Leakage is one of the crucial issues to be dealt with in order to improve the efficiency and
effectiveness of water supply services. Although the techniques and institutional aspects
involved in a leakage control programme are well known, appropriate materials for use in
training programmes on this problem are lacking. This training manual aims to fill this
gap. Its use should be viewed as part of an overall strategy for the promotion of sound
Operation and Maintenance (O&M) practices in the context of a comprehensive approach
to institutional development.

This training manual is aimed at professionals responsible for Operation and Mainte-
nance of water supply systems, who already have some experience of training. It
has been designed to raise their level of training and to make maximum use of the
scarce resources available for this type of activity. The manual will greatly help the imple-
mentation of training activities and will be an important tool for trainers in the design,
preparation and carrying out of training courses on leakage control. At the end of the
course, experienced participants should be able not only to repeat the training course
with other professionals, but also to help water agencies in the formulation and imple-
mentation of a leakage control programme.
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Foreword

This training manual, prepared by Malcolm Farley, has been developed for training train-
ers to run workshop programmes on how to control water loss in water supply systems.
The document contains individual modules that link together to form a training course
that comprehensively covers the key aspects of controlling water loss.

Once trained, trainers can use the package as a base for developing their own train-
ing courses tailored to local conditions and to the needs of different course participants.

The manual has been designed for course participants to learn the theory behind
leakage control and how to put it into practice in real life. Thus, an integral part of the
course involves participants developing plans to put a leakage control programme into
action in their own systems.

This manual focuses on the practical application of new principles and techniques.
In doing so, it aims to equip O&M personnel with the skills necessary to optimize water
supply services by implementing their own comprehensive leakage control and manage-
ment programme.

The manual is flexible and can be adapted to suit the needs of O&M personnel at
every level within a water supply authority. It is an excellent source of information for
decision-makers, planners, economists, consultants and other sector professionals inter-
ested in this important issue. It can also be used by other sector participants to gain a
fuller understanding of the issues that influence the performance of water supply sys-
tems.

Leakage Management and Control is part of an overall effort of the Operation and
Maintenance Network of the Water Supply and Sanitation Collaborative Council, to im-
prove management and operational practices of water authorities. By improving such
practices and by reducing water loss in distribution systems, it might be feasible to ex-
tend coverage to many inhabitants of urban settlements who are not served with water
supply services and thus are highly exposed to health risks.

José A. Hueb
Coordinator
Operation and Maintenance Network



1. Introduction to the training manual

1.1

1.2

Introduction
Importance of leakage management and control in institutional development

Leakage is one of the crucial issues to be dealt with in order to improve the efficiency
and effectiveness of water supply and sanitation services. Although the techniques and
institutional aspects involved in a leakage control programme are well known, appropri-
ate materials for use in training programmes on this problem are lacking. This training
manual aims to fill this gap and is a key contribution to the implementation of Operation
and Maintenance Programmes in Member States. Its use in countries is part of an overall
strategy for the promotion of sound Operation and Maintenance (O&M) practices in
the context of a comprehensive approach to institutional development.

Limitations of the training manual

Itis well known that training materials are more effective when they are designed to solve
specific problems in situations where performance does not match one’s expectations.
The preparation of training manuals for the target population of each water agency—
after analysis of constraints, profiles of posts and personnel, and the formulation of O&M
programmes—is therefore a perfectly good approach. Training materials prepared in
this manner would be ideal for each target population. However, as most water agencies
in Member States were found to have similar core problems and limitations in their
production and distribution facilities, it was proposed that one training manual should
be developed for broad application, which would also considerably reduce the cost.

The issues included in this training manual are grouped into specific sections and
modules, covering a wide range of techniques and procedures for carrying out leakage
management activities. Depending on the problems and constraints faced by the water
agencies concerned and the specific characteristics of the target audience for training,
appropriate modules can be selected from this manual and assembled for the training
course. Preparation of additional modules or adaptation of the available modules may
be necessary when problem analysis indicates situations and problems that differ signifi-
cantly from those foreseen in the manual. Despite these limitations, this manual will
help the transfer of information and the development of skills needed for better per-
formance by the water agencies. The training manual is flexible and can be updated
from time to time without changing the overall framework.

Courses, workshops and seminars that utilize this manual are intended for managers,
engineers and technicians. Itis expected that the initial group of trainees will themselves
become a core group of trainers, who will exert a multiplying effect by passing on this
information and their expertise to workers in national water agencies and users.

Objectives of the training manual

General objectives. This training manual is aimed at professionals responsible for Opera-
tion and Maintenance of water supply systems, who already have some experience of
training. It has been designed to raise their level of training and to make maximum use
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of the scarce resources available for this type of activity. The manual will greatly help the
implementation of training activities and will be an important tool for trainers in the
design, preparation and carrying out of training courses on leakage control. At the end
of the course, the participants should be able not only to repeat the experience with
other professionals in their own countries, but also to help water agencies in the formu-
lation and implementation of a leakage control programme.

Specific objectives. This training manual should:

be a resource for adaptation and preparation of other training manuals for leak-
age control courses;

be able to optimize the staffing resources required for such training;

help the process of training so that more trainees will develop skills to deal with
leakage control;

be used as a manual for trainers and managers involved in leakage control activi-
ties;

be used as a manual for the design and implementation of leakage control
services;

improve the skills in training methods for leakage control activities;

help reduce the costs of training.

1.3 Description of the training manual

Organization of the modules

Leakage management activities have been grouped into modules, based on the types of
professionals involved in their execution (managers, technicians, etc.) and the charac-
teristics and level of development of the water distribution network. The modules incor-
porate the information required for carrying out combinations of interrelated activities.
Each module is self-contained, so that it can be directed to different types of target
populations. The modules contain as much information as is required to achieve their
particular objectives, and to provide a high degree of flexibility when assembled for use
in training courses. These requirements may lead to some overlap between modules.

Thus, a module may include a number of concepts and skills linked to a major issue.
Each module can be composed of one or more sections which are interdependent and
related to the major theme of the module. There may also be sub-modules dealing with
the same issue but differing in complexity.

The training manual adopts a logical and “user-friendly” approach to training water
practitioners at levels ranging from senior managers to leak inspectors. It begins by invit-
ing the water practitioner to address some simple questions about the characteristics of
the network and how it is operated. It examines the local and institutional factors which
affect the network, and the attitudes and perceptions of the population to leakage. It
then goes on to show how various tools—methodologies, techniques, operating proce-
dures, etc., sometimes with modifications according to local circumstances—are utilized
to develop and establish a leakage management strategy.

The content of each module can be varied depending on the knowledge required for
a particular level of trainee. For example, engineers and managers could explore in
detail the institutional and financial aspects of leakage control, and would benefit from
a cost-benefit exercise to select and develop an appropriate policy. Engineers and techni-
cians responsible for managing a system and detecting leaks would benefit from an
understanding of these principles, but the main thrust of their programme would be
based on those modules with a more practical and technical approach to system manage-
ment.

The training material has been made as broad as possible, and includes references to
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published work from papers, journals, seminars, guidelines, and some textbooks. The
trainer can quickly select appropriate material from the modules, and assemble his/her
own form of words for each module. The “textbook approach” to training has been
deliberately avoided. Much of the material has been collated and reworked from train-
ing course notes and visual aids taken from courses and workshops designed and pre-
sented by consultants in countries in all parts of the world.

From the time when the training manual was first produced as a resource training
package, there have been major advances in the concepts and techniques for assessing,
monitoring, and managing leakage. The water industry in the United Kingdom recog-
nized the need for a better understanding of leakage before practitioners could establish
the most appropriate mechanism for monitoring and controlling it. With this aim, the
U.K. Water Industry commissioned a National Leakage Initiative (1992-94), which
developed a set of reports under the title of Managing Leakage. These reports are cited
as references in this manual. Much of the conceptual thinking in the reports has been
incorporated into the manual, but the original reports, after adaptation to local condi-
tions, provide excellent material for developing training courses. Other supporting source
material and suggestions for further reading are listed in the relevant sections. The course
also benefits from a review of “state of the art” leakage control technology covering flow
measurement, leakage data capture, and leak detection equipment. Commissioned by
the U.K. Water Industry, the review presents a range of products and manufacturers, and
provides a database of current technology from which to select user-suitable equipment.
Two essential components of this manual are:

1. Ittailors the course to a particular utility or community’s requirements by finding out
current system practice, problem areas, successes and failures, etc., and then involv-
ing the trainees in producing an Action Plan for their system, based on local knowl-
edge and new skills gained from the course.

2. Itgives a practical demonstration of the available equipment over a range of technol-
ogy, followed by field demonstration (at a pre-selected and prepared site near the
course venue). All trainees should have the opportunity to handle the equipment
and become familiar with procedures (e.g. programming a data logger, measuring a
flow profile, locating a leak).

This approach calls for some planning beforehand and on the first day of the course.
Participants are required to provide written information about their water supply system,
e.g. physical details like topography, population and demography, and the cause and
magnitude of losses, as well as a description of the current leakage control policy, if there
is one, and influencing factors such as pressures, typical soil conditions, pipe materials
and their age, etc. It would also be useful if participants brought data on production and
consumption, revenue meter coverage and policies, etc. On the first day, after the course
programme has been introduced, individual trainees or representatives of the groups
attending the course are invited to make a brief presentation on the background and
current practice of their water supply department. This has three aims:

— in the beginning, to relieve tension between trainers and participants;
— to help stimulate discussion;
— to introduce local material and individual experiences.

Any points raised in these presentations can be dealt with in subsequent modules,
with feedback and active participation of the trainees. The local knowledge thus gained
is invaluable for constructing an Action Plan at the end of the course, when the trainees
will benefit from group work—the differentideas and views acting as an additional stimulus
to discussion.
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Introducing the manual to trainees

The underlying principles of the manual will be explained to the participants during the
course introduction. They include:

1. An explanation of the aims and objectives.

2. Abrief explanation of the course programme and practical sessions, and the training
style (informality, group exercises and discussions).

3. Presentations of local practice and knowledge by selected representatives from the
participants.

4. Discussion to amplify/clarify local issues.

5. Explanation of how the introductory session, together with the ideas and skills gained
during the course, will help to highlight appropriate policy-making and decision-
making, and contribute to an Action Plan tailored for each utility.

Itis important to emphasize during the introduction that a leakage management and
control programme can be initiated in any water undertaking, even those providing an
intermittent supply (supplies can be partially restored by a low-activity policy such as
repairing visible leaks in overground pipes—a policy practised in many developing coun-
tries as the first stage of their leakage control programme). It is sustained activity which
is important, e.g. by building a leakage monitoring and control element into a compa-
ny’s programme of operation and maintenance.

Contents of the training manual

Sections and modules are arranged in a logical order, which allows the trainees to:

— first understand the significance and scale of leakage in relation to other water
loss components;

— then quantify the volume of leakage by measurement or estimation;

— become aware of the various techniques or methodologies to monitor and control
leakage;

— select the appropriate equipment to support the techniques;

— be trained in the use of this equipment;

— develop a leakage strategy for a particular network by considering the economic
and other factors relevant to the local conditions and infrastructure;

— design a leakage management and control system appropriate to local conditions
and constraints;

— be aware of the operation and maintenance requirements to sustain the methodol-
ogy once in place.

The manual includes case study material for strategy development, an example of a
workshop programme, and a workshop case study.

Presentation material and references

The range of material for illustrating the concepts and practices of leakage management
is vast. Trainers should build up a collection of resource material for display, as well as for
presentation by overhead projector (OHP) and distribution to the trainees—from the
manual itself and from other sources such as:

— local material, reports, studies;
— textbooks, manuals, guidelines, and other documents;
— manufacturers’ brochures and operating manuals.

Many of the above can be accessed via websites on the Internet.
Of particular relevance are references to reports and manufacturers’ material in vari-
ous sections of the manual:
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1. Managing Leakage, published by U.K. Water Industry Research Ltd/Water Research
Centre (WRc), 1994, and available from the WRc Bookshop, WRc Plc, Frankland
Road, Blagrove, Swindon, Wiltshire, SN5 8YF, England. There are nine reports, as
follows:

Report A—Summary report

Report B—Reporting comparative leakage performance

Report C—Setting economic leakage targets

Report D—FEstimating unmeasured water delivered

Report E—Interpreting measured night flows

Report F—Using night flow data

Report G—Managing water pressure

Report H—Dealing with customer leakage

Report J—Leakage management techniques, technology, and training

The summary report (Report A) is particularly recommended, as it contains the main
text and illustrations to explain the concepts of each of the other reports.

2. Lambert A, Myers S, Trow S. Managing water leakage—LEconomic and technical issues.
London, Financial Times (FT Energy) Business Ltd, 1998.

3. Operation and Maintenance Committee. Losses from water supply systems (‘Blue Pages’).
London, International Water Association (IWA) O&M Committee—Task Force ‘Docu-
ments on Water Losses’, 1999.

4. Walter pipelines and network management—IIR Conference, London, England, 1997.

5. Sewers and Water Mains Standing Technical Committee. Leakage control policy and
practice. London, UK National Water Council/Water Services Association/WRc, 1985
(Report No. 26)—out of print.

6. Manufacturers’ brochures and operation manuals—see address list in Annex 5.



2. Introduction to leakage

2.1 Course introduction
Guidance notes for trainers

The course introduction presents to trainees the basic principles, content, and training
style of the course (see section 1.3). This is followed by group discussions, in which the
trainees provide feedback on their own systems. As a result, the trainees will become
familiar with:

1.

The objectives of the course, as described in section 1.2.

2. The concept of participation—by exchange of information and data on their water

supply systems, through discussions during the course, and learning to develop a
topic and present a conclusion.

. The available equipment—their practicality and appropriate selection.

A total of 3 hours is required for this introduction (1 hour) and the group discussion

and feedback (2 hours).

Aims and objectives

The aims of the course are to:

(1) promote among trainees a good understanding of the causes of water loss and
leakage and the factors that can control them;

(2) enable engineers and technicians of water utilities to design and manage a leak-
age control system which suits their requirements.

The objectives are that, by the end of the course, trainees will understand:

(a) the factors that contribute to leakage;

(b) the factors that contribute to total water loss;

(c) the ways in which leakage and other losses can be quantified and expressed;

(d) the range of leakage control methods available and any limitations /constraints;

(e) the way in which the most appropriate method is chosen;

(f) the range of equipment available for measuring, monitoring and detecting leak-
age, and their limitations at varying levels of technology;

(g) the principles of designing, installing, operating and maintaining a chosen leak-
age control policy.

One of the main features of the course is the “hands-on” experience it offers each

trainee, for example:

1.

By tailoring the course to a particular water department or community’s require-
ments—finding out current system practice, problem areas, successes and failures,
etc., and then involving groups of trainees in producing an Action Plan for their
system, based on local knowledge and new skills gained from the course.

2. By having a practical demonstration of the available equipment over a range of tech-

nology, followed by a field demonstration and training session. Each trainee should
have the opportunity to handle the equipment and become familiar with procedures
(e.g. programming a data logger, measuring a flow profile, locating a leak).
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This approach clearly requires some preparation beforehand and during the first day

of the course. Trainees will be required to provide written information about their own
water supply, e.g. physical details like topography, population and demand, cause and
magnitude of losses, type and condition of mains, etc., as well as a description of the
current leakage control policy, if there is one. Individual trainees, or a representative of
a group of trainees, will be invited to make a brief presentation on the background and

current practice of their water supply department.

