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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént‘may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sugly patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

This|document was prepared by Technical Comniittee ISO/TC 224, Service activities relating to drinking
watef supply, wastewater and stormwater systems.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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ction

Water is essential to life and forms part of the environment. Global concern for the state of the
environment has identified that water resources are subject to significant pressure from water
demand. Large amounts of abstracted water do not reach the intended users. Many water utilities
lose large volumes of water through leaks and pipe bursts. Due to increasing urbanization, growing
demand, rising costs and ageing distribution networks, water loss is a growing challenge for drinking
water utilities.

In addition to the failure rates, the amount of water lost from a network is also an indicator of the
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m rehabilitation. Still, careful handling of water is a fundamental requirement for d¥iy
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hnd reducing water loss is an important task in the overall concept of managing of v
network assets (see ISO 24516-1:2016, 4.1; 5.8). Minimizing water loss is @major funct
f in fulfilling the objectives given in ISO 24510 regarding promoting the sustainabil
r water utility, protecting the environment and protecting public health and safety.

hter loss investigation can contribute to the sustainability of drinking water utilitieq
f the environment. It is a critical first step in the establishment of an effective watet

a successful completion of a system water loss investigation, water utilities can ga
ng of the current status of the drinking water distribution network regarding non-rev
() components (i.e. unbilled authorized use, apparent’water loss and real water loss]
mulate a water loss management plan.

onsists of real and apparent water loss. Realwater loss includes the treated water vo
| all types of leaks in pipes and other components of the system, as well as storage
also depends on flow rates, water loss rdtes, pressure and the average duration of indiv
he frequency at which they occur. Apparent water loss covers all types of inaccur]
vith users' metering and billing, plus unauthorized use (theft or illegal use). Unautho
hrough deliberate actions of authorized or unauthorized users who draw water frorn
out permission. Such water less can take many forms, including illegal connections, il
s of disconnected users,/meter bypasses, meter tampering and illegal connections t
his document deals with the various components of water loss as part of the wate
.

, methodolog§, strategy and diverse tools for water loss management. This docu
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Service activities relating to drinking water supply,
wastewater and stormwater systems — Guideline for a
water loss investigation of drinking water distribution
networks

1

$cope

This|document provides a methodology for undertaking a water loss investigation\and
general principles for water loss management in drinking water distribution metworks
imprpve the sustainability of drinking water utilities and protect the environment by s
energy and use of chemicals.

This|document establishes a procedure to estimate water loss components through ws3
calcylations and to define general principles of water loss managemeht:-This document de
preppration of a water loss management plan for water loss reduction and management
does|not cover its execution.

This|document does not cover bulk drinking water supply systems, but can relate to pump
and fransmission within the drinking water distributionsnetwork.

This|document can be used analogously for non-publicsupply systems, raw water and indy
systgms.

This|document is intended for drinking water utilities and other stakeholders.

2

Normative references

Therk are no normative references in this document.

Terms and definition’s

For the purposes of this document, the following terms and definitions apply.

ISO gnd [EC maintain’terminological databases for use in standardization at the following ¢

3.1

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

establishing
in order to
hving water,

iter balance
als with the
projects but

ing, storage

strial water

ddresses:

active leakage control

ALC

process of undertaking leakage detection surveys on a targeted or regular basis in order to manage
leakage within a drinking water distribution network (3.10)

3.2

apparent water loss
unauthorized use of water, such as theft or illegal use of water, and any inaccuracies associated with
errors in metering, errors in estimation of unmetered water use and errors arising from the data
acquisition and analysis process

© IS0 2021 - All rights reserved
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authorized
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use

volume of metered or unmetered water, or both, taken by registered users (3.22), the water supplier
and others who are implicitly or explicitly authorized to do so by a water supplier

Note 1 to entry: Authorized use includes domestic, commercial and industrial purposes, including exported water

(3.12).Italso
Note 2 to ent

34
backgroun
BABE

includes billed water and uses that are not billed (e.g. firefighting).

ry: The International Water Association prefers the term "consumption” rather than "use".

d and bursts estimates

concept using auditable assumptions to calculate the components that make up the annual~vaglume of

real water Id

Note 1 to ent

that the CLM

3.5
backgroun
leaks at join

3.6
billed auth
billed autho

components

Note 1 to ent}
and also knoy

Note 2 to e

consumption/.

3.7
connection|

service connection

set of physi

the point-of;

Note 1 to enf
include comp

Note 2 to ent
collection an

[SOURCE: IS
3.8

ss (3.18)

ry: The International Water Association uses the term "component loss model((CL:-M)" and s
is constructed to estimate each type of leakage. Component loss models include BABE estimat

1 water loss
ks and fittings, not visible or audible with currently available technology

prized use
rized consumption
of authorized use (3.3) which are billed and produee revenue

y: Billed authorized use is equal to billed metered conSumption plus billed unmetered consum
vn as revenue water. It is a component in the IWA Standard water balance (3.23).

itry: The term “billed authorized use” ,is)sometimes referred to as “billed authorized |

fal components ensuring the link between a point-of-delivery and the local water ma
collection and the sewer

ry: For drinking watet systems, the term “service pipe” is currently used, but the connectio
onents other than the service pipe, such as valves and meters.

ry: For the purposes of this document, the term “service connection” is not related to the poi
l the sewger,

0 24513:2019, 3.3.37, modified]

tates
ES.

btion,

vater

in or

n can

Int-of-

current annual real loss

CARL

current best estimate of the average real water loss (3.18) over a year, evaluated using the IWA Standard
water balance (3.23), in the form of volume per year or volume per day

3.9

district met

DMA

ering area

section in a drinking water distribution network (3.10) for which water supply can be discretely

measured

Note 1 to entry: There can be more than one district metering area meter measuring the flows at the boundary or

the interior o

f the district metering area.
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3.10
drinking water distribution network

asse

t system for distributing drinking water

Note 1 to entry: Drinking water distribution network can include pipes, valves, hydrants, pumping stations and
reservoirs, and other metering and ancillary infrastructure and components.

Note 2 to entry: Pumping stations and reservoirs can be sited either in the waterworks or in the drinking water
distribution network.

Note 3 to entry: For the purposes of this document, a drinking water distribution network does not include bulk
drinking water supply systems, but can include pumping, storage and transportation to the drinking water

distribution network.

Note

[SOURCE: ISO 24513:2019, 3.5.12.2.1, modified]

3.11
drinking water utility

who

treatling, distributing or supplying drinking water and for providing the associated service

Note

Note

Note
oper

Note

utility”, but this documetit does not recommend using the term in this way.
[SOURCE: 1SO 24513:2019, 3.3.1.1]

3.12
expgarted.water
water which is supplied to the drinking water distribution network (3.10) but is then trg
anothetdrinking water system

4 to entry: For the purposes of this document, “storage tank” is used in addition to “resexvoir”

le set of organization, processes, activities, means and resourees necessary for

1 to entry: Some key features for a drinking water utility are:

its mission to provide drinking water services;
its physical area of responsibility and the population within this area;
its responsible body;

lhe general organization, with the function of operator being carried out by the responsible bod
dlistinct operator(s);

tlhe type of physical systems used to provide the services, with various degrees of centralizatig

P to entry: The term addresses a utility dealing only with drinking water.

gtor, the term “drinking water-utility” covers both.

4 to entry: In commonh-English, “drinking water service” can be used as a synonym for “dx

abstracting,

b

y or by legally

3 to entry: When it is not neeessary, or it is difficult to make a distinction between responsible body and

inking water

insferred to

Note 1 to entry: Exported water is adjusted for known errors.

3.13

fixed and variable area discharge

FAVAD

concept that interprets the pressure:leak flow relationship

Note 1 to entry: The leak flow can come from a variety of paths which do not necessarily vary with pressure.

3.14

inte

rmittent supply

drinking water distribution system that delivers water to users (3.22) for less than 24 hours in one day
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minimum f
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low

lowest flow observed in a district metering area (3.9) for a water loss investigation (3.25) process, taken

over a consi

stent period of time for the investigation

Note 1 to entry: In many drinking water utilities (3.11) this is referred to as minimum night flow (MNF).

3.16

non-revenue water

NRW
difference b

Note 1 to ent
also the unbi

3.17
performan
PI
parameter,

Note 1 to ent
commensura

Note 2 to ent

etween the volumes of water supplied (3.27) and billed authorized use (3.6)

ry: non-revenue water includes not only the real water loss (3.18) and apparent water loss (3.2
led authorized use.

e indicator

r a value derived from parameters, which provides information about pérformance

I'y: Performance indicators are typically expressed as ratios between yariables. These ratios ¢
ke (e.g. %) or non-commensurate (e.g. $/m3).

I'y: Performance indicators are means to measure the efficienc§ and effectiveness of a water

in achieving its objectives.

[SOURCE: IS

3.18

real water
physical w3
amount of w
up to the po

3.19
system inp
SIV

total water

3.20
unavoidabl
UARL
lowest tech
managed sy

3.21
unmetered|
authorized

0 24513:2019, 3.9.6]

0SS

iter loss

ater escaping from the pressurized systém through all types of leaks, bursts and overf
int of user (3.22) metering or transferof responsibility to the user (3.22)

1t volume

Folume supplied into a drinking water system from all sources, including imported wa

le annual real loss

hically achievable annual volume of real water loss (3.18) for a well-maintained and
stem

authorized use

SO (Q Q) which igs not mnfnr‘nd and 1S nctimatnd for bi”ing orwater bg’nnr‘o ('2 ')Q)

1ur

), but

an be

tility

ows,

ker

well-

ses

n n
| Sl ¥

Note 1 to entry: The term “unmetered authorized use” is sometimes referred to as “unmetered authorized water

consumption

EXAMPLE

3.22
user
consumer

”

Unmetered use of water in public institutes such as schools or public gardens.

person, group or organization that benefits from drinking water delivery and related services,
wastewater service activities, stormwater service activities, or reclaimed water delivery and related

services

Note 1 to entry: Users are a category of stakeholder.

4
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Note 2 to entry: Users can belong to various economic sectors, such as domestic, institutional, commercial,
industrial or resource exploitation (e.g. agriculture, forestry, mining).

Note 3 to entry: The term “consumer” can also be used, but in most countries the term “user” is more common
when referring to public services.

[SOURCE: ISO 24513:2019, 3.1.8.4]

3.23

water balance
quantified volume of total water into the system, authorized use (billed and unbilled, metered and
unmetered) and water loss (3.24) (apparent water loss and real water loss)

3.24
watg
diffe

appa

3.25
wate
activ]
awa

Note
EXAN

3.26
wate
over
sche

Note
unive

3.27
watg
prov,
syste

4

The
drin]
use
loss)
curr

r loss
Fence between water supplied and authorized use (3.3), consisting of real water los
rent water loss (3.2)

r loss investigation
ities for the collection of information and quantification of the water-ises and water losj
fer system, which include the calculation of a water balance (3.24) and performance indi

1 to entry: Also known as water loss (3.24) audit or water loss (3.24) survey.

PLE Calculation of a water balance and performance indicators (3.17).

r loss management plan
yiew of the required activities of a water loss' (3.24) reduction project, expected bg
Hule and budget based on the results of the\water balance (3.23) and performance indic

1 to entry: A water loss (3.24) management plan can include pressure control, active leakage

rsal metering and establishment of district metering areas (3.9).

r supplied

Im input volume (3.19) minus exported water (3.12)

Defining objectives for the water loss investigation

pbbjectives ofithe water loss investigation should be aligned with the strategic objeq

xing water utility. It should aim at quantifying the volumes of water entering the systenmn
billed.and unbilled, metered and unmetered) and water loss (apparent water loss an
thtough the water balance, calculation of water loss performance indicators and

5 (3.18) and

(3.24) from
rators (3.17)

nefits, time
ntors (3.17)

control (3.1),

sion of drinking water into)the drinking water distribution network (3.10) for use, calcylated as the

tives of the
,authorized
i real water
rollection of

water loss

britJoperational, maintenance and rehabilitation practices. Another objective of thg

investigation should be to create a water loss management plan (see Clause 13).

