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PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832
Data Requests of the Public Utilities Commission
Record Request 9/12/07

3. With regard to RIGL 39-3-37.1 Conservation notice on water bills, how much would a
one page notice cost to send with the water bills or in a separate mailing ?

Answer: Please see attached quotes from our printer vendor, Document Technologies.
Provided are price quotes for a one page notice and for an AWWA brochure.

Prepared by: Mary L. Deignan-White, September 21, 2007



Document Technologies 9/17/2007
Water Conservation
Unit Per Total
Quantity Description Cost Thousand Cost
Option 1. - Insert into existing Bills
72,000 8 1/2 x 11 - (1/0) Black 0.0280 28/M 2,016.00 - .
includes 60# paper, folding and inserting info existing bills : e
overweight postage would not apply with this insert only
72,000 8 1/2 x 11 - (2/0) 2 Colors Front side 0.0379 37.90/M 2,728.80

includes 60# paper, folding and inserting into exiting bills
overweight postage would not apply with this insert only



Document Technologies 9/17/2007
American Ewﬁmn Works Brochure v .
Unit Per Total
Quantity . Description ’ Cost Thousand Cost
72,000 81/2x114 colors/4 colors 0.0670 67.00/M: -~ - 4,824.00
includes 70# opaque paper, folding and inserting into exiting bills SR :
overweight postage would not apply with this insert only
72,000 Data Process - 1st class presort 0.0180 18/M 1,296.00
72,000 8 1/2 x 11 4 colors/4 colors 0.0670 67/M 4,824.00
includes 70# opaque paper, folding and inserting into exiting bills
overweight postage would not apply with this insert only .
72,000 Ink Jet 0.0250 25/M 1,800.00
72,000 #10 Close Face Envelope 0.0280 28/M . 2,016.00
72,000 insert/Mail 0.0300 30/M 2,160.00
Total $ 12,096.00
72,000 Estimated Postage - First Class . 0.3120 22,464.00 .
72,000 Estimated Postage - Standard 0.1760 12,672.00



PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832 .
Data Requests of the Public Utilities Commission
Record Request 9/12/07

5. Provide the number of budgeted employees for FY 2008.

Answer: The number of employees budgeted for Y 2008 is 263. This does not include
seasonal employees.

Prepared by: Mary L. Deignan-White, September 21, 2007



PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832
Data Requests of the Public Utilities Commission
Record Request 9/12/07

6. Provide the actual number of Providence Water employees by month for FY 2007.

Answer: The actual number of employees by month for FY 2007 are as follows:

Month Injured  Full Time Part Time Temp Total

July-06 5 245 111 267
August 4 239 11 6 256
Sept. 5 245 11 4 260
Oct. 5 244 11 6 261
Nov 4 243 11 6 260
Dec 2 243 11 6 260
Jan-07 3 242 10 6 258
Feb 2 245 11 4 260
Mar 3 246 11 4 261
Apr 2 246 11 4 261
May 3 244 11 4 259
June 5 243 10 13 266
July 6 243 11 13 267
Aug07 5 243 10 13 266

Prepared by: Mary L. Deignan-White, September 21, 2007



Commission Hearing Data Requests
Docket No. 3832

CH-7. Request

During the hearings on this matter, Thomas Massaro, Commission Accountant, asked for
clarification regarding the status of the Scituate tax dispute and an update regarding that dispute.
Information was provided at the hearing by counsel. However, the Chairman asked that the .
information be provided in the form of a data response that could be entered into the record. -

A. Please see the attached Providence Water response to Question 2 of the 1% set of data
requests of the Public Utilities Commission. Mr. Massaro asked for an update regarding
the Scituate litigation and he also asked why, if the tax bill issued for taxes assessed as of.
December 31, 2000 was-about $900,000 higher than Providence Water’s previous tax
bill, the maximum possible tax reduction is in the vicinity of $2 million per year pursuant .
to the schedule provided by Providence Water in response to 3-18 of Providence Water’s .

responses to the 3™ set of data requests from the Commission.

First, Mr. McElroy informed Mr. Massaro that the only update to the attached response is
with regard to paragraph numbered 3, Negotiations. The appraisals have now been

completed by the consultants for both sides and exchanged. A negotiation meeting

between the parties is scheduled for September 28. However, in light of our past

repeated previous failures at negotiation, which include an extended, multiple day

intensive mediation session, Providence Water believes that settlement is unlikely. If the

negotiations fail, the litigation will recommence.

With regard to the specific question proposed by Mr. Massaro regarding the amount in
dispute, it is true that the tax increase for the taxes assessed as of December 31, 2000 was
about $900,000. It was this increase that lead Providence Water to hire Mr. McElroy to
investigate the appropriate amount of taxes owed by Providence Water to Scituate. In
doing this investigation, Providence Water discovered that not only was Scituate over
valuing the land, water treatment plant, dam, and all related facilities, but Scituate was
not applying reduced forest land valuation to its forest land acreage. Providence Water
believes it is entitled to reduced forest land valuation, by law for approximately 10,000
acres of its approximate 14,000 acres of land in Scituate because those 10,000 acres have
been certified by the Department of Environmental Management as forest land and the
Farm, Forest, and Open Space Act entitles that land to reduced tax valuation.

Therefore, as a result of this investigation, which includes extensive engineering work
and appraisal work, Providence Water believes that it has been overtaxed in the vicinity
of approximately $2 million per year since taxes assessed as of December 31, 2000 for
the tax year 2001.

Prepared by: Michael R. McElroy, Legal Counsel



PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832

Data Requests of the Public Utilities Commission
Record Request 9/12/07

8. Provide updated response to KCWA 1-12(a).

“Answer: .>ﬁm&.ﬁm is an updated response to KCWA 1-12(a).

Prepared by: Mary L. Deignan-White, September 21, 2007



PROVIDENCE WATER SUPPLY BOARD
Docket 3832

Data Requests of
Kent County Water Authority
Set 1

WOQDP 1-12° Does the City Clerk’s Office maintain resolutions and /or Boamomcosm of bids for .

ANSWER:

the City School Department? Does the Board of Contract and Supply evaluate
bids for the School Department? Wmmﬁ%ﬁm page 8, Line 13 of' Mr. Bebyn’s
testimony:

L - How many resolutions were related to Providence Water? To thé School

Department?  What were the total number of resolutions?

How many notifications were related \H.o Providence Water? To the School
Department? What were the total number of notifications?

Please show how Mr. Bebyn used this data to derive the allocation of the City
Clerk’s office to Providence Water.

The City Clerk’s Office does maintain resolutions and notifications of bids for the
City School Department. The Board of Contract and Supply does not tabulate the
bids however the tabulations are evaluated and award is approved or denied by the
Board. The procedure for evaluation of bids is the same for School, Water and

City.

The total number of resolutions that were introduced for fiscal year 2006 was 66.
This total includes 4 resolutions that pertained to Water and 6 resolutions that
pertained to the School Uo@maboa B

The notifications were oEmE @05 the count of ga awards. The total number of
notifications/awards for fiscal year 2006 was 785. This total includes 98
notifications/awards from Water and 281 notifications/awards from School
Department. Since the Clerk’s office provides this service for the School
department, the School department awards were Eor&@m in the SSH
boﬁmomﬂozm\mémam used in the m:oomﬁoc

me allocation was based solely on the bid notifications/awards. The 98
notifications/awards for Water and total notifications/awards of 785 agree with the
numbers reported in the clerk allocator on schedule DGB-6 of my pre-filed
testimony.

Prepared by DGB



PROVIDENCE WATER SUPPLY BOARD
Docket 3832

PROVIDENCE WATER’S RESPONSES TO
RECORD REQUESTS FROM THE PUBLIC UTILITIES COMMISSION
DATED: September 13, 2007

COMMISSION RECORD REQUEST #— 9

For the departments listed on Schedule DGB-4, please indicate whether any of' .-
them have sources of funds other than from taxpayers or tax revenues. If so,: s&ﬁ
was the amount already removed from the total department expense. SERER T

ANSWER: - None of the City Service Departments listed on Schedule DGB-4 receive any
: grant or other revenues which offsets expenses for those departments like the
Federal and State Grants do for the School Department.

Prepared by DGB



PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832
Data Requests of the Public Utilities Commission
Record Request 9/12/07

10.  Provide a copy of the AWWA article.

Answer: Attached is a copy of the above mentioned m&&o. .

