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The Water Balance & Water Auditing

Water balance
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Water Audit Jeopardy!



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

AWWA Free
Water Audit

ooooooooooooo




Developing
the Inputs




AWWA Free Water Audit Software

Developing the Inputs
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Water Audit Repon for: E -
Audit "rear:l 2010 Jan 01 2019 - Dec 31 2019

Calendar

Chck "r [0 B noles.

To accass definitions, click the input name

¥ l All volurnes to be antened as: MILLION GALLONS (US) PER YEAR

WATER SUPPLIED
Velume from Ovwn Sources:| n
Water Imported: | n | @
Water Exported:| n

WATER SUPPLED

AUTHORIZED CONSUMPTION

Blled Matered: n | G | 8
Eillad Unmeterad:| n | @
Unbdled Matared: n | @

Unbilled Unmetered: n | 3 | 4

AUTHORIZED CONSUMPTION

WATER LOSSES
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41, 000000

990.089

850,000

15.000

BE5.000

125.068

MG
MG
MG

MG

MG
MGy
MG
MG

MG

MG

choose entry option:

1.00% | percent

chooss eniry oplion:

custom

15000

Vater Supplied Emor Adjustments

MG

aver-regisiration

WIEEA
WIEA
WEEA



Developing the Inputs

1. Assemble supporting documents
2. Develop the data inputs

3. Check the metrics



Supporting
Documentation

provides more detail on key values

When compiling supporting documents, remember!
* excel spreadsheets, text files preferred over PDFs for tabular data

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



Supporting Documentation

provides more detail on key values

REQUIRED

SUPPLEMENTAL

O Volume from Own Sources
broken down by month and meter

O Water Imported

broken down by month and meter

O Water Exported

broken down by month and meter

O Supply Meter Test Records

for all supply meters, if conducted

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

 Customer Meter Inaccuracy derivation
O Average Operating Pressure derivation
0 Customer Retail Unit Cost derivation
U Variable Production Cost derivation

O System Schematic
showing locations of Supply and Export Meters




Step 1 — Assemble the
Supporting Documents

Example of Supporting Documentation for all Water Supplied Volumes

Indian Health Service
E / Water Loss Program CAVANAUGH

CORCE) Volume from Own Sources, Water Imported, Water Exported

UNITS = MG
Month Import M-1 Well 1 Well 2 Well 3 Export E-1 Monthly Distribution Totals
& Timeframe for the data requested unless noted otherwise: Calendar Year 2021.
& Format for the data requested: Excel preferred, scan or PDF if Excel format not available. . - . . - . .
i . . . 125.48 45.61 -
1. Calendar Year 2021 water audit, in AWWA Free Water Audit Software format (v6.0) — this version to be delivered to June 2017 170.61 30.50
Jun Ul 1/70.61 - a0.55 -
participants with adequate time before the December workshops. July 2017 20211 5.75 60.58 36.22 .
3. Justdo your best to.comp\ete the Wurks.‘heet including inputs and ?nteractive data grades. August 2017 185:45 2:03 37:67 32:58 i
b. If you also are tracking water loss in your own format, please provide that as well.
2 Water S lied September 2017 178.74 1.49 34.31 32.04 =
- Water >upplied
stersuppled ) . o o October 2017 171.39 - 25.15 - 5.18
o Basic schematic showing where supply meters are located relative to distribution system, including any November 2017 123.00 2.31 39.35 32.85 45.79
export or import meters, and pressure zones if applicable December 2017 49.11 5.43 58.60 35.91 22.46
o Inventory or your finished water meters, import water meters and export water meters — size, type & age. January 2018 31.56 34.60 23.82 64.49 _
o Provide your current policy for flow testing and/or signal calibration of these meters, if you have one. February 2018 7.29 31.94 22.20 61.89 -
o Provide all available records/reports/data from testing and/or calibration activities for each finished water March 2018 6.06 31.22 21.70 61.18 =
Aandlar nirchaca marar April 2018 58.44 35.56 24.43 65.44 =

