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DISTRIBUTION SYSTEMS

Cofflulfittee report:
wtor DCColffltDblllty

Advances iii technoloqies and expertise
should make it possible to reduce
lost and unaccounted-for water

to less than 10 percent.

AWWA Leak Detection and
Water Accountability Committee

Often, decision-makers in the water supply field are satisfied
when they can account (cr85 percent of the water they produce.
Recognizing the problem of lost or nonrevenue-producing water
and desiring to find solutions (or member utilities, AWWA’s
Distribution and Plant Operations Division asked the Leak
Detection and Water Accountability Committee to write this
report, which recommends that because ot increasing demand
and higher operational costs, the goal for lost or nonrevenue
producing water should be less than tO percent. The report also
proposes that certain guidelines should be followed when the
goal of 10 percent is not met.

ver the past several years. ii

J to hear st atom en ts from water
lie eou ii try such as. \\\‘ \\:

iii accounted-for v ater is accept
able’’ or “Our ix ater loss is
pretty close to the AWWA
gutdelines o[ 15 percent.”
In the! .AWWA has never
adopted a po icy or isst’

go delin es to the effect
that 15 percent on ac—
coon ted —for water is
acceptable. AWWA’s Dis
tr ibu I io 1 a iid Plant Op el
ation s Division asked the
National Committee on
Leak Detection and Water
Acco on! ability to deter—

Copyright (C) 1996 American Water Works Association
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mine how this impression a rose, to research the issue
of unaccounted—for water, and to issue guidelines
and recommendations that specifically address unac
counted-for water and effective water loss manage
ment for vater utililies.

1957 report identified as source of figure
Apparently, Ihe son rce 0! the tiequ en iN heard

statement that AWWA accepts a 15 percent rate of
unaccounted—for water is a corn in ittee report pre
sented at the 1957 AW\VA annuarconference in
Atlantic City. N.J.. and subsequently published in
Jot i&NAL .U\’\VA. Thc coin -

mince report stales lhai
u naccoun ted—br waler ‘rn ay
vary from 10 to 15 percent
in a well operated system
where the con sum pt ion is
between 100 and 125 gpcd
[379 and 473 lid]. Good
performance is generally
indicated by a metered ratio
of 85-90 percent (unaccounted—flu water of IC) -IS
pcrcent) where the use of water is between 100 and
125 gpcd [379 and 473 Ld].” Since that article was
published 39 years ago, two areas of water loss man -

agement—operating costs and technological re
sotirces—have undergone dramatic cltatiges.

Operating costs increase. \‘rtualiy all costs uI
producing and distributing potable water have
increased dramatically over the past 30 to 40 years
treatment plant expansions antI improvements, devel
opment ofadditional water supplies, distribution sys
tem con struction. energy charges (pumping costs).
labor at all staffleveL regulator eomj,iiance. restora—
ttott expenses. and so on. As the tota cost of opera
tion rises, the cost oftinaccounted—for water also rises
at a corresponding rate.

Technology developed to reduce water loss.
Because of increasing costs ol production, distribution

and unaccounted-for water,
in an)’ technological advances
aimed at reducing water loss have
been developed. These in eLi de
leak detection and pinpointing
in slrti in ents, more accti rate in e—
te ian g devices, in stru men tat ion
to lest in eter accuracy, rate-of
llo\v recording for in eter sizing
and typing, and data collect ion. In
addition, a wide range of tech
niques and methodologies pro
vide practical application of these

advanced technologies to identi’ losses within a
water system and to un p lem en t cost—effective co r
rective action.

Because of these significant advances. AWWA’s
Leak Detection and Water Aceonntahilitv Commit
tee recommends the goal lhr unaccounted—for water
sli on Id he less than I 0 perce n I.

Method given to determine “true”
unaccounted-for water

The basic steps for quantifying the amount of
water loss with in a water system are as follows:

I) Accurately’ determine the amount of water
he in g produced or p ii tch user! and delivered to the
distribution system for a 13 —in on rh period of opera -

ion. lb e product io ii q nan t die sale used to establish
the base numbe rauainst which all other calculations
iii the water accountability process v ill be made. It is
herctbrc imperatkc that lie production quantities he

accurate. This requires annual accuracy testing of
Source in eters.

(2) Determine the total antount ofwater sales ibr
the same period of operation as measured by- all
meters in the system. This inclttdes estimated
:ieeOu uts.

3 Sn biract the total amount of water sold from
the total am on n t of water prod ti ced or pu rch a sed.

{4 Identify and go nntil’ a]] other categories of
a ter use in the system. It is recommended tIm at all

water use in the various calegories he metered, so the

Copyright (C) 1996 American Water Works Association

Water lost through leaks,
underregistoring meters,
or water theft takes a financial
toll on utility operation.