Prepared by: Mary L. Deignan-White, September 21, 2007



PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832
Data Requests of the Public Utilities Commission
Record Request 9/12/07

11.  Please update water and fire service customer counts as well as the number of HEEB fire
hydrants by municipality. :

Answer: Please see the attached list of water and fire service accounts. The- wo:ocﬁbm isa
list HEES fire hydrants by BE:S@&HJ\

.QQ of Providence 3247
City of Cranston 1843
Town of Johnston - 444
Lhoés of No. Providence 501
Town of Lincoln 9
6044

Prepared by: Mary L. Deignan-White, moEoBv@H 21,2007
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Applying worldwide BMPs
~water l0ss

y ater resources today are less expensive and more accessible than i
they ever will be again, according to participants at a recent I
AWWA conference workshop on water resources. The North ol
8 American water industry is facing growing challenges in devel-
SN R 8 B oping new drinking water supplies, and the demands are stag- 'E!
L\_)k gering: source water protection, finished water quality, public health risks, g

infrastructure needs, competition, drought, customer expectations, limited ¥
funding, and, suddenly, security. Water resources management is further "y

IN 2000, AN IWA TASK FORCE—

water supplies, and water is becoming a major factor in smart growth pol-
METHOBOLOGY AS A BEST icy. It is a stark reality that the human population continues to grow, but the
MANAGEMENT PRACTICE THAT planet’s available water is finite. Because new water resources have become i
increasingly difficult and costly to develop, it is evident that society must
IS APPLICABLE WORLDWIDE  conserve water through efficient use and active loss control if it is to sustain o

this precious resource.
FOR TABULATING WATER In recent years, water conservation has seen major advances in research,
USE AND Logs,  public education, and development of water-efficient fixtures in the home
and the workplace. It is essential that all communities continue to pro-
mote effective conservation practices. However, in North America; water
conservation tends to focus largely on the end user. In the wider context of
demand management, water suppliers also have a duty to manage water
responsibly and efficiently. The North American water industry has tradi-
tionally operated without consistent standards for water accounting and,

WITH AWWA PARTICIPATION— challenged as populations continue to grow and shift, often moving to warmer K
climates that are far removed from available water resources, Climate change, i
ASSEMBLED A WATER AUDIT drought, and water shortages seem to be exerting an increasing impact on i

For an expanded version of this not surprisingly, incurs high loss of both its treated water and a portion of 4
article, go to e-JouRNAL AWWA the revenue to which it is entitled. It is striking that even during significant 3
at Wwww.awwa.org. drought occurring in many areas of the United States since 2001, little

emphasis has been placed on the need to motivate water suppliers to quan- ol
tify and control their losses. With perhaps hundreds of water utilitles billing i

N H

™ ‘ sales of half or less of the total water they manage, it is essential that indus- i
( ) try professionals, regulators, and policymakers begin to place emphasis on
~— - ' ’ sound watér accounting and loss control by water suppliers. Water and . Nt
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TABLE 1 States Survey Projsct summary of findings™
States Qther Tatal
Issue Jurisdictions n=43 _n=3 n=46

Water loss policy Arlz., Calif,, Conn,, Fla., Ga., Hawail, Ind., lowa, Kan., Ky., La., a3 3 36
Md., Mass., Minn., Mo., N.C., Nev., N.H., N.Y., Chic, Ore., Pa.,
R, 8.C., Tenn,, Texas, Utah, Vt., Va., Wash., W, Va., Wis,, Wyo.,
DRBC, T SWFWMD,* SJAWMDS

Definition of water logs Ariz, Calif., Ga., Hawaii, Kan,, Md., Mass., Minn., Mo., Ore., Pa., y 18 2 17
R.l, 8.C., Texas, Wis., DRBC, SIRWMD

Accounting and reporting Ariz, Calif., Ga., Hawali, lowa, Kan,, Ky., Md,, Mass,, Minn., Mo., 20 2 22
N.Y,, Ohig, Ore., Pa,, RJ,, Texas, W. Va., Wis., Wyo.,
SWFWMD, SJRWMD

Standards and benchmarks |} Arlz, Calif,, Ga,, Hawail, ind,, Kan., Ky., La., Md., Mass., Minn., 23 3 26
Mo, N.C,, Chio, Ors., Pa, Rd., S.C., Texas, Utah, Wash., W. Va., Wis.,
DRBC, SWFWMD, SJRWMD :

Goals and targets Ariz, Calif,, Fla., Ga., Hawé’ﬁ, Kan., Ky., Mains, Md., Minn., Mo., 18 2 20
N.M., Ohia, Qre., Pa., R.l., Texas, Wis., SWFWMD, SJRWMD

Planning requirements Arlz, Calif,, Conn., Fla., Ga., Hawaii, lowa, Kan., Md., Mass., 24 3 27
Minn,, Mo., Nav,, N.H., Ore,, Pa,, R.l., §.C., Taxas, Vt., Va., Wash.,
W. Ve., Wis.,, SWFWMD, SIAWMD, DRBC

Compilation and publication | Ariz, Calif., Hawaii, Kan., Ky., Minn,, Pa., R\, Wis., SWFWMD 2] b 10

Technical assistance Alaska, Calif,, Fla., Ga., Hawali, Kan., Ky., Maing, Nev., N.D., Ore,, 18 i 18
Pa, R.l., 8.C., Tenn., Texas, Vt., Wis,, SWFWMD

Performance incentives Calif,, Ga., Hawali, Ind., lowa, La,, Minn., N.C,, R\, Texas, Vi., 11 1 12
SJRWMD

Auditing and enforcement Arlz., Ga., Hawaii, Kan,, Md., Minn., N.H., Ohio, Ore,, Pa., S.C., 13 2 15
Texas, Wis,, SWFWMD, SJIRWMD

*Saurce: Beecher Policy Aesearch tne, 2002
+DRAEC—Delawara Rivar Basin Commission

FSWFWMD--Southwest Florlda Water Managemont District

55JAWMD—SL. Johns River Water Managemeant Distrlct

revenue loss recovery stands among
the most promising water resource
initiatives in North America. It
makes sense to talee steps to recover
this water and revenue in order to
mitigate the effects of drought and
water shortages and to do so before
developing new water sources and
expensive supply infrastructure.

Because of high water loss, many
drinking water systems have “un-
tapped” water resources that can be
cost-effectively recovered. These
untapped resources are

e already treated to prevailing
standards and ready for consumer use,

s energized to provide adequate
pressure to reach the consumer,

* often sufficient to provide for
the future expanding needs of the
community, and

» sometimes unintentionally pro-
vided free to the consumer because
no revenue is recovered,

ARTIGLE DESIGNED
TO PROVIDE TOOLS

The primary purpose of this arti-
cle is to provide an AWWA-endorsed
set of tools specifically designed to
promote reliable water use tracking
and to control unnecessary water
and revenue loss in drinking water
utilities. The article provides a brief
description of the nature of losses
occurring in water utilities and the
traditional difficolties suppliers have
encountered in managing this issue.
The article also offers an interna-
tionally recognized methodology
developed through the International
Water Association (IWA) with
AVTWA as a major participant. This
methodology is designed specifically
for measuring and evaluating both
valid water consumption and unnec-
essary water loss. Successful inter-
national approaches to control both
water and revenue losses are also

B8  AUGUST 2003 | JOURNAL AWWA +85:8 | PEER-REVIEWED | COMMITTEE REPORT

given. These methods represent an
advancement in rechnology and pol-
icy and are submitted as current best
management practices (BMPs) avail-
able in the emerging discipline of
water loss control.

CURRENT UNDERSTANDING IS A
MIX OF CONFUSING PERGENTAGE
INDIGATORS AND HiGH LOSSES
Historically, the quantitative man-
agement of drinking water supplies
in North America—and most of the
world—has been poorly executed,
with only casual “water accounting™
and high losses prevailing. Because
water loss stresses water and energy
resources, increases operating costs,
and strips revenue, it is curious that
this apparent lapse of effective water
resource management has persisted.
Water has been taken for granted in
many parts of Norcth America because
of relatively abundant water re-




sources. Lack of strong
public opinion regarding
water loss gives water sup-
pliers shelter to allow their
water loss status to remain
inconspicuous. It is now
evident, however, that
casual attitudes toward
water management threaten
sustainability of supplies.

Although many think
that “water loss” is synony-
mous with “leakage,” the
nature by which it occurs is
actually threefold {Lambert
& Hirnes, 2000):

¢ Terminology. There has been a
lack of standardized definitions of
water and revenue losses.

e Technical. Not all water supplied
'by a water utility reaches the customer

» Financial. Not all of the water
that reaches the customer is properly
measured or paid for.