R2

‘Water Sold, UNITS = MG

=4 A

Month July 2017 August 2017 Septemher 2017  October 2017 November 2017 December 2| finished PI’ treated
Single Family Residential 3842 2818 4215 4777 4899 5 A water meter l——> distribution water export
Multi Family Residential 16.07 1854 17.84 18.49 1765 19.29 21 raw water
Commericial/Institutional 1267 1423 878 2.96 10.84 13.01 1291 11 import R1
Industrial 140 150 120 110 160 1
Landscape Irrigation 254 4.82 8.42 1048 1154 1
Municipal 222 225 2.56 293 291 H P2 distribution «—
Water Department 142 110 150 155 105 156 Potable line Owi OQw
Recycled 853 811 10.08 804 1083 1195 12 .
Raw line wa O w3
Meter A well field
WATER AUDIT TOTALS
excludes recycled water accounts Treatment facili‘l‘y D
Billed Metered Authorized Consumption: 1,051.33 MG includes SF Residential, MF Re: Pumping stations .
Billed Unmetered Authorized Consumption NfA all billed customers have a mei Storage Tank '
Unbilled Metered Authorized Consumption: 17.27 MG this includes our own facility u
Unbilled Unmetered Authorized Consumption: this includes minimal flushing, Wwell Meter O



Walk-Through of
Supporting
Documentation



System Schematic

TM
G :
- p’ tréed

finished
A water meter > distribution water export
raw water
import T R1
PZ‘ P
distribution
Potable line Ow:r Ow
Raw line we O i
Meter A well field

Treatment facility (@)
Pumping stations ’
Storage Tank '
Well Meter O



Water Supplied

Volume from Own Sources

UNITS = MG
Month Meter 1 Meter 2 Meter 3 Monthly Distribution Totals
November 2020 254.86 132.65 45.61 d 433.12
December 2020 355.89 111.78 30.59 d 498.26
January 2021 339.87 111.06 2?.?64r 478.69
February 2021 279.90 91.46 22.864' 39422
March 2021 379.86 124,10 31.024' 534.98
April 2021 439.84 143.72 35.93 d 619.49
May 2021 579.78 189.45 47.362 4 816.59
June 2021 599.78 195.98 48.996' 844.76
July 2021 679.75 222.11 55.528 d 0957.39
August 2021 719.73 235.18 58.?94' 1,013.70
September 2021 599.78 195.98 48.996' 844.76
October 2021 479.82 156.78 39.19 . .
Reminders for Water Supplied (VOS, WI, WE)
MNovember 2021 399.85 130.66 32.6€ . .
Supporting Documentation
December 2021 359.87 117.59 29.39
J 2022 345.77 106.33 34.0.
Ay B * volume produced per meter by month
February 2022 340.02 101.22 34.6. . _ .
measuring raw or treated water:
VOS Total 5857.83 1914.06

* any backwash or flow to waste setups to
account for?

* any water-wheeling or special arrangments to
account for?




Authorized Consumption

Water Sold, UNITS = Gallons

2021

Meonth J-21 F-21 M-21 A-21 M-21 J-21 J-21 A-21 5-21 0-21 N-21 D-21 TOTAL
Single Family Residential 122393949 100,795,017 136,793,237 158,392,169 208,789,677 215980321 244,787,897 259,187,185 215,989,321 172,791,457 143992881 129,503 503 ERTe W LRt ey,
Multi Family Residential 61,196,974 50397508 68396618 79,196,085 104,394,839 107994661 122393949 129593593 107,994 661 86,395,729 71996440 64,796,796 M T roR -t
Commericial 85063422 70043995 95,069,707 110,069,135 145091132 150,094,274 170,106,844 180,113,129 160,094,274 120,075419 100,062,849 90,056,565 MWL plop PPNy

Municipal 42,526,711 35021997 47529853 55,034,567 72545566 75047137 85,053,422 90,056,565 75,047,137 60,037,710 50,031,425 45,028,282

732,960,372.33

Unmetered Use Estimated Volume for 2021 in MG:

WQ flushing 2.35

Complaint flushing 0.059 Reminders for Billed Metered Authorized
e o Consumption (BMAC) Supporting

New construction flushing 2.22 Documentation:

Street cleaning 0.98

Sewer jetting 415

* volume billed per customer class {or rate code,
or account type) by month

* highlight and exclude any non-potable
customer classes

* highlight any customer classes (like water
utility or facility use) that does not generate
revenue (unbilled!)