Any problems raised in the trainees’ initial presentations will be dealt with during the
course, with feedback from the participants. The local knowledge gained from this exer-
cise will be invaluable for putting together an Action Plan, and for the final discussions at
the end of the course.

Summary

This introduction to the course sets out:

— the aims and objectives;

— the course contents and style;

— special features (practical demonstrations, exercises leading to a formulation of
an Action Plan).

2.2 Defining leakage

Guidance notes for trainers

This module defines leakage and examines the relative significance of individual leakage

in terms of the volume of water lost.

Trainees will be shown a series of slides illustrating leakage. The first is a burst, which
shows the high volume of water lost over a very short time; such a leak is usually mended
very quickly. Other slides contrast this with illustrations of smaller losses from fittings,

which can lead to a high volume of water lost from small undetected leaks over a long

period, sometimes years. There is also a slide which shows the volume of water lost from

different sizes of hole under a range of mains pressures (Fig. 2.1).

Fig. 2.1 Volume of water losses through holes of various sizes in a 0.5 inch (1.27 cm) pipe, at 5, 15

and 32 metres pressure

5m
7013
2932
2 496

421

234

15m
23 376
9970
8 308
1402
779

Discharge in litres/day

32m
49 090
20 945
17 454

2 945

1636

O
O
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o

Experiments were carried out by
Liverpool Corporation to determine
the rate of loss through various
sized holes in 0.5 inch diameter
lead pipe under a pressure of
31.6m head.

The results are shown in this
diagram

The concept of leakage is introduced as being a part of ‘total water loss’ (this expres-
sion has replaced ‘unaccounted-for water’ (UFW)—see below and section 3.2.

The duration of this session is 30 minutes.
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Fig. 2.2

What is leakage?

Leakage occurs in all distribution networks—the degree of leakage varying widely from
one country to another, and between the regions of a country. It is important to distin-
guish between total water loss (sometimes referred to as ‘unaccounted-for water’ (UFW))
and leakage. Total water loss describes the difference between the amount of water pro-
duced and the amount which is billed or consumed. Leakage is one of the components
of the total water lost in a network, and comprises the physical losses from pipes, joints
and fittings, and also from overflowing service reservoirs. These losses can be severe, and
may be undetected for months or even years. The larger losses are usually from burst
pipes, or from the sudden rupture of a joint, whereas smaller losses are from leaking or
“weeping” joints, fittings, service pipes, and connections. The volume lost will depend
largely on the pressure in the system, and on the “awareness” time, i.e. how quickly the
loss is noticed and dealt with. This in turn depends on whether the soil type allows water
to be visible at the surface. It also depends on the leak detection and repair policy of the
water supply company. The other components of total water loss are non-physical losses,
e.g. meter under-registration, illegal connections, and illegal or unknown use. The com-
ponents of total water loss are dealt with in detail in section 3.1.

Waste and leakage

Waste and leakage can be differentiated as follows:

Deliberate waste, e.g. standpipe vandalism, taps left “open” permanently in areas of
intermittent supply in order to fill vessels when the supply returns, which then over-
flows.

Household losses caused by bad plumbing, tanks overflowing—this is also waste, and
can be influenced by an effective policy of household metering (a study in the United
Kingdom showed a 10% reduction in demand following metering).

A set of slides shows the range of leak types and their causes, such as:
— leaking lead service pipe;
— leaking joint or connection;
— internal corrosion producing a hole;
— longitudinal split in the PVC pipe.

Some examples of leaks and leakage points are shown in Fig. 2.2.

Some examples of leak types

Two mechanisms are generally responsible for leaks which grow slowly: galvanic corrosion (“rust”)
and erosion (wear). Erosion is caused by the action of a jet of water containing sand particles
impinging on the pipe. Examples of corrosion, erosion and combinations of both are illustrated in
the figures below.

Galvanic corrosion (rust) occurred as the result
of this coupling being left without protection
after the galvanised coating had been removed
by threading. The wall thickness was also
reduced, thus shortening the time required for
total failure.
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Erosion caused by a jet of water escaping from
a leaking packing in the stopcock. Sand
particles from the surroundings increased the
erosive power of the jet.

Erosion of a cast iron
flange, as a result of a
leaking gasket.

A primary leak in a
coupling on a high-density
polyethylene (HDPE) pipe
caused the marks on the
coupling. A jet of water
deflected by a stone in
the backfill caused a
secondary leak by erosion
of the pipe.

A combination of galvanic
corrosion aggravated by
subsequent erosion.

This vast system of usually short sections of pipe connected together by joints and
interconnected by tees and ferrules, with valves, hydrants, meters and other fittings inter-
spersed through the network, presents many opportunities for bursts and leakage to
occur. Fig. 2.3 shows the potential leakage points and the activities required for leakage
control, as developed by South West Water Services Ltd., UK, for their integrated leakage
and network management strategy. The strategy is described fully in Annex 3.
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Summary

The module explains:

— what leakage is;
— the relationship between leakage, water loss and waste;
— possible types of leak.

Further reading

Stenberg R. Leakage detection in water supply systems. Stockholm, Swedish Water and
Wastewater Works Association, 1982 (Publication VAV P35E). This publication has illus-
trations of types of leak, as shown in Fig. 2.2.

Factors influencing leakage
Guidance notes for trainers

This module is intended to stimulate discussion and promote awareness of the strengths
and weaknesses of the trainees’ water supply system. Once the concepts on the slide have
been presented, trainees should be divided into groups for discussion and presentation
of those factors which influence leakage in their own systems.

This session requires a total of 2!/2 hours—for explanation of factors (30 minutes)
and for group discussions and presentations (2 hours).

How much leakage is allowed to occur in a system is directly attributable to the com-
pany’s policy, and the influencing factors can be grouped under four policy categories.
These factors, which should be illustrated on a slide, are listed below:

Resources: financial—staffing—water.
Infrastructure condition: materials—renewal policy—pressure.
Institutional attitude: structure—regulation—politics.

0 N =

Leakage control policy: activity—perception—technical expertise.

The availability of resources is clearly crucial to the volume of leakage. Where water is
plentiful, leakage is viewed and tolerated differently to where it is scarce. Financial re-
sources and manpower resources are also significant factors.

The condition of the infrastructure, and the renewal or rehabilitation policy, is per-
haps one of the main reasons for the variation in leakage across the world. The choice
and quality of materials, and their laying techniques, particularly in aggressive soils, in-
fluence the life-span of the network. Although the age of the network itself is not always
a factor, it almost certainly becomes one when combined with the other factors. It follows
that a company’s policy for replacing or rehabilitating the pipe network is a major influ-
ence on the condition of the infrastructure and therefore leakage.

The institutional policy largely centres on the perception of, and attitudes to, leak-
age. These in turn affect the capital and staffing that are applied to controlling it. The
attitude of governments, national and local agencies, municipal authorities and the com-
munity all influence the organization and the operation of the network. Political influ-
ences can also be significant—serving the community by developing a new source or
building a new treatment works is more “high profile” than initiating a leak detection
policy.

Finally, the leakage control policy itself determines the level of activity and the level of
leakage in a network. Policies can range from those of very low activity, like repairing
visible leaks only, to those which depend on monitoring flows into discrete zones to pick
out areas of high leakage.

Significance and perception. The relative significance of leakage is shown by the con-
trast between areas of abundant supply (e.g. upland catchments) and areas of scarce
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2.4

supply. Countries of the Middle East, for example, depend on expensive desalination
plants for their supply. Many Greek islands have to be supplied by tanker. Hong Kong is
dependent on water bought from China. The scarcity of water will influence the way in
which leakage is viewed.

Leakage is perceived in different ways by:

Governments and other agencies are subject to political influences, local elections, etc.
In a Karachi (Pakistan) pilot study, for example, in order to demonstrate leakage
monitoring in a district it was necessary to provide a 24-hour supply; consumers in
neighbouring districts were envious and complained to the local mayor; as a local
election was approaching, the study was not allowed.

Water engineers and managers sometimes give low priority to leakage in favour of
capital programmes; another argument is that the leaked water returns to
groundwater and so is not lost, or that it is very cheap.

Awareness of the public and consumers increases in proportion to water shortage and
drought, and media coverage. There are clear links here with demand manage-
ment and water conservation techniques, and with public/consumer education
programmes (e.g. water conservation practice in the USA).

Summary

This module lists the main factors which influence leakage:

— level of available resources;

— type and condition of the infrastructure;
— institutional policy and perception;

— leakage control policy.

Causes and effects of leakage
Guidance notes for trainers

The previous module discussed the factors which influence leakage and leakage control.
This module (requiring 1 hour in the course) addresses the factors which cause leakage,
and the effects of leakage on the producer and the consumer.

Effects of leakage

It is appropriate first to examine the effects of leakage and waste, which are well-docu-
mented. Leakage can lead to:

— consumer inconvenience, by reducing pressure at taps, appliances and showers, etc.;

— damage to infrastructure, by creating voids which can lead to collapse of highways
and buildings;

— excessive costs, not only from compensation payments and from repairs to damaged
structures, but also production costs (if leakage is 50% of production, energy and
treatment costs have been doubled);

— increased loading on sewers due to infiltration, leading to the need to over-design
sewer capacity;

— introduction of air into the distribution networkif the water supply is intermittent, caus-
ing damage to meters, and leading to over-measurement of the true consumption
and errors in water bills;

— health risks, in low pressure systems or where the supply is intermittent, by allowing
infiltration of sewage and other pollutants into the pipe network.

The effects of leakage, about which a collection of slides could be made, are:
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Damage to infrastructure
Consumer problems
Financial losses

Health risks.

1. Damage to highways, sewers and other utilities by subsidence and voids

Although leakage control programmes cannot greatly influence the catastrophic bursts
which occur from time to time and can cause considerable damage to highways and
sewers, there is a lower level of leakage which can cause similar damage over a period of
time—such as leaking joints and fittings, and defective mains which have not completely
failed. This leakage can continue undetected for considerable periods of time, before
finally causing the collapse of, for example, a highway or footpath. A systematic leakage
detection policy is able to control such leakage and avoid extensive damage by carrying
out repairs quickly.

2. Effect on consumers

The most common effect of leakage on a consumer is when the supply fails, or the pres-
sure becomes unacceptably low. This leads to complaints—often the first indication of
leakage in a system.

Pressure may be reduced or completely lost in some parts of a demand zone (ex-
tremities or high points). Lavatory cisterns and storage cisterns will not fill as rapidly, and
showers, washing machines, and other domestic appliance fed from the direct water
supply may not work. These factors lead to consumer dissatisfaction. Obviously, the ef-
fectis greater if the mains pressure is low and where supply is already in deficit. In addi-
tion, just as leakage can cause infrastructure damage it can also cause damage to buildings,
resulting in weakened foundations and cracked walls.

3. Financial losses

Apart from the financial implications of repairing the infrastructure and damaged plant,
as well as compensation payments, there is an obvious direct cost associated with leakage.
Increased pumping costs and electricity charges, and unnecessary capital costs of new
sources and mains extensions can all be attributed to leakage. This is obviously one of
the major savings to be gained by leakage control.

There are also financial implications in administration costs to deal with a larger
number of consumers’ complaints, and arising from a deterioration of the water compa-
ny’s public image. In addition, the public and media show an increasing interest in the
activities of water companies, especially in times of drought or when new capital schemes
are planned. Itis at such times that it is difficult to justify high water losses.

4. Health risks

In systems where pressures are very low and supplies are intermittent, there is a high risk
of contamination to the water supply from the sewerage system and other sources enter-
ing through damaged joints, pipes and fittings (back-siphonage).

Factors affecting leakage
Several factors contributing to leakage are:
1) Pressure can affect system losses in a number of ways:

(a) The rate of leakage from leaking pipes or faulty joints will increase with a rise in
pressure. Fig. 2.1 shows this relationship.
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2)

3)

4)

(b) In a similar way, especially in older systems, an increase in pressure even by a few
metres, can result in a large number of bursts occurring in a relatively short space
of time. Conversely, pressure reduction can reduce the rate at which bursts occur.

(c) Leaklocation—high pressure will increase the rate at which water escapes through
a hole and may thus temporarily aid leak location by:

(i) causing the leak to appear sooner; and

(i1) increasing the noise level of the leak so that it is picked up more easily by
sounding methods.

Conversely, in systems with poor pressures and intermittent supply, leakage and

burst rates are reduced but leak location is more difficult.

(d) Pressure surge—this can happen when a pump is switched on too quickly, or a
valve is opened or closed too quickly. The sudden surge in pressure can cause the
pipe to fracture, or can move thrust blocks, or damage the socket. There is also
some evidence that surge can cause pipes to flex and move against rocks, result-
ing in local stress concentrations, and sometimes pipe failure (especially PVC
pipes).

(e) Pressure cycling—there may be a problem of fatigue in plastic pipelines, which is
due to bad design of the system (e.g. booster pumps switching on and off fre-
quently) or badly designed and maintained pressure-reducing valves (PRVs),
caused by cycling the pressure between high and low values. Fatigue is also caused
by UV degradation weakening the pipe, caused by bad storage practice.

The effect of pressure is explained in more detail in section 6.3.

Soil movement is caused by:

— Changes in moisture content, particularly in clays, causing shrinkage (transverse
failure of cast iron mains has been recorded).

— Changes in temperature.

— Heavy frost.

— Subsidence, e.g. mining, earthquake.

All these soil movement factors can cause a pipeline to break, joints to move, or result

in localised stress concentrations within the pipe leading to failure.

Pipe condition. The most serious problem in this category is the corrosion of metallic

pipes.

(a) Internal corrosion is usually more severe in soft (acidic) waters from upland
sources. In the case of iron pipes, tubercles develop on the wall of the pipe, and
these are associated with pitting and localized areas of metal attack. The pipe wall
thickness is reduced so that the pipe loses its ability to withstand pressure, leading
to eventual penetration and failure of the pipe wall, and obviously leakage.

(b) External corrosion can arise from a number of causes—aggressive soils may cause
damage because of differing levels of dissolved salts, oxygen, moisture, pH, and
bacterial activity, leading to corrosion currents in the metal. The corrosion effects
are similar to internal corrosion.

(c) Asbestos cement or concrete pipes can be corroded by high levels of sulfates in
the soil or water.

Poor quality materials, fittings and workmanship. In this category are numerous fit-
tings and apparatus, both on the consumers’ and the water company’s premises. Faulty
tap washers, ball valves and poor seals are some of the main causes of waste and leak-
age on the consumer side, and badly adjusted automatic flushing cisterns in commer-
cial and industrial premises. Repairs are often difficult to enforce on consumers’
fittings, so that leakage continues for longer.
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More attention is now being paid to the quality effectiveness and suitability of water
fittings and materials.

Particular attention is given to internal and external protection (linings on the in-
side, sleeving on the outside of steel mains) and research is continuing into durability
of uPVC and polyethylene pipe materials.

There is also a great variation in the suitability of service and supply pipe materials.
Lead, galvanized iron, copper and polyethylene have all been used over the years.
These pipes can all suffer from failure, metal fatigue, corrosion, chemical attack and
faulty laying, as well as from damage by other utilities and their contractors, and by
poor quality backfilling. The choice of material, however, is often influenced by local
conditions such as availability of local materials and manufacturing, and company or
government budgeting policy.