The North American water indus-
try has traditionally used the term

“water accountability” to refer to its

effectiveness in moving its product
{water) to its customers. Water
acconntability, however, has never
existed as a well-defined discipline,
and a great inconsistency of meth-
ods exists among water supply man-
agers and regulators. Often quoted
but poorly defined, the “metered
water ratio” and similar percentage
indicators more frequently confuse
rather than inform analysts when
they attempt to evalnate the water
loss status of suppliers (Kunkel &
Beecher, 2001). Similarly, no stan-
dard definition has been found for
the term *unaccounted-for water,”
a label whose nonperformance con-
notation reflects negatively on the
water industry. Without reliable
auditing methods, the actual scope
of water loss remains a mystery. Still,
numerous case-study accounts exist
in the literature to confirm that water
loss is a significant and overlooked
occurrence in many water utilities
(Buie, 2000; Lipton, 1999; Saltzgaber,
1999; Counts, 1997}.

_ Most water urilities in North Amer-
ica do not regolarly compile any type

of formal water audit. This is a major
shortcoming for the water industry.
Often, the systems that do audit their
supply merely conduct a simple com-
parison between water input to the
distribution system and the total water
consumption billed to customers, This
difference, taken over the system input,
has been used inconsistently for
decades as an “unaccounted-for water
percentage,” the sole performance indi-
cator of water loss status. The pitfalls
of this ill-defined practice include the
following;:

* No consistent definitions for
the various components of con-
sumption or loss have been used
throughout the United States. For
example, many utilities include some
amount of known system leakage (a
loss) in an accounted-for category of
their water aundit, distorting their true
water loss standing.

s Worldwide no consistent defi-
nition has been found for the term
“unaccounted-for” water {Brown et
al, 2000).

» Percentage indicators have been
found to be suspect in measuring
technical performance because the
percentages can be skewed by vary-
ing levels of end-user consumption.
Also, sundry definitions for the
numerator and denominator are
applied throughout the United States,
making reliable pecformance com-
parisons impaossible.

» Percentage indicators translate
nothing about water volumes and
costs—the two most important pa-
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This metering and pressure
control chamber was used
in a water loss project

in Risldale, South Africa.

rameters in water loss as-
SESSMEns.

Guidance provided in
the past by the AWWA
Water Loss Control Com-~
mittee {formerly the
AWWA Leal Detection
and Water Accountability Commit-
tee) also exhibited shortcomings typ-
ical of the times when its last report
was published (Liston et al, 1996).
This report was valuable in its audit-
ing recommendation that all water
consumption and losses should be
quantified in terms of volume and cost
impact to the supplier. Unforrunately,
the report also recommended that “the
goal for unaccounted-for water shounld
be less than 10%,” despite the fact it
simultaneously recommended that
“regardless of the water system’s size,
water loss should be expressed in
terms of actual volume, not as a per-
centage.” These conflicting statements
reflect the difficnlty the committee
encountered in steering utilities away
from weak practices, while not having
adequate performance indicators to
replace the traditional “percenrage.”

States Survey Project sets baseline,
In an effort to determine a baseline
for the current extent of accounting
and loss control policies existing in
the United States, the committee pro-
posed a project to AWWA's Technical
and Educational Council. The proj-
ect was funded as a comprehensive
survey of state and regional water
agencies on their current water con-
sumption and loss reparting require-
ments for drinking water suppliers.
The project,! titled Survey of State
Agency Water Loss Reporting Prac-
tices (Beecher Policy Research Inc.,
2002), or the States Survey Project,
was conducted in 2001. The survey
was successful in garnering valuable
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information from 46 jurisdictions,
including 43 state agencies and 3
regional agencies. The survey at-
tempted to seek information regard-
ing 10 practices, as shown in the side-
bar on this page.

The reported findings note,
“Proper management of any resource
must include accurate measurement
of the resource throughout its lifecy-
cle. In any proper accounting system,
checks and balances must be pro-
vided via the use of independent
audits, consistent reports, and ratio-
nal pracedures. US water systems do
not consistently account for water
or apply consistent methods of water
accounting.” Additionally, the find-
ings state, “Most analysts agree that
a better system of accounting is the
foundation for a better system of

accountability for the drinking water
supply industry.” Figure 1 shows that
state standards, as expressed by vary-
ing definitions of “unaccounted-for
water percentages,” vary from 7.5
to 20%, with some states using dif-
ferent standards set by different agen-
cies. Table 1 gives a summary of find-
ings for all 10 practices and shows
that only one state—Hawaii—cur-
rently has jurisdictions with programs
addressing all areas.

THE WAY FORWARD
IS STANDARDIZED WATER
AGCOUNTING AND ACTIVE WATER
LDSS CONTROL .
Without reliable methods to track
water use and control loss in North
America, the committee sought to
gain knowledge of the best practices
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being used worldwide. Research
found that considerable progress to
better understand and control leakage
losses had been made in the United
Kingdom. With the implementation
of privatization and a new regula-
tary structure in the UK water indus-
try in 1989, water companies sought
to gain efficiencies and found that
leakage losses were a startling ineffi-
ciency in their operations. The com-
panies banded together to jointly
fund the National Leakage Initiative,
a three-year research venture that
studied existing leakape management
pracfices and advanced a number of
new approaches. The results of this
endeavor were published in 1994 in
the 10-volume series of reports Marz-
aginng Leakage (WRc, 1994). During
severe drought in 1995-96 the UK
government regulatos, the Office of
Water Services, drew upon the find-
ings of the National Leakage Initia-
tive to impose new conditions on the
water companies. Being regulated by
the results of their own research,
however, motivated the UK water
industry to establish what is now
likely the most advanced national
system of water loss control in the
world today. According to estimates
(Lambert, 2001a), up to 85% of the
recoverable leakage initially mea-
sured has been eliminated in England
and Wales within this structure,
The TWA. organized the Task Force
on Water Losses int 1996, This inter-
national working group was chaired
by Allan Lambert, former technical
secretary to the UK National Leakage
Initiative and chair of the wotking
group that authored two of the Marn-
aging Leakage reports (WRc, 1994).
Timothy G. Brown was the AWWA
North American Task Force repre-
sentative, which also included par-
ticipants from France, Germany, and
Japan. The task force conducted
research over a three-year period to
develop a well-defined water audit
methodology and an array of ratio-
nal performance indicators forwarer
losses. This method was designed to
serve as a recognized standard that
could be applied internationally by
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__apply arena throughout most of the

(

e

eliminating the confusion of terms
that hindered reliable water tracking
2 past. The task force also devel-
_ Jan array of rational perfor-
mance indicators that allow systems
to set targets, measure Progress, and
conduct reliable performance com-
parisons with other utilities. This
work was published in 2000 in the
T\WA’s Manual of Best Practice: Per-
formance Indicators for Water Sup-
ply Services. The international water
audit method has been tested in more
than two dozen countries and serves
as the basis for improved national
and international performance com-
parisons in several of them.

A structured approach to reduce
both real losses (physical losses) and
apparent losses (paper losses) also
exists and has proven successful in
driving down losses in a number of
international settings. The discipline
of leakage management—effectively
the control of real losses—has devel-
oped largely through the experience
in the United Kingdom. Although
not as advanced, the control of

‘arent losses has also begun to see

\__ rhore structured approach. This

article provides an overview of these
international methods and provides
them as the current BMPs in the field
of water loss control. It is recom-
mended that they become the stan-
dard methods for North American
water suppliers to establish reliable
water accounting and loss control
practices in drinking water supplies.

INTERNATIONAL WATER AUDIT
AND PERFORMANCE INDICATORS
CREATED
Having a reliable water audit is

the foundation of proper resource
management for drinking water util-
iries. Tust as banks provide statemients
of monies flowing into and our of
accounts, the water audit displays
how quantisies of water flow into and
out of the distribution system. Yet,
as essential and commonplace as the
financial balance sheet is to the world
of commerce, water audits have been
“urprisingly uncommon in the water

world (Thornton et al, 2002). In order
for suppliers to reliably audit their
supplies, a rational anditing method
must be available. The international
water andit methodology, shown as a
chart in Figure 2, meets this require-
ment. Incorporating routine water
anditing will require a long-term
effort on the part of regulators to pro-
mote new policy into water resources
statutes, as well as to see change in the
mindset and habits of water utility
managers.

