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(Brackett, 1904) .. NEWWA \

Report On The Measurement, Consumption

and Waste of Water Supplied to the

Metropolitan Water District

* Data on towns recently 100% metered

* Quantify water losses via meter calculations

* Meters only been used “but a few years”,
error not more than 2-3%

* Conclusion: “a large percentage of water

or pumps is unaccounted for by the meters.”

e

delivered into the mains from the reservoir

\.

\
(Hazen et al., 1916) NEWWA Committee on

Meter Rates —

* Analysis on the “Amount of Water Not Accounted For”

» Assessed 35 systems across the country

» “The water not accounted for averaged 27.0 per cent.
of the total output.”

J

~N

MORE RESEARCH!

-

of Water Consumption

pumpage, the practice is good.”

\_

(Metcalf et al., 1912) NEWWA Committee

%UFW becomes an accepted indicator

“In general, it may be said that if, in a well-
metered system, the water-unaccounted-for
does not exceed 25 per cent, of the total

\ * (Howson, 1928) 44 systems, %UFW
of 26.5%, or approximately 31 gallons
per capita per day unaccounted for

+ (Mabee, 1928) 121 cities, %0UFW
averaged 24.72%

* (Whitman, 1932) 12 cities, %UFW
averaged 25%

( )
AWWA “Water Work Practice”
1926 Textbook

“Water unaccounted for’ is that
portion of the water flowing into a
distribution system which is not

- J

J

delivered to the consumers.”
\_ )
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1a. Water Loss Control: Historical Context

(Case, 1950) “No specific percentage of
unaccounted-for water can be regarded \
as satisfactory for all water systems... P

Many factors must be considered before it
can be said that the unaccounted-for

figure is too high or too low.” \ Problems with %UFW:
(Haydock, 1947) “Unaccounted-for 1. Components of UFW can be accounted for
~\ water means different things to

(Cook, 1939) “The term different people... In a completely 2. Many measures for a percentage —

“unaccounted for water” means / metered system, unaccounted-for %UFW is a percentage of what?

but little, as it is too easy, with water can therefore be described as )

present day methods, to account nonrevenue-producing water.” 3. Total supply contains UFW... therefore
_for water...” J 30%UFW > 10%UFW # 20% less UFW

4. Comparison between systems not

equwalent for example:
2 systems with 1,000 connections & loss = 50 gal/conn/day [gcd])

* System-A average demand of 150 gcd, the %UFW = 33% (50/150).

* System-B average demand of 200 gcd, the %UFW = 25% (50/200).

* Same level of leakage efficiency (50 gcd), System-B seemingly performs
better using a percent based indicator simply because each person uses
more water (or has a high-use industrial customer).

D(S/3S
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1a. Water Loss Control: Historical Context

Water Act 1989:

(NRA, 1992): “The NRA will not normally
grant further abstraction licenses for

privatized water industry
(authorities -> companies)

create National River Authority
which were passed the power of licensing

N abstractions -> NRA
Anglian J
Welsh
Thames
Soulhem

South West

Established National
Water Council

UK National Water Council - 1980

“Leakage Control Policy and Practice”
(aka Report 26)

0 ot i o e ) k|

1988 92 drought &
public pressure /
focus on water losses

1. Two methods to calculate leakage
via estimating ‘unmetered’ water

(UFW). Supported two metrics:
a. Urban: gal / property / hour
b. Rural: gal/ mile of main/ hour

2. Showed leakage control could be
“cost-effective”

Water Act 1983:
Abolished National Water Council

J

additional water ...

unless leakage levels are |

at, or steps have been taken... to achieve,
the economic level by the methods set out
in Technical Report No. 26”

1991-1994 UK National Leakage Control Initiative

Managing Leakage” series of 8 reports to update

the 1980 “Report 26”

1. Developed a Water Balance & terminology
2. Burst and Background Effects (BABE)

DISTRIBUTION INPUT (DI)
WATER TAKEN (WT)
Water Delivered (WD)

Water Delivered through
Supply Pipes (WDS)

Measured | Unmeasured ‘ Unmeasured

(WDSM) Use (WDSU) | Supply Pipe
I.USSC\
(WDSL)

Miscellaneous
Water Taken (WTM) |

Miscellaneous

DISTRIBUTION LOSSES (DL)