The objectives of the water loss investigation should be to provide a rational, scientific framework

to as

© ISO

Sess:

water loss factors;

selection of technologies for the assessment of water loss;
costs of non-revenue water (NRW) components;
performance indicators of water loss;

drinking water utility operations;

2021 - All rights reserved


https://standardsiso.com/api/?name=f1f9f81fc499a81131bae9ab93a47575

ISO 24528

:2021(E)

— water loss management structure;

— appropriate targets for water loss reduction;

— likely activities and budget for water loss reduction projects.

5 Water

loss investigation steps

The water loss investigation should include estimations of all water volumes entering and leaving a
system, as well as in-depth record and field examination of the drinking water distribution system.
Apparent water loss and real water loss estimations can provide valuable information to help assess

the operatig

The water |
plan, which

The water Iq
— determ

— collecti

— calculat
— selectio
— assessn|
— assessn|
— assignn
— preparg
— selectio

— selectio

6 Water

6.1 Gene

nal efficiency of the distribution system.

ss investigation is a first step in the establishment of an effective water loss manage
should address activities to reduce real water loss and apparent water loss.

ss investigation should consist of the following steps:

nation of scope of the water loss investigation (see Clause 6);

n of data and validation methods (see Clause 7);

ion of water balance (see Clause 8);

h of water loss performance indicators (see Clause 9) andcalculation (see Annex C);
lent of apparent water loss status (see Clause 10);

lent of real water loss status (see Clause 11);

lent of real water loss and apparent water-loss cost (see Clause 12);

tion of water loss management plany(see Clause 13);

n of activities for apparent watef loss management (see Clause 14);

n of activities for real waterloss management (see Clause 15).

loss investigation scope determination

ral

The following parameters should be defined prior to the water loss investigation in order to deter

the framew

— the geof

brk and-theé extent of the investigation:

braphical area of the water loss investigation (6.2);

ment

mine

— the time period of the water loss investigation and tests (6.3);

— the unit

s of each measurement (6.4).

6.2 Water loss investigation area

The boundaries of the water loss investigation area should be defined. Interconnecting points with the
surrounding areas should also be defined.

A water loss investigation area may include pumping, storage and transportation within the drinking
water distribution network.

A schematic

plan displaying the water loss investigation's boundaries should be prepared.
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Time period of the water loss investigation

The water loss investigation should be carried out regularly.

For the water balance calculation, it is usual to cover 12 months in order to minimize the effects of
mismatches between meter readings. Nevertheless, the water loss investigation may be complemented
with measurements in a shorter period for a detailed assessment of water loss components, although
this could mean that errors due to variations in meter reading cycles, volume of leakage and climatic

cond

itions are introduced.

The water loss investigation should be repeated, although the frequency at which this is done depends

ont

6.4

Units
such

appli
litred

7 1

7.1

Data
drinl

oot e reorer rocor correrre oo

Units of measurement

of measurement should be uniform and consistent throughout the water)loss inve
aspects as system input volume (SIV), water supplied, water use, pipe diameter, diam
ances and storage tank or reservoir volume. Units of measurement are generally eithel
) or imperial (e.g. gallons or US gallons).

Data collection and validation methods

Data collection methods

collection should involve data for water balance calculations and inventory dat
xing water distribution network. All data sources:and collection processes should be tr

docujmented such that they are replicable and auditable.

Watse
calcy
and

each
char
perid

The
of co
dept
5.5.7

A sch
diffe

r loss cannot be measured directly but should be estimated. The simplest method of do
lating a water balance. This is likely to‘tequire many assumptions, all of which should
validated as further data and information become available. Therefore, written prq
component of the water balance, containing adopted assumptions, identification o
hcteristics, data sources and methods adopted, should be prepared and followed to
dic calculation of the watersbalance is systematic.

nventory data (e.g. nominal diameter, material, length, year of installation, rehabil
nnection) and condition data (e.g. date, point, type of failure, bedding, depth of cove
h of external corrosien) should be recorded and assigned as described in ISO 24516-1:2
'he resulting maps should be used as a basis for further investigations on water loss.

ematic plat-of the drinking water distribution network should be used, although this
rent layer or set of plans, including:

The4drinking water distribution network, beginning with water source through to user

stigation for
pter of other
" metric (e.g.

h about the
ansparently

ng this is by
be recorded
cedures for
f input data
ensure that

tation, type
' extent and
016, 5.4 and

may be on a

istrictmetering areas (DMAS), showmr o the ptam:

sources.

Identification of all drinking water inputs, whether drinking water utilities' own resources or other

Definition of the main facilities, including pressure zones, pumping stations, tanks and reservoirs,

water treatment facilities and pressure regulating stations, as well as water export connections to
neighbouring drinking water systems.

Identification of bulk water meters, particularly water meters at the entrances to the drinking water

distribution network and network zones. For each water meter, a type should be specified, as well
as diameter, date of installation and relevant information related to date of servicing, calibration
and calibration data.
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— Location of major water users.

— Databases of all meters, connections, DMAs, pressure-reducing valves and other major control valves.

7.2 Data

validation of water balance calculation

7.2.1 Validation methods

As part of the data collection process, the accuracy of existing data should be assessed for all inputs
and missing data should be 1dent1f1ed In1t1al validation of the water balance components may be

undertaken

data and coj f1rmat10n of correct methods for calculatlng the water balance from those records.

Advanced vplidation of data should be employed as soon as is feasible, as this provides'a gr

understand

include the following:

— verifica
or impo

— verifica
convers|

— data-mil|ning and detailed analysis of the SIV database to identifydata gaps and anomalies;

— utilizati
— field or

— data-mi
timesta

— analysi§ of water use history for profiling of ineters, user classes, zero and inactive accounts, u

type, m

— detailed analysis of user account inventory for verification of revenue-dependent field values

as rate

— analysi§ of water use for unmetered user data;
— field inyestigation of inactive accounts and other potential sources of unauthorized use;

— analysi§ and cross-referencing of any geographic information system and user database

unauth

— tempor
unmete

— pressur

ng of uncertainty in the water loss investigation. Additional validation. @ethods

Fion or calibration tests of bulk flow meters, including flow meters used to/measure exp
rted water;

fion of SIV data transfer integrity from primary measurement via secondary s
ion to final archived value (if applicable);

on of DMAs for zonal water balance and minimum flow analyses;
bench accuracy testing of user meters;

ning of the water use database to analysexand quantify the impacts of lag-time bet}
mp for supply measurement and timestamp for water use measurement;

pasured versus billed use, metenTight-sizing and verification of use summary report tq

fode and meter size;

rized usetindicators;

iry hyidrant metering for verification of estimated flow rates used in determining author]
red. use volumes;

issing

bater
may

rted

ignal

veen
e by

tals;

such

s for

ized,

e logging for refinement of average system operating pressure calculations.

Various technologies are available for use during the data collection stage to provide more reliable
data. The accuracy of measurement devices, particularly meters, should be taken into account in the
calculation of the water loss variables.

See Annex ] on the effects of uncertainties in data. ISO 24510:2007, Annex C, also discusses uncertainties

in data.

7.2.2 Data quality

Data quality should be checked to ensure that it fulfils the requirements stated in ISO 24516-1:2016,
5.4.2 (e.g. compatible, accurate, consistent, current, credible). If that is not the case or if insufficient data
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exists, schemes should be prepared to include all relevant parts of the system. Missing or unrealistic

data

should be identified.

Sources should be identified and uncertainties should be quantified for the calculation of the
water balance and related performance indicators. Sources of uncertainty can include primary
instrumentation, data conversion, communication, data archival and retrieval, as well as the
investigator’s interaction with the data and the extent to which estimations are utilized. When
quantifying uncertainty, at least the following should be considered and accounted for:

i

instrumentation m;m:xgpmpnf prnr‘firpc'

nstrumentation in situ conditions;

Unce
perfq
Quar

7.2.3

The ¢
can i
Scori
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instr
man

8 |

8.1

The
acco
theo

NOTE

rever

A watter balanceshould be performed as defined in the steps listed in 8.2, see also Table 1.

h

ata management practices;
ethods and instruments used in tests.

rtainty should be estimated quantitatively for water balance components and
rmance indicators. See, for example, the confidence-grading scheme in/ISO 24510:20
titative assessments of uncertainty should be based on the uncertainty propagation tl

Practices rating

extent to which best management practices are employedin.a drinking water distribut]
mprove reliability of the underlying data used to execuite'the water loss investigation
g or rating systems may be utilized to assess and benchmark the robustness of pract
ay include practices for water loss programme management, management of supply m
uments, management of user meters, estimation of unmetered use, information sy
hgement, monitoring and analysis.

Water balance calculation

General

vater balance summarizes.the components of water supply, water use and NRW, thy
intability. This is possible-as all water placed into a distribution system is supposed
"y, all water taken out-efthe distribution system.

With the balaiice proposed, only direct distribution to users is considered for e
ue water.

water loss
D7, Annex C.
heory.

ion network

Qualitative
ces in place,
easurement
stems, data

is providing
to equal, in

stimation of
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Table 1 — Best practice for water balance

Exported water
(corrected for known error)
Volume from Revenue Billed Billed metered authorized use
authorized
own sources water ; ;

e Authorized use Billed unmetered authorized use
(correcte use Unbilled Unbilled metered authorized use
for known .

authorized ] ]
error) use Unbilled unmetered authorized use
LL 4L - |
Ulldullilur1ZTu ustT
SIvV :
Water Apparent User metering errofs
supplied water loss Data handling errors
NRW Unmetered use estimation erfors
Imported v :
water Water loss Leakage on transmission and|dis-
d tribution mains
correcte
gor Known Real water | Leakageand overflows at util{ty's
error) loss Storage tanks
Leak@age on service connections up
to point of user metering

8.2 Parameters of the water balance

8.2.1 Genleral

The following elements of the water balance, as stated.in Table 1, should be measured or respectjively
calculated 4ls stated in 8.2.2 to 8.2.11. Some of these terms are defined in Clause 3; see measurement
and calculatjion procedure of the elements of water‘balance in Annex A.

8.2.2 System input volume
SIV should Qe calculated as the sum of:
— volume [from own sources; and

— importgd water.

8.2.3 Expjorted water

Exported wpter should be calculated as the sum of metered or unmetered water, or both, supplied to
neighbouring zones:

8.2.4 Watersupplied

Water supplied should be calculated as the difference between:
— SIV; and

— exported water.

8.2.5 Billed authorized use or revenue water

Billed authorized use to users in the drinking water distribution network, which is equal to revenue
water, should be calculated as the sum of:

— billed metered authorized use; and
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— billed unmetered authorized use.

8.2.6 Unbilled authorized use
Unbilled authorized use should be calculated as the sum of:
— unbilled metered authorized use; and

— unbilled unmetered authorized use.

8.2.7 Authorized use

ISO 24528:2021(E)

Authprized use should be calculated as the sum of:
— Dilled authorized use; and

— uinbilled authorized use.

8.2.8 Non-revenue water
NRW should be calculated as the difference between:
— yvater supplied; and

— Dilled authorized use.

8.2.9 Water loss

Watdr loss should be calculated as the difference between:
— yvater supplied; and

— Juthorized water use;

or as|the difference between:

— INRW; and

— unbilled authorized use.

8.2.10 Apparent water loss

Appdrent waterlass should be calculated as the sum of:

— Inauthorized water use;

ser, metering errors;

— data handling errors; and

— errors in estimates of unmetered use.

8.2.11 Real water loss
Real water loss should be calculated as the difference between:
— water loss; and

— apparent water loss.

The filling of customer storage tanks should be taken into account.

© IS0 2021 - All rights reserved
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NOTE1 The real water loss on an annual basis of an actual year is the current annual real loss (CARL).

NOTE 2  Real water loss can also be estimated from night flow measurements in DMAs using estimates of night
consumption from surveys.