Length of Mains

System
Data

Active

1756458 Length of all Water Lines (ft)
1580 Mumber of Fire Hydrants (ea)

15 Average Fire Hydrant Lead Length (ft)

23700 Length of Fire Hydrant Leads
1780158 Total Length of Mains (ft)
337.1511364 Total Length of Mains {mi)

Service Connections
11081 Total Mumber of Services
Adjustments

Less Mumber of Fire Service Meters on Lateral Tees
Less Mumber of Fire Service Meters on Manifolds
Less Mumber of ME&I Meters on Manifolds

Plus Number of Manifolds
1347 Subtotal Adjustments

9734 Total Active and Inactive Service Connections

Water System Zones and Pressures

ZONE1
ZOME 2
ZOME 2
ZOMNE4
ZOMNE 5
ZOMNE G
ZONE T
ZOME B
ZOMES

HIGH psi LOW psi | AVERAGE psi
133 110 121.5
69 51 60
93 40 66.5
129 48 88.5
111 39 75
115 93 104
129 40 84.5
70 68 69
/4 64 69




Cost Data

Customer Retail Unit Cost

Method 1 (revenue /[ hilled metered)
Caonsumptive revenue (5) divided by Billed Metered (volume)

Customer Retail Unit Cost - Method 2 (weighted rate)
Customer classes

Residential - Single Family

Residential - Mulit Family

Commercial

Municipal

Total

Sewer revenues

Variable Production Cost (Primary costs only)

Primary cost
chemical
power

VEBC

water sold
sewer sold

Volume sold (gal) % Volume Sold
2,109,495,705
1,054,747,852
1,465,920,745
732,900,372
5,363,124,674

Volume sold (MG} % Sewer sold
5363.12
3443.98

Amount (3)
51,093,145.38
52,263,889.57

LEN R per MG

Rate
39% 5
20% 5
27% 5
19% S

Weighted Rate
465 5 1.83
465 5 091
565 5 154
565 S 0.77
water - weighted avg

Sewer - single rate Sewer - prorated

64% S

5.81

LI X M per 1000 gallons



Developing the Inputs

1. Assemble supporting documents
)  [Must-have docs

2. Develop the data inputs Good-to-have docs

3. Check the metrics



Developing the Inputs

1. Assemble supporting documents
s |\VUst-have docs

Good-to-have d
2. Develop the data inputs POTtoTave €O

mmmm) Build it from supporting docs

s | 00k for errors. Does the data

make sense?
3. Check the metrics



Step 2 — Develop the Inputs

Water Audit Report for: Pre-Release Example Audit - Review Only
Audit Year: 2019 Jan 012019 - Dec 312019 | Calendar
- Click 'n’ to add notes
' Click 'g' to determine data validity grade

To access definitions, click the input name v v All volumes to be entered as: MILLION GALLONS (US) PER YEAR
Water Supplied Error Adjustments
WATER SUPPLIED choose entry option:
VoS Volume from Own Sources:| n | g | 7 | 1,000.000 MGrYr nlals [ 1.00%] percent over-registration | VOSEA
wi Water Imported:| n | g | | MGAYT WIEA
WE Water Exported:| n | g MG/Yr WEEA
WATER SUPPLIED: 990.089 MG/Yr

® Develop the Input ® Look for Potential Errors

® Trace from production ® Missing or extra volumes

reports ®* Mismatched timeframe

® Trace from testing reports ® Error adjustment should be

a weighted average of test
results (if available)

® Wrong + or—on error
adjustment



Potential Errors
in Water
Supplied

Billed Water Exported

Billed
i I\/I ete r We a r S Authorized CAuthoriz;d R\i\\/l:tzl:e Billed Metered Consumption
onsumption
Sources Consumption
. Total Billed Unmetered Consumption
 Meter location