DOU | Distribution Losses (DL)

Distribution Losses (DL)
Distribution Losses (DL)

Water Taken
(WTM)

NSYLVANTA o NE

Figure 4.8 Glossary of Terms (from ‘Managing LeakagéWTED STATES OF AMERICA

6




1a. Water Loss Control: Historical Context

YEARLY WATER DISTRIBUTION

Average Daily Use
per Connection

Miscellaneous

AWWA national survey of water
works and subsequent analysis of
data (every 5-years)

A Statistical Analysis of Water Works Data
for 1948

By G. J. Schroepfer, A. S. Johnson, H. F. Seidel
and M. B, Al-Hakim

A paper presented on Sept. 1, 1995 al the Minnesata Section Mevting,
Winnipeg, Man., by G. J. Schroepjer, Prof. of Sau. Fag.. Uniz. of
Minnesota; A. §. Johnson and H. F. Seidel, Instractors in Ciz, Eng.,
Unize, of Minnesota; and M. B. Al-Hakim, Graduate Student of San.
Eng., Univ. of Minnesota, Mivmeapolis, Minn.

\_.

(Carr & Pike, 1986) : Water Audit and

Leak Detection Guidebook

State of California Department of Water
Resources, Water Conservation Office
* AWWA California-Nevada Section

Year(s) of survey No. systems
* Does not mention UFW
1945 462 * Introduction to the “Water Audit Worksheet”
1950 416 » Corrections for meter error & reading lag
1955 497 * Quantifiably estimates leakage 1990 - AWWA M36 Manual

1960 821 J
1965, 1970 861, 768 M

Delaware River Basin C
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1a. Water Loss Control: Historical Context L, e .

1The International Water Supply Association (IWSA) formally merged with International Association on Water
Quality (IAWQ) in 1999 to form the International Water Association (IWA), after ongoing discussions since

1996 (Reiter, 2022).

N

(Lambert & Hirner, 2000)

~zze- the blue pages
Association e

the IWA information source on drinking water issues

somsed | Commmption. et
1996 IWA Operation and -
Maintenance Committee Task Force S
(1) prepare a recommended basic ssem | f:L Consumpton
standard terminology for calculation — g7y :n‘jpd
of real and apparent losses e
(2) review and recommend preferred e B e et
performance indicators for | Lffmsp“ﬁpm: 3
international comparison of losses s

J

(Algeres et al, 2000)

N

1991 International Water Supply

Association (IWSA?) Report:
“Report on Un-accounted for Water and
the Economics of Leak Detection”
(Cheong, 1991)

I Water SRT— Aqua Vol. 48, No. 6, pp. 227 237, 1999 (Lambert et al’ 1999)

A review of performance indicators for real losses from water
supply systems

A. O. Lambert*, T. G. Brownt, M. Takizawa$ and D. Weimer$, * international Water Data Comparisons Lid: + AWWA,
North American Representative to UFW Task Force; Tokyo Metropolitan Waterworks Japan; and $Neckarwerke Stutigart AG, Germany

UARL = (541 L,, + 015 N, + 7.5 L) X P % 365
L.=N.=L,

-

Identifies problems and unnecessary

ILI = CARL [/ UARL

m is un d e rSta n d I ngs da ri S€ d ue to th e . UARL unavoidable annual real [0SSeS.......coeveevveeriiiiensienns gallons per year
. g 0 0no . t | real losses .............. M
differences in definition & calculation of P el aimensionisss.

length of mains

UFW b

Ly, average length of customer service connection piping feef
j N, number of service connections ..dimensionless

L, total length of customer service pipi

P average operating pressure




1b. Water Audits in the Delaware River Basin

1976:
1981.:
1983:
1986:
1987:
1988:
1992:
1998:
2000:
20009:
2006-09:
2009:
2009-11:
2012:
2015:
2021:

(RES 76-17) Program TO REDUCE WATER USE IN BASIN e

(RES 81-9) Information on water conserving devices and procedures

(RES 83-14) Depletive Use.reduction- during drought Note: RES 98-21 (1998) )

(RES 86-12) Source & Service Metering Dissolves the Ground Water Advisory

(RES 87-6 Rev) Leak Detection & Repair Committee (GWAC) and the Water

(RES 88-2 Rev No. 2) Conservation Plumbing Standards Conservation Advisory Committee (WCAC),
. .. establishes the Water Management