Alf water is accounted for. The
international water audit methodol-
ogy was designed to include several
essential features that have been lack-
ing in the patchworlk of anditing
practices used traditionally through-
out the world, including

» rational, standard terms and
definitions;

o the tenet that all water is
accounted for as either a consumptive
use or a loss; thus, no water is clas-
sified as “nnaccounted for™;

s all components of :water usage
and loss are initially presented in units
of volume for the period of reference;

s all components of water usage
and loss are assigned an appropriate
cost that reflects their impact to the
water usility based on the prevailing
economics; and

e an array of robust performance
indicators that outperform simplis-
tic, poorly defined output/input per-
centage indicators.

Fundamental to the international
methodology is its use of rational
rerms and definitions. Also, because
all water is accounted for, it is advo-
cated that the term “ynaccounted
for” no longer be used in any manner’
in the water supply industry. Con-
vinued use of this aberration will only
hinder efforts to implement true
water accountability in drinking
water supplies.

Water loss—the volume left after
subtracting all authorized billed and
unbilled water consumption from the
system input volume—exists in two
distinct components: real losses and
apparent losses. Real losses are the
physical loss of water from the dis-

tribution syster and include leakage
and tank overflows. These losses rep-
resent a waste of water resources,
causing unnecessary infrastructure
capacity, inflated production and
energy costs, and undue stress on
available water resources solely to
meet the nonbeneficial demand of
{mastly) system leakage. Apparent
losses, or the “paper” losses, include
cnstomer meter inaccaracy, all man-
ners of billing accounting errors, and
unauthorized use, all of which result
int lost revennue to the water utility.
Apparent losses, reflecting error in
the water measurement and docu-
mentation process, also compromise
the compilation of accurate water
usage data, Water usage data from
1995 (USGS, 1998) shows that of 40
bed (15,145,000 m3/d) of water with-
drawn in the United States by water
utilities, only 34 bgd (12,873,000
m3/d) is documented as end-user con-
sumption. The missing 6 bgd
(2,272,000 m3/d) is categorized sim-
ply as “public use/loss,” reflecting the
US Geological Survey's recognition
that unmonitored municipal water
use, accounting shortcomings, and
leakage inhibit the ability to attain a
true balance of withdrawal and use
totals. Public use/loss—which is more
than enough to meet the water needs
of the 10 largest US cities—reflects
the huge margin of error that exists In
guantifying actnal water consump-
tion amounts versus water loss
amounts in water utilities, By vsing 2
reliable water andit method, the
Nozth American water industry can
greatly improve the reporting accu-
racy of valid consumption and losses
for its water delivery components.

. The financial distinction between
real and apparent losses is also
important. Real losses are usually
valued at the'shoit-term, marginal
treatment/production costs of the
price to purchase butk water, whereas
apparent losses exert an impact
according to the retail sales cost.
Because most systems charge more
in their retail costs than the produc-
tion or purchase price of their wates,
apparent losses are usually more

’
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TABLE 2 Gity of Philadelphia, Pa., annual watar auditin International Water Association format®
Water Cost
Category mgd (m¥/d} § Fiscal Year 2002 Financlal Data
Water delivery 261,10 {988,640) $3,465 Apparent losses pat million galions—small mater
accounts (0,83 and 0.5 in. [ 18 and 13 mm))
Mastar meter adjusted ~1.800 (-7,194) $3,038 Apparent losses per million gallons—large meter
——————— accounts (1 i, [26 mm] and \arger}
Corracted input voluma 263.00 {995,834} $2,988 Apparent losses per million gallans for municipsl
. - proparty ancounts
Billed matered 177.60 |672,472} 53,285 Apparent |osses—ovarall average customer rata
Billed unmstersd 0.584 (2,249) 512170  Real losses—short-term marginal cost par million gatlons
Unbilled meterad 0.548 (2,075} 24,342 $295,600 Real loss Indemnity costs—addad to total real loss cost
Unhilled unmetered 1.835{7,327} - 121,842 Water supply operating costs {fiscal year 2001 dats)—$155,060,248
Tota! authorized watar 1B0.677 {684,123)
consumptian
Water lassest 82.323{311,711)
Water Cost Watar Cost
Apparent losses mgd {m3d} g Raal Losses magd (m¥/d} 5
Customer meter 0.176 (666} 211,448 Opesratar errorfoverflows 0 {0} 0
undarregistration
Bypassad flow to separate | 0.100 (378) 4,442 Unavoidable annual real loss 5.209 (20,084) 235,403
fice systam
Unauthorized consurmption 5,087 (19,262) 1,606,810 Recovarable leakage
SCADAS system error a0 0 Active service lines 16.681 (68,413) §97,002
Customer meter malfunclion 0.173 (665} 205,958 Ahandonad service lines 17.345 (65,676) 770,456
Metar-reading/estimate 0.973 (3,684} 1,166,968 Transmisslan and distrthution ' 29,088 (110,178} 1,292,560
arror main leaks
Accounts lacking proper 2.250 (8,518} 2,697,806 Measured leaksga [n district 0.358 (1,356) 15,903
hilling metared areas
Municipal properties 4.000 {15,146} 2,733,181 Main breaks 0.082 (235) 2,754
Billing adjustments 0.3751{1,420) 449,634 Other 1,336 {5,0589) 58,361
Apparant loss total 13.134 (49,731} 9,036,038 Raal lass total 59.189 {261,981) 3,369,0295
Watar losses total B82.323 (311,711} 12,405,066

*Flscal yoor 2002: July 1, 2001-Juna 30, 2002

+Water [osses agual Carracted input valums minus Total suthorlzed water cansumption,

$SCADA--suparvisory gontral and data acquisian

$Real loss total east includes the sum of Aal loss camponant casts ples Real joss Indemnity cost of $235,500

costly than real losses, on a relative
basis, Apparent losses occur at the
wcash register” of the water utility,
given that sevice is rendered but rev-
enue is not recovered. It is usually
appropriate that the costs of real
losses include more than just mar-
ginal production costs. Particularly
when sotirce water is scarce or infra-
structure development is contentions,
additional environmentdl, construc-
tion, political, or social costs should
be built into the real loss cost analy-
sis. For many water systems, signif-
icant leakage recovery can extend the
capacity of existing supply infra-
structure, resulting in infrastructure

expansion being deferred well into
the Fature. New concepts, such as
the economic level of leakage, or the
appropriate level of leakage reduc-
tion a given utility should strive to
attain based on prevailing economics,
have evolved as a result of careful
assessment of water loss costs.
Steps in constructing the water
audit. The mechanics of compiling a
good water andit are twofold—an
initial “top-down” approach com-
plemented by gradnal “bottom-up™
refinements. The top-down approach
is largely a desktop exercise, whereby
general information from readily
available documentation is callected
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and reviewed to assemble a basic
andit. Records that should be col-
lected include water system input,
customer billing summaries, leak
repair summaries, aVerage Pressuces,
meter accuracy tests, permitted fire
hydrant use, and any other records
that substantiate how water was used
and lost, By its.nature, the top-down
audit includes the use of a consider-
able number of estimates for compo-
nents of water use and loss, While
approximate in its reliability, the top-
down audit can be assembled quickly
and is advisable for water utilities
compiling their first water audit. The
bottom-up approach involves taking




\

N,
\

N

field measurements and conducting

/™ investigations and research into the

' policy and practices of the water udl-
ity. Using night-flow analysis to obtain
inferred measurements of leakage is
an example of using actual field mea-
surements in a bottom-up approach
to replace rough estimates about the
amount of system leakage used in a
top-down water audit. It also serves
to confirm any assumptionis made
regarding the volumes of apparent
losses. Researching water utility pol-
icy and permit records regarding
water use from fire hydrants is
another bottom-up example. The bot-
tom-up approach improves the accu-
racy of the water audit but requires
more effort to gather field data and
research practices. It is best for water
utility managers to incorporate bot-
tom-up methods into the water audit
incrementally over time, Within sev-
eral years a reliable water audit will
begin to take shape. Several re-
searchers have started to develop sta-
tistical methods to improve the accu-
racy of the top-down water audit in

¥/.) reflecting actual supply conditions.

A summary of the annual water
audit and performance indicators for
a recent year for the city of Philadel-
phia, Pa., is given in Table 2 and the
sidebar on page 74. The Philadelphia
Water Department and Water Rev-
enue Bureaw implemented the inter-

national method when it became
available in 2000, The major cate~
gories of water use and loss shown on
the summary sheet are supported in
a detailed water audit document. Ifa
water utility has historically con-
ducted a water audit using the
method outlined in Water Audits and
Leak Detection (AWWA, 1999), it is
relatively straightforward to reassign
the components of this audit into the
structure of the international method
in a top-down approach.