Input Unbilled
Authorized

Unbilled Metered Consumption

° I\/I t | t . (al Wat Consumption Unbilled Unmetered Consumption
allow ater
e e r S e e C | O n for Supplied Unauthorized Consumption
k -
fnown CFRIEE e Customer Metering Inaccuracies
. errors ) Losses Revenue
[ J I\/I t Water Systematic Data Handling Errors
eter programmin Water
Losses Leakage on Mains

Real

* Flow data archiving

Leakage on Service Lines

Leakage & Ove




Accuracy results from MFR
test bench: 99.5%

8” Propeller - \‘

/ Well Pump

Meter ~~

Accuracy results from in-
Check Valve situ test: 142.2%

\ . _

Courtesy MESCO



Flow Data Archiving

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

e Gaps occur due to:

* Unplanned interruption:
lightning strike, power
failure

* Planned interruption:
instrumentation
calibration

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

Example of Water Pumping Data Gaps an

8/15/2012, High Service High Service

hrs Pumping Rate, mgd | Pumping Rate, mgd
actual flow raw recorded data
0:00 8.69 8.69
1:00 8.65 8.65
2:00 8.32 8.32
3:00 8.11 8.11
4:00 7.94 0
5:00 8.02 0
6:00 8.44 0
7:00 8.98 0
8:00 9.34 0
9:00 9.25 0
10:00 9.17 0
11:00 9.12 9.12
12:00 9.27 9.27
13:00 9.22 9.22
14:00 9.08 9.08
15:00 8.99 8.99
16:00 9.14 9.14
17:00 9.18 9.18
18:00 9.25 9.25
19:00 9.22 9.22
20:00 8.82 8.82
21:00 8.78 8.78
22:00 8.75 8.75
23:00 8.71 8.71
0:00 8.68 8.68
Total 212.43 151.29

Average 8.85 6.30

Difference 2.55

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




Step 2 — Develop the Inputs

AUTHORIZED CONSUMPTION

BMAC Billed Metered: n | g | 9 850.000, MG/Yr
BUAC Billed Unmetered:| n | g MG/Yr
UMAC Unbilled Metered:| n | g MG/Yr choose entry option:
UUAC Unbilled Unmetered:| n | 9 | 4 15.000 MGrYr custom |15.000 MG/Yr
AUTHORIZED CONSUMPTION: 865.000 MGrYr
WATER LOSSES 125.098 MG/Yr
Apparent Losses
Default option selected for Systematic Data Handling Errors, with automatic data grading of 3 choose entry option:
SDHE Systematic Data Handling Errors:| n | g | 3 2.125 MGrYr 0.25% | default
CMI Customer Metering Inaccuracies:| n | 9 | 1 8.586 MGrYr 1.00% | percent under-registration
uc Unauthorized Consumption:{ n | 9 | 3 2.125 MG/Yr 0.25% | default
Default option selected for Unauthorized Consumption, with automatic data grading of 3
Apparent Losses: 12.836 MG/YT

® Develop the Input ® Look for potential errors
® Trace from billing reports ® Billing report

® 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




Potential Errors
in Authorized
Consumption

* Duplicate volumes

Own
Sources
Total

 Non-potable volumes o

(allow

* Missing volumes e

e Mismatched
timeframes

errors )

Authorized
Consumption

Water
Losses

Billed
Authorized
Consumption

Revenue
Water

Unbilled
Authorized
Consumption

Apparent Non-
Losses Revenue
Water

Real
Losses

Billed Water Exported

Billed Metered Consumption

Billed Unmetered Consumption

Unbilled Metered Consump
Unbilled Unmetered Consumption

Unauthorized Consumption
Customer Metering Inaccuracies
Systematic Data Handling Errors

Leakage on Mains

Leakage on Service Lines

Leakage & Overflows at Storage



System Data

Infrastructure information

* Length of Mains (includes hydrants laterals)

 Count of service connections (active and inactive)

Operating Pressure

used to calculate a technical minimum volume of leakage



Cost Data

Total Annual Operating Cost

Customer Retail Unit Cost

Variable Production Cost



Developing the Inputs

1.

2.

3.