A series of slides should be collected to illustrate corrosion and damage to a range of
pipe materials.

5) Soil characteristics. This is an important factor, as it affects the length of time a leak is
allowed to continue, i.e. the type of soil and its permeability. In some soils (like clay),
water from underground leaks may show on the surface fairly quickly, whereas similar
leaks in chalk or sandy soil can continue indefinitely without showing.

6) Traffic loading. The effects of vibration and high loading caused by heavy lorries is
thought to be a major factor affecting buried pipelines and leading to pipe failure.

7) Age. Many of the factors just described are age-dependent—their effect will be greater
with time. Consequently, the age of a pipeline can appear to be the most significant
factor affecting the likelihood of leakage, but on its own, age is not necessarily a
factor.

8) Leakage control method. Finally, the chosen method of leakage control, whether a
passive or active (metering) method, will determine the level of leakage in a water
undertaking, and this is of course completely within the company’s control, as is the
speed of repair. This factor is discussed in more detail in the modules of Section 6.

Summary

This module first examined the effects of leakage on the consumer and the infrastruc-
ture, listing the main effects. It then identified the causes of leakage and the factors
which influence leakage.

Trainees should be encouraged to analyse, in groups, the main factors contributing
to leakage in their networks. The group feedback should be discussed by the whole work-
shop.

Developing a leakage strategy
Guidance notes for trainers

This module introduces the concept of a leakage management strategy. It sets out the
steps of the analytical process for examining the issues affecting leakage, how it is cur-
rently perceived and managed, and ways to improve its assessment, management, and
control.

Throughout the rest of the manual each of the questions, tools, and solutions are
examined in more detail.
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Questions and solutions

The key to developing a leakage strategy for any network is first to ask some questions
about the network and how it is operated, and then select the right tools to find the
solutions. The questions and tools are:

— how much water is being lost? (Zool: water balance calculation);

— where is it being lost? (fool: pilot studies);

— why is it being lost? (fool: review of the network and operational practice);

— how can we reduce the losses and improve the performance (tool: development of
a strategy and appropriate action plans);

— how can we maintain the strategy? ({ool: training, monitoring, operation and main-
tenance).

Each element of the strategy, and the tool to address the questions, is listed below.
The list can be used to stimulate discussion and can be re-visited by trainer and trainees
throughout the course. Each stage of strategy development is expanded in subsequent
sections of the manual.

Element Tool
HOW MUCH WATER AUDIT
is being lost? Measure components

Check production /consumption
Recalculate water balance
Review records/operating procedures/skills

WHERE PILOT STUDIES
is it happening? Quantify total losses
How much is leakage? = — distribution network
— transmission mains
— reservoirs

How much is non-leakage losses?
Refine the water balance calculation

WHY REVIEW NETWORK

is there water loss? Investigate:
Historical reasons
Poor practice/poor QA (Quality Assurance)
Poor materials/infrastructure
Local influences
Cultural/financial/social/political factors

HOW TO IMPROVE ACTION PLANS/STRATEGY DEVELOPMENT
performance? Update records systems/GIS

Introduce zoning/DMAs

Monitor water losses and leakage

Prioritize areas

Address non-physical losses

Detect and locate leaks

Initiate repair/rehabilitation policy

HOW TO MAINTAIN TRAINING/AWARENESS

the strategy? Improve awareness
Increase motivation
Transfer skills
Introduce best practice/appropriate technology
Give hands-on experience/continual reinforcement
Monitor and follow-up action plans /implementation
Involve community
Consider demand management policy
Initiate water conservation programme
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3. Leakage assessment

3.1 Understanding water loss and leakage

Water loss occurs in all distribution systems—only the volume of loss varies, depending
on the characteristics of the pipe network and other local factors, the water company’s
operational practice, and the level of technology and expertise applied to controlling it.
It is important to differentiate between total water loss and leakage. Total water loss is
the difference between the amount of water produced and the amount which is billed or
consumed. Leakage is one of the components of water loss, and comprises the physical
losses from pipes, joints and fittings, and also overflows from service reservoirs. These
losses can be severe, and may go undetected for months or even years. The larger losses
are usually from burst pipes, or from the sudden rupture of a joint, while smaller losses
are from leaking joints, fittings, service pipes, and connections. The volume lost will
depend largely on the characteristics of the pipe network and the leak detection and
repair policy practised by the company, such as:

— the pressure in the network;

— whether the soil type allows water to be visible at the surface;
— the “awareness” time (how quickly the loss is noticed);

— the repair time (how quickly the loss is corrected).

Fig. 3.1 shows the effect of awareness, reporting times, and location on the volume of
water lost from three types of leak.

Fig. 3.1 Estimated durations and flowrates of bursts (from Managing Leakage—Report E)

T 216 - - Reported 100mm digtribution mains burst:
m3/day volume lost = 238m
at 50m
AZNP
e a——
1.1 days
T Reported communication pipe burst:
mtsé%ay 32 volume lost = 512m?3
at 50m
AZNP AR
>
16 days
T Reported supply pipe burst:
rrfé%ay 32 volume lost = 1472m3
at 50m
AZNP LA ] R

46 days

—_—
Duration days

A = Awareness L =Location R = Repair
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3.2

Leakage is the major component of water loss in developed countries, but this is not
always the case in developing or partially developed countries, where illegal connections,
meter errors, or accounting errors are often major contributors.

The key to developing a successful leakage control strategy is, therefore, first to
understand the components of water loss, and their relative significance. Then action
plans can be developed to address each of the causes of the losses. Training and skills
transfer are essential components of the strategy, to ensure that good leakage manage-
ment is sustained.

Defining total water loss

Total water loss is the expression used for the difference between water produced and
water consumed. It is sometimes referred to as ‘Unaccounted for Water’ or ‘Non-
Revenue Water’.

Total water loss = water produced—water billed or consumed

Total water loss = physical (‘real’) losses + non-physical (‘management’ or ‘apparent’)
losses

Examples of water loss as a % of water supplied were summarized in an international
survey by the International Water Services Association (IWSA) in 1991:

Developed countries 8-24 %
Newly-industrialised countries 15-24 %
Developing countries 25-45 %

Typical values for components of water loss in developing countries

Example 1. Arequipa, Peru (from a leakage control study carried out by Binnie and
Partners and the Water Research Centre (WRc), and funded by the British Government
Overseas Development Administration (ODA), 1987)

Total production 37 108 000 m3
Billed consumption 20 338 000 m3
Water loss 16 770 000 m3

Total water loss was therefore 45% of the total production.

Independent estimates were made for the various components of unaccounted-for
water. The total was within 2% of the figure quoted above for total water loss, which
suggests that the values of the individual components are reasonably accurate.

Leakage from reservoirs 0m3 (0.0%)
Leakage from trunk mains 568 000 m®  (3.3%)
Leakage from distribution 11 715000 m3® (68.7%)
Reservoir overflow 1068 000 m*  (6.3%)
Meter under-registration 2617000 m3 (15.3%)
Filter washwater 473000 m®  (2.8%)
Other losses in treatment works 252 000 m®*  (1.5%)
Supplies to tanker trucks 360 000 m®  (2.1%)

Total water loss 17053000 m* (100%)
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Example 2. Hanoi, Vietnam (data from a leakage control training workshop conducted
by Malcolm Farley Associates and funded by the World Bank, 1994)

Water consumed (billed): 32%
Water lost: 68% (43% non-billed, 20% leakage, 5% company use)

Example 3. Haiphong, Vietnam (data from a water audit study conducted by Malcolm
Farley Associates and funded by the WHO Regional Office for the Western Pacific,
Manila, 1997)

Total water loss in Haiphong was 60% of production. There were no estimates of the
components, but from studies of other Vietnamese water companies it is known that
around two-thirds of losses are due to non-physical losses and one-third to physical losses.
The major causes of these losses are summarized below.

Physical losses:
Poor network design, construction, and quality control
Aging pipe network
Leakage at connections, joints, valves, and fittings, and from broken mains.

Non-physical (“management”) losses:
Unregistered use by customers for irrigation, commercial purposes, vehicle wash-
ing
Illegal connections
Customer household waste due to lack of metering and flat rate tariff
Customer waste from public pavement tanks
Excessive customer use, compared with per capita consumption norms
Poor revenue collection policy (refusal to pay, little enforcement, corruption)
No water regulations, lack of business ethos.

Particular regions of some developing countries have higher levels, e.g. Hanoi, Viet-
nam, had 70% losses (1996) due to infrastructure damage from bombing in the war.

International comparisons

Extracts from a note by the Operation and Maintenance Committee of the International
Water Association (IWA)—Task Force ‘Documents on Water Losses’—Standard Termi-
nology and Recommended Performance Measures. IWA, London, September 1999.

1. Preliminary remarks
The problems of water and revenue losses are:

Technical—not all water supplied by a utility reaches the customer.
Financial—not all the water supplied is paid for.
Terminology—Ilack of standardized definitions of water and revenue losses.

The Operation and Maintenance Committee of the IWA’s Distribution Division there-
fore set up a Task Force (1997-99) to review existing methodologies for international
definitions and comparisons of water losses from water supply systems. The full text is
contained in the IWA ‘Blue Pages’—Losses from water supply systems: Standard terminology
and performance measures, IWA Operation and Maintenance Committee, London, 1999.
IWA recommends that these definitions be integrated into international standards and
regulations.
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2. The importance of reliable metering

Reliable metering of all water volumes entering and leaving the supply system, and
authorized consumption within the system, are the fundamental requirements for
water demand management, as well as for the assessment of losses and for water
balance calculations.

Whenever actual metering does not exist, every effort should be made to reach a
precise assessment of each component of water volumes and uses, to determine
realistic quantities for the water balance. Methods used to estimate any unmetered
components of the water balance should be recorded and defined.

3. The components of water balance calculations
Any discussion relating to losses must be preceded by a clear definition of the water
balance components. The main definitions are:

System Input Volume. The annual volume input to a transmission and/or a distribu-
tion system, including water supplied to the customers and water exported to other
supply systems

Authorized Consumption. The annual volume of metered and unmetered water by
authorized customers. It includes exported water and items such as fire-fighting,
mains and sewer flushing, watering of public gardens, public fountains, etc.

Water Losses. The difference between “system input volume” and “authorized
consumption” water losses consists in real and apparent losses.

Real losses are the physical losses of leaks, bursts and overflows up to the point of
customer metering.

Apparent losses consist in all types of inaccuracies (input, output, customer meters),
and unauthorized consumption (theft, illegal use).

Non-revenue water is the annual volume of total losses and unbilled authorized
consumption.

4. Influences on real water losses
For each system there are several decisive local influences on real water losses. They are:

The percentage of time per year during which the network is pressurized.

The average operating pressure, when the network is pressurized. With increasing
pressure, the leakage rates rise to a much larger extent than would be predicted by
the theoretical ‘square root relationship between pressure and leakage rates’.
Opportunities for pressure management are usually restricted by local topography
and standards of service.

The number of service connections and the location of customer meters can be
considered to be the weak point of most distribution networks, as they lead to high
failure rates and large volume of losses (low leakage flow rate but long duration).
The length of mains.

Infrastructure condition—materials, frequency of leaks and bursts.

Type of soil and ground conditions.

5. Technical performance indicators (PI) for real losses

Traditional PIs of water losses are frequently expressed as a percentage of input
volume. However, this indicator fails to take account of any of the main local influ-
ences. Consequently it cannot be considered to be an appropriate PI for compari-
sons.

The recommended basic technical indicator for real losses (TIRL) is:
litres/service connection/day when the network is pressurized.
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TIRL = Annual volume of real losses

No. of service connections X No. of days network is pressurized

A better interpretation of the actual real losses in any distribution network is ob-

tained by comparing TIRL with a best assessment of unavoidable annual real losses

(UARL) for local conditions.

Based on a statistical analysis of international data, including 27 diverse water sup-

ply systems in 19 countries, a method of predicting UARL has been developed and

tested for application to systems with:

— average operating pressure of between 20 and 100 metres;

— density of service connections between 10 and 120 per km of mains;

— customer meters located 0 and 30 metres from the edge of the street.

As an example, UARL can vary between 20 and 142 litres/service connection/day

for specific combinations of:

— average operating pressure between 20 and 60 metres;

— density of service connections between 20 and 100 service connections per km
of mains;

— customer meters located between 0 and 20 metres from the edge of the street
and the delivery point (length of connections).

The ratio of the actual TIRL to UARL related to the local system is a useful non-

dimensional index (the infrastructure leakage index—ILI) of the system perform-

ance. It is recommended as an additional step for the interpretation of the actual

value of TIRL.

6. Financial performance indicators of non-revenue water (NRW)
These should be expressed in terms of volume and cost:

Non-revenue water, expressed in %:

NRW = unbilled volumes X 100

system input volumes
Unbilled volumes include unbilled authorized consumption and total water losses.
Non-revenue cost (NRC) expressed in %:

NRC =Annual costs of real and apparent losses + unbilled authorized consumption X 100

Annual running costs of the supply system

An appropriate cost-value for apparent losses would be the average water sale price.

An appropriate cost-value for real losses would be the unit costs (for chemicals,
energy) of producing and pumping water, or costs of importing water (bulk purchase).
Running costs are defined as the total annual costs minus the capital costs of the whole
supply system.

Calculation of operating and capital costs of water is explained in Section 6.

3.4 Physical (real) and non-physical (apparent) losses
Physical (‘real’) losses
1. Leakage from transmission mains and the distribution network—caused by:

— burst pipes (sudden rupture of a pipe section or joint);
— leaking joints, fittings, service pipes, and connections.

2. Leakage from reservoir walls and overflows—caused by:
— seepage from old masonry or concrete walls;
— float-valves not working.



LEAKAGE MANAGEMENT AND CONTROL
22

Physical losses can be severe, and may go undetected for months or even years. The
volume lost will depend largely on the characteristics of the pipe network and the leak
detection and repair policy practised by the company, such as:

— the pressure in the network;

— whether the soil type allows water to be visible at the surface;
— “awareness” time (how quickly the loss is noticed);

— location time (how quickly the leak position is identified);
— repair time (how quickly it is dealt with).

Non-physical (‘management’ or ‘apparent’) losses

1. Owver-estimation of production—caused by:
— inadequate or no measurement facility;
— inadequate calibration programme for bulk meters.

2. Under-estimation of consumption—caused by:
— under-registration of customers’ meters;
— poor quality, inaccurate meters;
— stopped meters;
— inadequate meter maintenance/replacement policy;
— inadequate meter reading policy;
— under-estimation of free supplies or operational use.

3. Theft of water—caused by:
— illegal connections;
— vandalized meters, bypassed meters;
— bribery and corruption of meter readers.

4. Wasteful use—caused by:
— inadequate customer metering policy;
— inappropriate charging policy (flat-rate tariff, subsidized supplies);
— cultural and social traditions;
— inadequate community education policy .
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4. Quantifying total water loss

4.1 Conducting a water audit

A water audit quantifies the total water losses and leakage in a network. This in effectis a
water balance calculation where the amount of water put into distribution is compared
with the sum of the components of water consumed or used. The shortfall, which is
equal to the total distribution losses, is often expressed as a percentage of the distribu-
tion input (or production) or, preferably, in Megalitres (Ml) /day.