Real water loss may be broken down into components: leakage at transmission and distribution mains,
leakage and overflows at storage tanks and leakage on service connections up to the point of the user's

meter. See d

etailed explanation of real water loss components in Clause 11.

9 Water loss performance indicators selection

9.1 Genefal

A performance indicator system should be adopted in order to monitor the impact of any activities on
the drinking water utility’s performance, to ensure a sustainable increase in efficiency andieffectiveness
of its operatiions and improved quality of service. For further detail, see 9.2 and 9.3.

9.2 Defining performance indicator purposes

In defining fhe purposes of performance indicators, the following principles-should be considered:

— tracking progress and setting targets within a single drinking watey utility or system;

— comparjng technical performance between water utilities withisimilar key characteristics;

— commuhicating system performance.

The type ofjaudience to whom the information is being ec@mmunicated can also affect the appropriate
performancg indicator, particularly differentiating between a non-technical and a technical audierjce.
See additionial information on performance indicaters in Annex C.

9.3 Selecting performance indicators

In selecting [the performance indicatorsjthe following principles should be applied:

— fit for the intended purpose;

— clearly glefined and auditable;

— quantiffable, avoiding personal or subjective appraisal;

— easy to mmeasure;

— simple 3nd_easy to interpret meaningfully.

Selecting pr bferred pprfnrmqnmn indicators may be based on the listintroduced in Annex C _This applies

to systems with continuous 24/7 supply. If the supply is intermittent, then real water loss should be
considered on a theoretical 24-h basis. For further detail, see Annex E.

10 Appar

ent water loss status assessment

10.1 General

Apparent water loss represents water reaching an end user who is not fully accounted for. When
apparent water loss is mitigated, its associated revenue can be correctly captured by the drinking
water utility.
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As apparent water loss consists of unauthorized use of water (e.g. theft) and all types of inaccuracies
associated with users' metering errors, errors in estimation of unmetered water use and errors
throughout the data acquisition process, a disaggregated approach should be utilized for its assessment.

10.2 Analysis of user database

The audit of the available water use database enables the detection of anomalies and discrepancies. It is
a prerequisite in order to define any further field survey.

The database analysis should include the following activities:

— gtudy of the process of treating malfunctions and erroneous readings;

— (lemand estimations, including those for unmetered use and in the case of meter' malfupctions.

10.3 Field surveys

Field or laboratory surveys should be deployed to quantify each comporént of the apparent water loss.
The $pecific studies that are needed to achieve the investigation should be carried out in pilot zones or,
prefdrably, on samples of, for example, pipes, users and meters, #vhich can be statistically |extended to
covel the whole area.

10.4{ Assessing unauthorized use

The level of unauthorized use is not only the conseguénce of poverty, dishonesty or cultyral aspects;
it alsp often results from the laxity of the drinking:water utility and its poor strategy regdrding social
involvement and communication. Relevant solutions may include the following:

— general census in pilot areas or sampled.areas, including detection of anomalies;
— Jpartial targeted field surveys in selected areas or fields;
— flargeted investigations basedon preliminary analysis of the database;

— ¢omparison with other utilities' user databases (e.g. electricity, telephone).

10.5 Assessing usermetering errors

Wheh assessing metering errors, at least the following affecting factors should be considergd:

— (iser demand profiles;

— installation procedures;

— rientation of the meters;

— age and type of the meters;
— operating pressure;

— water quality: presence of suspended solids and particles, tuberculation in pipes, presence of air
bubbles or pockets;

— intermittent supply.

Reliable prediction of metering errors necessitates testing meters in the laboratory or the field. The
laboratory tests should be designed to verify the real metrology of the meters and other functioning
characteristics that are not considered in the standards, such as the strength of the magnetic coupling
and meters' starting flow. For further detail, see Annex E.
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10.6 Assessing errors on the data acquisition process

Errors associated with the acquisition of data are sometimes much more significant than any other
type of error. Errors in data can be introduced at all stages of the data acquisition process.

Assessment of the data acquisition process should refer to:

10.7 Asseq

In estimatirlg the volume of unmetered use, théfollowing two cases should be considered:

11 Real W

meter reading

— the

— the

method (manual or digital portable device or transmitted);

frequency of the reading;

data ent
billing 4
— erIr
— erIr

— pro

— quantity of estimated bills;

— fact
— bill

— disq
and

A limite
This caj
drinkin

as during the same period the, previous year. When some devices are metered, the use shou

assesse

Some s
be used

ry: method of transferring the data into the billing system (manual/digital);
nd accounting errors

bneous calculation;

bneous or misleading algorithms;

bramming errors in the billing software;

ors or criteria used for the bill estimation;
ng corrections;

ounts that are manually processed and that are not taken into account in the final stat
results.

sing errors in estimates of unmetered use

d number of service connections are not measured due to some meters malfunctio
1 occur when all the users-are metered but some meters are malfunctioning. In that
b water utilities should Have specific procedures. For instance, they may bill the same anj

.

rvice connections are not metered. In this case there are a number of methods which
to calculate household water use as described in A.4.2.

raterloss status assessment

stics

ning.
case,
ount
Id be

may

11.1 General

Real water loss represents physical water loss from the pressurized system, up to the point of user
metering. When it is mitigated, its associated cost of production, purchase or both are reduced. As it
comprises multiple components, a disaggregated approach should be utilized to assess it. For further
details, see Annex B.

14
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11.2 Real water loss components

11.2.1 General

After the CARL has been estimated with the water balance, the components of real water loss, namely

background leakage, reported bursts and unreported bursts, should be estimated in order
its profile. This is necessary to determine activities in the water loss management plan.

to establish

For example, the background and bursts estimates (BABE) and fixed and variable area discharge

(FAVAD) are common methods which use auditable assumptions to determine the three

components

that make up the annual volume of real water loss. It is common for the data required for this analysis

to b¢ incomplete and estimations to be utilized. See further description of these conceptts and their

asso¢iated methods and technologies in Annex D, Annex F and Annex H. The methods(in t
subclauses are described in general terms.

Leakiage can occur at transmission and distribution mains, service connectidons up to

he following

the point of

responsibility of the water utility, for example the water meter, and storage tdnks. To estimate the first

two ¢omponents, reported leaks (leaks that surface), background water lgss (small, undete

rtable leaks)

and yinreported leaks (leaks that do not surface but are detectable) should be analysed and calculated

for each component as described in 11.2.2 to 11.2.4. The estimation“of leakage and ove
storgdge tanks is described in 11.2.5.

11.2}2 Estimating reported real water loss

Recojrds should be kept on the repair of all surface leaks. The annual volume of reported re
from| the network should be estimated based on the nuimber of annual reported leak event|
average flow rates and total leak run times, identifying average pressure and then cal
resultant annual volume.

11.2{3 Estimating background real water'loss

rflows from

h] water loss
s, estimated
culating the

Backiground water loss should be estimated using system-specific parameters. This can b¢ done using

the ynavoidable annual real loss (UARL) formula related to the lengths of mains and servi

Ce pipes and

the numbers of connections or anyzother method developed from studying the specific netyork.

A sygtem-specific infrastructure condition factor, which allows for the difference between,
newly laid mains and oneswhich can be decades old, may be added.

The ICF represents the ratio of the condition of the network under investigation versus the
watelr loss estimate€, with infrastructure in good condition, whereby:

V= (6,57 x L 40,256 x N, + 9,13 x L,) x P,

or

V=(18%L, +08xN_+25xL ) xP

for example,

background

where

V  isthe UARL in m3/year or 1/d, respectively;

L. is the underground mains length, in km;

m

N

. is the number of underground service connections;

© IS0 2021 - All rights reserved
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L, isthe total length, in km, of underground service connections (main to meter);

P

. is the current average operating pressure, in mH20;

L, isthe total length, in km, of the underground pipe between the edge of the street and the
customer meter.

Where there are DMAs or zones, the background real water loss may be estimated based on minimum
achieved levels after intensive ALC and pressure modulation, where applicable.

11.2.4 Estimating unreported real water loss

Unreported|water loss should be calculated as real water loss (8.2.11) minus the sum of repofted real
water loss (11.2.2) and background real water loss (11.2.3). If a drinking water utility shas an|{ ALC
programme} records of unreported leaks found during any proactive leak detection (during the water
loss investigation period) may be used to estimate that portion of unreported water. loss which has
already been addressed.

This can be|done using the UARL formula related to the lengths of mains and.service pipes angl the
number of ronnections or any other method developed from studying the-specific network.|This
indicator hals limitations according to the network configuration in terms of number of connectiops or
density of connections, see Table C.3 for details.

11.2.5 Estimating leakage and storage tanks overflow

Tests should be periodically carried out in storage tanks and réservoirs to estimate leakage. The water
level should|be monitored and overflows should be detectedand estimated.

The water lpss from trunk mains may be estimated u$ing a number of different methods, for example
trunk main flow monitoring areas and internal surveys.

11.3 Bursts and active leakage control assessments

The waterjoss investigation should estimate the effectiveness of ALC in water loss reduction] and
managemernjt processes.

12 Real water loss and apparent water loss cost assignment

12.1 Genefal

An assessmpnt of thé€ cost impact of all water loss investigation components should be made fof the
effective opgratiorrof the drinking water utility, as specified in 12.2 and 12.3.

12.2 Determining the cost impact of apparent water loss components

In the case of apparent water loss, any reduction in its volume leads to an increase of billed water.
Therefore, the valuation should be assessed based on the variable component of the average water
charge for direct water use.

Any unmetered portion of users should be taken into account. These should be costed as in 12.3.

12.3 Determining the cost impact of real water loss components

The total cost of real water loss can include tangible costs such as abstraction charges, power, chemicals
and sludge disposal, and intangible costs such as social and environmental impact estimates. The total
cost should be calculated by multiplying the volume of real water loss by its unit cost. This may be
conducted for the total real water loss and for each real water loss component discussed in Clause 11.
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The unit cost structure should be defined according to the water network specifics and water resource
availability, and should consider the following:

— Marginal costs for extraction, treatment and delivery of an additional unit of water to the network
should be calculated.

— Different hydraulic zones may need to be considered separately, as production and pumping costs
can vary by zone.

— The long-term costs of water savings may be estimated and can include environmental, economic
and social costs.

— ﬂ‘rrrllported bulk water purchase charges should be calculated and applied where watef loss has an
pact on the quantity of imported water.

— In the case of water scarcity, where water loss savings are used as an alternative tq new water
gource development, the unit cost of the new alternative sources should be/considered.

— In cases where user water restrictions are in effect or there is demand for more water connections
yhich cannot be catered for with existing water resources, the savingofreal water loss fan increase
the sale of equivalent volumes of water to users. The unit cost of the real water loss savings yielding
increased demands may be valued at the retail rate.

13 Water loss management plan preparation
13.1 General

13.1{1 Introduction

The yltimate goal of any water loss investigation should be to create the basis for an effectiye water loss
management plan. This clause puts water-loss investigation in the context of the whole planning and
activiity implementation process and anrasset management plan as described ISO 24516-1.

The water loss management plan should refer to the following main stages:

efinition of the objectives-and the corresponding performance measurement system, which should
include criteria, metrjes and targets;

iagnosis to identify~the components of water loss and any issues to reduce them;

riority settinigand activity definition, scheduling and budgeting, as well as human and t¢chnological
esource alloeation;

lan implementation of operational projects;

onitoring by the comparison between initial and ongoing performance indjcators and

13.1.2 General principles of a water loss management plan
The following principles of a water loss management plan should be considered:

— A water loss investigation should include the calculation of the water balance and water loss
performance indicators, together with information about the water supply system, its current
status and current operational, management and rehabilitation practices.

— The preparation of a water loss management plan should be based on a water loss investigation.

— A water loss management plan should include activity scheduling and budgeting as well as human
and technological resource allocation.

