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GOAL:

Demonstration of AWWA M36 methodology for
cost-effective water loss management

Key Tasks:

1. Training & Technical Assistance
to 10 small and mid-size utilities
across North Carolina

2. Analysis of pilot outcomes &
opportunity for water loss &
revenue recovery

Agenda

* Welcome/Introductions

* M36 Auditing Foundations

* Breakout groups: Developing the Inputs

* Lunch

« Validity Scoring & the Data Grading Matrix

* Breakout groups: Data Validity Grades

* Supply Meter Verification & Customer Meter Testing
* Breakout Groups: Recommendations & Next Steps

* Review and Wrap-Up

* Name

* Agency

* Position
Introductions

* Familiarity with water auditing
and water loss control?

Program Outcomes

* Top-Down Water Audit (prior year) per
AWWA M36 Methodology, with Level 1
Validation. Includes assessment of
Validity, Volume & Value for Water Loss
Components = _ =

H ' m

* Detailed Water Loss profiling & e o

advanced validation
[ ]

« Target setting for optimal water loss levelst &

i\
« Utility Specific Next Steps for water & ;
revenue recovery
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Mountain Region

*  Burnsville

*  BannerElk
Bakersville

Participating - sowns
Water Systems

Boone

Piedmont Region
*  Ramseur
*  Mebane

Coastal Region

* Benson

* Clinton

*  Elizabethtown

M36

Foundations

* The Big Picture
* Water Balance

* What is Non-Revenue Water

¢ Outcomes
* Developing the

Inputs

The Big Picture: Economic Intervention

Annual
Water
Balance
* Annual M36

water audit

* Apparent &
Real Loss
volumes

* Level 1
validation

baseline
7 e

r,@%

Loss Profiling I::> Cost-Benefit E:>

Intervention

& Uncertainty & Targets
* Advanced * Costs of losses * Leakage
Validation clay \ ent:
« Level 2 Analytics * in aggregate « Active Leak Detection
* Level 3 Field Study . " * Pressure Optimization
+ Margins of Error Costsof + Repair Time Reduction
intervention * Network Renewal
* Analyze strategies ‘
sources of * Revenue Protection:
Apparent Loss * Program * Theft Mitigation
. design * Meter Optimization &
Analyze 3 types g e
of Real Loss « System- « Billing Data System
i Integrity
technical il + Revenue Recovery
analysis economic .
analysis cost-effectiveness
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Project Timeline

" R t
Cavanaugh Analysis of Cavanaugh Analysis of Deveelgalrnent
Utility Data Round 1 Utility Data Round 2 Post- & De[::rer
Program Y
Pilot Program

Kickoff /

) ]
1
-
| Final
Utility Data On-lsile Utility Data Gathering WsorkshL‘)tp/
Gathering Period #1 . Period #2 ummi
Technical
Work
Session

‘AQ‘ Yang Villa o
I @vngrve

Water audit is the pillar of efficiency: we
cannot manage what we do not know or
cannot measure. Will Jernigan speaks
about California's experience with water
balance.

AWWA M36 Economic Optimum

Aggressive Intervention is Economic Optimum Loss Reactive Intervention is O di
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

? Total Loss Cost

[ = — — NewSupply — —

__ The target of the Pilot
Water Loss Program

New e Gap
™M

COST ($M)

»
>

Water Loss (Volume)

- (Cost of Intervention|
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AN

www.awwa.org/waterlosscontrol American
Water Works
Association

g Industry Standard
(M36)
Free

Defaults provided

~13 Volume Inputs
~7 System Data Inputs

T

The Water Balance & Water Auditing

Water Billed Water Exported

Exported
o Billed

Authorized
Authorized  Consumption
Consumption
Total Billed Unmetered Consumption
System P
Input Unbilled
Authorized
4 Consumption y Unbilled Unmetered Consumption