Assemble supporting documents

|

Develop the data inputs

Check the metrics

11

Must-have docs

Good-to-get docs

Build it from supporting docs
Look for gremlins

Sanity check

Inside typical ranges

Metrics versus practices



Step 3 — Check the Metrics

American Water Works Association.
Copyright © 2020, All Rights Reserved.

FWAS v6.0_PR

N

AWWA Free Water Audit Software:

Dashboard

go to worksheet go to grading go to references

Water Audit Report for: Example Water Utility

Data Validity
Data Validity Score: 65 Data Validity Tier:  Tier lll (51-70)
See Loss Control Planning for Tier Details
Tier Il (26-50 Tier lll (51-70)

Tier IV (71-80)
Tier | (<25)

Tier V (91-100)

Audit Year: 2020 Calendar

NRW Components Summary
Total Volume of NRW = 87 MG/Yr Total Cost of NRW =

100 S83.6780Yr $90,000
%0 - $80,000
g W - $70,000
€ 7
Y $60,000
E 80
=3 - $50,000
50
- $40,000
40
- $30,000
30 $30,
20 $20,000
o [ 3100
0 - L s0

-Real Losses

Systematic Data Handling Errors
-Cusiomer Metering Inaccuracies

Unauthorized Consumption

\‘:\:(I;'HY-'? VSaI\Yure Basis of Valuation
Apparent Losses 13.4 $41,932 CRUC
Real Losses 71.3 $40,483 VPC
Unbilled Authorized Cons. 22 $1,263 VPC
Non-Revenue Water 87.0 $83,678 Blended

16.48 S/conn/year

46.5 gal/conn/day

Average Operating Pressure
74.2 si

whctual KPI result Key Performance Indicators Targe! (see Worksheet)
gauge %iles per validated industry ranges2
750 %ile 75" %ile 75" %ile
Median
Median Median
25h in
“ile Sn?b
25t
Yoile,
10t %ile 90t %ile 10t %ile 90" %ile 101 %ile 90" %ilg
Total Loss Cost Rate Apparent Loss Cost Rate Real Loss Cost Rate

. . 75% %ile 75" %ile
Median 75" %ile Median Median
h
2 251
%ile %ile
10% %ile | 90t %ile 10" %ile 90" %ile 10t %ile 90 %ile
Unit Total Losses Unit Apparent Losses

75 %ile

Median Median ISh Ylle
b 00t %ile 25t 25t
%ile %ile

b 75th %hile

Median 10 %ile ile 10" %ile 0™ %ile

. Infrastructure Leakage Index (ILI) Unit Real Losses®
25th %ile 2.3 dimensionless 2,606 gal/mile/day
10th %ile

See UARL definition for additional guidance on the ILI

Jan 01 2020 - Dec 31 2020

8.39 S/connlyear

8.10 S/connfyear

Unit Real Losses”

7.4 gal/conn/day 39.1 gal/conn/day

(UARL) Unavoidable Annual Real Losses

31.3 MG/Yr 17.2 gal/conn/day

Unbilled Unmetered Authorized Cons.
Unbilled Metered Authorized Cons.

The eight indicators shown are the recommended suite per the
AWWA Water Loss Control Committee 2020 Position on KPIs'.
+ A suite of KPIs is necessary, as no single KPI can holistically
communicate water loss performance for a given water system.
+ See Table 1 below for Uses and Limitations for each KPI,
excerpted from the AWWA Water Loss Control Committee
Report (2020), with naming conventions updated.

« Percentiles (%iles) shown on KP| gauges come from Level 1
validated data in the AWWA WLCC Reference Water Audit
Dataset (2020)*

= KPI %iles shown above are not segregated by cohorts. Limited

Guidance Information for Key Performance Indicators

KPI data by cohorts may be found in WRF 4695 Guidance

Manual, Appendix B (2019)°.

Actual KPI results that fall below 10" %ile or above 90'" %ile do

not necessarily imply error, but should be viewed with scrutiny.

Percentiles not intended to imply targets. Targets may be input

by user for operational KPls, if desired, on Worksheet.

= See UARL and ILI in Definitions tab for discussion of size and
pressure limitations.