Although percentage figures are rarely meaningful when comparing different organi-
zations, they can be used to indicate the extent of reduction of water loss by a single water
supplier.

The practice in the United Kingdom, which has been adapted by the International
Water Association (IWA) for international practice, is to divide the distribution input
into components which can be individually measured or estimated to provide a water
balance, as illustrated in Fig. 4.1.

Procedure for a water audit

A water audit has two components: 1) system appraisal, and 2) water balance calculation.

1. System appraisal

The purpose of the appraisal is to review:
country/regional characteristics (e.g. influencing factors, components of water loss);
current practice and methodologies;
level of technology (reliability of meters/equipment in place, need for temporary
meters);
staff skills and capabilities;
the company’s data and methodology for the water balance calculation.

The appraisal should include:

a) Discussions with senior staff, i.e. directors and senior managers on current manage-
ment practice, perceptions, financial and political constraints and influences, and
future planning.

b) Discussions with operational staff on system features and practice, including:
physical data (population, demands, topography, supply arrangements);
drawings and records, billing data;
estimates of total water loss;
estimates of leakage and other water loss components (illegal connections);
current practice (staffing structure, staff numbers and skills);
techniques and equipment;
repair programme;
economic data (cost of production, etc.).

c) Field visits to appraise current practice and skills.

d) Selection of a suitable pilot area for a future project to demonstrate techniques and
equipment, gather results and show benefits, and train staff.
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Fig. 4.1 Water balance components
(from Managing Leakage Summary Report)
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2. Water balance calculation

This is the measurement of distribution input and water consumed. It can be measured
using a number of techniques—the most appropriate ones for the system under investi-
gation should be selected. Ideally, all components of the water balance should be quan-
tified over the same designated period, and expressed in Megalitres (Ml) /day.

1. Distribution input. This step identifies all water sources and quantifies the water
supplied. Measurement is by one or more of the following:
existing production (bulk) meters, after checking for accuracy;
summation of zone flows where there are existing zone meters;
reservoir drop tests;
checking of pump curves;
insertion meters at points where there are no meters, e.g. upstream or down-
stream of a treatment works (if upstream, the losses during the treatment proc-
ess should be assessed and subtracted).

Section 5.2 describes methods for quantifying flows into the network where there
are no existing bulk meters (temporary insertion meter, portable ultrasonic
meter).

2. Measured use. Billing records are used to quantify measured outputs from the
system:
identify all non-household customers;
identify all household customers.

Convert billing data over a monthly or quarterly billing period to an average daily
flow in Ml/day. Customers who are not metered are treated differently (see 3, be-
low).

3. Unmeasured use. This step identifies unmetered households and other authorized
unmeasured use:

estimate use by unmetered households. Monitor a sample of households by meter,
or estimate the per capita consumption;
identify and estimate unmeasured use by authorized users, e.g. municipal build-
ings, parks, fire services, tankers;
identify and estimate unmeasured supplies to peri-urban areas (slum areas, squat-
ters, etc.);
tidentify and estimate water used by the company for operational purposes, e.g.
mains cleaning and flushing.

4. Unauthorized use. This step identifies and estimates illegal supplies and theft:
estimate the number of illegal connections from past records and anecdotal
evidence of inspectors, or by a house-to-house survey of a sample zone (check
that each connection has a billing reference);
estimate the number of broken or by-passed meters in the same way;
use the per capita consumption estimates to calculate the volume used.

5. Calculate the total losses. Add together the volumes from steps 2, 3, and 4 (above),
and subtract from step 1. The residual is the total water loss from the system.

6. Calculate leakage. Total water loss can be further broken down into:
leakage from reservoirs;
overflows from reservoirs;
leakage from trunk mains;
leakage in the distribution system—from the company’s mains, service
connecions, and fittings.
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Each of these components can be quantified to improve the water balance calcula-
tion and to prioritize leakage management activities. Leakage data from the meth-
ods described below are gathered from night flows, expressed in litres/hour. A
factor of 20 is used to convert to daily flow, to allow for higher pressures at night.
This hour/day factor is currently the subject of research in the United Kingdom.

Leakage from reservoirs. This can be measured by the reservoir drop test. Close the
inlet and outlet valves and measure the drop in water level over time. If the reser-
voir has compartments, each can be monitored in turn. Drop tests are usually
carried out at night to minimize disruption to the supply.

Overflows from reservoirs. Inspect the float valves when the reservoir is at top water
level (TWL) to identify those which are passing. Estimate or measure the volume
passing for the period when the reservoir is at TWL.

Leakage from trunk mains. Use insertion meters or clamp-on ultrasonic meters at
each end of the main to calculate the change in volume flowrate. Alternatively,
include the trunk mains in the distribution system measurement.

Leakage in the distribution system

1. Supply zone measurement is a method for measuring the night flow into a sup-
ply zone and includes trunk main leakage. Use a reservoir bulk meter to moni-
tor flows at night (2 a.m. to 4 a.m.). Subtract the measured night use by large
customers and the estimated night use by households. If there are no bulk
meters, it may be possible to use another form of reservoir drop test. Close the
inlet valve to the reservoir and measure the drop in level over the same period,
after subtracting the same values for customer use. This calculation will also
include reservoir leakage and trunk main leakage.

2. District Meter Areas (DMAs) are small zones of 500—-3000 households within a
supply zone. Each DMA is a discrete zone, with a defined and permanent bound-
ary. Flows into (and out of) each DMA are monitored by a flowmeter. Night flow
measurements are used to calculate leakage in the distribution system (distribu-
tion mains, service connections and fittings), after subtracting customer night
use.

The principle of monitoring leakage in DMAs is described in detail in Section 7.

Techniques for quantifying losses in the components of the network are described

in detail in Section 4.

The ‘tanker technique’ described in section 5.3 allows measurement (and detec-
tion) of leakage in systems with intermittent supplies.

. Other “losses”. The water balance calculation can be further refined by identifying

errors and malpractice. These are often called “management” losses, resulting in a
shortfall of revenue for the water supplied. Examples are:
Under-registration by customers’ meters. This can be estimated from a sample survey:
— use accurate ‘C’ or ‘D’ class meters, temporarily installed in line with the
customer’s meter, as check meters to compare the volume flows;
— calculate the volume which is lost due to under-registration in the surveyed
area and extrapolate.
Stopped or broken meters. The number of these can be estimated from meter records
or a sample survey:
— calculate the volume lost from meter records or from estimates of per capita
consumption.
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5. Techniques for quantifying leakage

5.1 Leakage measurement in the distribution network
Guidance notes for trainers

This module develops the concept of flow measurement and leakage calculation explained
in the previous two modules. It details the methodologies used for the measurement of
leakage in various parts of the distribution network. The time required for this session in
the course is 2 hours.

Introduction

Leakage can occur in: (1) reservoirs; (2) transmission mains; (3) the distribution net-
work.

Although leakage in reservoirs and trunk mains can be significant, the majority of
leakage occurs in the mains and service pipes within the distribution network. The
procedure adopted for leakage measurement depends on the supply arrangements and
the design characteristics of the supply and distribution system. The main factors to
consider are whether:

— there is 24-hour or intermittent supply;

— the supply arrangements can be temporarily changed;

— the supply is to discrete zones with designated boundaries, or to the total distribu-
tion area.

If there is a 24-hour supply, or the system will allow temporary rearrangement to
provide a 24-hour supply during the test period, leakage measurement can be made
using the total night flow method. If these arrangements cannot be made, the leakage
must be estimated using the total quantity method.

The extent to which each of the components of the distribution system can be meas-
ured depends on the design of the supply and distribution system. For example, in a
system which contains many reservoirs, it will not be practicable to test each one for
leakage, and a representative sample must be tested. Similarly, leakage from trunk mains
is measured by choosing suitable representative sections.

In a system which has only one or two major supply reservoirs serving the whole of a
distribution network it may not be possible to measure reservoir leakage without inter-
rupting the supply, unless the reservoir has two chambers which can be tested independ-
ently.

Measurement techniques

(1) Reservoirs

Leakage from reservoirs is measured by conducting a drop test. The aim is to measure
the rate of fall of the water level over the duration of the test, with both the reservoir inlet
and outlet valves closed. The test should be done at night when demand is at a mini-
mum. It may be possible to rearrange zone boundary valves to supply the zone with its
reservoir under test from an adjacent zone.
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The duration of the test depends on local supply criteria, but should be at least 4
hours and preferably 12 hours or longer. The reservoir should be full before the start of
the test.

The rate of drop can be measured in several ways:

— graduated scale;

— depth gauge, which emits an audible signal on contact with the water level at each
measurement;

— pressure transducer and data logger; the pressure transducer is lowered to the
bottom of the reservoir, and the data logger records the reduction in pressure
(metres) at the transducer as the water level drops.

The larger the surface area of the reservoir the smaller will be the rate of drop, if any.
This should be borne in mind when selecting the measurement instrument and its sensi-
tivity.

(dl1 -d2) xA
Rate of leakage = — — m’/hour
T

where dI = initial depth (m)

d2 = final depth (m)

A = surface area of reservoir (m3)
T = test duration (hours).

It is recommended that the reservoir levels be monitored for at least 48 hours before
planning the test, to determine the time when the reservoir is at its fullest level, and the
time when water demand on the reservoir increases rapidly. Knowing these times will
determine when the test should be started and finished without disrupting supplies to
consumers. If the reservoir does not fill sufficiently, then it may be necessary to imple-
ment distribution system management to gradually increase reservoir storage over sev-
eral days prior to the test.

(2) Transmission mains

These are the major mains for transmission between the sources and the distribution
network, with relatively few connections from them to the secondary system.

There are two methods of measuring trunk main leakage; one necessitates removing
the main from supply, the other does not.

a) By-pass method
To use this method the following conditions must be met:

(i) the main can be taken out of supply;

(ii) there are valves on the main;

(iii) the valves can be closed and are drop-tight;

(iv) there are usually no branch connections from the main, or they can be turned
off during the test.

The procedure is as follows:

1) Select a length of main to be tested. The length will depend on the distance be-
tween valves, but should be between 1 km and 5 km.

2) Isolate the section of main under test by closing a valve at each end of the test
section. Ensure that each valve is drop-tight.

3) Install a 25 mm positive displacement meter on a bypass around the upstream
valve.
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4) Record the meter readings before and after the test period. The test period should
be as long as possible, within the constraints of system operation, and preferably
at least one hour.

Any leakage from the section under test will be recorded by the meter. Leakage is
calculated by the following formula:

flow through meter over test period (litres)

Leakage in litres/hour =
test period (hours)

Trunk main leakage can be expressed in litres/km/hour. The test can be repeated
over several lengths of main.

b) Pairs of insertion meters
To use this method, the following conditions must be met:

(i) Two insertion meters and two data loggers are available.

(ii) Suitable tapping points can be made on the main through which to insert a flow-
meter.

(iii) Branch connections can be isolated or metered during the test period.

(iv) The flowrate along the main can be varied, e.g. by throttling a valve.

Two insertion flowmeters are required, one inserted at each end of the section of
main under test. The test period is two days. After the first day the meters are inter-
changed to eliminate inaccuracy from meter error. The leakage rate is calculated
when the data loggers are read back at the end of the test.

(3) The distribution network

Because of the size and complexity of the pipework in the distribution network, it is not
always possible to measure leakage directly, except in small networks fed by a single me-
tered feed.

Therefore leakage in the distribution network is derived from measurement of night
flows into the system or part of the system. Measurement is made by conducting a drop
test (in a reservoir supply zone) or by selecting a representative area within the distribu-
tion system, and isolating the zone by closing the valves around the boundary. A meter is
installed on the main supplying the zone and the night flowrate is recorded. Consump-
tion of large metered consumers is monitored over the same period and deducted from
the total night flow to give the net night flow.

The drop test method is similar to the method for measuring reservoir leakage,
except that the reservoir outlet valve is open. Zone valves should be checked for drop-
tightness, and the reservoir level monitored during the night. The fall in level is an
indication of genuine night consumption and leakage. It can be assumed that genuine
night consumption is very small, around 2 litres/property/hour, during the time of mini-
mum night flow (usually between 2 a.m. and 4 a.m.).

In those systems where the supply is intermittent, supply arrangements may be changed
temporarily to ensure that the zone under test receives a continuous supply. It is advis-
able to allow the system to equilibrate for 48 hours, for tanks to be filled, etc., before the
night flow measurements are taken.

Flows into selected zones can be monitored using:

(a) existing zone meters;
(b) meters installed specially for the test;
(c) temporary insertion probe meters.
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5.2

Summary

This module details methodologies for leakage measurement in:
— reservoirs;
— trunk mains;
— the distribution network.

Using temporary meters
Guidance notes for trainers

This module describes a procedure for measuring flows and pressures in the distribution
system where there are no existing meters or where the accuracy of existing meters re-
quires checking. The method involves the use of an insertion probe meter, such as a
pitot tube, an insertion turbine meter, or an insertion electromagnetic meter, to meas-
ure the point velocity and derive the flowrate. An acceptable alternative to such intrusive
measurement techniques would be to use a clamp-on ultrasonic meter.

Trainees should be appraised of the techniques by practical demonstration of the
instrument and by slides. Manufacturers’ brochures and operating instructions are a
valuable source of illustrations. Trainees may be shown the application of the technique
during the field sessions. The duration of this session in the course is 1 hour.

1. Insertion flowmeter installation

The installation technique is the same for both insertion turbine and electromagnetic
meters. Typical instruments are the Quadrina ‘Probeflo’ insertion turbine meter and the
ABB ‘Aquaptobe’ insertion EM meter. The meter is introduced into the live main through
a 2-inch (5 cm) gate valve or ball valve.

The method used for drilling and tapping the main in order to fit a valve depends on
the size of the main:

a) A split collar, which has been drilled and tapped to a 2-inch (5 cm) thread, is fitted to
the main and a 2-inch (5 cm) nipple inserted in the hole. A 2-inch (5 cm) valve is
attached to the nipple. An under-pressure drilling machine is attached to the valve,
the valve is opened and a hole drilled in the main using a 1.5-inch (3.75 cm) drill bit.
The drill is withdrawn into the pressure housing of the drilling machine, the valve is
closed and the drilling machine removed.

One of the advantages of using a split collar is that with smaller diameter mains (100
mm and below), a 2-inch pre-drilled and tapped split collar is fitted but a 1-inch drill
can be used, allowing a small-diameter insertion meter to be installed instead of the
standard model. In this way, the recommended ratio of 4:1 for pipe diameter to tap-
ping hole diameter is maintained and stress on the pipe wall is minimized.

The pre-drilled and tapped split collar method, by removing the necessity to use the
larger and more expensive under-pressure drilling and tapping machine at the site,
reduces both the time and cost of the operation, and enables the trial excavation
dimensions to be kept to a minimum.