Performance indicators for water
loss control discussed. The interna-
tional method includes a set of ratio-
nal, well-defined performance indica-
tors that are superior to the poorly
defined output/input percentage often
used in North America. The indica-
tors give utilities the tools to set inter-
nal goals, as well as to make perfor-
mance comparisons and to assist
water loss benchmarking and accred-
itation efforts. Table 3 shows perfor-
mance indicators that are defined in
three distinct performance areas: water
resources, operational, and financial
{Alegre et al, 2000). IWA performance
indicators are also distinguished as
basic, intermediate, or detailed indi-
cators. For water loss control the TWA.
methodology includes only basic and
detailed indicators.

As shown in Table 3, the perfor-
mance indicators for water losses, real

losses, and apparent losses are merely
the normalized version of the amount
of water losses, real losses, and appar-
ent Josses in the water utility, respec-
tively. The infrastructare leakage index
(ILI) is a dimensionless ratio, and the
remaining indicators are rationally
and specifically defined percentage
indicators. The indicator “nonrevenue
water by volume” might be the one
most closely associated by North
American practitioners as the “per-
centage” so often quoted. This indi-
cator has some value but only as a
basic financial indicator. It is not use-
ful for operational purposes because it
does not indicate the amount of losses
(real and apparent) occurring in the

 utility. The design of these indicators

makes them amenable to use across
a variety of system conditions and
units of measure, thus allowing reli-
able performance comparisons and
benchmarking. Performance indica-
tor values for Philadelphia are shown
in the sidebar on page 74.

Many North American water util-
ity managers have long held unsub-
stantiated beliefs that leakage can-
not be reliably measured and that a
certain (large) portion of system leak-
age is considered unavoidable or not
economically justified to abate. These
water loss misconceptions are rapidly
giving way to several new realiza-
tions of the fast-developing discipline
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input valume

Intermadiate, level 2
Datalled, leval 3

raal losses s a percentags of systam

connaction/year

systemn is pressurlzed

wonnection/year

{osses to UARLTT

Real losses: volume/sarvice
cannection/day x+ when the

Apparent [osses: volume/service

|L1** {dimensionless}; ratio of real

TABLE 3 IWA* water audit methodalogy—performance Indivators for water loss controit
Point of View Water Resources Opsrational Financial
Basie, leve! i insfficiency of usa of water rasources: Water losses: valume/service, NRW,§: volume of nonisvenus

water as & percentage of
system Input volume

NRW,#: value of nonravenue
water as a percantage of the
annual cost of running th
water systam .

»JWA—Intarnational Water Association

www.iwopuhlshing.com. Used with permisston

§NAW,~nanravanue water by volume
»+|Ll—infrastructure lesksps Indax
+tUARL—unavoidable annual raal losses
$HNRW ~nonravenua water by cost

+No water toss performance indlcators exist far the Intermedlate point o
ralls of maln® instead of “per sarvice connaction” {or this indleatar

‘+Spurce: Alegra, H. et al, 2000, Manua! of Best Practice: Parformance {ndicators for Water Supply Services, Publishad by IWA Publishing, London,

fview x In which sarvice connection density Is Inss than 32 per mile of malns; use “per
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FIGURE 1
Project

Source: Beecher Pallcy Research Inc., 2002
nGiandards” are varlous forms of the incansistently defined
uynaccounted-for” water percentage indicator.

Selectad quoted standards from the Statas Survey

leakage existing
in a distribu-
tion network,
Factors include
the length of
water mains,
average water
pressure, num-
. ber of service
connections,
and the average
length of ser-
vice connection
piping from the
cuch-stop valve
to the customer
meter Or prop-
erty line for sys-
tems that do

of leakage management, which rec-
ognizes the following:

o Leakage levels can be reliably
measured using night-flow analysis
in discrete zones of the water distri-
bution system known as district me-
tered areas (DMAs).

« Although all systems have 2 leak-
age component that is considered un-
avoidable, the international method
features a calculation (Table 4) that
is system-specific and gives a much
lower leve! of leakage than amounts
derived by dated, rule-oF-thumb meth-
ods such as the Kuichling equation,
which is still used by many North
American water utilities.

» Conceptually for any water util-
ity, an appropriate minimal level of
leakage exists that is economically
justified to seek. Striving to reduce
current leakage levels to this “eco-
nomic level of leakage” malces sense
for most water utilities.

In applying the international
method, the level of unavoidable
annual real losses (JUARL) represents
the technically low level that could
exist in a system if it successfully
applies the current BMPs for leakage
management. The calculation for
UARL is system-specific; thus, the
UARL level for one water supplier is
not the same as another. The calcula-
gion takes into account the key vari-
ables that influence the amount of

not use meters.
The numerical derivation of the
UARL is based on data obtained
from a substantial number of coun-
tries {Lambert et al, 1999). The
UARL component values, given in
Tables 4 and 5, were developed from
analysis of night flows in DMASs just
after all detectable leaks and breaks
had been located and repaired (Bris-
tol Water Services, 2001). They are
representative of the minimum leak-
age that remains in well-run systems
after active leakage control has been
successfully used. The component
values include minimal leakage

amounts for background leakage,

reported leaks, and nnreported leaks

{Lambert et al, 1998). Each compo-,
nent value amount is assigned to

mains or pipelines, service connec-

tions from the water main to the

curb-stop, and service connections

from the curb-stop to the customer

meter or property line. For water sys-

tems worldwide, the majority of the

annual volume of leakage losses

oCCUrS Of CUStOMEE Service comnnec

rion piping, not water mains; there-

fore, the inclusion of service connec-
tion piping variables in this equation

is most appropriate. Also, the role

of water pressure levels on lealcage
rates has been determined to be a

highly significant factor on minimal
leakage levels that can be attained.

Finally, the system age is not a factor
in the calculation of the UARL.

The values shown in Tables 4 and 5
can be recalculated in pressure-deper-
dent terms that are easier tO apply for
individual systems. The calculated
UARL value for Philadelphia is listed in
Table 6 as 5.299 megd (20,064 m¥/d) for
its 2002 fiscal year. This represents the
theoretical minimum level of leakage
that could exist in the city if all possi-
ble leakage reduction methods were
successfully in place.

The ILI, defined as the dimen-~
sionless ratio of current annual real

FIGURE 2

Supply Services. Published by {WA Publlshing,
permissfon

ane year.

Internationa! stendard water audit format

Saurce: Alegre, H. at &l, 2000, Manual of Best Practices Perfonﬁance Indlcators for Waler
Londan, www.lwapuhlishing.com. Used with

All dala are In volume, or average volume per day,

for the standard reporling perlod—-lypically
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*ABLE 4 Values assigned for the calculation of UARL via the {WA method*

Infrastructure Background {undetectable}
Component Leakage Reported Leaks and Breaks Unreported Breaks and Leaks
Mains 8.5 US gal/mi/h {20 L/km/h) | 0.20 bresks/mijyear (0.124 breaksfkm/year) 0.01 breaks/mifyear (0.006
at 50 US gpm (12 m3/h) for 3 days’ duration breaks/km/yaar) at 25 US gpm
{8 m3/h} for 50 days' duration
Service connections, 0.33 US gal {1.25 L) /servica| 2.25 leaks/1,000 service connactions/ 0.75 leaks/1,000 service conrec-
main to curb-stop connection/h year at 7 US gpm (1.6 m¥h)} for B days’ tians at 7 US gpm {1.6 m3/h ) for
duration 100 days' duration
Sarvice connections, 0.13 US gal {050 L} /servical 1.5 leaks/1,000 service connectlons 0.50 {esks/1,000 service
for 50 f {15 m) average connection/b at7 US gpr {1.6 m3h ) for § days’ duration connections at 7 US gpm (1.6 m3/h}
length from curb-stop for 101 days' duration
to mater ’

TN

~——

*The ariglnal metric units shown have bean converted to US unlts and rounded; all {low rates are spacified at o reforence pressurs of 50 m {70 psll; UARL—
unavoldable annual raal lasses, IWA—Intarnational Water Assotlstion; Sourca: Lambart at al, 1995; raprintad from Agua, val. 48, Issue B, pp. 227-237, with
parmisston from the capyright holders, IWA Publishing, OIWA Puhfishing 1989