© IS0 2021 - All rights reserved 17


https://standardsiso.com/api/?name=f1f9f81fc499a81131bae9ab93a47575

ISO 24528:2021(E)

13.1.3 Water loss management plan stages

The water lgss management planyshould refer to the following main stages:

The water loss management plan should address activities to reduce real water loss and apparent
water loss, and additional activities (e.g. training, information management) as required for the
transition from the current level of water loss to the short- and long-term targets. The water loss
management plan may also address the management of unbilled authorized use that, although not
water loss, contributes to the NRW.

A water loss management plan should be aligned with the drinking water utility's strategies, taking
into consideration external factors such as electricity tariff, resource availability (particularly
water-related), environmental impact and public water policies.

A water loss management plan should outline the corporate objectives and assessment criteria.
Besidesreconomie sua}o, water1oss ulauasculcut also—contribttes—+to ilupl Uv;us othet dilucnhions,

including the level of service, the physical asset sustainability and the environmental sustainability.

The water loss management plan should contain, for each assessment criterion, the correspornding
performance indicator(s) and target(s), as part of the performance assessment systém (see|9.3).
Performance indicators should be understandable, transparent, consistent and‘straightforward.
Targets|should be sustainable in the long term and flexible in the short term. Target setting should
take info account local regulatory requirements and influencing factors§,)namely topography,
network topology, current infrastructure condition, water, human, ecenomic and technoldgical
resources and demand projections.

A water| loss management plan should include a statement of the etxrent situation, priority setting
and actjvity definition based on the results of the water loss_ifwestigation and on the use df the
performance assessment system.

The planned activities may be combined and implemefited through discrete projects. Project
implemgentation should be monitored in order to providethe necessary feedback for the continuous
improvement of the whole water loss management process.

The wdter loss management plan should alse address monitoring and revision procedures,
respongibilities and frequency. Monitoring.should be supported by the use of the performance
assessnjent system. The revision consists.ofthe assessment of differences relative to defined tafgets
and implementation of corrective activities that ensure the fulfilment of the objectives established
in the water loss management plan.

Provisi¢nal long-terny target programme. Addressed to achieve the water loss reduction tafgets
and majntain water{oss at an optimized level, which can vary depending on external factors|such
as electricity tariffs and resource availability.

The prqvisional glide path. Annex G shows the principal activities required for transition [from
the curfent level of water loss to the provisional short- and long-term targets. The watei] loss
managemeéntplan—shotldinclude—anntal-waterlosstargets—and-theinvestmentreqtiredfor the

various leakage management options.

13.1.4 Water loss management plan investments

When preparing the investment plan to meet the water loss reduction targets, operational expenditure
(opex) and capital expenditure (capex) actions should be broken out. The investigation should include
the assessment of capex financing options, whether internal or external. It should also explore whether
the water utility has sufficient cash flow to meet the opex components. If financial sources are not
sufficient, plan and target reviews should be made.

18

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=f1f9f81fc499a81131bae9ab93a47575

13.2

13.2.

ISO 2452

General principles for apparent water loss management

1 General

8:2021(E)

Water utilities should select appropriate activities for apparent water loss management, taking into
account the water tariff structure, the social context, security issues, water use profile and the factors
that affect the accuracy of users' meters.

13.2.

Unat

2 Unauthorized water use

thorized water use can occur through illicit hydrant access, meter tampering, meter
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quate tests, maintenance and replacement schedule for the meters.

ngs installed on a water main and other means. Detection of unauthorized water use
ities to find and control illegal connections, tracking meter bypassing, installing n
'sing meters to prevent the illegal use of hydrants and actively checking the usér billin

icy should be in place to establish the appropriate penalties or actions for 4mauthorize
policy should be consistently enforced when unauthorized water use is-discovered.

3 User metering errors

meters can experience measurement inaccuracy which ‘results in apparent
urement inaccuracy can occur due to, for example, meter/wear, poor installation, poc
hulic conditions, and incorrect meter selection for a givehvapplication.

ities for the management of user meters may include adequate selection and sizi
rs, the quality of control of procured meters, the.dontrol of water meter installation a

4 Data handling errors

ities to reduce meter-reading errors/may involve training and motivation of the metg
ter and report data efficiently. Errers due to incorrect written data, incorrect data pi
illing system or invoicing mistakes may involve improving existing billing and user d

itomated data collection process may be used to help avoid errors. Misplaced decim
be discovered by review of the user account database and a plausibility check of the ug

fferrors appear duete’reading meters after or before a cut-off date, user meter readin
s during the yearand extrapolation of reading sums for a reading period that diffq
inting period.<Cut-off errors may be estimated by, for example, comparing data from
ous years when the reading period is consistent and there were similar weather cond

5 Unmetered use estimation errors

[-term improvement in unmetered use estimation errors may be accomplished by

]

ypass, illicit

may include
hagnets and
B system.

d water use.

water loss.
r siting and

ng of water
nd adoption

r readers to
rocessing by
abases.

separators
er invoice.

bs at various
rs from the
A number of
tions.

y increasing

the statistical rigor of sampling and estimation methods. Long-term improvement in unmetered use
estimation errors may be accomplished by expanding the portion of users who are metered, thereby

redu

cing the portion of users who are unmetered.

13.3 General principles for real water loss management

13.3

.1 General

Drinking water utilities should select appropriate methods to investigate leakages and overflows,
taking their operational and regional restrictions into account.
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Further information on the drinking water distribution network, its current status regarding its
technical condition and zoning should be collected as a preliminary stage for generating a water loss
management plan.

Achievement and sustainment of low leakage levels requires a thorough understanding of the complex
interplay between many different parameters, and the influence of past and present management

decisions.

Drinking water utilities should implement adequate measurements such as improved system
rehabilitation, construction of DMAs and pressure management and ALC to improve the water loss

situation.

13.3.2 MalLagement plan of district metered areas

13.3.2.1 M

A district m
is usually crj
a DMA may

flowing intd
the level of ]
multiple inlg

The DMA as

for a prelim]

Virtual DM A4
entire drinKk

meters are i

13.3.2.2 DMA design

For any DM

the imp
the vari
the typd

the ava
manage

the cury

the targ

hnaging real water loss using district metered areas

etered area (DMA) is defined as a discrete area of a drinking water distribution netwqg
eated by closing boundary valves so that it remains flexible to changing demands. How
hlso be created by permanently disconnecting pipes to neighbouring-areas. Drinking v

and out of the DMA is metered and flows are periodically analysed in order to mo
eakage. DMAs can principally be categorized into three differént types: single inlet D|
et DM As and cascading DMAs.

essment should be performed by a desktop study or byrusing a hydraulic model, if avai
nary study in order to identify potential zones, installation points and benefits and co

Ls may be established. This is a concept of monitoring and identifying leaks throughoy
ing water distribution networks without creating actual DMAs or a sub-DMA. Instead,
nstalled at key positions in order to create:‘¥irtual DMA zones” (see Annex I).

\ design, the following should bé considered:

ent leakage level using minimum night flow (MNF) (see Annex K) and water balance;
et level of leakage in the system;

Fovement of operation of the network;

ation in topography;

b factors;urban, rural, industrial or other;

lablettechnologies for ALC and event management: advanced technologies such as §
ment systems, burst detection, automated meter reading that enables larger DMAs;

rk. It
ever,
vater
nitor
MAs,

able,
Sts.

t the
flow

bvent

investigation deployment;

requirements, local standards of service;

network, water source, location of mains and inlet pipes;

the min

20

imum flow and pressure, as well as fire flow requirements;

the individual drinking water utility preference: discrimination of service pipe breaks, ease of leak

the hydraulic conditions: limitations in closing valves, minimum and maximum pressure

the topology of the current water network: for example, structure of drinking water distribution

the ability to maintain adequate drinking water quality when employing additional closed valves.
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2.3 DMA management plan

Once set up, DMA structures should be reviewed regularly to ensure that they are still appropriate.

13.4 Planning an active leakage control management plan

Active leakage control should consist of managing the duration of unreported leaks by looking for them,
finding and repairing them. Although a small proportion of unreported leaks can be visible (usually in
inaccessible locations), most unreported leaks do not surface and should be detected and repaired in
order to maintain the target level of leakage.

The

|

.

The
redu

13.5

Pres
it do
repld
thosg
in as

Fulfi

election of ALC method: may be performed by one or more of the available tools,such as acoustic

ak detection investigations, fixed acoustic leak detection, ground-penetrating 1
atellite pictures analysis, event management software tools based on flow, and’pressu
nd gas tracing. These are described in Annex H. The ALC method should bé.chosen acc
erformance given the specifications of the water network such as budget, material,
ipes and type of soil.

Detailed activity plan for leak detection investigations: size, frequiency, benefits and co

[he speed and quality of repairs are also critical for the cest-effective reduction of ph

loss and the plan should consider whether this area needs/to’be improved.

financial analysis of ALC should be generated by ‘¢comparing cost versus water log
Ction.

Pressure management

bure management may be considered afirst approach to reducing leakage and water lo
es not eliminate the need to find andirepair leaks in the short term or the need to re
ce pipes in the longer term. Reducing the pressure can also worsen the service to user
e living in upper floors of multistery buildings without booster pumps. This should bg
Kessing the feasibility of pressure management.

ling minimum pressuréeajnd flow conditions at critical point locations should be taken

when determining candidate pressure management areas.

The i

nfluence of pressure on leakage flow rates should be examined via the following stepst

adar (GPR),
re metering,
ording to its
condition of

Sts.

[ysical water

s estimated

5s. However,
nabilitate or
s, especially

considered

Into account

a) A preliminary’assessment which includes:

1+ Identification of areas with potentially high or excessive pressure and a prelimingry design of
pressure control areas with an estimate of pressure reduction.

+_/Analysis of water use to identify if reduced pressures might affect this and assesgment of the
impact on revenue.

— Preliminary cost-benefit analysis: an initial estimated cost-benefit assessment should be
calculated to identify the economic feasibility for real water loss recovery in the pressure
management scheme. Approximations relying upon operator knowledge and preliminary
estimations may be used at this stage.

— Identification of options for management of pressure, which may be achieved by pressure
regulating devices or changes in supply network configuration.

b) Selection of test areas: existing DMAs or temporary closed areas should be selected, representing
the water loss investigation area by type of pipes and topography.
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If applicable, pressure step tests should be performed to assess the impact of pressure reduction

on leakage by reducing inlet pressure to the area in increments or “steps”, resulting in reduction of
inflow rate and average zone pressure.

<)
d)

dynami
13.6 Impr

¢ pressure modulation (see Annex L), should be developed.

oved system maintenance and rehabilitation

A pressure management plan, defining the required supply pressure and means for static or

Adequate maintenance and rehabilitation of drinking water distribution network assets are crucial for
short-, medium- and long-term real water loss management. The principles of this activity are covered

in more detail in ISO 24516-1. Management of the drinking water distribution network assets requires

priority setting and decision-making on whether to restore or upgrade the performance of existing

assets, while simultaneously planning other activities, such as pressure management or ALC\for short-

term and medium-term real water loss management. Effective decision-making requires a balance

between thg desired performance and the acceptable risk level, while attaining thelleast pogsible

overall life-¢ycle cost of assets, in full alignment with the water utility’s objectives.

14 General principles for water loss target setting

Water loss 1s an important indicator of the state of the drinking watér distribution network. While

most short-ferm improvements can reduce water loss in the near-term, adequate rehabilitatign or

replacement of the distribution network is essential in the longer, term. Prudent usage of water is a

fundamentq] requirement for effective operation of a water utility, and water loss targets shou|d be

developed tp guide water loss intervention measures.

The aim of|the water utilities should be to reach and maintain appropriate water loss levels] The

following pifinciples for water loss target-setting should ®e considered:

— sustaingbility in the long term and flexibility in‘the short term;

— practicdl to apply, in relation to data and.analytical requirements;

— consideration of system-wide and zonal water loss levels;

— economlfic considerations for efficient operations.