As an alternative to the split collar method, a stainless steel pipe repair clamp can be
used, which incorporates a female-threaded boss welded to the upper section of the
clamp. A male-threaded valve is attached to the boss, and the main is drilled as previ-
ously described.

b) Mains greater than 300 mm diameter. The method of using a split collar is limited by its
size and weight. A split collar to fit a main larger than 300 mm is unwieldy and heavy,
and must be fitted using lifting gear. An alternative arrangement is to drill and tap the
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main direct, provided the wall of the main is of sufficient thickness, and the material
of sufficient strength, to allow the safe insertion of a nipple. It may be necessary to
weld a plate to the upper surface of some ductile iron mains in order to achieve
sufficient total thickness to accommodate the thread of the nipple.

When tapping and drilling large PVC, prestressed concrete, or asbestos cement mains
it is necessary to attach a saddle with a pre-tapped flat boss or a stainless steel repair
clamp with a threaded boss, so that the procedure described in (a) can be carried
out.

When the main is drilled and tapped direct, the larger and more expensive under-
pressure drilling and tapping machine has to be used, and to accommodate this it is
necessary to allow sufficient room under the main so that the securing chain can be
fitted. The drilling and tapping machine incorporates an upper and lower chamber
separated by a gate valve. After drilling through the main, using a combined drill/
tap, the lower chamber is isolated by the gate valve, and a nipple, sealed by a plug, is
inserted into a carrier held by the drill chuck. The nipple is then screwed into the
tapped hole, the machine removed, and a gate valve fitted to the nipple. The plug is
then removed using a special tool inserted into the gate valve, and the gate valve is
closed.

Inserting a plug into the nipple enables the gate valve to be removed after the flow
measurement. This prevents tampering with the gate valve and possible contamina-
tion of supply. A cap is screwed onto the nipple to protect the plug after the gate valve
has been removed. Before insertion through the gate valve, the nipple plug is re-
moved, and a 2:1.5 inch adapter fitted to the gate valve to accommodate the pressure
housing of the meter. This is fitted securely in position with a suitable spanner using
the flats provided on the pressure housing.

The gate valve is then opened fully and the insertion meter pushed into the main
until the centre of the turbine is in the centre of the main, which is the point of
maximum velocity in a fully developed flow profile. To ensure a fully developed pro-
file, the insertion point should be atleast 10, and preferably 50, pipe diameters down-
stream of bends or fittings which could cause hydraulic disturbance and change the
profile. It is also advisable to have a reasonable length of straight pipe, say 5 pipe
diameters, downstream of the insertion point.

The procedure for locating the centre of the main is as follows:

(i) Push the meter into the main until the bottom of the main is located.

(ii) Calculate the distance (D) the stem will need to be withdrawn to locate the
centre of the turbine in the centre of the main.

This is expressed as (D/2 — 1) inches.
(When the cage enclosing the turbine head is touching the bottom of the main,
the centre of the turbine is 1 inch above.)

(iii) Withdraw the stem until the mark previously made is at the required distance
above the pressure housing. At this stage the clamp which secures the pressure
housing to the stem may be partially tightened to keep it in position while an
alignment check is made on the turbine. This is done by rotating the handle at
the top of the stem. When the handle is in line with the main, the turbine will be
at 90 degrees to the direction of flow.

An arrow inscribed on the handle enables the flow direction to be determined.
If, at the time of the flow survey, the direction of flow is unknown, the ability of
the bidirectional turbine head to sense a change of direction enables the flow
direction to be confirmed and shows when a direction change takes place. If the
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arrow on the flowmeter is facing the same direction as the flow, a positive meas-
urement will be recorded on the chart or data logger. A negative reading will be
shown if the flowmeter is initially facing the opposite direction to the flow. If the
flow changes direction during the survey, this will be indicated by the sign chang-
ing.
Flow and velocity measurements are recorded by means of a suitable data logger. The
data logger should be programmed to measure flow at 5 or 10 minute intervals over
the period of the flow survey. The data analysis programme requires the internal
diameter of the pipe in mm and the calibration factor of the meter in pulses/m,
which is supplied by the manufacturer. Suitable data loggers are discussed under leak-
age monitoring in Section 7.5.

In the methodology described above, it is assumed that the internal diameter of the
main is known. If this is not the case, or if itis suspected that the internal condition of
the pipe has deteriorated, due to corrosion for example, the interior diameter of the
pipe can be measured using a Quadrina gauging rod. The unit consists of a pressure
chamber, similar to that of the insertion meter, fitted with an eccentrically mounted
measuring rod, with a location arm attached at the end of the rod and perpendicular
to the rod axis. After fitting the pressure chamber to the tapping gate valve, the rod is
rotated so that the measuring arm passes through the pressure chamber and into the
pipe as the rod is pushed into the main. The rod is then rotated through 180 degrees
and pushed in until the measuring arm touches the invert of the pipe. The first dis-
tance stop is positioned and clamped onto the rod stem. The rod is then withdrawn
until the measuring arm touches the crown of the pipe. The second distance stop is
then positioned and clamped to the rod stem. The distance between the two distance
stops is equal to the internal diameter of the main.

2. Portable ultrasonic meter

Portable (clamp-on) ultrasonic meters (e.g. Micronics ‘Portaflow’) are being increas-
ingly used as an alternative to insertion meters, both for measuring the water produced
where no meters exist, and for meter verification. Their main disadvantage is the cost
(around US$ 8000 to 10 000). However, their main advantage that they are non-intru-
sive, and only part of the main needs to be exposed..

Enquiries from one of the leading manufacturers of clamp-on meters revealed that
companies are increasingly using portable ultrasonic meters to measure flows out of res-
ervoirs, but not in pairs to monitor leakage. One company had experimented with a
similar technique—exposing the main at intervals along a transmission main and meas-
uring the flows at each point with a clamp-on meter.

The petrochemical industry, however, regularly uses the technique for monitoring
losses in their pipelines. The same manufacturer stated that Associated Petroleum
Terminals, which controls delivery of the product from the terminal to the refinery, and
the Petrochemical Pipeline Association which controls MOD lines, are regular users.
Transducers are spaced at 600-m intervals—an accuracy of = 1% is claimed.

Managing Leakage Report | (Techniques, Technology and Training) refers to a paper
by Grimaud & Pascal which describes a pilot exercise in France for permanently moni-
toring large-diameter strategic pipes, e.g. motorway crossings, to enable fast follow-up
action on bursts. Ultrasonic transducers were installed at each end of the main, with
acoustic loggers at intervals in between. Monitoring was therefore at two levels: compari-
son of flow rate and acoustic monitoring. The former is suitable for detecting bursts, the
latter for detecting small leaks as they occur.

There is no reason why such a technique should be less accurate than pairs of
insertion meters, once the characteristics of the pipe have been accurately assessed and
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entered. However, one company noted that the results from a meter verification exercise
at the same site, carried out by three different operators, showed an error range of 4-
20%.

Water mains also suffer from a build-up of encrustation, reducing the accuracy of
temporary insertion and ultrasonic measurement techniques. This is not usually the case
in oil pipelines.

3. Temporary full-bore meter

There is no reason why full-bore meters (e.g. Kent Helix 4000) cannot be cut into a main
for temporary flow measurement, except that, unlike insertion or clamp-on ultrasonic
meters, the main must first be taken out of service.

Leakage measurement and detection in intermittent-supply networks

(From a paper by A Kumar, Tata Consulting Engineers, India, presented at a Leakage
Control Workshop, Surabaya, Indonesia, 1991, sponsored by the International Water
Services Association (IWSA))

The problem

Leakage in intermittent supply systems aggravates the problem of inadequacies in sup-
plies. Most of the systems in India supply water intermittently, as the demand is usually
far in excess of available supplies. In some systems the production of water can barely
meet the minimum demand of the consumers. The problem is exacerbated by the fol-
lowing:

— the duration of supply has to be restricted to reduce the high volume of leakage
and customer waste;

— the long supply-timing reduces peak demand, but this is feasible only if measures
are taken to restrict leakage and the overall system capacity;

— restricted supply-timing subjects the distribution system to high flowrates and low
pressure;

— customers tend to over-ride the mains supply and draw as much water as possible
by building underground tanks/sumps and pumping water into the house;

— water authorities tend to lay additional mains in order to improve pressures in the
system—this results in an overall increase in system capacity;

— supply at low pressure and for a short duration restricts leakage in a system, but
this is unsatisfactory for the customer and causes a public health risk from infiltra-
tion;

— conventional leakage monitoring and detection methods (e.g. the minimum night-
flow method) and pressure management to reduce leakage are not applicable to
intermittent supplies. In fact, a high mains pressure is required for leak detection
equipment to be effectively used.

Alternative methods
The stop tap method

This has been successfully used in several cities and towns to quantify leakage and to
locate the leak points. The steps are as follows:

1. The test area is isolated by closing the boundary valves.

2. Stop taps on customers’ service connections are closed.

3. A special supply is arranged for the test area from the nearest water distribution
station.
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4. Water meters are used to measure the flow through the test area. This is a direct
measure of leakage.
5. Leak detection equipment is used to locate the leak points.

The disadvantages are:

— arrangements have to be made for supplies to be diverted to the test area;
— a considerable volume of water is lost from leak points during the test;

— supplies to adjacent areas are affected, leading to customers’ complaints;
— not all leaks can be identified in a short test and repeat tests are required.

The mobile tanker method

This method was developed to overcome the major disadvantage of diverting supplies to
the test area. Water mains are charged over a timed duration, long enough to measure
leak flow and to use selected equipment to locate the leaks. The approach was first tested
by Tata Consulting Engineers in Ahmedabad city (population: 2.5 million) in India and
has been extensively used in Madras Metropolis (population: 4 million).

The advantages are:

— the method has been specially designed for intermittent supply systems;
— there is no disturbance in the normal supply;

— only a small area is isolated;

— only a small volume of water is used for testing.

The unit consists of:

(a) a common street water tanker;

(b) a wheel mounted pump;

(c) an easily made pipe assembly with valves to control pressure;
(d) a turbine water meter unit with pulse head and data loggers.

A small test area is isolated. Water is drawn from the tanker and is injected into the
area using the mobile pump. A bypass pipeline returns the water partially to the tanker.
Valves are provided on the pump delivery return lines. By manipulating these valves, the
desired pressure is maintained. The line supplying the injection point contains a meter
with a pulse head and a data logger for recording the flow. A pressure transducer is also
provided to log the pressure at the injection point. Loggers are downloaded onto the
computer, and graphs of flow and pressure with time are obtained.

Customers’ support is ensured by distributing leaflets. This makes them aware of the
test and builds confidence in the future improvement of their supplies.

A typical test area is 100 connections or 500 m of pipe length. Boundary isolating
valves are closed and the stop taps at customers’ premises are closed (or the service pipes
are cutand plugged). In areas where operating staff are reluctant to operate valves which
have been throttled to adjust supplies, the mains can be cut and capped.

The test is carried out during non-supply timings so that there is no inconvenience to
the consumers. The test sequence is as follows:

1. Water is injected into the isolated test area through a mobile pump tanker unit.
A prescribed pressure at the injection point is maintained by manipulating the
unit valves.

3. As the area is isolated and the house services are plugged, the reading on the in-
line meter is a direct indication of leakage in the test area.

4. An assessment of leakage can be made for a range of pressures which would pre-
vail in the distribution system later.

5. Pressure transducers and data loggers are also introduced at the other isolation
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parts, to check whether the entire area is pressurized to the desired level.

6. Once the leak points are rectified, it is also possible to assess the reduction of
leakage in the test area by repeating the test.

7. The improvement of pressure at the isolation points of the mains is an indicator
of the overall improvement due to leakage reduction.

8. The exercise is completed when the entire stretch has been scanned by leak de-
tection equipment, leaks have been pinpointed, and the service connections and
mains have been restored.

9. In Madras, the total duration for this exercise—beginning with segregation of the
area, carrying out the test, and returning to the normal system of supply—took
about 8 hours.

A sample survey helps to identify the operating practices and the need to alter them
or correct deficiencies, such as:

(a) missing ferrules at house connections;
(b) service connections made with insufficient cover/protection;
(c) poor repair practices (e.g. use of bicycle tyre rubber).

In some systems the leakage was so high that efforts to pressurize a sub-district uni-
formly were at first unsuccessful. Only after repairs were carried out in part of the test
area did the pressure develop throughout the sub-district.
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6. Developing a leakage management strategy

6.1 The alternative strategies

Leakage management strategies can be classified into three groups:

— passive control;
— regular survey (sounding, waste metering);
— leakage monitoring in zones or sectors.

Passive control is a reaction to visible leakage due to bursts or drops in pressure,
which are usually reported by customers or noted by the company’s staff. The method
can be justified in areas with plentiful or low-cost supplies, and is often practised in less
developed supply systems where the occurrence of underground leakage is not so well
understood. It is therefore often a first step to improvement, i.e. making sure all visible
leaks are repaired.

Regular survey is a method of inspection, starting at one end of the distribution sys-
tem and proceeding to the other, listening for leaks on pipework and fittings, or reading
metered flows into temporarily-zoned areas to identify high-volume night flows.

Leakage monitoring refers to monitoring the flows into zones or districts in order to
measure leakage and prioritize leak detection activities. This has now become the most
cost-effective strategy for leakage management and the one most widely practised.

The zoning principle

Ideally, a flow measuring system in a water distribution network would encompass the
measurement of total flows—to assist demand prediction and distribution management—
and also zonal flows, which will help the engineer to understand and operate the system
in smaller areas, and allows leakage management and control to take place. The system is
hierarchical, i.e. it covers a number of levels, beginning with measurements at the pro-
duction end until the consumer’s meter for an estimate of consumption. The system
comprises:

— measurement of production at the source or treatment works;

— measurement of flow into supply zones, with geographical or hydraulic bounda-
ries;

— flow monitoring into district meter areas (DMAs) of 500-3000 properties, with
permanently closed boundary valves;

— monitoring of small leak location areas within each DMA, of around 500-1000
connections, where boundary valves remain open except during a leak location
(“step test”) exercise;

— reading of individual consumer meters, both domestic and commercial.

The DMA meters are sometimes linked to a central control station via telemetry so
that the flow data are continuously recorded. Analysis of these data, particularly of flowrates
during the night, determine whether consumption in any one DMA has progressively
and consistently increased, which would indicate a burst or undetected leakage. Each
leak location area is then closed off in turn, allowing the flow into each area to be moni-
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tored via the DMA meter. It is important to understand that night flow comprises cus-
tomers’ use as well as losses from the distribution system. Where all customers are me-
tered this does not pose much of a problem, except where there is an excess of demand
over supply and customers have to be “educated” to waste less water.

Suspected areas, i.e. those showing a greater volume of night flow per connection
than the other areas, can then be inspected more thoroughly, using “step testing”—a
technique which requires the progressive isolation of sections of pipe by closing the line
valves, beginning with the pipes farthest away from the meter and ending at the pipe
nearest the meter. During the test, the flowrate through the meter is observed and the
times when each section of pipe is isolated is noted. A large decrease in flow, or “step”,
indicates a leak in the section of pipe which has just been isolated. Inspectors can then
be deployed to locate the precise leak position in the suspected section of pipe. Another
technology being increasingly used as an alternative to step testing is leak “localizing”.
Leak localizers, each incorporating a hydrophone and logger, are attached to a group of
hydrants. Noise patterns from each hydrant are analysed, and an anomalous noise
pattern from one or more hydrants usually indicates a leak in that locality.

In developing countries there may be difficulties in introducing more closed valves in
a system, particularly in areas of low pressure or those with intermittent water supply.
The effects can best be demonstrated in pilot areas, when the benefits of leakage reduc-
tion on increased pressures and satisfied demand can clearly be seen by the customers.