(RES 92-2) Water Conservation Pricing Advisory Committee (WMAC)

(RES 98-21) Dissolve GWAC & WCAC, establish WMAC

IWA published “Performance Indicators for Water Supply Services”

AWWA published M36 3 edition with IWA/AWWA Water Audit Methodology

Water Loss Accountability (WMAC involvement)

(RES 2009-1) Update water code to include water audit reporting

“Water Audit” Rule Outreach / Voluntary Implementation (DRBC workshop and webpages)

First year for use of new water audit (AWWA FWAS v4.2) — due in 2013, received 250 reports
AWWA FWAS V.5 required USRS
AWWA FWAS v.6 required — 10 years of audits e e P

NNNNNNNNNNNNNNNNNNNN
TTTTTTTTTTTTTTTTTTTTT




1b. Water Audits in the Delaware River Basin

‘

I . N -
I I I I "
I I I I "
4 4 4 4

RES 81-9 RES 83-14 RES 86-12 RES 87-6 Rev RES 88-2 Rev No. 2
(Water Conserving (Depletive Use) (Water Metering) (Plumbing/Leak (Plumbing/Leak
Devices) Detection) Detection)
| Direct mention of resolution RES 87-7 Rev

relationship (Water Metering)

= == =P Assumed resolution relationship

I(CIIS
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AWWA Water Loss Control Committee (WLCC) Free Water Audit Software v4.2
Copyright ® 2010, American Water Works Associafion. Al Rights Reserved. WAS V42

PURPOSE: This spreadsheet-based water audit tool is designed to help quantify and track water losses associated with water
distribution systems and identify areas for improved efficiency and cost recovery. It provides a "top-down" summary water
audit format, and is not meant to take the place of a full-scale, comprehensive water audit format.

USE: The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the
screen, or by clicking the buttons on the left below. Descriptions of each sheet are also given below.
0 THE FOLLOWING KEY APPLIES THROUGHOUT: [ |value can be entered by user

[ Ivalue calculated based on input data
[ Jrnese cells contain recommended default values

Plcase begin by providing the following ion, then proceed through cach sheet in the

NAME OF CITY OR UTILITY:

AWWA Free Water Audit Software v
REPORTING YeAR:| |  START DATE(a
‘American Water Works Association Copyright @ 2014, All Rights Reserved.
DERIE (9 SR potEiE This based water audit tool is designed to help quantity and track water losses associated with water distribution systems and identify areas for improved

efficiency and cost recovery. It provides a *top-down” summary water audit format, and is not meant to take the place of a full-scale, comprehensive water audit format.

Auditors are strongly encouraged to refer to the most current edition of AWWA M36 Manual for Water Audits
for detailed guidance on the water auditing process and targetting loss reduction levels

PLEASE SELECT PREFERRED REPORTING UNITS FOR WATER
Click to advance to sheet..

Instructions IThe current sheet The spreadsheet contains several separate worksheets. Sheets can be accessed using the tabs towards the bottom of the screen. or by clicking the buttons below.

5 L1280 s ST |Encer the requized daca of

Please in roviding the following information The following guidance will help you complete the Au

Water Balance The walues entered in chefliName of Contact Person: ] Al audit data are entered on the Reporting Worksheet

Email Add Val be entered
. Grading Matrix IDepending on the confiden) mall Address ‘ Elee i o) s
o Telephone (incl Ext ) [ ] Value calculated based on input data
able: s ummary o reports submitted to . Sorvicn Comections (| ST NN \ Thse s contn scammendod e s

City/T ]
|Use this sheet to underst)
State / Province Use of Option  Pert Value
s oo [ oz ® O |

Definitions

Year vd.l | v4.2 v5 v6 |Received
2012 3 247 250

Use this sheet to interpy Country

i

Year:

Start Date Enter MMYYYY numeric format

alaciibada To enter a value, choose
this button and enter a

‘ AWWA Free Water Audit Software v6.0 FWASYEO veleeinthe celliothe

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

This spreadsheet-based water audit tool is designed to help quantify and track water I0sses associated with water distribution systems and identify areas for improved efficiency and cost recovery. it provides a

"top-down" summary water audit format and is not meant o take the place of a full-scale, comprehensive water audit format. Auditors are strongly encouraged to refer to the most current edition of AWWAM36 |y icom of the page
Manual for Water Audits for detailed guidance on the water auditing process and targeting 105s reduction levels. This tool contains several separate worksheets. Sheets can be accessed using the tabs at the.
bottom of the screen, or by clicking the TOC links below.