Targets shofild take into account'specific local conditions, including:

— water r¢sources (actualiand future demand);

— water quality and public-health-oriented operation;

— water cpsts (extrdction, treatment, import, distribution);

— econonlical aspects (costs of water loss, efficiency of operation, demand on rehabilitation, costs of
water l e ntaruantion s cienc).

topogra

SO IICCT vV CIItIoTT I TS Ut ©.57,

phy (necessity of pressure zones or DMAs, pressure management);

network topology and spatial characteristics;

technical aspects (e.g. bedding condition, soil and groundwater condition);

network asset management;

22

quality of service;

regulatory requirements;

infrastructure condition and its effects on the economics of ALC and the need for investment in

sustainability of measures, scarcity of drinking water supply and other environmental aspects.
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Both near-term and long-term water loss targets should be developed. The result of all measures
regarding water loss reduction should be analysed on the whole system and, if applicable, on a zonal and
DMA structural basis at least once a year. As intervention measures are implemented and evaluated, or
as specific local conditions change, both targets and measures should be updated accordingly.

15 Example of an organizational structure for the management of non-revenue
water

The water utility should be responsible for the water loss investigation and management, and determine
the number and qualifications of employees responsible for the problem of NRW in the drinking water
distrfibution network.

Areafs of activity which should be included in NRW management are:
— NRW planning, monitoring and training

— data collection and validation

— DMA management

— yvater balance calculation and PI

dpparent losses

— TUnauthorized use

1+ metering error and meter management
1+ acquisition and estimation errors

— 1eal water loss

1— construction control

1+ bursts and ALC

41— pressure management

— ¢ost management

The yater utility should be structured to manage these activities. Some activities may be ofitsourced to
a suitably qualified contractor, in which case the facilities to manage and monitor the perfformance of
that rontractor should be included.
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Annex A
(informative)

Additional guidance on how to measure or calculate elements of

A.1 Gendral instructions

A.1.1 General

A.1.2 System input volume

a)

f)

24

water balance

Recordg and data should be assembled from a wide variety of operations in the_drinking
utility, and from multiple data sources. Procedures and contacts should beféstablished fo
collecti¢n of this data.

All datg associated with water balance and performance indicator calculations is likely to in
errors dnd uncertainties.

vater
r the

tlude

During [the water loss investigation process, the reliability and’accuracy of information sotfirces

should be taken into account: who provides the data, in what format and in what degree of confid

After agsessing a ‘best estimated’ value for each input @arameter, confidence limits shou
assignefl for the parameter.

Data collection and data processing should be documented: data sources, data collection met
assumpltions and calculations performed.

Various|software tools are available for the-calculation of the water balance and the perform
indicatqrs.

Data frgm each entry point should be collected, including imported sources and input volumes
the drinking water utility's own sources, such as utility treatment works, wells or desalination pl

The mgthod for data-collection at the entry points can be manual or transmitted fr
monitoring system.

At points wherelthere is no measurement device, or a faulty water meter, a measurement sy
may be nstalledtemporarily for the purpose of the water loss investigation.

The SIV| is¢alculated as the difference between the meter reading at the end of the investig

ence.

d be

hods,

ance

from
ants.
m a

stem

htion

period an
from systematic metering errors before entering the water balance.

Water supply data should be calculated from all sources specified to the defined water

loss

investigation period. If no data exists for the entire period (missing data history) or if there are
unmeasured points, an estimation of the annual amount should be made based on existing data.

A data error estimation should be performed, including measurement error: in water supply and

demand variations, reading errors, collecting and data errors.

The amount of water entering the network should be calculated as a sum of total inputs to the

network.
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g) Drinking water of imported sources and drinking water input from the drinking water utility's
treatment works should be quantified. The total can be accumulated as drinking water of imported
sources and input from the drinking water utility's treatment works.

A.2 Exported water (metered or unmetered, billed or unbilled)

a) Itshould be determined if exported water is applicable for the water system.

b) If applicable, the methods described in 7.2 should be used for the data collection and calculation of
the exported water volumes.

A.3 | Calculating water supplied

Watdr supplied is simply the difference between SIV and exported water.

A.4 | Determining billed authorized use

A.4.1 Billed metered authorized water use

a) The existing system for water meters should be documented'in a file to include water meter details
including address, serial number of the water meter, typesand diameter of water meter,|type of user
e.g. industrial, trade, urban gardening), date of installation, final call, status.

b) The water meters should be divided and authorized by category of use (e.g. private) industrial),
diameter of water meter and method of data reading (manual, terminal and remote).

c) The amount of water measured should be suibhmed in each water loss investigation perfiod.

d) Date-reading times should be normalizéd according to the water loss investigation time periods,
wsually years.

A.4.2 Billed unmetered authorized water use

A.4.2.1 General

It is|not always possible_or acceptable to meter all properties, particularly domestic| properties.
Thergfore, a method of.estimating the water use of unmeasured properties should be us¢d. Different
metHods have varying‘levels of accuracy and cost and can be more or less appropriate depending on
the percentage of/ptroperties not measured. All approaches introduce some level of uncdrtainty into
the water balanee and the acceptable level should be taken into account. Errors will be redficed if some
sort pf segmentation of households on the basis of, for example, likely occupancy, income of size can be
carried out:

NOTH It is frequently the case that a small percentage of the users represents a large proportion of the
water use.

A.4.2.2 Methods

A.4.2.2.1 General

Two main methods have been developed as listed in A.4.2.2.2 and A.4.2.2.3.

A.4.2.2.2 Individual property monitors

This approach uses properties which do not pay charges based on a measured quantity of water. A
meter is installed to measure the flow into the property for the use of the drinking water utility only.
This may be done with the cooperation of the householder, in which case additional information can be

© IS0 2021 - All rights reserved 25


https://standardsiso.com/api/?name=f1f9f81fc499a81131bae9ab93a47575

ISO 24528:2021(E)

collected such as the number of people in the household and the number of water-using appliances, or
the monitoring can be done ‘blind’, i.e. without involving the householder.

A.4.2.2.3 Small area monitors

In this, the total flow into a small area is measured and any measured flow is subtracted. The remaining
flow is divided between the properties in the monitor plus any allowance for leakage within the
drinking water utility's network. This approach can also be used for blocks of apartments where each

one cannot be individually measured.

a) All service connections should be divided and summarized by categories of use (e.g. private,
industr{al]-

b) For resjdential users, the evaluation should be reached by multiplying the number of‘occupants
with th¢ amount of specific water use per person or per property. The measured averagé drinking
water ufse should be used as a basis and multiplied, if necessary, by a factor for excessive drinjking
water use without measurement.

c¢) For a non-residential user, the amount of water used should be evaluatéd based on similar
metered users.

d) If possible, measuring accessories should be added, such as a temporary water meter or a regjional
water meter, to assess every type of user in the region. Installation should be done accordipg to
acceptefd methods, including specifications of the equipment anddnstallation requirements.

A.5 Non-revenue water

A.5.1 General

The total vdlume of NRW should be calculated as:water of imported sources and input from drinking

utility treatment works minus billed authorizedise and exported billed water.

A.5.2 Unbilled metered authorized water use

Types of upbilled metered authorized-use should be inventoried, including firefighting, pipeline

washing, water facilities, public garderting and public institutions use.

The proceduyre for summation should be repeated, as specified in A.4.1.

A.5.3 Unbilled unmetered authorized water use

Types of urbilled urtmetered authorized use should be inventoried, including firefighting, pipeline

washing, water facilities, public gardening and public institutions use.

Estimation methods should be documented and the summation procedure should be repeated, as

specified in A4=2=

A.6 Water loss

Water loss, i.e. the difference between water supplied to the network and authorized water use, should be
calculated. It can also be calculated as the difference between NRW and unbilled authorized water use.

A.7 Apparent water loss components

A.7.1 General

In the case of apparent water loss, field investigations and laboratory experimentation or measurements
should be made to quantify each component of the apparent loss. At a very preliminary stage, current

26
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annual apparent water loss (CAAL) can be assessed through a benchmarking approach. However,
because there are so many parameters, confirmation from field investigations should be obtained
before any meaningful strategies are developed.

Table A.1 provides selected examples of the numerous causes for apparent water loss, classified by
categories and subcategories, together with recommended methods for evaluating their magnitude.

Table A.1 — Causes of apparent water loss and methods for evaluation

reading

Categories of | Subcategories Cases CAAL UAAL applica-
AL of AL method for evaluation bility
. Error in bulk metering Callbl-‘atIOI.l procedures (protocol NO
System 1nput and Of Callbratlon)
water supplied i
pp Errorin dat; capture Technical audit No
and transmittance
Manual or semi-manu- . C e s
grrors thr_opgh Errors in user al meter reading Sampling and field investigation |No
atajacquisi- metering Aut t' .
tioncycle utomatic meter Technical audit No
reading
_ Billing system errors Bllll.ng system’and procedures No
Data processing audit
€rrors Errors in other data |User management and proce- No
manipulation dures audit
Meter aging Sampling/user profile/meter Yes|(but diffi-
errors graph cult
Meter errors !napproprlate Al Sampling and field meter tests  |No
(small meters) installation
Impact of user's in- Sampling/census/laboratory Yes|(but diffi-
house installation tests cult
Meferaging Sampling/user/profile/meter No
errors graph.
Meter oversizing Sampling/user profile/meter Yes|(but diffi-
errors graph cult
Metqring errors |Meter errors Inappropriate meter ) ) Yes|(but diffi-
(large mefers) installation Sampling and field meter tests cult
Impact of user's in-
house installation Sampling/census/laboratory Yes|(but diffi-
(domestic tanks for and field tests cult
instance)
Meter out of operation |Sampling and meter tests No
Meter manage- Errors in meter read- Computer analysis/field check  |No
ing
ment
Estimated meter Computer analysis/field checking | No

NOTE

In the case of sampling investigations, the extrapolation can only be considered as valid when the sampling
procedure is valid. The confidence limits of the CAAL values relate to the choice of the sampling procedures.
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Table A.1 (continued)
Categories of | Subcategories Cases CAAL UAAL applica-
AL of AL method for evaluation bility
Meter bypass and . C o Yes (but diffi-
other fraud Sampling and field investigations cult)
Additional Unregls- Sampling and field investigations Yes (but diffi-
) tered connections cult)
Registered users - - - —
Disconnected users Sampling and targeted field Yes (but diffi-
illegally reconnected |investigations cult)
Non-active users ille- [Sampling and targeted field Yes (but diffi-
Unauthorized gally reconnected investigations cult)
water use Unregistered (illegal) . o . |Yes(but diffi-
. Sampling and field investigations
) connection calt)
Unregistered U - d
users nregistered water . Co . Yes (but diffi-
use in low income Sampling and field investigations
cult)
areas
. Water theft from .
Network equip- hydrants or other Sampling and field investigations Yes (but diffi-
ment : cult)
equipment
Misestimate Small users Sampling andfield investigations Yes (but diffi-
of unmeterefl cult)
water use Large users Meters mustbe installed No
NOTE In thle case of sampling investigations, the extrapolation can only be considered as valid when the sampling
procedure is yalid. The confidence limits of the CAAL values relate to the'choice of the sampling procedures.

A.7.2 Field and laboratory investigations

Pilot areas
extrapolate
the samplin

Several pilo
should be s¢g

A.7.3 Una3

A mini pilot
other anomj
The investi

geographicg
should also

lected.

be.investigated.

uthorized water-use investigation

and samples should be selected such that the results obtained can be realist
1. If the samples have been properly defined and based on a scientific statistical apprpach,
b approach should be used.

cally

areas representing the variouts parts of the city, and based on urbanism and social criteria,

census should/be-made to receive a first indication on the importance of possible fraudl and
hlies, which €ould exist between the field reality and the technical and user databases.

bations<should cover 3 % to 5 % of the users, who should be selected according to
1 location, category and social condition. Users' zero or abnormal low use, and cut-off ysers,

The following ratios should be calculated:

total number of illegal users/total number of inactive users visited;
total number of non-registered users/total number of users visited;

total number of fraud on the water meters/total number of meters;

A.7.4 Data handling and billing estimation errors investigation

percentage of anomalies found in the field with respect to the data on the existing files.