Detection and control of leakage varies from one company to another, and the choice
of methodology is largely dependent on local conditions, which may include financial
constraints on equipment and other resources. Staffing resources are also relevant, as a
labour-intensive methodology may be suitable if manpower is plentiful and cheap. The
main factor governing choice, however, is whether a particular methodology is economi-
cal according to the savings in cost. A low-activity method, such as repair of visible leaks
only, may be cost-effective in supply areas where water is plentiful and cheap to produce.
On the other hand, countries which have a high cost of production and supply, like the
Gaulf States, can justify a much higher level of active control, like continual flow monitor-
ing, or even telemetry systems, to warn that a burst or leakage is occurring. In most
developing countries the method of leakage control is usually at a low to medium level—
mending only visible leaks or conducting regular surveys of the network with acoustic or
electronic apparatus.

Leak location is carried out using at least one of the following pieces of equipment:

— basic listening stick;

— electronic listening stick;
— ground microphone;

— leak noise correlator.

The basic instrument is the sounding stick, which is used as a simple acoustic instru-
ment, or electronically amplified. This technique is still widely preferred by the majority
of practitioners, and is used for:

— blanket surveys, sounding on all fittings;

— sounding on valves and hydrants;

— confirming the position of a leak found by other instruments (ground microphone,
leak noise correlator).

The ground microphone can be assembled for use in either of two modes, contact
mode and survey mode. Contact modeis for sounding on fittings, similar to an electronic
listening stick. The survey modeis used to search for leaks on lengths of pipeline between
fittings. The technique involves placing the microphone on the ground atintervals along
the line of the pipe and noting changes in sound amplification as the microphone nears
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the leak position. When a leak is detected the ground microphone is used in either
mode for leak location.

The leak noise correlator is the most sophisticated of the acoustic leak location in-
struments. Instead of depending on the noise level of the leak for its location, it relies on
the velocity of sound made by the leak as it travels along the pipe wall towards each of two
microphones placed on conveniently spaced fittings. Hydrophones can also be used to
enhance the leak sound in plastic pipes or large pipes. There is no doubt that the latest
versions of the correlator can accurately locate a leak (to within 1.0 metre) in most sizes
of pipe. The instrument is portable and can be operated by one man, and it has the
capability for frequency selection and filtering.

There are a number of other location methods, both acoustic and non-acoustic, which
are usually used when acoustic methods fail to find the leak. The most commonly used
alternative is the one which uses industrial hydrogen (95% nitrogen, 5% hydrogen). The
gas is introduced into the pipeline, and is detected at the leak position as it diffuses
through the ground surface. This technique is being increasingly used for locating leaks
in non-metallic pipes, and the small leaks associated with house service connections.

The principles of monitoring leakage in zones is explained in detail in Section 7.
Leak detection and location technologies are explained in detail in Section 9.

6.2 Economics and planning

This section is based on a paper by Stuart Trow, RPS Water Services, presented to the IIR
Conference on Water Pipelines and Network Management, London, England, 1997. See
Section 1.3, Ref. 4.

What is leakage management ?

Ever since water has been distributed through networks of underground pipes, some of
it has leaked before it reached its intended point of use. Until recently, water engineers
practised “leakage control”, implying that their aim was to prevent the level of leakage
from continuing its natural rate of rise, as ever more bursts and leaks occurred in the
system. In 1980, ‘Leakage control policy and practice’ (see Section 1.3, Ref. 5) set out the
policy issues of leakage control as well as the practical techniques. The policy issues were
limited to an appraisal of the economic extent of district metering, and the costs and
benefits of pressure control.

The work of the U.K. National Leakage Initiative (NLI) from 1990 to 1994 concen-
trated on strategic policy issues and methods of interpreting data on leakage to allow the
available resources to be directed efficiently. This concentration on effective policies
and efficient operations was the reason that the series of reports from the NLI are enti-
tled Managing Leakage.

The term “Leakage Management” has gained rapid acceptance since 1994. Already
however, a noticeable change of emphasis has taken place. The impact of the 1995 drought
in the United Kingdom on the level of service to customers in several parts of the coun-
try, and the attention given to leakage management in the political arena have made
leakage no longer a problem of interest to the dedicated few, but of concern to the whole
water industry. With the spotlight of regulation now clearly focused on the real issues of
leakage management, the subject is now a regular agenda item at water company meet-
ings. Many companies have recently instigated “Leakage Reduction” programmes with
the aim of achieving a significantly lower level of leakage by the turn of the century.

The questions facing the industry at the present time are:

What target level of leakage should we aim for?
How can we justify the cost to reach this target level?
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How long will it take us to achieve this level?

What are the techniques we should use to achieve the target level?

What will it cost in capital and operating expenditure?

How much will we save in production, distribution, and investment costs?
What will be the effect on customers?

The benefits of formulating a plan for leakage management which takes account of
all these issues to produce an economic optimum blend of measures for controlling
and/or reducing losses from the water supply and distribution system are outlined
below.

Why formulate a plan ?

Itis essential that water companies have a plan for leakage management which is consist-
ent with other aspects of the corporate plan. Leakage is an element in water supply and
should be viewed as an alternative source of water in conjunction with the type of re-
source. To an extent, leakage management can produce short-term as well as long-term
yields, in the same way as an impounding reservoir.

As well as being of internal benefit to the company, the Leakage Management Plan
will be of interest to those who monitor the company’s activities, such as:

OFWAT (Office of Water Services, the U.K. ‘economic’ regulator)
For customer service issues: will supplies be maintained with high leakage levels?
For price regulation: does the plan offer the best mix of operating and capital
expenditure?
For comparative efficiency studies: is the company being wasteful in its leakage
plan?

Environment Agency/Department of the Environment
For assessing the validity of new or revised abstraction licences/applications
For safeguarding and planning the nation’s water resources.

Customers
For continuity of supply without hose-pipe bans or other restrictions.

Politicians
For comparing profit levels with the signs of underinvestment.

What are the key issues ?

Leakage management plans will be specific to each water company, and to supply zones
within companies. What is economic for one area may not be appropriate for another.
Leakage management strategies will also change with time as unit costs of water and
active leakage control change, and new techniques become available.

In formulating a plan for leakage, the company will need to consider the following six
key issues.

1. How much do we wish to spend 2

In theory, expenditure plans for leakage will be derived from estimates of current leak-
age levels, and an economic assessment of alternative measures. The blend of measures
with the lowest net present value (NPV) is considered to produce the long-term
economic level of leakage.

Price setting by OFWAT does not allow for investment in leakage reduction. It is
classified as an efficiency measure, and investment to improve efficiency must be funded
by the company and not included in K factors (i.e. the formula for allowing a water
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company to increase charges to the customer). Any expenditure will therefore have a
direct bearing on profit levels. In practice therefore, it is likely that each water company
will have to make a judgement on how much itis prepared to spend on leakage manage-
ment measures, and over what period of time.

At present, leakage targets are set by the companies and policed by the regulators. If
mandatory targets are set, then the question becomes, “Who pays for the extra invest-
ment needed to achieve these targets?” Price-setting allows for the required investment
to meet water quality objectives. There is much discussion whether investment to achieve
externally imposed targets for leakage should be given the same recognition and allowed
for in setting ‘K’.

2. What are the implications of a relatively high level of leakage?

Companies will wish to consider the consequences and benefits of leakage management
in both economic and non-financial terms. For example:

Will high leakage levels affect pressures in the system and cause level of service
failures?

Does leakage affect the ability to maintain continuity of supply?

Does leakage affect the quality of distributed water?

A term increasingly being used is “Headroom?”, i.e. the difference between available
supply and the forecast demand (including leakage) in the system. Leakage Manage-
ment is clearly of greater importance in those systems which lack headroom than in
places where there is a surplus of supply over demand.

3. What league table position are we satisfied with?

The publication by OFWAT of league tables for comparing leakage in the annual Cost of
Water Delivered Report (Ref. ‘Leakage of Water in England and Wales’, OFWAT, Bir-
mingham, 1997) has led to healthy competition between companies.

Leakage is seen by external observers as synonymous with waste, and high waste is
seen as inefficient. Much research has been carried out in recent years to find a fairer
method of measuring performance on leakage management. Despite this, the use of
percentages is still common. Alternative measures, which use properties or mains length
as a scaling factor, introduce their own bias favouring either urban or rural areas.

4. How can we estimate the savings from leakage management measures?

The National Leakage Initiative developed two concepts which have been of significant
benefit in the understanding of leakage.

1) The concept of comprehensive water balance, where each and every component of
‘water into supply’ (i.e. all the components of water supplied to the network, includ-
ing losses) is identified.

As a result there is now no such thing as “unaccounted-for water”, which was the
recognized measure of leakage. However, there will always be some elements which do
not have a legitimate definition, e.g. use through illegal connections, or leakage from
abandoned mains. Some companies have instigated thorough audits of their base data to
ensure that their leakage estimates are made from reliable and up-to-date information.

2) A technique known as Burst and Background Estimates (BABE) for modelling the
anticipated level of losses from a system with given characteristics and a set leakage
management policy.
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Since publication of the Managing Leakage reports in 1994, the techniques for esti-
mating the components of the water balance and for developing leakage models based
on BABE have improved considerably. The initial BABE models relied heavily on indus-
try-approved data. As a result, there was a good deal of scepticism from regulators and
from within the industry. The technique has now proved itself in practice. Accurate pre-
dictions have been made, using BABE, of the reduction in losses which can be achieved
by eliminating a leakage backlog, or applying pressure reduction. It has also been used
to develop methods for prioritizing leakage investigations, and for paying leak detection
contractors through a system of leakage units, or equivalent service pipe bursts (ESPBs).

Techniques are now available to provide company-specific estimates for:

Infrastructure Correction Factor (ICF), which is an estimate of the background
leakage compared to the industry average.

Burst Frequency, from a detailed analysis of job records.

Current Position, from analysis of the trend in distribution input.

Research is ongoing into methods of assessing the level of background and burst
losses from empirical measurements in each DMA, which, if found to be reliable, will
revolutionize the concept and the approach to leakage modelling. The calibration of
BABE-based models will then become similar to the calibration techniques used for hy-
draulic network analysis models, in which site measurements are used to verify predic-
tions from desk studies.

Leakage forecast

When setting targets and forecasting future leakage levels, the current position
and both short- and long-term targets must be taken into account.

The economic level will be that which is the most cost-effective. However, the com-
pany may adopt another “optimum” level which takes into account other consid-
erations.

5. How do the regulators view targets?

The present regulatory position is quite complex. In simple terms, the companies are
expected to set their own targets for leakage, and the regulators accept in principle that
there will be differences between companies due to different environmental considera-
tions and different water resources positions. Owing to these differences the regulators
expect to see plans which are based on company-specific data and which take account of
all of the key variables.

In order to develop a plan which satisfies the needs of the regulators, the following
elements and tasks should be reviewed:

Accuracy of source meters

Accuracy of per capita consumption estimates

Extent of District Metering

Extent of Pressure Control

Accuracy of data used in metering systems, ensuring correct allocation to districts
and zones

Trunk Main and Service Reservoir condition assessment

Methodologies for setting leakage targets and for directing investments in favour
of leakage reduction.

Companies are being judged not only on their current level of leakage, but also on
the initiatives they are taking to substantiate that level, to assess the economic optimum
plan, to reduce leakage to optimum levels, and to maintain optimum levels into the
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foreseeable future. It is interesting that while pressure is a prime driver of the optimum
level of leakage, it is not taken into account by the regulators in comparisons between
companies.

One new issue is the environmental cost of water, for the assessment of which there is
no set procedure. It can therefore be seen as a significant issue. Perhaps the best way of
including environmental costs is to consider their effect on the economic level of leak-
age. The effect of higher unit costs can be seen by plotting the economic level against the
marginal cost of water. In many cases, adding value to the water beyond, say, £0.15 to
£0.30 per m3, does not reduce the short-term economic level of losses significantly. How-
ever, higher cost water makes it easier to justify capital investment in leakage reduction
measures. The only question then is who pays for the environmental cost?

6. What are the next steps in formulating a leakage management plan?
There are six key stages to formulating an economic optimum plan for leakage manage-

ment:

Assess the current position. This will include taking alternative views of night flows, inte-
grated flows, and BABE modelling—and reconciliation of leakage estimates based on

these.

Assess current position

Model components of losses

Assess components

Model active leakage control vs losses

5 Model alternative investment strategies

6 Determine optimum mix of measures

Model the components of current losses. Assessment of the current position should include
an estimate of the components of current losses so that the impact of alternative
strategies can be better understood.

Assess the components of current leakage expenditure. Current leakage expenditure will
include staff costs, transport, equipment and payments to contractors. It is important
to analyse these costs to determine how much is truly marginal and how they relate to
the current level of losses.

Model ALC vs. Losses relationship. Once the current components of losses and active
leakage control (ALC) costs are understood, techniques are now available to model
alternative scenarios in order to carry out “what if” calculations.

Model alternative investment profiles and calculate NPVs. Techniques are also available to
determine the shift in the economic level of leakage as capital investment is made in
pressure control, mains replacement, etc. The net present value (NPV) of these in-
vestment streams can be compared to the savings.
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Determine the optimum mix of measures. The optimum forecast will take into account all
the above previous stages, as well as environmental, social, political, financial and
customer related issues.

6.3 The Bursts and Background Estimates (BABE) concept

This section is based on a paper by Allan Lambert, International Water Data Compari-
sons Ltd, and presented to IIR Conference on Water Pipelines and Network Manage-
ment, London, 1997 (see Section 1.3, Ref. 4).

See Annex 6 for a description of software.

Introduction

The U.K. National Leakage Control Initiative (1990-94) provided a focus for the devel-
opment of a systematic approach to calculating individual components of losses in distri-
bution systems and on customer’s pipework, either as part of an annual water balance or
for night flow analysis.

The concepts—called Bursts and Background Estimates (BABE)—were developed
from a review of international literature, and consideration of the many parameters that
influence losses. They have since been applied successfully in the United Kingdom and
many other countries, e.g. Canada, USA, Bahamas, Bolivia, Czech Republic, South
Africa, Jordan and the West Bank, to assist Leakage Management planning and opera-
tions.

The data in the Managing Leakage reports form the foundation for the application of
the concepts in the United Kingdom. Since 1994, one leading U.K. Environmental Con-
sultant, RPS Water Services, has undertaken case studies in 78 supply areas of ten water
companies. During these studies, many of the techniques were refined—in particular,
the pressure/leakage relationships—and there have been improvements in the speed
and userfriendliness of the software available to perform conceptual modelling. The
application of BABEs in countries with many different and more extreme circumstances
than in the United Kingdom demonstrates that the concepts are robust. Yet they remain
relatively simple, and use data that can be audited and calculations that can be under-
taken to any appropriate degree of detail and data availability.

An overview of the state-of-the-art at the end of 1996 is described below. It seeks to
correct some areas of misunderstanding which have arisen out of the Managing Leakage
reports (background losses, customer night use), and includes more recent work such as
incorporation of ‘rate of rise’ studies of leakage into the software and models. A clear
need for customized software—rather than ‘standard’ products—has been identified since
1996, both in the United Kingdom and in other countries.