= Systems that fall on the extreme ends of size or connection
density should use caution when interpreting Unit Losses KPls.

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

practices?
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Knowledge

Developing the Inputs




Breakout

Exercise

Common Exercise — Developing the
Inputs
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Data
Validity

Data Validity Score

AWWA Free Water Audit Software —
Interactive Data Grading

Importance of Level 1 Validation




he Big Picture

4—|

Loss Profiling & Cost-Benefit .
. Intervention
Uncertainty & Targets
Annual M36 Advanced Validation Costs of losses Leakage Management:
water audit "Level 2 Analytics * by subcomponent * Active Leak Detection
°Leve|_3 Field Study * in aggregate * Pressure Optimization
Apparent & *Margins of Error * wholesale & retail * Repair Time Reduction
* Network R I
Real Loss Apparent Loss Profile Costs of etwork renewsa
volumes *Theft . . . .
*Meter Inaccuracy Intervention Rev‘_le_:;teMF:‘;::teif:lon'
*Data Handli strategies )
Le\{el 1. Al el 8 * Meter Optimization &
validation Real Loss Profile Program design Rf—'r_‘ewal
oReported Leakage L B|”|ng Data System
baseline *Unreported Leakage System—specific Integrity
/ﬁ *Background Leakage * Revenue Recovery
/ technical .
lvsi economic )
analysis analysis cost-effectiveness



MG per Year
Gal/connection/day
Leakage Index

S per Year
Economic Loss Index

Water Audit Data Validity Score
95% Confidence Limits
Key Data Input Grades



Data Validity
Grades

Data validity grades (DVGs) document
utility practices of:

e Data collection
e Datareview
* |nstrument maintenance

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

DVG criteria are predominantly
gualitative

DVGs are NOT a measure of accuracy!

n|afl 4 1,000.000 'nlg| | 1.00%| percent |
nj|4g
nj4g
SUPPRIED: 990.099
njg 850.000
n|4g
nj9y £ choose entry opt
n| gy 3 2125 [}25% default
automatfc datg grading of 3
SUMPTICIN: Q572 125



Data Validity Grading

Water Audit Report for: Pre-Release Example Audit - Review Only
Audit Year: 2019 \ Jan 01 2019 - Dec 31 2019

Click 'n' to add notes

: - Click 'g' to determine data validity grade
To access definitions, click the input name v V All volumes to be entered as: MILLIC

WATER SUPPLIED

Volume from Own Sources: n | 9 1,000.000 MG/Yr
Water Imported: n | 9 MG/Yr
Water Exported: n | 9 MG/Yr

WATER SUPPLIED: 990.099 MG/Yr



Data Validity Grading

V6 Water Audit Report for: Pre-Release Example Audit - Review Only

Audit Year: 2019 Jan 01 2019 - Dec 31 2019

= Click

To access definitions, click the input name v V

WATER SUPPLIED

Volume from Own Sources: n | 9 1,000.000 MG/Yr
Water Imported: n | 9 MG/Yr
Water Exported: n | 9 MG/Yr

WATER SUPPLIED: 990.099 MG/Yr



Data Validity Grading v6

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

o e | s

White = incomplete (see Start
Orange = complete m “ m CRUC Page for

Use acronyms for navigation FWAS v6.0_Gamma. American Water Works Association. Copyright © 2020, All Rights Reserved. details)
go to input Volume from Own 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.

v0s.2 What is the frequency of electronic calibration? Annually
vo0s.3 \F:\:g:;slz\,’;el 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
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
What are the total volume-weighted average results of in-situ flow accuracy testing
vos.7 X N
(during or closest to audit year)? -
o
8 Have testing and calibration procedures been closely scrutinized for compliance At £6% or g:eater o
vos. with procedures described in the AWWA M36 and/or M33 Manual(s)? Between £3% to 6%
At or within 3%
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:



Data Validity Grading v6

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

o e | =

R SDHE | Ne |_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.

v0s.2 What is the frequency of electronic calibration? Annually
v0s.3 \é\r/::éslzy;el 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? N(ES]
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 Whgt are the total volumg-waghted average results of in-situ flow accuracy testing At or within +3%

(during or closest to audit year)?