. . las Dpashboard
Table of Contents (TOC) Enter Basic Information Key of Input Acronyms Inoraer of appearance gance pestboad
in the Worksheet tered in Agraphical summary
Name of Utility: VOS Volume from Own Sources [t of the water balance
2 O 1 4 1 9 7 1 6 9 2 6 7 Start page [N CUITENt sheet. Enter contact information and pasic | oot iioe 0 VOSEA  VOS Error Adjustment and Non-Revenue
audit details. Water components
Email W1 Water Imported
Telephone | Ext WIEA Wi Error Adjustment
Worksheet 'E,:;'e“:;': :,Z‘:::: :f;z;;’am‘fa:’;'kmee' tocaleulate  § oo mownMunicipalty WE  Water Exported
2015 7 269 276 o O
Interactive Data Answer questions about operational practices for each BMAC Billed Metered Authorized Consumption B
Grading 2441 INput, and the data validity grades wil Country | BUAC  Billed Unmetered Authorized Consumption fudits Acknowledqements
automatically populate. Audit Preparation Date | UMAC  Unbilled Metered Authorized C ol || Gt | e
Audit Year: \ UUAC Unbilled Unmetered Authorized Ci
R NRW it e \dic af d
2 0 1 6 1 2 9 9 3 O O Dashboard g:‘:ta\ Oul;}gfg';i';ll‘ e et ot ekt Audit Year Label: [(Fiscal, Calendar, elc) SDHE  Systemaiic Data Handling Errors
Audit Period Start Date: \ CMI  Customer Metering Inaccuracies
Enter notes to explain how values were calculated, Audit Period End Date: \ UC  Unauthorized Consumption
Notes document data sources. and related information about | Volume Reporting Units: \ Lm Length of mains
data management practices. Water System Structure: Nc  Number of service connections
Water Type. Lp Average length of (private) customer service lin
B lar d d! A blank sheet.
Blank Sheet T:ep:r?;:\?\s ;g:i"canvasan shees System ID Number: AOP  Average Operaling Pressure
: Validator Name/ID: CRUC Customer Retail Unit Charge
Validator Email: VPC  Variable Production Cost
2 0 1 8 3 O 5 3 O 5 Water Balance |'® ValUes entered in the Worksheet automatically Estimated Total Population Served by Water Utiity
populate the Water Balance

Loss Control Use this sheet fo interpret the results of the audit .
2 0 1 9 1 2 9 4 2 9 5 Planning validity score and performance indicators. Color Key User input :l Calculated Optional default

Use this sheet to understand the terms used in the

Definitions audit process. Guidance for the Worksheet Guidance for the Interactive Data Grading
Service *hoosing to enter unit of percent or volum Use acronym buttons in IDG header to navigate among inputs. Acronym Key
2 0 2 0 1 5 6 1 4 0 2 9 6 . _~~ Diagrams dﬁﬂ:lmg possible customer service (applies to VOSEA, WIEA, WEEA, CM1) above.

Diagram choose entry option
for of the AWWA or B =
2 0 2 1 4 2 8 8 2 9 2 ments Free Water Audit Software v&.0. VORI 25000 G Gl “

Choosing fo enter default or custom input

After clickina an acronvm button_answer all visible auestfion:
Start Page | Worksheet | Interactive Data Grading | Dashboard | Notes | BlankSheet | Water Balance | Loss Control Planning | Definitions | Service Connection Diagram | Acknowled

Delaware River Basin C
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3. Previous DRBC publications

Analysis of Calendar Year 2012 Water Audit Data
from Public Water Supply Systems in the
Delaware River Basin

DELAWARE RIVER BASIN COMMISSION

Delaware River Basin Commission

DELAWARE e NEW JERSEY
PENNSYLVANIA e NEW YORK
UNITED STATES OF AMERICA

February 2015

Analysis of Calendar Year 2014 Water Audit Data
from Public Water Supply Systems in the
Delaware River Basin