[ardless of the water system’s size,
...r loss should be expressed in terms
of actual volume, not as a percentage.
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waler can he accuiately
accou n ted for instead of
en ii in g up in the an ac—
con n ted-fin waler cate
gory where it does not
belong. If actual metering
is not possible. every effort
should he made to accu
ra tely estim ate each type
O I iv a ter ti se tO (I te ilti itt t

realistic usage quantities
icr each category.

The various categories
of water use in a water
system include bulk iv a—
ter sales (including con —

struction ), known leak
age, tank (storage Ihci lity)
drainage, storage tank
overflows, line flushing.
tire protection, bleeding
or btowoff done during
Ut e winter or for taste a rid
odor e p iso des, and in u -

n icipal uses (sewer clean—
in g. street cleaning, go If
ecu rse. parks and re crc -

at ion facilities. hvdran I
Ilow tests, unknown niis—
cc Ilan eou s uses. antI all oth

(5) Subtract the total quantity of water use for
the same period of operation for all of the identified
categories in step 4 from the quantity of water remain—
tng alter step 3.

(6) The quantity olnaler that remains is the water
system’s true amount ofunaccoun ted—for water. Trite
unaccounted—for water consists of the thllowiug:
unidentified leakage. meter in accuracies, thefi, under
estimated accounts, un properly typed and sized
in eters, meter—reading errors, and accou nting errors.

Express water loss in terms of volume
Regardless of the watcr system’s size, water loss

should be expressed in term s ofactual volume, not as
a percentage. This is uccessarv fr the utility to he
able to determine the trrie annual cost of unac—
cou n ted-for water. Con side r the following exam pIe.

A water utility produces 2 m gd (7.6 MUd) and It as

a true unaccounted-for waler rate of2O percent. The
utility adds a large—iolutiie user that uses 0.5 uigd
(1.9 MLd). which increases production to 2.5 mgd
(9.5 ML d). What happeus to the 20 percent tinac—
counted—tor water’? It becomes In percent. Ilas the
utility actually reduced its water loss and the associ
a ted costs of the loss’.’

[Jon ‘r be in isled by perceu rages. Measure perfor
mance iv ith respect to on :mceOu cited—for water strctIv
b’ comparing the volttme of water lost with the i ol—
time that was lost in prior ears. The’’perceiitage ttn ac—
coon ted” so olien used, although it is a convenient
yardstick of comparison, can he misleading.

Convert water loss

4 to dollar loss
• The auiouut of water

loss is more mean tight I
tlt an the percentage of
unaccounted—for waler.
When the total volume of
unsold water is known.
the utility can place a
alue on that water and

determ inc the cost-c tlc
yen ess cl implem cit tin g

corrective action.
The simplest way to

estimate the potential
financial loss is to in ake
two assumptions:

• All water loss re—
su Its frotn u n dergro on d
pipe leakage.

• All water loss re—
su Its from u n derregiste r—
mug water in eters.

Usually the least
amount of fitiancial loss
iv ou Id be related to on —

derground leakage. be
cause that amount of the
loss depends on the

direct production costs a ssociated iv ith producing
tat amount of iv arer. lii ree coin pon en ts in a ke tip

direct production costs: costs of raw water, energy
costs (electricity), arid treatment costs (chemicalsl.
Therefore, the total ioluine of underground lost
water is tnultiplied by the unit production rate
(excluding labor) to determine the approximate
tinancial loss to the utility.

Of course. the cost ofunderground leakage would
be of greater value if leakage repairs eliminated the
need for plant expansion.

Usually the in ost expert sive water loss in the dis
tribution system is caused by both u nderregistration
ofwater meters and thell o ‘water. This water loss has
tft e high est potential ia lu e hccau se it is ‘‘sellab Ic’’ at
the retail water rate. lite total water loss voluitie
related to undet-registration and theft should be mu I—
tiplied h the retail rate to determine the approxi—
in ate lost reveii u e.

Experience dictates that total water loss in a sys
tem does not resu IL from one cati se but from set eral.
Generally. a utility can split the diflbrence between
tiuancial loss i’oni leakage and li’oni ineteriag. The
utility could then estimate how much money is being
lost because of unaccoumtted-br water. The actual
split ivill vary from one 1ttility to another and will
he determined by the age of meters. water quality. sys
tern pressure. age of pipe. a it d pipe in ale cia I. Fo
instance, ifa utility hasexcellent water quality (e.g..
minimal buildup of sand or minerals) and an aggres
sive inc ter—ni a in ten ance p rogra in, it iv ill tend to iv e gh
the cost thetors toward production costs rather than

Copyright (C) 1996 American Water Works Association

Adhitioll IllforfflDtiofl
For additional infonitation aboutleak detection

and repair, consult the following AWWAorAWWA
Research Foundation publications. Catalog num
hers are in parentheses. ‘lb purchase copies,
cafl the AWWA Bookstore at (303) 795-2449.