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

VOs. with procedures described in the AWWA M36 and/or M33 Manual(s)?
vo0s.9 Which best describes the frequency of finished water meter readings? Continuous

Which best describes the frequency of data review for anomalies/errors? These
v0s.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
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Data quality matters!

inaccuracy & inaccuracy &
uncertainty in uncertainty in
inputs results

* |nstruments
e Databases
* People

* Missing information



Levels of Validation

Water audit validation aims to:
e |dentify and correct errors

e Evaluate and communicate uncertainty

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

Level 3 — new data from the field
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WATER AUDITS IN THE UNITED STATES:
A REVIEW OF DATA VALIDITY AND RESULTS

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






Water Audit Results Across the Country

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

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%

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



2016 UWMP Submitted Data - Unfiltered

financial

volumetric

2016
n=292
i
Customer Retail Unit Cost S0.00
Variable Production Cost S0.00
NRW as % of Operating Cost 0.00%
Apparent Losses -4.34
Real Losses (serv conns) -35
Real Losses (pressure) -0.66
ILI -3.03
Data Validity Score 2.35

2016 2016

n =292 n =292

median max
$3.93 $180,097.61

$1,315.45 | $25,007,000.00

3.54% 242305%
6.36 122.3
19.46 334.54
0.371 5.31
1.18 17.84
75.33 98.27

UNIT

$ /1,000 gal

S / million gal

% of operating cost

gal/ serv conn / day

gal/ serv conn / day

gal/ serv conn / day / psi
CARL / UARL

points out of 100
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ESTABLISHING WATER UTILITY GUIDANCE AND
METHODOLOGY FOR WATER AUDIT VALIDATION

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

Water Loss Audit validation — does not make data inputs or gradings “right” or
“wrong”, but merely aligns them with the actual conditions that occurred in the
operation of the utility for the audit year

Level 1 -- Top down Data Review

Level 2 -- Top down Data Mining Review

Level 3 -- Bottom up Field Investigation



Purpose of Level 1 Validation

1) review of audit methodology and volume derivation

2) review of Interactive Data Grading answers

goals: quality and consistency



Purpose of Level 1 Validation

1) review of audit methodology and volume
determination

2 ) review of Data Validity Grade selection

Level 1 Validation Tools:

e Discussion with Validator

* Supporting Documentation



What does Level 1 water audit
validation do?

The Level 1 water audit validation aims to:

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

e |dentify/adjust any evident inaccuracies

e Validation of best-fit IDG answers, and understanding the answers in full
context of the utility operations

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

e Data validity grades that reflect utility practices
e I|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. Level 1 water
audit validation does not:

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

e Investigate 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



Research

)\ Water
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UPDATE TO LEVEL 1 VALIDATION GUIDANCE MANUAL

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

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

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

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

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

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



Audit Input

Average Difference in Pre vs Post DVG by Audit Input

Water Exported
Water Imported

Volume From Own Sources MMEA

Pre-Validated
vS. Post-
Validated
Audits

Customer Metering Inaccuracies
Water Imported MMEA

Valume From Own Sources
Billed Metered

Water Exported MMEA

Variable Production Cost

Average Operating Pressure

. Decrease
. Increase

Billed Unmetered
Customer Retail Unit Cost

No. of Active and Inactive Service Connections

Unauthorized Consumption

Changes to
Data Validity
Grades

Unbilled Metered |
Systematic Data Handling Errors I
Length of Mains I
Unbilled Unmetered I
Average length of customer service line -
Total Annual Cost of Operating Water System -
0 1

-2 -1

Average Difference




Pre-Level 1 Validation (Self-Reported)
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Unit errors. Unit errors typically occur when the auditor
enters the volumetric inputs as the wrong unit (i.e.
‘gallons’ instead of ‘million gallons’).