Revenue
Water d Metered Consumption

Unbilled Metered Consumption

(allow  Water
for  Supplied

known Apparent

errors ) Losses

Unauthorized Consumption
Customer Metering Inaccuracies

Water Systematic Data Handling Errors

Losses. Leakage on Mains
Real Leakage on Service Lines
Losses

Leakage & Overflows at Storage

The Water Balance & Water Auditing

Water d Water Exported
Exported
Billed

Authorized

own Authorized  Consumption
Sources Consumption

Total Billed Unmetered Consumption

System

Input

Revenue
Water Billed Metered Consumption

= — = = —— E—
Unbilled

| Authorized :

(allow  Water | ,'C""S”’“P‘i"" ) lled Unmetered Consumption

for  Supplied
known
errors)

Unauthorized Consumption

Apparent

Customer Metering Inaccuracies
Losses Revenue

Systematic Data Handling Errors

Losses Leakage on Mains

Real
Losses.

I
|
I Water
I
|

Leakage on Service Lines

Leakage & Overflows at Storage

Non-Revenue Water

Unbilled
Authorized
Consumption

Apparent

Losses

Real
Losses

Non-Revenue Water

Fire Dept Usage
Operational Flus!'ung . ) Unbilled

Tools for control include efficient flushing [T
practices and awareness campaigns Consumption

v Vv

v

Non-physical / revenue loss - slow meters,
billing issues and theft

Cost impacts at ‘retail’ rate.

Tools for control include data management, [IASH
quality control policies/practices, & meter
testing & repair

Y v

Physical loss - leakage

Cost impacts at ‘wholesale’ rate
Tools for control include leakage and
pressure management

vV Vv
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Unaccounted-For Water & % of Supply

Fire Department flushing
Under registering customer meters
Pipe joint leakage

Water theft

DOT usage

1 Authorized

Consumption

AMR device transmission failure

Water main break

Storage tank overflows

Loss as % of SIV Loss as % of SIV
350 35% 350 35%
300 30% 300 30%
.
How are we Tracking: o o
£ E
250 25% 2 250 Intervention 25% 2
> >
z 2
" _ 5 " - 5
% 0 Un-Accounted For Water, | mean... sox B % 00 k:::zz;ent- o &
s = :
¢ % Water Loss, | mean... § s e H
S 150 5% :'>,. S 150 * Pressure Optimization 15% %
£ 34 = + Repair Time Reduction o 2
g Leakage, | mean... 5 s S Nerwokenei 5
5 o
" P
100 Non Revenue Water...? 10% 5 100 * RevenueProtection:  10%
8 « Theft Mitigation 8
= « Meter Optimization & =
Renewal
50 . 2 5% 50 « Billing Data System 5%
Geez...what are we tracking...? ety
« Revenue Recovery
- 0% - 0%
Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-17 Aug-17 Sep-17 Oct-17 Nov-17 Dec-17 Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18
Billing mEWater Loss EESupply % Loss Billing mmWater Loss = Supply % Loss

.
3-V Total NRW Profile
MG per Year 18,000 $18,000,000
Gal/connection/day
Leakage Index 16,000 $16,000,000
4 14,000 $14,000,000
', 12,000 $12,000,000
10,000 $10,000,000
$ per Year 8,000 $8,000,000
Economic Loss Index Real Loss
6,000 $6,000,000
4,000 $4,000,000
Real Loss $
Water Audit Data Validity Score 2,000 $2,000,000
95% Confidence Limits
Key Data Input Grades 0 S0
Aol (AAG) Malua (S)




Real Loss Profile

Reported
Leakage
5%

Background
Leakage

Unreported 28%

Total NRW Profile (with subcomponents)

NRW Subcomponents - Volumes & Values (Annualized)

18,000 $18,000,000
Reported Le:
16,000 e $16,000,000
14,000 $14,000,000
12,000 $12,000,000
10,000 $10,000,000
8,000 $8,000,000
6,000 $6,000,000
4,000 $4,000,000
2,000 $2,000,000
0 S0

Volume (MG) Value ($)

Volume

NRW Volume (BG/year) NRW Value
(S/year)
$8.5M

G $3.4M —>
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Apparent Loss Profile

Data Handling

Large Meters
11%
31%
Meter Inaccuracy
o
76% Small Meters
Unauthorized 5%
Consumption
13%