TABLE 5 Standard unit values usad for the caleulation of UARL*

Backgraund Reported Leaks | Unreportad Leaks UARL
Infrastructure Component Leakage and Breaks and Braaks Total
Malns-—US gal/mi of main/day/psi (L/km of main/day/m of pressure) 2.87 {9.6) 1,75 {5.8) 0.77 (2.8) 5.4 (1B.0}
Service connections, main to curb-stop—US gal/service 0,112 {0.60) 0.007 {0.04) 0,030 (0.016} 0.15 {0.80}
sonnection/day/psi (Liservice cannection/day/m of pressure}
‘Service connections, curb-stop to meter—US gal/mi of ) 478 {16.0) 0,67 (1.9) 212 (7.1 7.5 {25.0}
,/ service connections/day/psi {L/km of service cannections/day/m
of pressure)

“*The otiginal metris units shown have heen canvertad to US units and rounded; oH flow ratas are spacifiad at a rafarence pressura of 5G m 170 pstl; UARL~
unaveidable annual real losses; Source: Lambart et of, 1988; raprinted from Agua, vol. 48, lssua §, pp. 227-237, with parmission from tha copyright hotders, WA
Publishing, ©IWA Fublishing 1983 :

TABLE 6 [WA calculation for UARL for 8 water distribution systam®,t

Infrastructure Avernge UARL
Component Quantity Unit Rate for UARLs Pressure mgd (m3/d)
Mains 3,160 mi {5,084 km) of main £.40 gal/mi/day/pst (18.0 l/km of majn/day/m 55 psl {38,7 m} 0.930 (3,854)
of pressura) !

Service connactions, | 474,657 service connections | 0.15 gal/service connection/day/pst (0.80 L/ 55 psi (38,7 m} 3.916 (14,826}

main to turb-stop service connaction/day/m of pressure)
Sarvice copnections, | {474,657){12 {ty5,280 ftper i | 7.5 gal/mi/day/ps! (26.0 L/km of service &5 psi (38.7 m) 0.445 {1,684}

curb-stop to mater {1474,657]{3.66 mY/1,000 m connections/day/m of pressure} N R

per km}
5,289 {20,064}

T

«Caleulatian is for city of Philadeiphia, Pa.—~fiscal year 2002 July 1,2001-Junae 30, 2002; IWA—Intarnatianal Water Assaciotion, UARL—unsvoldable annual real
losses, BMP~-bpst managamant practice

+The IWA caleulstion for LWARL Is basad on the theoretical mintmal (ave! of leakage that would Still axist in wall-run watar distibustion systams after ali of todoy’s
BMP leakage Intsrventions have baen Implamented, The calculstlonls system-specific and includes allowancos bnsad on key leokage factors: the miles of watar
main, the number of servics connaction pipes, the length of service connactian pipling beyand the curb-stap or property ling, and the avaraga operating prassure {n
the system, As o system-spacific Indicator, tha UARL is a superlor method to the genaric mathods traditionally refesred to in Narth Amarica, such as the Kulchiing
equatian. This dsted squation {circe 18805} was derived a5 the number of “drops per socand" from various system Jolnts and appurignances, leading to a rough
number of 2,500-3,900 gpd/mi {5.88-7.08 m¥/djkrn) of maln, It does not includa key leakage factors of system pressure and number of service connactions. The

salcuiation for UARL has baen canfirmed on data from more Than 20 countries and s racognized by tha IWA as the BMP maasure of unavoldable Jeskage losses in
'ater distribution systoms, : .
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City of Philadelphia, Pa., Annual Water Audit
in International Water Association Format™

. (Refer to data shown in Takle 2)
PERFORMANGCE INDICATORS FOR WATER SUPPLY SYSTEM LOSSES

Water resources performance indicator.

Inefficiency of use of water as a resource
=real losses ovar'system input volume, %
= 69,189 mgd/263.000 mgd {261,881 m3/d/395,834 m3/d) 100% = 26.26%

Dperational performance indicators,

Water losses 82.323 mad (311,711 m3/d}
Apparent losses 13,134 mgd (49,731 m3/d)
Real losses 69,189 mgd (261,981 m3/d)

"UARLT 5.299 mgd (20,084 m3/d}

Infrastructure leakage index = ratio of real lossesto UARL— '

69.189/5.299 (261,981/20,064) = 13.1

Financial performance indicator for nonrevenue water, _

+ Nonreveriue water = real and apparent | [osses and unbilled authurlzed
g consumpuon 69.189+13.134+0.548+1835 ~ .-

D = 84908 mgd (281 981 +4S 73 +2 075+7 327-

'_ Nun(gvepue water costs ..

i

e Nanrevenue cnst ratio is the anfual cust uf nonrevanue water o i rthe annual runmng "'_
"-'custs far the water supply system—% .~ ¥ L ' G
‘ EE ,24,342:3 . Unbllled unmeteredw ter,,

921847 Unbiled dnmetered

8,038, UHB Apparent Insses
3 368, 028 Real lnsses

321 114 mﬂ/d)_i

Nanrevenue water by volume = nunreVenue water uvar system put vutume % N
: =84, 805 mgd/ 263 ﬂQU (321 114 m3/d / 995 834 m3/d) 100% 32, 24% '.';

" {authorized usage)

$12 551, []51:' Total nanrevanue water et

. Nnnrevenue water cost ratio = ($12,551,051/5165,060,248) x 100% = 8.09%

*Fiscal year 2002: July 1, 2005-Juno 30, 2002
HLIARL—unavoidable annual real lnssos

losses over the UARL, gives a mea-
sure of leakage relative to the best
level currently obtainable with
today’s technology for that system.
During the development of the inter-
national method, data from more
than 20 countries were gathered to
test the reliability of the indicator.
Figure 3 (Brown et al, 2000) shows
ILI ratings for 34 systems from
around the world, with seven North

American systems shown in bold.
Twelve systems operate with an ILI
less than 2.0, or an admirably small
level of active leakage that is less than
twao times the technically achievable
low. Conversely, seven of the systems
are observed to have ILI values
greater than 8.0, or leakage greater
than eight times the technically
achievable low. Such systems likely
have good reason—both economi-
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cally and environmentally—to seek
reduction of their relatively high level
of loss. The largest group of sys-
tems—15 in all-——have ILI values
between 2.0 and 8.0, reflecting rea-
sonable control of their leakage but
a need to continue to seek further
leakage reductions.

' What level of ILI value should a
water utility target? Again, prevail-
ing economics should dictate this.
As described in Table 7, where water
is scarce, expensive, or both, justi-
fication exists to fund leakage reduc-
tion efforts to bring the ILI down
toward a value of 1.0, or current
annual real losses close to the UARL.
If water resources are reliable and
inexpensive, a level of leakage cor-
responding to an ILI somewhat
higher than 1.0 can be targeted. The
economic level of leakage (ELL} is
defined as the appropriate leakage
level for water suppliers to target.
In theory, the ELL is derived as the
level at which the cost of leakage
reduction activities meets the cost of
water saved through leakage reduc-
tion. For most systems, this trans-

_ lates to an ILI value somewhere

between their current annuval real
losses and the UARL. The relation-
ship between cucrent annual real and
apparent losses and their economic
and unavaidable levels are shown in
Figures 4 and 3, respectively.

Work continues mternatmnally to
devise a4 consensus mearns to assign
the ELL, including part of the scope
of work of the 2002~03 Evaluating
Water Loss and Planning Loss Reduc-
tion Strategies project, which is being
funded by the AWWA. Research
Foundation {AWWARF). A proper
economic analysis of leakage should
take into account not only the short-
term costs—which are often relatively
straightforward to calculate—but
also the long-term, subjective costs
of water loss. Environmental, social,
and political costs also exist with any
water resource, but such costs are
more difficult to quantify. Until an
accepted method is available, water
utilities may attempt to determine
their ELL using their own means,
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Alternatively, Table 7 was devised by

the committee to offer general guid- -

ance to establish a long-term target
ILI for utilities that have not deter-
mined ann ELL.

The sidebar on page 74 shows
that Philadelphia hasan ILIof 13.1
or current annual real losses of
69.189 mgd (261,981 m3/d) that are
13.1 times greater than its UARL of
5.299 mgd (20,064 m3/d). The city’s
YWater Accountability Committee is
moving to set long-term leakage
reduction targets that attempt to
include specific Philadelphia eco-
nomic and infrastrocture influences
to determine an approximate ELL.
In the meantime, it suffices that leale-
age reduction is well justified in
Philadelphia given that its ILT level
above 8.0 warrants improved water
resource management.