This type of water loss can be the result of incorrect tariff application, meter reading errors or absence
of reading, billing corrections or discounts not being taken into account.
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The different levels of associated activities should be investigated, for example installation of a meter,
meter reading, back office and front office or bill delivery. The errors and the anomalies should be the
subject of detailed investigations that can call into question, and improve, the procedures.

In meter reading, the following should be the subject of a specific analysis or audit:

— quantity of unread meters (why and since when?);

— critical analysis of the meter reading;

— control of unread meters (e.g. inspection);

— quantity of estimated bills;

—

A.7.!
Undse

to a progressive deterioration of accuracy.

Seve

— q

1
—

—

— (lefinition of the water use profiles for each.type of user;

— 1

A.8

Real
be c3

actors used for the estimation.

b Under-measurement

r-measurement errors are most often found in the oversizing and ageing of the meters,

Fal types of analysis should be conducted:

tructure of meter fleet and detection of the large users - itisfrequently the case that 3
he users account for more than 50 % of the total water use;

rerification via the user database of the probability of'the oversizing of the large user 1

rerification of samples of meters using data loggers;

aboratory testing to establish error graphs of meter samples of different ages and voly

Real water loss

water loss is calculated as-the difference between water loss and apparent water los
lculated as NRW minus(unbilled authorized use and apparent water loss.

which leads

% to 4 % of

heters;

me use.

5. It can also
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Annex B
(informative)

Factors affecting real water loss

Real water loss is affected by the following factors:

30

Factors

leng
nur
nun
ser

dyn

affecting the Nnetwork

rth of mains;

nber and density of connections, number and length of service connections;
hber, density and functionality of valves;

yice pressure;

amic pressure fluctuation (water hammers);

fail
qu

quadlity of installation and repair;

chafacter of soil;

cli

quadlity of storage to avoid degradation due-to damage or exposure to UV light.

Drinki

Operati

Locality

intd
per

rap
and

applroach toeperating valves promoting or interfacing with a calm network.

ire rate (depending on materials, jointing techniques, age structure, corrosion proteg
lity of installation);

atic conditions;

g water quality (influencing corposion)
bn and maintenance

nsity of monitoring and,thspection on detection of leakages (frequency of inspec
manent flow metering);

d repair of leakages, effectiveness of rehabilitation regarding limiting duration of lea
sustainability of elimination of deficiencies;

depith’of cover in relation to penetration of frost, heat and traffic loads;

tion,

tion,

fages

periods of extreme cold;

traffic load and soil movements regarding stress input;

bed

ding, soil characteristics and ground water level regarding external corrosion.

Crucial soil characteristics

— corrosiveness of soil, in general increases from granular soil (rock, gravel, sand) to cohesive soil
(loam, clay);

— soil movements (particularly when the soil moisture is changing);

— detectability of leaks at the surface.
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Performance indicators

C.1 List of performance indicators

ISO 24528:2021(E)

Perfgrmance indicators are listed in Table C.1.

NOTH

It might appear logical to assume that length of system allows for more of the key factors
of copnections or length of mains. However, it was the experience of all the IWA WLSGmembers t

than number
hat (except at

low density of connections) in well-run systems the majority of leaks and bursts (andof the annfial volume of

real yater loss) occur on service connections rather than mains, with most frequént problems in {
the s¢rvice connection between the main and the edge of the street. The WLSG therefore recomme
basic|traditional PIs with the greatest range of applicability for real water los§-are:

1/conhection/d (if service connection density is < 20) and

1/kmyd (if service connection density is > 20)

Table C.1 — List of performance indicators

he section of
nded that the

(Water losses during the assess-
ment period x 365/

assessment period)/number of
service connections

with:

water losses (m3); service
connections (no.); assessment
period (day)

Rurpose Performance indicators Units Other relevanf criteria
Finapcial NRW by volume Y% This indicator may|be used for
NRW/(SIV - exported drinking water distribution
networks.
water) x 100
Limitations for eagh perfor-
3). 3
NRW (m?); SIV (m-) mance indicator should be
considered to accommodate
key local factors atfeach water
network, see C.2.
Operjational Water loss per mains length m3/km/year This indicator may|be used for
(Water losses during the assess- bulk sup_ply and !OW service
. connection density distribu-
mentperiod x 365/ . . ithl
assessment period)/mains length tion systems (i.e. with less
than 20 service copnections
with: per km).
water losses (m3); mains length Limitations for eadh perfor-
(km); assessment period (days) mance indicator sHould be
considered to accommodate
key local factors atfeach water
network, see C.2.
Operational Water loss per connection m3/connection/year This indicator may be used for
drinking water distribution

networks (i.e. with more than

20 service connect

Limitations for eac

mance indicator should be
considered to accommodate

key local factors at
network, see C.2.

ion per km).

h perfor-

each water
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Table C.1 (continued)

Purpose Performance indicators Units Other relevant criteria
Operational Real water loss per mains 1/km/d when system is This indicator may be used for
length pressurized transmission systems and low
Real losses during the assessment service connection dgnsﬂy dis-
: tribution networks (i.e. with
period x 24/ .
. less than 20 service connec-
number of hours system is pres- :
. . tions per km).
surized during the assessment
period x 1000/ Limitations for each perfor-
mains length mance indicator should be
with: Considered to accommodate
' key local factors at each water
water losses (m3); mains length network, see C.2.
(km); time system is pressur-
ized (hour)
Operational Real water loss per connection |l/connection/d when sys- |This indicator may be used|for
. tem is pressurized drinking water distribution
Real losses during the assessment ; !
X networks) (i.e. with more than
period x 24/ : .
. 20 service connections per|km).
number of hours system is pres-
surized during the assessment Limitations for each perfox-
period x 1000/ mance indicator should be
number of service connections considered to accommodate
. key local factors at each water
with:
network, see C.2.
real losses (m3); service connec-
tions (no.); time system is pres-
surized (hour)
Operational Infrastructure leakage index |— This indicator may be used to
Real losses/technical achievable compare dlffer.ent systems on
a common basis.
low level of real losses (when
system is pressurized) Limitations for each perfor-
mance indicator should be
considered to accommodate
key local factors at each water
network, see C.2.
Operational Apparent water loss % This indicator may be used for
Apparent losse&/(STV - exported drinking water distributiop
networks.
water) x 100
with: Limitations for each perfoy-
' mance indicator should be
apparent losses (m3); SIV (m3) considered to accommodate
key local factors at each water
network, see C.2.
Water resources) Inefficiency of use of water % This indicator may not be gised

resources

Real losses during the assessment
period/SIV - exported water)

with:

real losses (m3); SIV (m3)

as a measure of efficiency and
condition of system assets
(trunk mains, transmission
mains) but it may be used for
drinking water distribution
networks.

Limitations for each perfor-
mance indicator should be
considered to accommodate
key local factors at each water
network, see C.2.
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Limitations of performance indicators

1 Performance indicators versus key factors

The basic traditional performance indicators for real water loss, which are most widely used in different
parts of the world to make comparisons of the annual volume of real water loss, are:

Trad

percentage of input volume;

volume lost per length of mains per unit time;

olumelaost ner usernerunittima:
r r 4

yolume lost per service connection per unit time;

\

q

rolume lost per length of system per unit time (where length of system = length-of main|
ervice connections up to point of user metering).

tional performance indicators for real water loss appear to be selected on the

simpllicity of calculation, country tradition, availability of data for the calculation or even the

of pe
perfq
limit]
factg

rformance. However, the differences can be substantial. The propérbasis of selection s
rmance indicator that gives the most rational technical basis fatycomparisons. Table C
ed extent to which each of the traditional performance indi¢ators take into account {
rs (other than ground conditions) which influence real water loss.

Table C.2 — Performance indicators.versus key local factors

s + length of

basis of the
e impression
hould be the
12 shows the
he key local

Basic traditional per- | Continuity of | Length of | Number of service | Location of user | Average oper-
formance indicator supply mains connections meters on services| atipg pressure
for real water loss

% of|volume input No No No No No

Per yser per day No Ne Only if one user/ No No

connection

Volume per service No No Yes No No

connection per day

Volume per length of No Yes No No No

mains per day

Volume per length of No Yes Possibly Yes No

pipes in system

C.2.2 Use of percentage

Tablé¢ C.2 shows that real water loss expressed as a percentage of system input does not tiake account

of an

use

y of\the key local factors. Instead, under continuous supply conditions, the average r

ate of water
] water loss

which is not a primary explanatory parameter) dominates the calculated value. If red

average is 100 1/connection/d, then real water loss as a percentage of system input would be:

29 % for water use of 250 1/connection/d;
17 % for water use of 500 1/connection/d;
9 % for water use of 1 000 1/connection/d;
2 % for water use of 5 000 1/connection/d;

1 % for water use of 8 000 1/connection/d.
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C.2.3 UseofILI

Components for background leakage, reported and unreported leaks and bursts are based on clear and
auditable assumptions for frequencies, flow rates and durations of leaks, at 50 metres pressure. These
are shown in Table C.3. Lower limits for density of connections, average pressure and system size have
always been recommended for application of the UARL formula. Table C.3 shows changes in these limits
between 1999 and 2009 which reflect the increasing international use of ILI and snapshot ILI (derived

from night flows) for small systems and DMAs.

Table C.3 — Changes in limits of application of UARL formula, 1999 to 2019

Parameter Limits [Lambertet| Lambert Liemberger Lambert Lamberf
al., AQUA |and McKen- | and McKenzie
zie
1999 2001 2005 2009 2019
Density of cpnnec- | Minimum 20 20 Removed No lower limit {No lower limit
tions/km Maximum 100 Removed No upper limit:| No upper limit
System dize Minimum | Notstated | Nc>5000 Nc>3000 Nc > 3-000 - If Nc <5000, or
Average pr¢ssure | Minimum 20 25 25 AxEm SIEI? 401 orl>_§0
P (m) Seé graph calcwiapion
recommengled
Maximum Seegraph

SOURCE: Lambert (2019) in https://www.leakssuitelibrary.com/uatl-and-ili/. Used with permissign.

IL1is the myltiple obtained when the system’s CARL in m3/yeafds divided by the system’s UARL in ;n3/y.
As the currént pressure regime could not be optimal, ILI sheuld be interpreted with some measyre of
pressure and only used for tracking progress if all justifiable pressure management has already |been
completed.
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Bursts and background estimate (BABE)

One of the keys to understanding the control of real water loss is component analysis of real water loss.
The BABE concept uses auditable assumptions to calculate, from first principles, the components that

make up the annual volume of real water lossl4¢2].The leaks occurring in any drinking water
network are considered conceptually in three categories, as shown in Figure D1.

— Background leakage: small leaks at joints and fittings, not detectable using custent methods.

— Reported bursts: events with larger flows, which are visible or whichycause problg
feported to the water utility.

— Unreported bursts: significant events that do not cause problems and can only be foun

Component analysis can be used to estimate the number of leaks."If the number of repoj
known and the ratio of mains leaks to service pipe leaks is assumed or derived from pre
inforjmation, an estimate of the number and type of leaks may.b& made.

NAY YIS AL Y

strface

ALY LG LI Y YA YA

Background leakage

Unreported leakage

Reported leakage

Unreported and undetectable

Often does not surface but is
detectable

Often surfaces and is reported|by
public or utility workers

Tools

Tools

Tools

Pressurestabilization

Pressure stabilization

Pressure stabilization

Pressure reduction

Pressure reduction

Pressure reduction

Mains and service pipe
replacement

Mains and service pipe
replacement

Mains and service pipe
replacement

Reduction in number of joints
and fittings

Reduction in number of joints
and fittings

Reduction in number of joints
and fittings

Proactive leak detection

Optimized repair time

1 by ALC.

distribution

ms and are

ted leaks is
vious repair

SOURCE BABE (Background and Bursts Estimates) concept for types of leakage (Lambert, 2009). Used with
permission.