NRW Volume (BG/year)

NRW Value (S/year)

Pressure
Management

Leakage that is Economically Recoverable

Speed and
Quality
of repairs

Active
Leakage
Control

Technical Minimum of Leakage
(modeled value based on system
pressure, miles or main, # of
connections)

Asset

Management Current
Inalaton

Maintenance, = Infrastructure

Raree Unay le Leakage
Annual Real Loss Index (ILI)

Replacement




The Big Picture: Economic Intervention

1
Loss Profiling Cost-Benefit )
= & Uncertainty = & Targets )  Intervention |!€

Annual
Water

Balance
* Annual M36 * Advanced * Costs of losses * Leakage
water audit Validation oLy \ ent:
« Level 2 Analytics * in aggregate « Active Leak Detection
* Apparent & « Level 3 Field Study . ¢ « Pressure Optimization
Real Loss « Margins of Error Costs of « Repair Time Reduction
intervention * Network Renewal
volumes . h
Analyze strategies ‘
o Level 1 sources of * Revenue Protection:
. Apparent Loss * Program * Theft Mitigation
validation -Appl B design « Meter Optimization &
MEIRFS &GS Renewal
ba.se""e of Real Loss « System- . Bill\’ng»Data System
{ - i Integrity
3 technical Saadiile + Revenue Recovery
analysis economic

analysis cost-effectiveness
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AWWA Free Water Audit Software

Developing the Inputs

= oo tor Sewer Storm Uity Distrct_ (0007900
1B [cicx o509 s comment Reporting Year| 2013 || 12013122013
e

fete your contdence n the acsucyof
e gaces

e
e pid daa by gradng each companen(Va o 110) ising fhe Grop-oun s ot e of e nput cel Aower e mouse sciion o
A

To sekcl e coredt &da gradng for e
e iy meets or exceecs al et Master Heler Error Adpstrents
WATER SUPPLEED
Volure from own sources [
Water impertec:
Water exportect I

‘WATER SUPPLIED:

AUTHORIZED CONSUMPTION
Biled meterect I DY 5
Biled unmeterect IES1 I

Unbiled unmeterect BN
Default option selected for Unbilled unmetered -2
AUTHORZED CONSUWPTION: [N

Lo Use utors toseect
petcarage of var
‘opted

Developing the Inputs

1. Assemble supporting documents
2. Develop the data inputs

3. Check the metrics

Developing the Inputs

1. Assemble supporting documents
mmmmm)  Must-have docs

2. Develop the data inputs.  ¢ood-to-havedocs

3. Check the metrics

Step 1 — Assemble the
Supporting Documents

WELCOME
TO THE
NORTH CAROLINA
WATER LOSS
oo

Developing the Inputs

1. Assemble supporting documents
=) Must-have docs

—) -to-h
2. Develop the data inputs Good-to-have docs

Build it from supporting docs

|l

3. Check the metrics Look for gremlins




Step 2 — Develop the Inputs

Water Audit Software:

WAl Auait Report
Reportng ¥a T |

Plaksa e S 8ic 14wl cals b Wha s e, e o
aceuscrer

i}

a e
i sos
s

I ocal Hovar 1 6

A0 voiuman 10 be nbied 3 MILLION GALLONS (US) PER YEAR

Ta st fra carmc dain gadeg ‘o mech ol deerron fia fign s garde
whom tha ity mesta or excosd  crtera i #1 grade ard 4t gudos xdow

Master Meter ar Sty Emer Ackusements
cstume and 7

e W

TRy e
e

Erine pomitn 4 o sl b v mgmtion

WATER SUPPLIED

Vauene b e cne oz IR
Witer imcind [
[um——— 1 |

VI TER SUBPLIED:

® Develop the Input ® Look for Gremlins

® Trace from production
reports

Missing or extra volumes

Mismatched timeframe
® Trace from testing reports

Error adjustment should be
aweighted average of test
results (if available)

Wrong + Or—on error
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adiustment