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

Agreggate NRW Volume
by Subcomponent (MG)

Unbilled Authorize
UnblIIEd AuthoriZEd Consumption

Consumption

Apparent Losses

Apparent Losses

Real Losses
Real Losses

Pre-Level 1 Validation (Self- Post-Level 1 Validation
Reported)

Pre-Validated
VS. Post-
Validated
Audits

|dentification
of macro-
level
Inaccuracies
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Summary
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Leakage

The BEST(?) Number

wncertaindata | accurate data
high losses high losses
wncertaindata | acturate data vs'
low losses low lasses
Certainty

The BEST(?) Number

100

Step 1 — Assemble

the

Supporting Documents

Supporting Documsﬁnﬁﬁgn

il on key values
& REQUIRED SUPPLEMENTAL
Fo nual i 0 Volume from Chwn Sources O Customer Mater Inaccuracy derivstion

Loss Profiling &

Uncertainty
Annual M36 ol “;‘f‘;““'“"
A “Level 2 Analytics
water audit “Level 3 Field Study
ADparent i *Margins. of Error
Real Loss Apparent Loss Profile
volumes R
“Meter MWIM
Level 1 *Data Handling
validation Real Loss Profile
“heported Leakage
baseline *Unreported Leakaga
# ~Background Leakage
-ﬁ technical
analysis
Stage 1 Stage 2

Costs of losses

= whalesale & retail

Costs of
intervention
strategies

Program design

Systemn-specific

economic

analysis

Stage 3

Graken clown by movith andd eter

0 Water Imported
ke dowsn by month and meter

Intervention

Leakage Management:
= Active Leak Datection
+ Pressure Optimization
+ Repair Time Reduction
« Network Renewal

0 Water Exported
ki clen by e and ey

1 Supply Meter Test Records
for o supply meters, if conductsd

0 Velume of Matered Consumption
Graken dlows by month and use Tyerode

Revenue Protection:

O Average Operating Presiure dorkation
|J Customer Retail Unit Cost derivation
O variable Production Cest dervatian

I System Schematic
showwing loritians of Supply and Export Meters

- Theft Mitigation

» Meter Optimization &
Reniwal

= Billing Data System
Integrity

* Revienug Recovery

cost-effectiveness

Stage 4

vErE

* Develop the Input
* Trace from billing reparts

* Trace from flushing (etc)
tracker

* Metrics versus Practices

+ Inside the range — are they high, mid, or low?

+ How does that compare to the water loss management

practices?

Step 2 — Develop the Inputs

o et e

* Look for potential errors
* Billing report

* Double counting Water
Exported in Billed Metered

* Double counting Unbilled
Metered in Billed Metered

* Including leaks { breaksin
Unbilled Unmetered
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Evaluation




	����Indian Health Service�Water Loss Program:�AWWA M36 Workshop�Day 2����March 16, 2022
	Agenda – Day 2
	Review from Day 1
	Slide Number 4
	Water Audit Jeopardy!
	AWWA Free Water Audit Software
	Developing the Inputs
	AWWA Free Water Audit Software�Developing the Inputs
	Developing the Inputs
	Supporting Documentation
	Supporting Documentation
	Step 1 – Assemble the Supporting Documents
	Slide Number 13
	System Schematic
	Water Supplied 
	Authorized Consumption
	System�Data
	Cost Data
	Developing the Inputs
	Developing the Inputs
	Step 2 – Develop the Inputs
	Potential Errors in Water Supplied
	Slide Number 23
	Flow Data Archiving
	Step 2 – Develop the Inputs
	Potential Errors in Authorized Consumption
	Slide Number 27
	Slide Number 28
	Developing the Inputs
	Step 3 – Check the Metrics
	Test Your Knowledge
	Breakout Exercise
	Slide Number 33
	Review of Common Exercise
	Data Validity
	Slide Number 36
	3-V
	Data Validity Grades
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	What does Level 1 water audit validation do?�
	What does Level 1 water audit validation NOT do?��
	Slide Number 56
	Pre-Validated vs. Post-Validated Audits��Changes to Data Validity Grades
	Pre-Validated vs. Post-Validated Audits��Data Validity Distribution
	Pre-Validated vs. Post-Validated Audits��Identification of macro-level inaccuracies
	Test Your Knowledge
	Summary Review & Wrap-Up
	Slide Number 62
	Workshop Evaluation