Leaks in WaterDistribution Systems (20236)

Leak Detection and WaterLess Reduction
(20194)

Leak Repair: After You Locate It (20022)

Introduction to Water Distribution: Vol. 3—
Principals and Practices of Water Supply
Operations Series (1951)

WaterAudits and Leak Detection:
M36 (30036)

Waterand Revenue Losses:
Unaccounted-for Water (90531)

er nonrevenue uses).
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retail rate. An example of determining the dollar
value ofu naccoun ted—for water is;

Thtul daily production: I mgd (3.8 ML d)

lc’tat known usage: 0.8 mgd (3 NIL ci)

Dillerence; 0.2 mgcl 0.8 NIL d

Production costs: S0.30 LOUD gai (50.081.000 I.i

Average;’e tail rate: 52.5011.000 gal tSJ.70 1.000 1.)

To de Ic uii inc the minim u in lost reven ne. in oIl ip lv
0.2 ingd (0.8 MU) ofunmetered water by the pro
do ction cost, Ifa 111111 metered water was lost through
leakage, the direct cost to the utility would be 521.900.

To determine the maximum
amounl of linanciai loss to 11w
water system, tntilIiplv 11w 0.2
mgd (0.8 NIL ci) by the retail rate;
the result is SI 82,501) per veal.
if au u a ni etered losses occurred
in the area of on derregisterin g
water in eters, the 15n an cia I loss
attributable to that condition
woo Id be n early nine limes that
of the loss attributable to leakage.

it’ the u i ility k n ow s what is causing distrihu t ion
system water losses., it may want to weigh the cost
Ihetors toward either leakage or metering. i-or instance.
it in ay be deterin in ed that metering is a greater 1,rob—
1cm th an leakage by a factor of 2; I. The approximate
cost of lost water in the system would then be SI 30.000
per year. When waste\vater revenue loss is added to this
exainp Ic, th c e lkct on the system is am p litied. For
many sysietn s, I It is could he a significant loss.

Weigh the costs
After the utility has determined the annual cost (or

cost rant1e) of unaccou nted-for water, management
can make a more informed decision concerning the
cost-effect yen ess of corrective action. For exam
if a utility is losing S 100.000 per year because of
unaccounted—br ater and it has an agressive tneter
accuracy tesling and repair program, it can be rca—
sonablv su ‘c 01 ost of ili e loss is attribu table to leak
age. Ifa leak detect ion and pinpointing so rvev of the
distribution system \v ill cost about S I 0,000. it is likely
that such a su rvev will be cost—effective.

Likewise. ifa utility is losing SI 00.000 per year in
unaccou ntcd—!br water and it has recently conducted
a comprehensive leakage deteciton and pinpointing
surVey, it can reasonably conclude that most o:the loss
is attributable to meter inaccuracies or underrc gis—
tration . Ifa teslin g and repair progranj to determine
meter acco ra cv will cost ahoti t 520.000. it woo Id be
cost-effective.

Regardless of the sue of the water utility. deter
mining the cosl of loss should be conducted on a
case—by—case basis. Each water system has unique
characteristics and ariables that must be considered
when the cost ob’water loss is calcu laled for any given

syseiii —-e.g., the quanlily and the quality oftlte raw
water, the number and size of commercial and itidus—
trial meters, thc extent of pumping required (energy
costs), and treattnctit cosls.

Today’s water system managers are faced with a
variety of challenges to be met and problems to be
solved. Drought. con tam in ation . lack of available
funding sources, increased regulations for waler
quality and monitoring, and agingdislribulioil sys—
lems are among some of the issues that confront
waler ulililies.

,\s the cost of producing and distribuling polable
water continues to escalate, it will be important for
water system managers to implement effective water
loss mail ageinent programs. Excessive amounts of

also rises at a corresponding rate.

waler loss or unaccounted—for water will not be tol
erated by regulatory agencies or the general public as
water rates continue to increase.

It is fortunate that the necessary technologies,
expertise. an d m ethodologies are available to iden ti
and substantially reduce lost water and to reduce
unaccounted—for water to a more acceptable and ‘cal—
ist ic level. As the twenty—first century app roach es.
the goal fir unaccounted-Ihr water should he less
than 10 percent.
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s the total cost of operation rises,
the cost of unaccounted-for water
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