Gremlins in
Water Supplied

Meter wear
Meter location
Meter selection

Meter programming

vk W e

Flow data archiving

Accuracy results from MFR
test bench: 99.5%

8” Propeller
Meter ~

WellPump
Accuracy results from in-

TCheck Valve 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

Example of Water Pumping Data Gaps an

High Service High Service
wsh’fﬂ' Pumping Rate, mgd | Pumping Rate, mgd
- actual flow. raw recorded data.
000

200
200
[3:00
:00 4
100
[6:00 14
[ 7:00
[ 0:00
Totall 212.43 151.29
Average] 8.85 6.30
Difference 2.55

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

Step 2 — Develop the Inputs

AUTHORZED CONS UMPTION

Sinc metenc RN <) 208 087 worw
Siedunmetens [EN I JL —wew
Unbites metene ERIER <)/ B

ubiledurmetene ENIE 5|

Ui
AUTHORZED CONSUWPTION: [l I;g:::m
seppied

® Develop the Input ® Look for Gremlins

¢ Trace from billing reports * Billing report Gremlins
® Trace from flushing (etc) ® Double counting Water
tracker Exported in Billed Metered

® Double counting Unbilled
Metered in Billed Metered

Including leaks / breaks in
Unbilled Unmetered

Gremlins in
Authorized
Consumption

6. Duplicate volumes

7. Non-potable volumes

8. Missing volumes

9. Mismatched timeframes




Developing the Inputs

1. Assemble supporting documents
mm——) Must-have docs

2. Develop the data inputs * G0od-to-getdocs

Build it from supporting docs
3. Check the metrics Look for gremlins
Sanity check

Inside typical ranges

|11

Metrics versus practices

Break-out * Developing the Inputs: Level
1 Validation Session, Part 1

Groups
udit Report for: Northern San Leandro Combined Water Sewer §|
Reporting Year:| 2013 12013 - 122013
Data Valid |ty . metered values should be used f metered values are unaraiable please o

ng the drop-down It 1o the lef of the nput cell Hover the mouse aver the ce
Grades All volumes to be entered as: MILLION GALLONS (US) PE|
ng for eac| ine the highest grade where

- h input, determil
szt‘a va\ldll\{ grade‘S (DVGs) document 26ds @ crieriafor hat grade and il grades i
utility practices of: o
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Step 3 — Check the Metrics

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 51 out of 100 ** Typical Ranges

Nen-reven ue viter ‘Water Supphed 0%

Nonse. 4 operatng sysem [ 104%] R 2t Variable

Apperent Losaes per [ wm 4 - 40
Peal Losses per seruce connscion per day 185 45 halonsconneckoniday 20 - 200
Res Loswes perlengmofmompercay: [ WA 400 — 4000

RealLosses per seroe connacson per dayper ps pressure. | 2 55 g alonsonnecson/dayps

om Above, R osses {CARL) 735 49 i
=2 pomusre [ a0 2 - 10

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

Validity
Scoring & the| ¢ Developingthe Inputs: Level
. 1 Validation Session, Part 1
Data Grading
Matrix

<. Enter grading in colurn'E ar|
+ Data collection om own sources: I s 1,000.000] MY
4 I
. Datareview Ve e BN -
Water NG
* Instrument maintenance L o
: 825.000] M3y
Each audit input is assigned a DVG EEaR E— — el
between 1 and 10 based on criteria
+ -
DVG criteria are predominantly i:dw mgﬁ = :‘ 7:3% ot
qualitative nbiled metered: I e
biled unmetered: I 10313 MaYr
for Unbilled unmetered - a grading of 5 is applied but not display|
DVGsare NOTa measure of accuracyl e
4 ONSUMPTION: Il 760.313] e

Data Validity Grading Matrix

PLL TS FROM T BEFORE TA

2 data grading input,
s0sts or axceeds all Crtria for that grade and all grades below it

Master Metor Enar Adwstmants

— Enter araciing in column £ and "
[Ad (mot agplicable). Sekct 1 Grasng ceby

[ - |
Wsterimponed: I
Wister exporied: {03 I

WATER SUPPLIED:

17 Candiars between 6 ans 8

e than 10%

128 :
THORZED CONSUMPTION: WA [[, i i i)

gy

MEET, BEAT, OR RETREAT -- Meet all criteria at a
grade for that grade to apply or drop to a lower
grade