One of the most important aspects of BABE is that all Leakage Management studies
for a particular supply system—whether for planning, economics or operations—draw
on the same concepts and the same data and parameter values. This ensures that the
results of all calculations are compatible, and there are no ‘loose ends’ or ‘black holes’.
Each advance in knowledge is integrated into all the concepts and enhances the reliabil-
ity of the calculations.

Defining and assessing the components of losses

The original Bursts and Background Estimates (BABE) leakage management concepts
and software were developed in 1992-94, during the U.K. National Leakage Initiative.
Bursts—events exceeding some defined threshold flow rate (500 1/h at 50 m pressure in
the United Kingdom)—are classified as ‘Reported’ or ‘Unreported’; sources of loss with
lower flow rates are aggregated as ‘Background’ losses for purposes of analysis. Each of
these three types of losses has different characteristics, and is influenced by different
parameters.
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The concepts have been designed for international application to any appropriate
degree of detail. For application in the United Kingdom, there are six different infra-
structure components for any particular water supply system, making 18 possible compo-
nents of annual losses. The ‘bursts’ components from plumbing are normally ignored in
the United Kingdom.

For nightflow analysis to identify the presence of unreported bursts in District
Metered Areas (DMAs), typically seven components are used to calculate the ‘Background
Night Flow’, which is the night-flow rate (m3/hour) which occurs at a particular average
zone night pressure (AZNP) when there are no bursts present.

In all applications, the values of components are calculated from first principles
using combinations of appropriate parameters. Some of the parameters (e.g. customer
night use associated with fixed volume installations such as toilet cisterns) are consid-
ered not to be influenced by pressure.

Where the parameters are influenced by pressure, its influence is modelled using
Fixed and Expanding Leakage Paths concepts (3) rather than Leakage Index concepts
originating in Report 26 of the NWC Standing Technical Committee (4). Hour-day
factors (also calculated using the fixed/expanding paths concepts) are used to convert
night-leakage rates to 24-hour leakage rates.

For calculating losses from bursts, the number of reported and unreported bursts are
required. The numbers, pressure-corrected typical flow rates, and average durations are
used to calculate the annual losses. The average durations consist of three components—
Awareness, Location and Repair—which are dependent upon specific active leakage
control policies, standards of service, and legislation.

In the United Kingdom, background losses from trunk mains and service reservoirs
are taken from re-analysis of Report 26 data, documented in Managing Leakage Report E.
For service reservoirs, overflows correspond to the ‘Bursts’ components.

Carrying out water audits and system reviews

In the United Kingdom, water audits are usually based on retrospective 12-month
periods ending on 31 March. The volume of distribution input is compared with the
components of ‘water delivered’ and the difference, after allowing for the minor compo-
nents of Miscellaneous Water Taken, in the ‘Distribution Losses’. Note that in this
approach, the underground supply pipe losses on unmetered or internally metered prop-
erties must be assessed separately in order to assess the ‘water delivered’.

Using the BABE components of annual losses approach, the individual components
of losses (including those on customers’ underground pipes) are calculated from first
principles, then added to the metered and unmetered consumption, and the other mi-
nor components of Miscellaneous Water Taken. The sum of all these is then compared
with the distribution input, and a balancing error is identified.

The software used for these calculations allows rapid sensitivity tests for possible
errors in key parameters, to see whether the balancing error is likely to be ‘real’ or simply
within the inherent range of errors in calculation. The individual calculations can be
taken to any degree of refinement required, and can incorporate cross-checks with other
data. For example, recently developed software (CELLONI, CELLORI) also calculate
the ‘rate of rise’ of losses occurring with passive leakage control, which can be compared
with ‘rate of rise’ studies like those reported by Arscott & Grimshaw (5) and Tustin (6).

Reconciling estimates of losses from annual water balance and night flows

Because of reporting requirements by OFWAT (the U.K. Economic Regulator) in Eng-
land and Wales, losses from underground supply pipes (UGSP) must be separated from
distribution losses. The BABE components approach allows this to be done on a logical
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and transparent basis which can be audited, taking into account actual policies relating
to the repair of bursts on UGSPs.

Unfortunately, even the most sophisticated statistical analysis of accumulated series
of night-flow measurements provides no clue as to what proportion of night-flow losses
occur on a customer’s pipework after the point of delivery, or how that proportion could
alter by changes in repair policies. The night-flow approach, used on its own, also does
not provide any estimate of the annual losses from pipework outside the DMAs.

OFWAT’s 1995/96 Water Delivered Report (‘Leakage in England and Wales’, OFWAT,
Birmingham, 1996) states that the Director “remains concerned that the case studies he
has seen (using BABE components) are overly dependent upon national consumptions
about background leakage levels”. In this respect, the Director (and perhaps most water
companies) are clearly unaware of how easily Infrastructure Correction Factors (ICFs)
can be established, from zonal measurements, to adjust the ‘national’ values of back-
ground losses to local values that can be audited. Software to accomplish this has been
commercially available for at least two years but little used.

The methodology used is a refinement of the methodology in Fig 3.2 of Managing
Leakage Report F (Using night flow data), and requires continuous night-flow measure-
ments. Immediately following a thorough survey of each DMA, when all located leaks
and bursts have been isolated or repaired, the measured night flow will be the ‘back-
ground’ night flow at the current night pressure.

By deducting the customer night use (allowing for components of night use and
variability from night to night, see Appendix A of Managing Leakage, Report E), the back-
ground losses which remain can be compared with the background losses calculated at
the current AZNP for the DMA—using the U.K. ‘Average’ figures, based on 52 DMAs
including 13 000 properties, from Table 4.1 of Managing Leakage, Report E—and a
pressure correction factor.

An Infrastructure Correction Factor (ICF) can then be calculated, relating the actual
losses to the U.K. ‘Average’ losses. The DMA for such studies was 500 to 1500 properties,
with few non-households; in larger DMAs the annual numbers of bursts are such that
new bursts may occur before all the located bursts have been repaired or isolated, and in
smaller DMAs the higher random variability of customer night use may influence the
results. A weighted ICF value for each supply system can then be calculated using the
individual ICFs calculated for the individual DMAs, and used in more refined calcula-
tions of BABE annual components.

In case studies carried out by a consultant in the United Kingdom, weighted ICFs of
around the expected U.K. National ‘Good’ value of 0.50 have been identified for supply
systems where there has been extensive rehabilitation. In a recent study for one water
company, the ICF for around 100 DMAs averaged 1.0, with values up to 1.35 for indi-
vidual zones.

Another notinconsiderable advantage of determining ICFs for background losses for
each DMA, as part of an ongoing routine, is that, once established, they need only be
checked intermittently, preferably when customer night use is likely to be stable. For
reconciling DMA night flow measurements with annual distribution losses, this obviates
the logistical problems of amassing 365 night flows each year for each of the thousands
of DMAs, and then attempting to deduct estimates of customer night use which may vary
seasonally.

The use of ‘Maximum Likelihood Estimation’ to allocate balancing errors in losses
(derived from statistical analysis of a limited number of night flows) to all components of
distribution input remains unconvincing. Balancing errors exist, and should be specifi-
cally identified. If they are small they can be accepted, but if large they can indicate a
‘backlog’ of bursts from previous years, or the need for further research into key param-
eters (e.g. hour-day factors).
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Customer night use

It is appropriate to emphasise that Managing Leakage Report E did not state that house-
hold night use was a fixed 1.7 litres/household/hour in all situations. Appendix A in
Report E gave a methodology from which average values and night-to-night variability
can be calculated (depending on the proportion of ‘active’ properties/population and
types of night use).

This methodology has since been used internationally in situations where the toilet
cistern sizes and numbers per household differ markedly from those in the United King-
dom. While litres/property/hour (1/prop/h) are widely used in the United Kingdom, it
may be preferable to assess household night use by ‘active population’ and ‘active non-
households’ rather than a fixed value in 1/prop/h. This is because the assessment of
customer night use, in any country, consists in identifying:

What proportion of people, or water-using devices are active at night?
How much water does an activity (e.g. flushing the toilet) use?

At certain times of year, seasonal variations in activity at night can be expected to
produce large individual values of household night use, as in a recent study where the
data were collected over the Christmas period when many late night parties would be
expected to occur.

Identifying and clearing a backlog of bursts

The numbers of reported and unreported bursts used in the annual BABE components
calculations should be those which are occurring in a particular year. However, company
data will relate to the recorded numbers of reported, and unreported/located bursts in
any particular year. Note that:

If a consistent leakage control policy has been followed for several years, the num-
bers should be close to each other.

If reported or unreported bursts are not being located and repaired, the recorded
numbers will be less than the numbers actually occurring and a backlog will
develop.

If there is a sudden increase in activity where a backlog existed, the recorded num-
bers will be greater than the numbers actually occurring in the year.

BABE components-of-losses calculations that show a large positive balancing error,
which cannot be explained by uncertainties in the parameter values used, are usually
found to be due to the existence of a backlog—e.g. situations where bursts on customer’s
pipes have been located but not repaired. Where night-flow data exist, this conclusion
has been confirmed in case studies using the night-flow component analysis approach to
assess the number of Equivalent Service Pipe Bursts.

The identification of significant balancing errors in the BABE annual model can be
likened to the identification of significant anomalies between predicted and recorded
pressures and flows when a Network Analysis Model is being developed. The causes of
significant errors—whether due to data deficiency, incorrect parameter values, or real
problems—must be tracked down and resolved until the model represents ‘reality’ to an
acceptable degree of accuracy. The BABE model, once calibrated, can then be used for a
variety of ‘what if” calculations.

Reducing repair times, including bursts on customers’ pipes

Identification of a significant backlog of bursts is perhaps the ideal situation for a com-
pany that wishes to make rapid progress in reduction of losses, because the recoverable
loss consists in a number of specific burst events which can be rapidly repaired, given the



6. DEVELOPING A LEAKAGE MANAGEMENT STRATEGY

47

will and the resources to do so (e.g. with free or subsidized repairs of bursts on custom-
ers’ properties). In some cases, replacement of limited sections of deteriorated mains, or
of deteriorated services will be preferable to repairs.

In situations where there is no significant backlog of bursts from previous years, one
of the simplest options for further reduction of losses—given that the condition of over-
all infrastructure cannot be radically changed in the short term—is to reduce the repair
time for both reported and unreported bursts. The assessed reduction in losses is one of
the many ‘what if’ calculations which can be easily done using BABE annual component
models. All that is needed is to change the average duration for repairs, which has been
entered in the original model to reflect the current situation.

Calculations which compare the cost of serving Section 75 Waste Notices (and the
typical additional time for which bursts run during this process), and the typical cost of a
service pipe repair, can be used to show the marginal supply costs at which it becomes
economic to undertake free repairs. Alternative options such as subsidized repairs can
be easily modelled using the BABE principles.

Economic level of awareness/location effort for current active leakage control policy

The basic principle of an active leakage control policy, based on use of manpower, is to
limit the average duration of unreported bursts. Any variant of active leakage control
policy can be modelled using the concept that company policies—including repair times,
effect of legislation, and standards of service—can be turned into average durations for
awareness, location and repair of unreported bursts.

For policies of regular survey, the average ‘awareness + location’ time for unreported
bursts is, quite simply, half the interval between surveys. For night-flow measurements,
there are a wider range of options for ‘awareness + location’ duration of unreported
bursts.

For setting up a BABE component-of-losses model for a current leakage control policy
based on night flow measurements:

— ‘awareness’ is half the interval between data collection, plus the time taken for
analysis of night flows to identify unreported bursts;

— average ‘location’ time is calculated from the current policy for intervening in
DMA, e.g. when the night flow exceeds some threshold level.

By increasing or decreasing activity—in terms of the frequency of data collection from
DMAs, and the number of interventions per year—the effect of ‘more’ or ‘less’ effort
(when a ‘steady state’ situation is reached) can be predicted using BABE components
concepts.

The cost of the increased/reduced activity is also calculated; this gives the relation-
ship between manpower effort and the ‘steady state’ level of losses. In the early versions
of BABE software (e.g. Appendix B2-2 in Managing Leakage Report C), this approach was
used to produce the ‘dish shaped’ total cost vs. losses relationship. Recent software devel-
opments (e.g. CELLONI, CELLORI) use a subroutine (Costless) to automatically calcu-
late the relationship between marginal costs and Economic Level of Losses from the
basic data.

The relationship between level of activity and level of losses can also be modelled for
hypothetical areas subject to a particular active leakage control policy, but with different
pressures, mains length per property, and burst frequencies (7).

Components of marginal costs and their influence on economic leakage levels

For any particular situation, active leakage control (ALC) policy and operating pressure
in a particular supply area, with current infrastructure condition, and economic level of
losses (ELL) are asymptotic to a base level of losses which comprise:
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Background losses
Losses from reported bursts
Losses due to repair time of unreported bursts.

The general form of the equation is:
ELL=1b ++ (B/(MCS + A))

where MCS is the marginal cost of supply, and A, B and Lb are parameters which vary
in different situations, or in the same situation with different policies.

The marginal cost of supply (MCS) normally includes short-term operating costs
(power, chemicals, and cumulo rates increasing charges per volume of abstraction); if
appropriate, deferred capital costs and environmental costs can also be added. However,
each successive increment of marginal cost produces a smaller absolute reduction in the
economic level of losses.

The experience of RPS Water Services with case studies shows that, because of the
form of the equation, once a company is undertaking active leakage control in DMAs up
to around 1500 properties, and achieving economic leakage levels for short-term opera-
tional costs by:

— locating unreported mains bursts within 7 days, and by
— locating unreported service pipe bursts when no more than one or two have accu-
mulated in DMAs of less than 1500 properties,

then adding on capital and environmental costs to the MCS makes remarkably little
difference to the economic level of leakage calculated on the basis of manpower activity
to monitor, find and fix the unreported bursts.

Thus it may be concluded that, in these circumstances, inclusion of capital and
environmental costs in marginal costs of supply is likely to have far more influence on
investments in infrastructure and pressure management (to reduce the background
component of base losses) than on the number of extra leakage inspectors employed to
locate unreported bursts more quickly.

Assessing alternative active leakage control policies, pressure management and
rehabilitation options

Wider considerations than simple changes in manpower effort within an existing ALC
policy could involve one or more of the following:

— possible changes in the method of active leakage control;

— telemetry to reduce the ‘awareness’ time for unreported bursts;

— increasing the number of DMAs (to reduce average size) pressure management;
— changes in standards of service including repair times;

— infrastructure renewals affecting background losses and burst frequencies.

For such calculations, a full software package (UKADB, CELLONI and CELLORI) is
required. For night flows, modelling of the manpower cost vs. losses relationship is
normally undertaken by assuming that, where unreported mains bursts occur, they are
located within X days, but that as unreported service pipe bursts aggregate, intervention
to locate them waits until N, N+1, N+2 or N+3 such bursts have accumulated (where N
depends on the size of DMA).

Once such a model has been developed and checked for a retrospective water audit
in a particular supply area, it can be used for any combination of the above ‘what if’
options, and can be used to calculate the probable ‘steady state’ economic level of losses
which should be achieved when the policy is fully implemented.
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The more recent software packages are designed for very rapid use, with simple
sensitivity testing and key parameters on a single screen. There is a clear and increasing
demand for such customized software packages.