Figure D.1 — Typical characteristics of background leakage, reported and unreported leaks
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The larger detectable events are usually referred to as bursts, while those too small to be located (if not
visible) are referred to as background leaks. The threshold between bursts and background leaks can
vary from country to country, depending upon factors such as minimum depth of pipes, type of ground

and surface.

Using the BABE concept, Table D.1 shows other types of leaks that would lose the same volume of water

(200 m3) as the mains burst running for 8 h.

Table D.1 — Water loss volume of leak examples

Example of leak or

Average flow rate

Average run time

Volume lost

burst 1/h m3/d m3
Reported mpins burst 25000 600 8 hours 200
Unreportef service 500 12 17 days 200
connectipn leak
Reported hut unre- 100 2,4 12 weeks 200
paired seryice leak
Leaking va]ve or hy- 33 0,8 8 months 200
drapt
Leaking toilet 15 0,4 16 moenth's 200

SOURCE: Lgmbert, A. Improving international management of leakdge — The hidden water resdurce.
Acknowledgement: Jairo Tardeli Filho, Sabesp, Brazil. Used with permission.
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Annex E
(informative)

Water loss investigation for intermittent supply netwo

rks

hinalyse why

1dit, or rapid
to get a first
derstanding
he following

ify possible
er use data,
me of billed

termine the
rage supply

h electronic
"e available,
b pressures)
racteristics,
ipproximate
re using the
used in the

E.1 Step 1: intermittent water supply problem analysis

The first step in a water loss investigation for an intermittent water supply should beto

therg is intermittent water supply and to what extent.

If time, funding or expertise for a full water investigation is not available, at least an'initial ay

NRW assessment, should be made. It is a simple, fast and usually inexpensive methodology

undgrstanding of the NRW situation in a drinking water utility. It is a precondition for un

the magnitude of the IWS problems and the possibilities of transitioning to/24 x 7 supply. T

stepg should be followed:

1) (ollect all necessary information required to determine the following:

3) daily volume of NRW;

) average supply time;

¢) average pressure;

d) number of service connections.

2) Determine the annual average daily veldume of NRW. Review available records, ident
]irregularities and determine the mest-likely average daily volume. Review billed wat

oth billed metered and billed upmetered, and determine the annual daily average voly
water use.

3) C(alculate the average daily supply time. Identify areas with different supply times, de
dpproximate number oflservice connections of each area and calculate a weighted avg
lime using the numbér of connections as weighting factor.

4) The average pressure in a certain point is the 24-h average. Pressures are recorded wit

ressure loggers for at least a 24-h period at each point. If no pressure loggers a
Eressures during low-pressure periods and high-pressure periods (usually night-tim
ghould bé measured with pressure gauges. Identify areas with different pressure cha

easure pressures and calculate average pressure for each area. Determine the §
umbeér of service connections of each area and calculate a weighted average pressu

umber of connections as weighting factor. Only pressure during supply hours may b
calculation.

5) Determine the number of service connections (SC), which is in many cases not equal to the number

of users. Only in cases where each user is supplied by an individual service connection does the
number of connections equal the number of users. If, for example, every single condominium in a
building is considered one user, then the number of service connections will be significantly less
than the number of users (one condominium building can consist of, for example, 100 users but is
supplied by only one service connection).

If the volume of NRW is not known:

should be made. At least crude data on the average daily SIV should be gathered.

© ISO
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— Use: if use is not metered, the actual water use should be understood. For this, water meters should
be installed, ideally high-accuracy meters with data loggers, at about 100 truly randomly selected
domestic users. Users should be metered for at least one week. Then apply the average water use per
user/d and capita/d. The use of non-residential users (commercial, institutional, industrial) should
be assessed separately. Once this is done, the total water use (whether billed or unbilled) of the area
can be calculated.

E.2 Step

2: water loss performance indicators

E.2.1 General

After compl

ption of the drinking water investigation or the rapid NRW assessment, the physical'y

loss performpance indicators should be calculated.

Real water ]
and adjuste

NOTE W
is adjusted (¢

pss is expressed in litres per service connection per day per meter (head) average pre;
| for the average daily supply time: 1/connection/d/m (wsp).

sp' stands for 'when the system is pressurized' and means that the value of ajperformance ind
xtrapolated) to the level it would have under continuous (24 x 7) supply‘eonditions.

E.2.2 Step-by-step instruction

The followiy
1) Determ

—  Waf

1g steps should be followed:
ne daily volume of real water loss. These are the différent scenarios:

er loss investigation: simply take average dailjxyolume of real water loss from the

balance.

— Meftered use data available but no water balance: assume volume of real water loss = 90 %
volyime of NRW.

— Useldata not available and use measurements have been carried out: [real water loss] = [§

[calculated volume of water use].

2) Divide 4
connect

3) Adjust
(h/d)] ~
4) Divide
head)] 4

E.3 Step

verage daily real water 1gss*by the number of service connections and express result
ion/d (real water loss inl/connection/d).

fo supply time: [real water loss 1/connection/d]/[average drinking water supply
[24 h] = [real water loss 1/connection/d (wsp)].

by average ‘pressure: [real water loss l/connection/d (wsp)]/[average pressure (1
[real watef loss 1/connection/d/m (wsp)].

3:velumetric assessment

vater

sure

cator

vater

fthe

V] -

inl/

time

neter

First it should be calculated how much additional water (SIV) would be required to supply the area
under consideration 24 x 7 with the network still in its present, leaky condition. Second, a target
leakage level for the rehabilitated network should be determined. Third, the volume of physical water
loss and then the total water demand for 24 x 7 and a rehabilitated network can be calculated. In detail:

1) Additional volume of water required:

a) Volume of physical water loss for present network condition and 24 x 7 supply:

NOTE

[number of SC] x [PL1/connection/d/m (wsp)] x [expected average pressure (meter head)]

situation.

38

Pressure increases when supplied 24 x 7; a reasonable assumption can be based on the local
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b) [volume of PL for 24 x 7] — [volume of PL for IWS] = [volume of additional water required]

The target leakage level depends on the present leakage level. The following formula may be used
to get an idea about a realistically achievable physical water loss target level:

[target PL1/ connection/d/m (wsp)] = [present PL 1/connection/d/m (wsp)] x 0,05 + 8

Once this (still high) level of physical water loss has been achieved, further physical water loss
reduction programmes can be designed and implemented to reduce physical water loss further
until the most economic level is reached.

Calculation of the future SIV at 24 x 7 supply, target level of physical water loss and target pressure:

a) Volume of real water loss for future network condition and 24 x 7 supply:

[number of SC] x [target real water loss l/connection/d/m (wsp)] X [taiget average
pressure (meter head)]

NOTE The target pressure depends on the hydraulic situation and tHe level of servicq policy of the
drinking water utility.

) [future volume of real water loss] + [water use] = [future SIV{]

Step 4: planning the transitioning from IWS to°24 x 7

last step should be to decide whether there is enough water available to supply. Based on

the yolumetric assessment, it can now be determined; whether there is enough water [available to
immediately supply the entire system or the target zone 24 x 7. In general, this is not the casg, otherwise
ther¢ would be no reason for IWS. Therefore, small*zones or even DMAs should be establighed close to
a point where 24 x 7 supply is possible while thé'rest of the drinking water distribution petwork can

still
trangmission main, which is always pressurized.

pe operated intermittently. This will normally be close to a reservoir, treatment plant or along a

Oncd a physical water loss had been(reduced, the water saved can be used to supply the next isolated

zone} and so on.

Tranpgitioning from IWS to 24(x)7 supply is not an easy task. It requires commitment angl dedication
from| all concerned: governments, water utilities and users. The following areas should be addressed

simulltaneously and in parallel in order to have a successful and sustainable impact:

Technical: gradualincrease in the hours of supply aiming for continuous service, introduction of user
etering policies, improved network operation using DMA/sectorization practices and targeted
ehabilitation'or replacement of mains.

inancial® implementation of tariff structures linked to performance incentives for spving water,
ostrecovery, adoption of commercial thinking and reform of drinking water utilities t¢ make them
ccountable.

Institutional: drinking water utilities that have fallen into intermittent water supply have major
governance and incentive flaws and need in-depth reform; moving to continuous supply requires
often very difficult political and institutional choices that many governments prove reluctant to
make. A paradigm shift is imperative.

Social: the drinking water utilities should gain the trust of the users, have the willingness to change
and involve the public in this effort in order to provide the required level of service at all times in a
reliable and sustainable manner.

Communication with the users: it is of the utmost importance to communicate all this information
in an effective and convincing manner to all involved in order to have the maximum possible impact.
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Transitioning from IWS to 24 x 7 supply is possible if the appropriate approach, techniques,
methodologies and practices are applied. However, it requires commitment and dedication from
governments, regulators, drinking water utilities and users.
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Annex F
(informative)

Fixed and variable area discharge pressure and leakage

The concept of using FAVAD to interpret pressure:leak flow relationships was proposed in 1994, and
over the following 10 years FAVAD gradually replaced several empirical equations previously used to

fit equations to pressure:leak flow relationships in hydraulics laboratories and in distribut

As th
(if al

For v

on systems.

e limiting upper and lower power law values are 1,5 (if all leaks have only variable’arjeas) and 0,5
[ leaks have only fixed areas), the FAVAD leak flow versus pressure relationship shquld follow a
pow¢r law between 0,5 and 2,5, which can be stated as: leak flow rate, L, varies with press
power N1 (PN1).

ire, P, to the

Fater loss management practice in drinking water distribution netwarks, Formula (F.1) is generally

known as the ‘power:leakage’ or ‘power law’ equation or the N1 approximation. It is pppular with

prac
Syste

L

whet

It is
Systd

Alth
use v
AZP|

m pressure. It is usually expressed as shown in Formula (F.1).
/Lo = (AZP1/AZP()N;

e Ly and L are the leak flow rates at average zonepressures AZP;, and AZP;.

likely that practitioners have hundreds of-pressure-managed zones within their
ms, so the calculation processes should befast-tracked and simplified.

ugh the power law equation is dimensienally awkward for hydraulic analysis, it is ver

are expressed as ratios and are(mon-dimensional.

itioners for predicting the changes in leak flow rates resulting from moderate chgnges in the

(F.1)

distribution

7 flexible for

vith a wide range of combination of uhits for flow and pressure, as the parameters L,/I{; and AZP,/
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Annex G
(informative)

Economic leakage level (ELL): assessing economic level of real

water loss

G.1 Gene€

In a water |
of water log

ral

oss investigation it is important to understand the difference between the cuprent
s and a potential target level that the water supplier should aim for and maintain i

level
h the

longer term| Ideally, the aim would be to eliminate water loss completely. Water loss-adds to thg cost

of producing and distributing water, and it can add to the asset capacity requireménts for abstragtion,

treatment ahd supply. However, water loss is something that cannot be eliminated completely. Fof any

drinking wdter distribution network there is a level of water loss below which-3 it not cost-effective to

make further reductions. This occurs when the value of the water saved is léss than the cost of mgking

the further reduction.

Savings froth water loss reduction can include:

— lower chemical usage for water treatment, and for secondary-disinfection and conditioning plants
within the distribution network;

— lower epergy costs for treatment and pumping;

— lower costs for disposal of waterwork sludge;

— in some|cases, volumetric charges apply to water abstraction and to taxes or local rates paid by the
water syipplier;

— reductipn in maintenance costs if works can be taken out of service due to demand reduction.

These savi
water from
of the abov
assumption
quality.

In addition,

of a lower fiture burst frequency, resulting in lower cost of repairs and of dealing with the imp4

these event
supply side

I

gs can be assessed to eStimate a unit cost of water. Where the water supplier purchases

h bulk supply authority then the unit cost is that which applies to the utility’s charges.
e savings should uSeydata specific to the water supplier, but data gaps can be filled
5 to give an initidlestimate until such time as systems can be implemented to improve

mains replacement and pressure management to reduce real water loss will have the bg

5 on; thie network. Capital cost reductions can result from deferring the need to cons
schemes or from downsizing them.