T T T = 1 0 = 3 F=—n—1 0 >
WATER SUPPLED
[
«
whor] 13 Mot tlntmirar | k- itk e e
o i | et seces st iy i S Slunctied | Condim
it e Sy Wbt T MRS ) [l R Re
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. sl ns aredoace i) st ikt Preters. L .
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4 b oot
rees T e ey
s | s Poms it | g o Mo | Corsiors i
mcioe| o iy | Gomy | o [ P gt |
it | 3 o by g |
" | caentatng F Vokurra tromow b ot ey usedinscalcuiming s baanced.
s ity oo et dae | cmoaran ek s e
dalspeie oot o i sk s carcind o
i e sttt austuan
oo o meisor
Croren Flirw comonsenzed da calechon and archive lo e Lk ll prchuckon anc ta sl age faciy sleva
n e .0 o St e v P U T
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oo, | e i s e oot e b e 12 i e b
bt | o et m v | o e S ke Mooy | S ek | S ]
L9 | i o oo e o' | crchan s s e er e meiy Gomose. At o
e oo il eb ol o e Do
- b
i oo
[ i
L T Commente T Water Salance T Dashboard | Grading Matrix [ Service Connecti

* Data Validity Grades: Level 1

Break-out ata | .
Validation Session, Part 2

Groups
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Data Validity Grading — Additional

Guidance

'VOLUME FROM OWN SOURCES — DVG CRITERIA ADDITIONAL GUIDANCE

1. Less than 25% of water productior

metered, remaining so

mete

ccuracy testing of sle
canducted.
2.25% - 50% of t

red; other sou
accuracy testing ¢

4. 50% - 75% of treated water production sources are

metered, ather sources estimated. Occasional meter

ting or

6. At o

metered, or at least 90% of th

of treate:

ered sources. Meter

ources a

sted. No regutar

Manufacturer tasting certificate for newly
installed meter does not qualify as
accuracy testing

% of source metric is for volume, not
meter count

Occasional = within last S years but less
than annually,for <30% of source flow

alibration conducted,

duction sources are  Accuracy testing = precise & Independent
volumetric measurement in-situ against
accuracy testing and/o1  subject meter for at lesst 90% of the
source flow by volume OR

Calibration = alignment of flow range
conversion with signal span output
(typically 4-20mA DC) and SCADA output

Supply &
Customer
Metering

* Supply Meter Verification
* Customer Meter Testing

Supply Metering

High flowrate applications Medium, low flowrate applications

Venturi, Orifice, Magnetic, Ultrasonic Turbine, Propeller, Positive Displacement

Insertion magnetic
flowmeter in use ona 304n.
pipeline in Birmingham, Al

36-inch Venturi Meter
(Source: Primary Flow Control)

60inch magnetic flowmeter being
installed in Philadelphia, PA

Basic Pipeline Hydraulics

(Source AWWAM36 Publication, 4" Ed.)

[
Trn St stoe i n i o mary SN

o e o i




Proper Meter Siting

ecommended Lengths of Straight Pipe*
(stated in terms of number of upstream pipe diameters
n metering application
4-10 diameters—depending on the type of any
flow-disturbing obstruction in the pipeline
diameters
—10 diameters—depending on the type of any
flow-disturbing obstruction in the pipeline
Y S (o diameters
[T 5 iameters

25 to 30 diameters

Flow tube

10 diameters

5 diameters

Ultrasonic (Doppler shift) 7-10 diameters
e G e R et Wl 7-10 diameters (and 5 diameters downstream)

ionis based on ingj conservative bserved in the water
industry by AWWA Water Loss Control Committee members (Source: AWWA M36 Publication, 4" Ed.)

tincludes transit time flowmeters
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Proper Meter Siting

Proper Meter Siting

What Constitutes a Meter?