As advocated in this article, the
IWA water audit methodology and
performance indicators now stand
as an available and highly effective
means for drinking water suppliers
worldwide to aundit both the use and
loss of the water that they manage.
Systems applying the internarional
performance indicators can move for-

ward to implement-water [oss control
interventions to reduce their losses
and measure progress against targets,

REAL LOSSES CAN BE
GCONTROLLED BY IMPLEMENTING
ACTIVE LEAKAGE MANAGEMENT
TECHNOLOGY

Leakage causes many problems,
indirectly requiring water suppliers
to extract, treat, and transport greater
volumes of water than their cus-
tomers actually require, Also, the
additional energy needed to supply
leakage unnecessarily taxes energy-
generating capabilities. It is estimated
that water utilities consume from 2 to
10% of all power used in any coun-
try, and power can consume up to
65% of a water utility’s operating
budget (Crapeau, 2000; Pelli et al,
2000). Collectively, water utilities are
the largest single user of electricity
in the United States, consuming an
estimated 75 billion kW-h annually,
or about 3% of all electric power
generated in the country (Von
Sacken, 2001). It is possible that 5-10
billion kW-h of power generated in
the United States is expended each
year on water that is either leaked

away or not paid for by customers.
Obviously, water loss control is also
a pertinent energy management issue,

Lealks and breaks often cause con-
siderable damage and increase lia-
bility for water suppliers. They may
also have a distinct effect on distrib-
ution system water quality because
they are a potential source of contam-
ination during low-pressure or back-
flow conditions. Leakage often finds
its way into wastewater or stormwa-
ter collection systems and may be
treated at a wastewater treatment
plant—two rounds of expensive
treatment without ever providing any
beneficial use (Thornton et al, 2002).
Watersheds are taxed unnecessarily
by inordinately high withdrawals,
sometimes limiting growth in a region
because of restrictions on available
source water. Leakage also requires

larger infrastructure than is neces- -

sary to meet customer demand, a
compelling factor in the infrastruc-
ture debate now occurring in the
United States.

British leakage management ter-
minology distinguishes among re-
ported, unreported, and background
leaks. Broken water mains are the
most recognizable example of
reported leaks, which, because of their
damage-causing nature, are usually
quickly reported and contained. How-
ever, unreported and background
leaks (the smallest of leaks at joints
and fittings) frequently escape the
attention of the public and water sup-
pliers but account for larger volumes
of lost water because they run unde-
tected for much longer periods of
time, Most water utilities provide able
response to reported leaks, but many
never concuct regular searches (leak
surveys) to find unreported leaks.

The four-component approach to
contro! of real (leakage) losses, shown
in Figure 4 (McKenzie & Lambet,
1992} has been developed as a tem-
plate for water systems to maintain
low leakage operations over a long-
term horizon. The graphic shows that
any system has a certain amount of
recoverable leakage that can be
reduced to its ELL value with the
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TABLE 7 éaneral guldelines for setting a target leve! {LI* (in lleu of having a detsrmination of the systam-spacific economic level of lsakagslt

Target ILI Range

Water Resources Considerations

Operatlonal Considarations

Financial Conslderations

1.0-3.0

3.0-5.0

5,0-8.0

Greatar than 8.0

Avallabls resources are greatly limited
and are very difficult and/ar environ-
mentally unsound to develop

Water resources are beliaved to bs
sufficient to meet long-term naeds,
but demand managament
interventions {isakage management,
watar cansarvation} are included in the
long-term planning

Water resources are plentiful, reliable,
and easlly extractad

:

Operating with system leakage
above this level would require
expansion of existing infrastructure
and/or additional water resources to
meat tha demancd.

L}
Exlsting watsr supply infrastructure
capabllity is sufficiant to meet long-
term demand as long as reasonable
laakage management controls
ars In place.

Superior raliability, capacity and
integrity of the water supply
infrastructure make it relatively
immune to supply shartages.

Water resources are costly 10
develop or purchase; ability to
incresse ravenues via water rates is
greatly limited because of regula-
tion or low ratapayer affordability.

Water resaurces can be developed
or purchasead at reasonable
expanse; periodic water rate
{ncreases can he feasibly imposed
and arg tolerated by the customer
population.

Cost to purchase or obtainftreat
water Is {ow, as are rates charped
to customars.

Although operatlonal and financlal considerations may allow 2 long-term IL} greater than .0, such a level of leakage is

not an effactive utllization of water as a resourcs. Setting a target

goal to 8 smaller long-term target—Is discouraged.

level graatar than 8.0—other than as an incremental

*infrastructure leakags index

proper combination of the four leak-
age controls. Although the graphic
adequately explains “Speed and qual-
ity of repairs” and “Pipeline materi-
als management,” elaboration is given
for the other components:

Active leakage control (Lambert et
al, 1998).

s regular inspection and sounding
of all water main fittings and con-
nections—Ileakage surveys;

« ianovative lealkage modeling
methods—the bursts and baclkground
estimates (BABE) model {Lambert &
Morrison, 1996);

« metering of individual pressure
zones;

o DMA metering—measuring
total inflow per day, weelc, or month;

e continnous or intermittent
night-flow measurements;

o short-period measurements ar
any time of day; and

e temporary or permanent placing
of leak noise detectors and loggers.

Pressure management.

e pressure modeling using inter-
nationally applicable concepts such as
the fixed and variable area discharge
(FAVAD) paths model {Lambert,
2001b; May, 1994),

e controlling pressure close to but
greater than the minimum standard
of service,

e operating discrete pressure zones
configured based on topography,

¢ limiting maximal pressure lev-
els or surges in pressure, and

* nighttime pressure reduction
where feasible to reduce losses from
small background leaks.

Several innovations in the struc-
ture now existing in England and
Wales stand out as particularly effec-
tive in driving down leakage lasses.
By creating DMAs that range in size
from several hundred to several thon-
sand properties, waler usage patterns
are monitored closely to infer leakage
rates based on minimal night-flow
rates. Important findings from the
National Leakage Initiative spurred
the development of leakage modeling

. concepts such as BABE, allowing

development of software {(McKenzie
& Lambert, 1992) that quantifies var-
jous components of leakage and usage
within a DMA, Better understanding
of pressure-leakage relationships has
resulted in the development of the
FAVAD model. Establishing DMAs
and using leakage-modeling tech-
niques effectively provide a quantita-
tive measure of lealcage to the water
utility manager. The amount of active
leakage in a system can truly be mea-
sured. This information is available
as the “bottom-up” coatribution to
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the water audit, improving the accu-
racy and reliability of that document.
Such measurements also form the
basis for leakage reduction targets on
a DMA basis. Flexibility exists in the
manner in which DMAs are config-
nred so that possible concerns for fire
How restrictions, closed valves, and
customer expectations can be safely
and economically managed. The effect
of lealage run time has been exposed
and incorporated as strategy. Leaks
left to run for long periods of time
create large annual loss volumes, In
well-run systems worldwide, the great-
est annual volume of real losses occur
from long-running, small- to medium-
sized leaks on customer service con~
nections, except at very low densities
of service connections (Brown et al,
2000). To achieve successful leakage
control, water utilities must be effec-
tive in actively identifying leaks and in
executing timely, lasting repairs,
Severe drought in the mid-1990s
prompted the UK regulator to insti-
tute a key policy change, initially as
an emergency measure, but one that
is now permanently in place. This
change requires water comparnies to
conduct leak repairs on customer ser-
vice connections, a responsibility that
had traditionally rested with the cus-
tomer, Shifting the responsibility for




these repairs to the companies has
been highly successful in reducing
leakage losses by reducing long leak
ron times. In the United States, many
systems rely on their customers to
repair leaking service connection
pipes, an often inefficient practice
that should be reevaluated.

Another major innovation of leak-
age management is the science of pres-
sure management. Common engineer-
ing design of water supply systems calls
for adequate pressure to ensure a spec-
ified minimal level of service. How-
ever, it is now undetstood that certain
types of leaks are very sensitive to pres-
sure. Excess pressure—which is not
always carefully assessed by water sys-
tem operators—has a cost in terms of
higher leakage and unnecessary enetgy
usage. Better understanding of high-
and low-pressure variations gives sup-
pliers more control in preventing surg-
ing ruptures and backflow conditions,
thereby extending the life of infra-
structure and safeguarding distribution

system water quality. Pressure control -

has proven to be particularly effective
in reducing background leakage. The
use of selective pressure reduction dur-
ing nighttime houss is an effective tech-
nique in economically reducing back-
ground leakage. This technique greatly
challenges the levels set by the dated
concepts of unavoidable leakage.
Leakage management methods are
now widely recognized in many parts
of the world as effective tools that
have been applied successfully in a
great variety of water system settings.
These methods are viewed by the com-
mitree as current BMPs for control-
ling leakage losses in water distribu-
tion systems and are recommended
for use by the North American water
industry. Guidance publications
describing the details of these method-
ologies are now available (Thornton
et al, 2002; Alegre et al, 2000;
McKenzie & Lambert, 1992).