Each
with
data

nefit
1Ict of
truct

On the other hand, works to reduce water loss cost money. If applied in a logical manner, all of these
works will follow a law of diminishing returns (see Figure G.1), i.e. the more that is done, the higher
unit cost of making a further unit reduction in water loss. The economic appraisal should consider the
optimum level of each control activity and its impact on each component element of water loss.

When balancing the savings from water loss reduction and the costs of control projects, the aim should
be to achieve an economic level of leakage (ELL) for real water loss. A similar procedure can be used
to asses an economic optimum level of apparent water loss by balancing increased revenue from more
extensive and accurate metering with the cost of investigations, meter installation, maintenance and
replacement.
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Y
1 A
B
0,5
0,25 ¢
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X
Key
A delective main replacement
B district metering and pressure management
C hacklog reduction
D  gpeed of repairs
X qurrent level of leakage (million litres/day)
Y  dost of leakage reduction ($ per million litres/day)
a

Diminishing returns.

SOURCE Farley, M., Trow, S. A Practitiéner’s Guide to Assessment, Monitoring and Control. IWA, 2003. Used with
permfission.

Figure G.1 —Diminishing return from water loss reduction measures

G.2 | Short-run ELL

G.2.1 General

In the shortterm, there are a number of key parameters which affect the level of real water]loss:

—  the :\vpragp prnccnrﬂ inthe cycfnm;

— the condition of the mains and service pipes;
— the facilities available for collecting data (i.e. district metering and telemetry);
— the extent and condition of customer metering.

These factors are effectively fixed unless and until capital investment is made. The only short-term
option available is to change the number of people detecting and repairing leaks. Leak location and
repair is referred to as ALC. There is a steady-state situation in which the marginal cost of the ALC
effort is equal to the marginal cost of the water saved by adopting that ALC policy. When operating
costs alone are included in the calculation, then the optimum level of leakage is known as the short run
economic level of leakage (SR-ELL).
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Figure G.2 represents the total annual costs and SR-ELL for operating a particular supply zone. The
following factors determine the SR-ELL.

G.2.2 Background leakage

In any system there is a minimum achievable level of leakage or real water loss. This can be estimated
using formulae (e.g. the UARL in the ILI formula) or by analysing the minimum achieved levels of
leakage in areas such as DMAs after ALC works have been completed. The background level of leakage,
plus leakage from reported bursts, is shown as line B-B in Figure G.2. This line forms the asymptote for
the total cost curve and is often referred to as the policy minimum level of leakage, i.e. the minimum
level of leakage which can be achieved with current policies and unlimited resources on ALC.

G.2.3 Unit or marginal cost of water
A higher unit cost of water leads to a lower ELL and vice versa. This is shown as line C-C in-Figure (.2.

Y

1,8 CA

D
1,6 ()
L C

14| B

1.2 b Q

1 A

0,8

0,6

0,4 (Hy

02| B C w

0

0 2 4 6 8 10 12 X
Key
N cost of survey
cost of water lost
. total cost
C policy minimum

X leakage (million litres/day)
Y cost ($/year)

SOURCE European Commission, Reference document, Good Practices on Leakage Reduction, 2014. Used with
permission.

Figure G.2 — Short-run ELL
G.2.4 Unit cost of active leakage control
The ALC cost curve (line A-A in Figure G.2) depends on the efficiency and methods of the ALC operations

and on the operating environment. Some ELL modelling methods assume a simple inverse relationship
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between ALC cost and the level of leakage above the policy minimum, i.e. doubling the resource will
halve that level of leakage. Other methods derive the curve from historic costs.

G.2.5 The natural rate of rise of unreported leakage

The natural rate of rise of unreported leakage (NRR) is a function of the condition of the infrastructure
and its burst rate. It is the amount by which leakage would rise in a year if all ALC operations were
suspended. NRR can be estimated from trends in leakage in DMAs or it can be modelled using the
current unreported burst rate with an estimate of burst flow rates and run times. Some ELL estimation
methods use NRR.

G.2.6 Average operating pressure

Presgure influences the level of background leakage, the flow rate from existing leaks'and bursts and
also the NRR. The economic level of ALC should be established at the current operating pressure and
then|relatively quick and economic opportunities for further pressure management should|be explored
as part of the SR-ELL.

G.2.7 Current level of leakage

Bridging the gap between current level of leakage and the economic level incurs trangition costs.
Including transition costs tends to give a higher ELL than if théy are not included. Trarsition costs
include dealing with a backlog of repairs when moving from“ene steady state to anoth¢r and costs
asso¢iated with organizational change.

Line[D-D in Figure G.2 is the total cost curve and the, minimum point on the curve is [the SR-ELL.
Althgugh the SR-ELL is often established as a single’point on the total cost curve, there tends to be an
econpmic range around the SR-ELL to the level of leakage.

Therg is an argument that repair costs should be excluded from the evaluation of ELL. This is because
the number of bursts that occur in any yeat\is assumed not to change in the short term. The change in
ALC effort affects only the time (on average) for which bursts and leaks run before they ard found.

Althgugh this may be true for steady-state situations, i.e. where a certain level of water loss is
maintained, care should be taken.when water loss is being reduced from one level to another, as a
backlog of leaks may have to(bé repaired to make the transition, and some smaller leaks previously
included in the background level will be found with more intensive activity.

The $hort run accepts that the current infrastructure is fixed and is the optimum level of ALC with an
optithum investment'ih pressure management that can be achieved in a short period of tinje (less than
5 yedrs).

G.3 | Long=térm ELL

In the@medium to long term, capital investment in facilities such as district metering, telemetry, more
intensive pressure management, mains renewal and Measures to control user side water 1oss will have
an impact on the short-run ELL. The reduction in the short-run ELL and the associated savings can be
balanced against the costs of making the investment. Investment costs are sometimes called transition
costs, to make the change from one steady state of water loss to another, and these investments
should also be compared with other options for improving the supply-demand balance, such as supply
augmentation and water conservation.

The LR-ELL considers a longer-term planning horizon (typically 25 years). It should categorize zones
into “constrained” (or “deficit”) or “unconstrained”, depending on whether there is a forecast supply-
demand headroom deficit. In constrained zones, further leakage reduction options should be balanced
against other supply-demand balance options.
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The ELL will change over time to take account of:

mains c

Calculating
in between.

1) Consid

seasonal changes to burst frequency, often resulting from weather conditions;

ondition improvements;

efficiencies due to new leak detection techniques;

There are two general approaches:

ring all available small leakage reduction options based on ALC, pressure managemen

changes to the short-term unit cost of water, for example it will have higher value in times of drought;

changesin the longer-term value due to supply side works and other demand management measures.

hods

Ik and

districtjmetering aimed at making a step change in leakage. The most cost-effective option is cHosen
first, followed by a review after each project has been completed. After all available cost-effective
measurgs have been completed, the economic level of leakage can be maintaine€d. The disadvantage

of this gpproach is that there is no target to aim for and no vision of what may)be possible in terms
of leakalge levels, operating costs and investment needs.

2) A comppnent-based modelling tool is used to estimate the SR-ELL and*ER-ELL to develop a plan of
action fpr a period of up to 25 years. The disadvantage of this approach is that it relies on data and
assumptfions in the short term that may not be accurate.

In practice, [a combination of these two approaches should be adopted. An initial leakage mode| and

plan can be psed to establish some high-level goals based on thée'best available data. Pilot exercise$ will

generate dafa on costs and benefits, which can be used to refine the model as work progresses.

G.4 Sustainable ELL

This is the JR-ELL with an additional analysis-tg take account of the external social and environmpntal

costs of leakage.

G.5 ELL ¢omparison

Table G.1 summarizes the difference between SR-ELL, LR-ELL and sustainable ELL. The interventions

referred to may involve opex‘projects only, such as ALC, or they may include capex schemes, suth as

district metgring.
Table G.1 — Constrained and unconstrained ELL
Short-run ELL Long-run ELL Sustainable ELL
Unconstraiped Interventions Opex Opex and capex Opex and capex
I Driver Economics Economics Economics
Marginal value of Marginal cost of Marginal cost of Marginal cost of
water water production water production water production
and distribution and distribution and distribution+
externalities
Constrained Interventions Opex Opex and capex Opex and capex
Driver Headroom Headroom Headroom
Marginal value of >MCW >MCW >MCW
water < marginal cost of < marginal cost of < marginal cost of
next source next source next source + exter-
nalities

SOURCE: European Commission, Reference document, Good Practices on Leakage Reduction, 2014.
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There are a number of modelling packages available to undertake ELL studies or the water supplier
may opt to develop its own model making best use of the data which it has available.

The economic level of leakage should be established for each water supply or water resource zone in the
utility as part of a strategic planning process for managing water resources. The ELLs for each supply
zone can be aggregated to give an ELL for the organization as a whole and they can be disaggregated to
give guidelines or targets for each DMA or subzone.

Targets for water loss should be based on the ELL for each supply zone, but there are other considerations
that apply to the water supplier as a whole. Policies that affect customers should be consistent across
the whole supply area. External influences should be taken into account, such as:

— ¢omparisons with levels of water loss in other similar organizations;
— international comparisons;
— political influences, particularly if the ELL is relatively high in comparisonsvith others

— levels of risk associated with the security of water supplies to customers,
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Annex H
(informative)

Examples of leak detection technologies

H.1 General

A vast num}
network exi
or localize t
common me

H.2 Meth

er of techniques to detect where a leakage is occurring in the drinking water distrib
st. Location accuracy depends on many factors. Some techniques are able to approxi
he position of a leak while others can find exact locations. This annex discusses the
thods and devices currently available.

od A: gas injection

This metho
pipeline. W
high perfor

The gas injd
in diameter
required. T}
required to

To accurate
direction of
the leak is s
be diluted o
affect the w
pipelines. T}

H.3 Meth

The stethog
pinpoint the

The materid
ability of thd

This techni

5

] uses a gas detector to find the presence of a tracer gas that has been injected i
le helium can be used, the most common tracer gas is hydtegen due to its lower cos
ance.

ction method can be used to detect leaks in all pipesmaterials from 75 mm to 1000
It can be used on pipes of greater diameter but a considerable amount of gas wou
le pipeline can be empty of water or full; however,with the pipeline full of water less g
be used to find the leak.

y locate the leaking gas, which comes to the surface after leaving the leak in the pipg
the water flow needs to be known and:the gas needs to be kept within the pipeline of w
spected. This requires the closure of-any branches or offtakes which can cause the g
- transferred away from the pipelintein question. The mixing of the gas with water dog
hter quality. This methodology.can be used in all types of sealed tubes, including cable
ne material has no effect on,the gas injected.

od B: manual listening stick
location of aleak.

1 of the listening stick can be metal, wood or plastic. This technique is dependent o
e engineerto hear the leak and uses no electronic equipment to enhance the sound.

ition
mate
most

hto a
t and

mm
d be
pas is

p, the
there
as to
S not
5 and

cope or listening-stick has an earpiece and is used to listen to leaks on fittings and to

h the

with

pressures abg

Jue_ is best su1ted for use on metalllc plpehnes between 75 mm and 250 mm and

able to pmpomt the leak from the surface but what does affect thlsls the type of leak ground backflll
material, pressure of the water leaving the pipe, background noise and the ability of the engineer.

H.4 Methods C and D: leak noise correlation

H.4.1 General

Leak noise correlation works by comparing the noise detected at two different points in the pipeline.
Assuming consistent pipe material and diameter, the noise travels from the leak in both directions at a
constant velocity, so that if the leak is equidistant between two sensors then these sensors will detect
the noise at the same time. Conversely, if the leak is not equidistant, the sensors will detect the same
noise at different times - this difference in arrival times is measured by the correlation processes.
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