-Level 1 Validation
Data Validity Score = 84

Post-Level 1 Validation
Data Validity Score =51

NRW Component Values NRW Component Values

Total Cost of NRW =5 218,458 Total Cost of NRW =5812,665
400,000 400,000
350,000 350,000

200,000 - 300,000 -+

250,000

Cost $
Cost S
z
8

200,000 - 200,000

150,000 150,000 -+

100,000 - 100,000

50,000 50,000

0 - 04

= Unbilled metered (valued at Var. Prod. Cost)

® Unbilled unmetered (valued &t Var, Progd. Cost)

Leakage Index = 2.1 Leakage Index = 2.1

B Unauth. consumption
m Cust. metering inaccuracies

= Syst. data handling errors

® Real Losses (valued at Var. Prod. Cost)

5/8/2018
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Validation Examples

Pre-Level 1 Validation
Data Validity Score = 72
NRW Component Volumes

= Cust. metering inaccuracies
= Syst. data handling errors
® Real Losses (valued at Var. Prod. Cost)

Leakage Index

Total Volume of NRW = 13,421 acre-ft/yr =12 Total Volume of NRW = 13,421 acre-ft/yr
9,000 9,000
8,000 ~ 8,000 -
7,000 7,000 1
= 65,000 - = 6,000 4
= 2 = A
2 &
o 5,000 & 5,000 |
8 &
v 4 v 4
g 4,000 g 4,000
S =
° ]
£ 3,000 = 3,000 1
2,000 T 2,000 1
1,000 1,000 1
o - o

Post - Level 1 Validation
Data Validity Score = 55

NRW Component Volumes

= Unbilled metered (valued at Var. Prod. Cost)
u Unbilled unmetered (valued &t Var, Prod. Cost)

# Unauth, consumption

Validation Examples

A o s e i

Ioguaa and D

Valittion Sevion
Water Lows TAP Team Representaion: Wi b

Call Gotaly 1271202060830

HEIEIE]

Other notes: DVG et 3t 4, perding confrmation ofsorage
volums sccounti plce ikt oo
e it .

ot
Py surce, Ve
e O Tones 6107, evion b, = e sage iy of aucit it and o

g zsne1. ot lemetycomesgebo ek coneed b
vy Presuee rage: 40108095

e Gelaber 2017, Taecan

5. Other actions a oted herein. .

2
Looking forward o our fina two waves!
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Value of Validation

Discussions 2 Water Audits
about data benefit from
sources & best scrutiny
practices can (internal &
unveil a lot! third party!)

3

Accuracy
Paves the Way
for Action!

fm\ The Big Picture: Sustainability

7 \Water Supplied
(million gallons pér day)

19

” Authorized Consumption
{million gallons per day)
13
1"
9

Water Loss
, {million gallons per day)

3

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

5/8/2018
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L3 o
[ ]
The Big Picture:
[ ] o
Economic Intervention
: 1
Annual .
- Cost-Benefit .
Water |:> Loss Profiling |:> E— |:'> Intervention
Balance 8
* Annual M36 * Validation * Costs of losses * Leakage
water audit * Level 2 Analytics * by subcomponent Management:
* Level 3 Field Study * in aggregate « Active Leak Detection
* Apparent & * Pressure Optimization
Real Loss *Analyze * Costs of « Repair Time Reduction
VElTES sources of intervention * Network Renewal
Apparent Loss strategies .
. Level 1 * Revenue Protection:
S *Program * Theft Mitigation
validation * Analyze 3 types design + Meter Optimization &
of Real Loss Renewal
baseline « System- . :Bi'ltling. tData System
I ntegrity
technical specific * Revenue Recovery
analysis economic .
analysis cost-effectiveness

‘ i c
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