METHODS ARE NEEDED FOR
CONTROLLING APPARENT LOSSES
Apparent losses exert a significant
financial effect on suppliers and cus-
tomers and compromise efforts to

FIGURE 4

Four-component approach to the eontrol of resl {leakaga) losses

Unavoldable
annual real
losses

eI

>

S Al g
Ecgnomic.level
il of reallosses

reliably distinguish water consump-
tion from real loss volumes. The lat-
ter impact undermines water
resources’ decision-making processes,
which rely on accurate data. Finan-
cially, apparent losses represent ser-
vice rendered without payment re-
covered. The short-term economic
impact of apparent losses is usually
much greater than real losses berause
apparent losses occur at the retail
rate charged to customers, whereas
short-term real losses occur at the
lesser marginal production cost.
Recovering apparent losses usually
offers a speedy payback and requires
few new resources to implement.
Controlling apparent losses also
improves equity in customer collec-
tions because a portion of apparent
losses occurs when some active cus-
tomers are inadvertently left our of
the billing process. Paying customers
effectively subsidize these nonpaying
customers, exacerbating tensions sur-
rounding water rate increases.
Apparent losses compromise the
reliability of water consumption and

real loss tabulations, Many water
suppliers extract customer water con-
sumption data from computerized
billing systems that were established
to manage billing operations—a cost
accounting function. Unfortunately,
many billing systems lack water
accounting controls that ensure that
needed cost adjustments for valid
billing purposes do not corrupt actual
water consumption data. Some util-
ities trigger needed billing cost adjust-
ments by modifying customer me-
tered consumption data to obtain the
right cost adjustment, Many water
professionals perceive customer meter
inaccuracy as the sole paper loss that
occurs in water supply systems. While
numerous utilities have docnmented
accountability improvements by re-
placing old and worn residential
meters, or by right-sizing large
meters, apparent losses have a num-
ber of components, including

s customer meter inaccuracy usu-
ally occurring because of meter wear,
malfunction, or inappropriate size or
rype of meter; :
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FIGURE 5§
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e dara transfer error in getting
customer metered consumption data
into a database or billing system;

o data analysis error, including
poor estimates of unmetered or
unread accounts;

e poor accounting, including lack
of controls that ensure accounts exist
for all water users and that bills are
issued or tabulated (even if water is
supplied at no cost). (This includes pro-
cedural gaps that allow legitimate water
users to exist in “nonbilled” status.);

s all forms of unauthorized con-
sumption, including meter or meter-
reading tampering, illegally opening
fire hydrants, unauthorized tapping
into service mains, or unauthorized
restoration of water service connec-
tions after violation discontinuance
by the water supplier;

» weak or nonexistent policy,
including the often-used practice of
not metering and billing municipally
owned and public facilities, allow-
ing unrestricted use of fire hydrants,
lack of enforcement of existing
statutes, and lack of promotion of
the value of water.

Similar to real losses, a four-
component approach to control
apparent losses is offered in Figure
5. The notion that current, eco-
nomic, and unavoidable levels of
apparent loss exist for any water
system follows the same logic as
the assessment of real losses in a
water supply system. The four-com-
ponent approach gnides the water
manager in determining where the
greatest amounts of apparent loss
are believed to exist and offers
interventions available to reduce
overall apparent losses to the ap-
propriate economic level. The
nature of the interventions needed
to control apparent loss in water
supply systems parallels policies
and controls that are used in the
world of financial accounting.
Here, all monies are placed in ac-
counts that are routinely reported,
audited, and reconciled. The ap-
proach to apparent loss control in
water supply systems is in its
infancy, and much work remains
ta bring it to a par with available
real loss interventions. The ap-
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proach given in Figure 5 is a frame-
work that can guide water profes-
sionals in launching apparent loss
reduction programs.

CONCLUSION

AWWA's States Survey Project
substantiated long-held perceptions
of many water analysts thar weak
and inconsistent water accounting
structures exist in drinking water sup-
ply systems in North America. Water
losses, manifested as both real (phys-
ical) losses and apparent {paper)
losses, constitute a major inefficiency
in water supplies becanse water and
energy resources are wasted, revenue
is not fully recovered, and water use
and loss data integrity are compro-
mised. With many pressures con-
fronting today’s water industry, water
professionals can no longer regard
water loss as an uncontrollable in-
evitability. And indeed they need not,
as the discipline of water loss con-
trol has developed rapidly interna-
tionally and offers great potential as
a resource and revenue recovery
opportunity for North American
water suppliers,

Working in cooperation with in-
ternational water loss practitioners
and the TWA, AWWA’s Water Loss
Control Committee participated in
the development of new water audit-

ing methods that were designed to.

serve as BMP structures in the field of
water loss control. The committee
recommends the following:

o The IWA methodology for the
water audit (balance) and perfor-
mance indicators should be recog-
nized as the current BMP for quan-
titatively monitoring water use and
water loss in drinking water systems.

o Water suppliers should make
use of the performance indicators
included in the international method-
ology, particularly the ILL The per-
centage measure of nonrevenue water
(all water not included in billings)
over the delivery system input vol-
ume should be used with great cau-
tion as a general financial indicator
only, having been found to be a poor
operational performance indicator.
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» The term “unaccounted-for
water”—lacking a consistent defin-
ition—should no longer be used.

¢ The four-component ap-
proaches to controlling real and
apparent losses should be used to
economically control these losses.

TFurther work is needed in the field
of water loss control, particularly to
devise ways to calculate the economic
loss levels that can assist in setting
long-term loss reduction targets for
water systems. Similarly, additional
manuals and software are needed to
provide these specific tools for water
utility managers and regulatory offi-
cials. Recent publications and the
forthcoming results of AWWARFs
Evaluating Water Loss and Planning
Loss Reduction Strategies project are
making new material available to
water utility managers. AWWA’s
Water Audits and Leak Detection,
M36 {1999) will require rewriting

or replacement by virtue of this com-
mittee report, and the committee is
poised to undertake this initiative.
The international water audit
methodology and loss control inter-
ventions represent a leap forward in
technological and managerial ad-
vancement. With the extraordinary
skills and dedication of North Amer-
ican water professionals, coupled
with new and effective water loss
methods, a new level of efficient
water resources management can be
realized in the twenty-first century.
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Providence Water
Number of Retail and Private Fire Services by Size
As of September 2007

73154

Residential
Meter Size Number Number
(inches) Quarterly Monthly
5/8 51,388 0
3/4 9,354 0
1 4,310 0
1-1/2 818 0
2 621 1
3 5 1
4 2 1
6 29 6
8 13 2
10 0 0
12 0 0
Totals 66,540 11
Commercial |
Meter Size Number Number
(inches) Quarterly Monthly
5/8 2,609 1
3/4 950 0
1 704 0
1-1/2 585 1
2 963 7
3 40 3
4 29 5
6 25 13
8 12 3
10 1 0
12 1 0
Totals 5,919 33
Industrial
Meter Size Number Number
(inches) Quarterly Monthly
5/8 184 0
3/4 88 0
1 62 0
1-1/2 76 1
2 175 2
3 3 0
4 1 2
6 2 1
8 4 0
10 1 0
12 0 o]
Totals 596 6
Total Retail
Meter Size Number Number
{inches) Quarterly Monthly
5/8 54,181 1
3/4 10,392 0
1 5,076 0
1-1/2 1,479 2
2 1,759 10
3 48 4
4 32 8
6 56 20
8 29 5
10 2 0
12 1 0
Totals 73,055 50
Fire Supply
Service size Number " Number
{inches) Quarterly Monthly
5/8 0 0
3/4 6 0
1 10 0
1-1/2 3 0
2 33 0
3 0 0
4 297 0
6 1,183 0
8 223 0
10 4 0
12 17 0
Totals 1,776 0
Total 73055
CONHYD ) ) 31 )
Wholesale 18
Mnthly 50




PROVIDENCE WATER SUPPLY BOARD
Docket No. 3832
Data Requests of the Public Utilities Commission
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12. Provide Providence Water’s onmBNm&o.bm,_ chart.

Answer: See attached.
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