Primary Device: Measuring Element
Conducts the measurement

Secondary Device: Register, Transmitter

Converts, communicates the measurement

Tertiary Device: Remote Database
Records, archives the measurement

Accuracy Testing v. Calibration

Primary Device: Accuracy Testing
Independent measurement for comparison

Secondary Device: Calibration

Checks alignment of primary measurement
to register and signal output

Tertiary Device: Calibration

Checks alignment of secondary signal to
SCADA output

Supply Meter Testing

Insertion type
Clamp-on
Comparative apparatus
Volumetric displacement

Factory bench test

10



Supply Meter Testing

Insertion type

Supply Meter Testing

—
Comparative apparatus

Supply Meter Testing

Factory bench test

1/15/2019

Supply Meter Testing

Clamp-on

Q () =T

Pl
L % Z T1-T2=m/s

@ 9 =®T2

Principle of Operation

Supply Meter Testing

Volumetric displacement

Supply Meter Testing

Other considerations
Flow rates
Test location (if insertion or clamp-on)

Test duration

11



Supply Meter Testing -- Summary

Insertion type Minimize the unknowns by Requires a good test site!
verifying the flow condition and ~Lower test flowrates can affect uncertainty
inside area of the pipe, can Specialized equipment and expertise required

make this a very reliable

E‘ i— method
No interruption to operations

Clamp-on Easier to do, no tap required Requires a good test site!
No interruption to operations  Signal distortion depending on pipe material can
Ny affect accuracy, and there’s no verification of flow
__a conditions via flow profile or of inner diameter

Comparative. ;= More control over the flow Typically only practical for smaller line applications
apparatus ﬁ condition and the test reliability Supply is interrupted during test

Volumetric Can be reliable method Requires a reservoir nearby, reliable field verification
displacement Potentially done internallyand  of reservoir geometry, including internal
frequently components (baffles etc) and all associated
k| plumbing/valves
| Level sensing must be calibrated and reliable
l.l m Production is typically interrupted during test
Factory bench test  Get to test it under ideal Only tested under ideal conditions!
conditions Not practical for larger meters

Meter is out of service for test

1/15/2019

Customer Meter Testing

Goals:

 Study accuracy of the
meter stock

Calculate an Apparent
Loss volume* due to
metering inaccuracy

Inform proactive
management of meter
stock’s accuracy

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

Small Meter Testing Programs

Design Meter
Test Sample

Analyze &

Apply Results

Small Meter Testing Programs

! Design Meter Test Sample

° H remember our goal is to
Representative and random e e bontraey of
meter sample the whole population

* What sample size is big
enough?

Small Meter Testing Programs

b st iers |

 Careful with meter
transport

* Test at low, medium, and
high flows

* Document thoroughly

« include reference volume,
testing flow rate, meter
totalizer reads, all meter
information

compile data in analysis-friendly
format

Small Meter Testing Programs

< Analyze & Apply Test Results

* Organize all test results

* Analyze accuracy findings *
 Consider confidence limits

* Calculate Apparent Loss Volumes

12



Small Meter Testing Programs

Volume- 95%

Meter Weighted Confidence

Population Average Limit of

Accuracy Accuracy
5/8” 13,548 66 92.0% 4.0%
3/4” 1,392 10 98.5% 0.4%
17 2,145 20 96.9% 2.3%
1-1/2” 31 5 94.0% 3.8%
2” 391 13 97.6% 1.7%

Large Meter Testing Programs

* Fewer, more important
meters!

¢ Individual assessment

* Prioritize by consumption

* Flow profiling is key

1 3
Design Meter Test Analyze & Apply
Sample Results

* Homework items/timeframe
Next Steps | +Round 1 Validation Notes
* Data Request Round 2
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Small Meter Testing Programs

* Value of random sampling
# Average across different flow rate results

* Add layer of consumption to calculate Apparent Losses
due to meter inaccuracy

* Appreciate spread of results, confidence limits
* Tread carefully re: correlations
* Continue to test for more insight

* Next Steps: Level 1
Break-out Validation Session, Part 3

* Pending Items

GI’OUpS * Recommendations

<0 . #

North Carolina Water Loss Program

Phase 1B Workshop
January 2019

Through Innovation

Nc @ Wrrl GAVANALIEHGN
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