DELAWARE RIVER BASIN COMMISSION

Delaware River Basin Commission

DELAWARE e NEW JERSEY
PENNSYLVANIA e NEW YORK
UNITED STATES OF AMERICA

February 2016

Analysis of Calendar Year 2016 Water Audit Data
from Public Water Supply Systems in the
Delaware River Basin

DELAWARE RIVER BASIN COMMISSION

D(SI3S

Delaware River Basin Commission

DELAWARE & NEW JERSEY
PENNSYLVANIA e NEW YORK
UNITED STATES OF AMERICA

February 2018

Link:
CY2016https://www.nj.gov/drbc
/library/documents/wateraudits/

CY2012audit-report.pdf Data

Link:
https://www.nj.gov/drbc/library/
documents/wateraudits/CY2014
audit-report.pdf

Link:
https://www.nj.gov/drbc/library/
documents/wateraudits/CY2016
audit-report.pdf

|
|
cy2012 - |
CY2021 :
|

|

Del. e River Basin C
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cy2016https://www.nj.gov/drbc/library/documents/wateraudits/CY2012audit-report.pdf%20Data
cy2016https://www.nj.gov/drbc/library/documents/wateraudits/CY2012audit-report.pdf%20Data
cy2016https://www.nj.gov/drbc/library/documents/wateraudits/CY2012audit-report.pdf%20Data
https://www.nj.gov/drbc/library/documents/wateraudits/CY2014audit-report.pdf
https://www.nj.gov/drbc/library/documents/wateraudits/CY2014audit-report.pdf
https://www.nj.gov/drbc/library/documents/wateraudits/CY2014audit-report.pdf
https://www.nj.gov/drbc/library/documents/wateraudits/CY2016audit-report.pdf
https://www.nj.gov/drbc/library/documents/wateraudits/CY2016audit-report.pdf
https://www.nj.gov/drbc/library/documents/wateraudits/CY2016audit-report.pdf

4. CY2021 Water Summary

e 304 systems supplying an
average of 783 MGD in the
DRB

e 207 MGD total water loss
from distribution systems

100% -

90% -

80%

710% -

60%

50% -

0% -

30%

20% -

10% -

0% -

576 MGD

Authorized
Consumption




4. CY2021 Water Summary

Apparent Losses (Gallons per Service Connection per Day), by System Class

Class Size

e Apparent losses can come * Very Small: 2,000 connections
from customer meter
inaccuracies, unauthorized
consumption and system
data handling errors

* Highest median apparent
loss in very large systems | | o ——— | | =
(>100,000 connections) —— | i

[] 4 | |

—
o
1

Gallons per Service Connection per Day

(S5}

Very Small Small Medium Large Wery Large
System by Class

EEEEEEEEEEEEEEEEEE
PENNSYLVANIA  NEW YORK
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4. CY2021 Water Summary

Real Losses (Gallons per Service Connection per Day), by System Class

DEQ A ......................................... .......................................... ...................... class Size

* Real losses = physical water . Very Small: <2,000 connections
losses from the system

* Highest median real loss
occurs in very large systems
(110 gal/con/day)

* High real loss is seen all size
categories

P
=1
=

—
(5]
=

L

—
=
(=]

(5]
=

Gallons per Service Connection per Day

Very Small Small Medium Large Very Large
System by Class
» <
Delaware River B. C
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5. Planned Trend Analysis

DRBC has compiled 10 years of water audits
(CY2012-CY2021)
At this scale, trend work is very limited

* Most analyses have occurred on a system-by-

system level or statewide

Analysis of 10 years of water audits assess
effectiveness of water audit program
Results of this work to help guide WMAC with next
steps in the program

e Data validation?

* Reduction potentials?
Publication anticipated Q2 2023

NRW Component Volume BReal Losses, Gal / Conn / Day
per Connection per Day WApparent Losses, Gal / Conn / Day
200 EUnbilled Authorized Consumption, Gal / Conn / day
oy —Non-Revenue Water, Gal / Conn / Day

NRW Component Volume, Gallons / Connection / Day

FY06-07 FY07-08  gyog.09 Fyo9-10 FY10-11  gy11.12  FY12-13  FY13-14  FY14-15 FY15-16 FY16-17

FIGURE 2.4. NASHVILLE MWS NRW COMPONENT UNIT VOLUMES

Adopted from AWWA

Delaware River Basin Commission
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