Choosing the economic optimal sequence and mix of actions

Using the ‘what if” facility of the software packages referred to above, alternative combi-
nations of actions can be quickly investigated for individual supply areas. If there is a
need to meet a specific technical target for losses, case studies show that a combination
of actions—rather than one single activity—will be needed, but the actions will differ in
each situation.

Perhaps the largest-scale test of the reliability of prediction of such a combination of
activities occurred in 1995/96 in North West Water, England (8), where a single BABE
models was used for the whole of the region to predict what actions would be needed to
reduce total losses by approximately 250 M1/d over a period of 4 years. A specific
combination of policies was identified using the assumption of ‘average’ infrastructure
condition consisting in:

— identifying and reducing backlog, and
— reducing repair times (including customers’ burst pipes).

Overall pressure reduction by 10 metres was implemented, and over a period of 18
months has already produced a ‘steady state’ reduction in losses of around 150 M1/d.
Implementation of pressure management schemes to deliver the remaining savings is
still in progress.

Pressure management options and pressure standards of service

The probable reductions in losses arising from pressure management on a ‘macro’ scale
can be predicted from the annual components-of-losses models. However, for the actual
task of prioritizing individual DMAs for pressure management (new or enhanced),
different software programmes are appropriate.

The PRESSMAN programme has been designed to enable such calculations to be
carried out rapidly, using the measurement methodology (inflows plus pressure read-
ings at three selected points for 24 hours) outlined in Appendix E of Managing Leakage
Report G. This programme can also be used to assess:

— potential reduction in burst repair costs, and
— possible loss of income from metered customers,

in assessing the payback period for expenditure on pressure management. It also
contains a sub-routine which can calculate appropriate parameters for Fixed and
Expanding Paths pressure/leakage relationships from a simple test where night
pressures are reduced and inflows measured.

Experience in using this programme demonstrates the key relationship between the
economics of pressure management schemes and (i) regulatory pressure standards, and
(ii) the extent of household metering, particularly for WSA Companies where sewerage
charges are on a per m3 basis.

OFWAT does not appear to recognize that such links exist, even though they are
fundamental to formulations of company policies.

Based on case studies, pressure is the single most important parameter influencing
leakage and leakage management in the United Kingdom; any comparisons of leakage
management performance which exclude average working pressures must be consid-
ered as technically inadequate.
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Setting leakage targets

From a paper by Janet Joy and Andrew Oakes, WRc, presented to IIR Conference on
Water Pipelines and Network Management, UK, 1997 (see Section 1.3, ref. 4).

Introduction

The UK Regulator, OFWAT, has stated that where companies do not set defensible leak-
age targets, or fail to meet their targets, the Director will, if necessary, take enforcement
action by recommending mandatory targets to the Secretary of State (I). These targets
would then become legally enforceable obligations. This raises a number of issues on the
viability of determining equitable leakage targets against which a company’s perform-
ance could be measured.

Reliability of leakage assessment

Leakage estimates are subject to considerable uncertainty. An individual company may
be able to monitor trends in leakage if the method used to assess leakage is consistent.
However, performance against imposed leakage targets may only be evaluated in a mean-
ingful way if a standard method can be developed to provide reliable leakage estimates
for each company. Errors associated with leakage assessments are discussed later (see
below).

Criteria for target setting

In 1980, when Report 26 (2) was published, it was accepted that leakage targets should
be based on the ‘economic’ level of leakage. This is the level which results in the mini-
mum total cost when the costs of both leaking water and leakage control are taken into
account.

In recent years, the demand for water has increased, the environmental lobby has
become more powerful, and customer perception is now a driving force. Many compa-
nies have set leakage targets which appear to be based on their customers’ expectations
than on financial constraints.

OFWAT has affirmed its support for an economic approach to target-setting, while
stating that ‘environmental factors should be taken into account’. Itis not yet clear whether
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companies will be compelled by the Environment Agency to invest in leakage control
where this is a more expensive and riskier option than developing a new resource.

Whatever factors are instrumental in setting a company’s leakage target, it is impor-
tant that the minimum-cost position is accurately determined. If the target is below the
economic level of leakage, the additional cost of achieving and maintaining the target
level should be quantified.

Comparing the results of economic analysis for different companies

High leakage control costs will increase the economic level of leakage. Leakage control
may be expensive due to natural factors, such as soil and water type, or due to company
factors, such as poor mains condition or inefficient leakage policy or practice. Low effi-
ciency should not be used to justify a high economic level of leakage.

It must be recognized that the relationship between the cost of leakage control and
the level of leakage is dependent upon the specific leakage policy that is in place. The
form of the relationship and the economic level of leakage will change if the leakage
policy is changed. With less efficient leakage control policies, it may not be possible to
achieve low leakage and a change in policy, involving major capital investment, may be
required. A new approach to modelling the active leakage control cost curve is presented
(see below).

Estimating the level of leakage

Leakage cannot be measured directly. Instead it may be estimated by two methods :
1) The integrated flow approach
Leakage = distribution input—consumption

Leakage is the residual in the annual water balance calculation. A consistent
approach is used by companies to provide leakage estimates using this method.
Estimates for unmeasured consumption show wide variation, but the influence of
the consumption estimates on the leakage estimate may be readily assessed.

2)  Minimum night flow (NFM) approach
Leakage = (NFM—legitimate night use) * pressure adjustment factor

The night flow approach can provide snapshot leakage estimates throughout the
year. A pressure adjustment factor is used to calculate the average daily leakage
from the leakage assessed at night. There is no consistency between companies
with respect to the number and timing of night flow assessments, the recording
interval and method whereby the minimum flow is assessed, allowances for legiti-
mate night use, and application of pressure adjustment factors. It is not possible
to quantify the impact of the method used on the results as it will depend upon
local conditions.

1. Errors in leakage estimates derived from the integrated flow approach

In arecent UKWIR (UK Water Industry Research Ltd) project (3), information on meth-
ods currently used in the water balance calculations was obtained from a company ques-
tionnaire which was returned by seven water only and seven water service companies.
The companies were asked to describe the method they use to carry out the annual water
balance calculation and to estimate the errors associated with each component in the
calculation. They were also asked to explain the reasons for their error assessments.

In general, higher error estimates were reported by companies which had carried out
more detailed investigations. The estimated component errors were used to calculate
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the resulting error on the leakage assessment. The minimum error estimates suggest that
leakage should be quoted as 14% * 3%, i.e. somewhere between 11% and 17%. The
error range is almost certainly an underestimate.

The maximum error estimates suggest that leakage is 14% * 9%, i.e. somewhere
between 5% and 23%.

2. Errors in leakage estimates derived from the night flow approach

Night flows can be monitored by district metering or reservoir drop tests. Drop tests may
be able to provide a leakage estimate for the whole supply and distribution system, in-
cluding service reservoirs and trunk mains. However, most companies find it impractical
to carry out drop tests more than once or twice each year. This is useful for monitoring
trends in leakage levels, but less valuable for providing a realistic assessment of average
leakage throughout the year.

District metering allows night flows to be monitored continuously and is very useful
for prioritization of leakage control resources. However, few companies have complete
coverage by district metering, and there are questions over the accuracy with which the
results can be extrapolated to provide company leakage estimates, and the assessment of
leakage from service reservoirs and trunk mains. There may also be problems estimating
leakage from night flows during summer periods if night use increases due to watering
of gardens. No reliable method is currently available to distinguish leakage from con-
tinuous water use.

The error associated with a leakage estimate produced using the night flow approach
will depend on the data quality and the method used to analyse the data. It is difficult to
make any general comments on the expected errors. For example, analysis of data for
four sample areas showed that flows recorded over a fixed one hour period (3 a.m. to 4
a.m.) may be up to 19% higher than the flow during the minimum hour; while there are
advantages in moving to shorter recording periods and using monthly percentile values
to take account of variations in night use, the allowance for legitimate use should corre-
spond to the period over which the minimum night flow is measured. The allowance for
household night use of 1.7 1/prop/h in Managing Leakage (4) is strictly only appropriate
for a fixed one-hour recording period.

By improving data analysis procedures it should be possible to produce more reliable
leakage assessments through the use of night flow data than through the integrated flow
approach. Efforts should be made to develop a standard approach and to quantify errors
in the leakage estimates produced by individual companies.

3. Reconciling the two approaches

Night flow measurements provide snapshot leakage assessments which may not be di-
rectly comparable with annual assessments produced from the annual water balance.

OFWAT expects companies to move to a fully component-based water balance, i.e. to
assess each componentindependently and compare the sum of the components with the
measured distribution input. However, the sum of the components may not agree with
the measured distribution input due to the associated errors.

It is assumed that annual leakage can be estimated with an error of £ 10% (using the
night flow approach) and distribution input is calculated as the sum of the components;
error estimates suggest that the error in calculated distribution input could be up to 8%.
Measured distribution input is reported to have an error of between 1% and 4%.

Setting leakage targets

The basic approach for determining the economic level of leakage can be explained by
Fig. 6.1.
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The cost of leaking water is assumed to be directly proportional to the volume of
water lost. The cost of leakage control increases at lower levels of leakage, and the rate of
increase becomes gradually steeper until a level is reached below which leakage cannot
be further reduced. By adding the two cost curves together it is possible to identify the
minimum cost position. This is described as the economic level of leakage.

The active leakage control cost curve in Fig. 6.1 relates to the steady-state condition,
i.e. the cost for maintaining a given level of leakage. Transitional costs of moving from
one level of leakage to a new level are not included.

This approach was proposed in Managing Leakage and further developed by UKWIR
(see Section 1.3, ref. 4). Although the principles are straightforward, some of the funda-
mental influences, such as the natural rate of rise of leakage, are still poorly understood.
Modelling the cost of leakage control and the cost of water relationships is a complex
task and it should be recognized that the form of the curves may change over time. The
relationships must be based on good quality company data and a detailed understanding
of the policies that are in place.

From the analysis of company data, the Water Research Centre (WRc) has built on
the standard methodology and developed a new approach which allows the costs and
effectiveness of different leakage control policies to be compared.

Cost of leakage control
1. Explaining differences in leakage control costs

All the companies represented in Fig. 6.2 used some form of continuous night-flow moni-
toring and the cost/man-week of active leakage control showed only minor variations
from one company to another. The differences in the cost of active leakage control were
not explained by pressure or mains length per property. Although factors such as mains
condition may have been partly responsible for the variation in costs, it is clear that the
data do not follow the pattern of very high leakage control costs at low levels of leakage.

The differences in leakage control costs could be explained by considering the number
of leaks currently running in each zone, i.e. the ‘backlog’ of leakage. This will be deter-
mined by the historical active leakage control activity.
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Fig. 6.2 Cost of active leakage control: real company data
(from Managing Leakage—Report C, Appendix B1) (5)
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2. Backlog of leakage

Consider a zone running at 8 1/prop/h. To maintain this level, 150 leaks have to be
repaired each year. Over a period of years, leakage is allowed to drift up (by not putting
sufficient effort into active leakage control) and increases to 13 1/prop/h.

Leaks continue to occur at approximately the same rate at this higher level of leak-
age. Therefore to maintain 13 1/prop/h, 150 leaks still need to be repaired each year.
However, there are now, say, 100 more leaks running than before. This means that a
similar level of expenditure will be required to hold leakage at the higher level.

To move back to 81/prop/h, the company could, in theory, maintain steady state and
reduce the average leak run time. In other words, they could attempt to find the 150
leaks more quickly without changing the exitlevel. (It may not be possible to achieve the
required leakage reduction using this approach, as there is a limit to how quickly it is
possible to find the leaks.) This would resultin a large increase in annual leakage control
costs.

In practice, to bring leakage back down to 8 1/prop/h, the company needs to find
and repair the 100 extra leaks. This will involve a one-off effort for location and repairs.
During the transition phase, substantial additional expenditure will be required. How-
ever, once the target level of leakage is achieved, it should be possible to maintain the
steady state with only a relatively small increase in the ongoing leakage control costs.

3. Leakage control policy

With limited staff resources, intensive leak location work may succeed in reducing
leakage to a low level in target DMAs, but there may then be a long period between leak
location exercises. Alternatively, the leakage policy may ensure that DMAs are targeted at
frequent intervals but may fail to achieve low leakage, e.g. if sounding is only carried out
on hydrants and valves or if the team finds a certain number of leaks and then moves on.
These two policies will have the same overall effect.

For the same average intervention period (e.g. sounding, on average, once per year),
lower levels of leakage can be achieved through:

Small metered areas (DMAs or waste areas)—this exploits the variation in natural
rates of rise of leakage and results in better prioritization and hence less sounding.
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Frequent data analysis—this allows bursts to be identified more quickly.
Short repair times—this reduces leak run times, but it will be more efficient to
locate a number of small leaks in a single sounding exercise.

The lowest achievable level of leakage and the shape of the active leakage control cost
curve will be dependent upon the leakage control process. The costs of leakage control
can be split into component parts. Some of these will be independent of the level of
leakage, e.g. the cost of correlating to pinpoint leaks. Other costs must increase if the
level of leakage is to be reduced, e.g. staff time on sounding exercises.

The leakage policy will determine the relative size of the different cost components
and how the costs would change at different levels of leakage, e.g. if telemetered flow
data are available, data collection will be a small component of the total cost of leakage
control and more frequent data collection would result in only a small increase in costs.
If leakage is high but flows are collected weekly, more frequent data collection will not be
required in order to reduce leakage.

The active leakage control cost curve for the current policy uses the current cost
components and models the effect of more intensive or less intensive activity. It must be
based on good quality company data which relate to the steady-state condition and a
good understanding of the active leakage control policy.

A change in the leakage control policy may result in:

a change in the leakage control costs, e.g. more intensive sounding methods;

a change in the level of leakage, e.g. more extensive pressure control;

a change in the lowest achievable level of leakage, e.g. if step tests are no longer
carried out.

This is shown in Fig. 6.3.

More efficient policies will reduce the economic level of leakage and the total cost of
leakage. However, moving to a more efficient policy may involve major capital expendi-
ture. The most cost-effective policy will depend upon the leakage target, e.g. district
metering is a very efficient way of maintaining low levels of leakage, but less worthwhile
at higher levels of leakage.

The impact of the leakage policy on the economic level of leakage raises a number of
questions. Should companies which have invested heavily in leakage control, and which

Fig. 6.3 Active leakage control costs to maintain a steady state
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are therefore likely to have a relatively low economic level of leakage, be compelled by a
regulator to meet more stringent leakage targets than companies which have failed to
invest? Should companies which are operating control policies that would be expensive
at low levels of leakage be expected to undertake major capital investment, such as more
extensive district metering or mains replacement, in order to reduce their economic
level of leakage? If full life-costing is used to take into account both the capital and oper-
ating expenditure involved in implementing a new leakage policy, what would be an
acceptable payback period for the necessary investment?

4. Cost of water

The cost of water, or the financial benefit to a company which results from a reduction in
the level of leakage, can be divided into:

Operating costs—the savings in power and chemicals due to reducing the volume of
water which is lost as leakage.

Capital costs—the savings which can be realized by deferring or downsizing demand-
related capital schemes. Capital costs should take account of the timing and size of
any capital scheme which would be required to meet an unrestrained demand
forecast. This may include the provision of resources, treatment capacity, and sup-
ply and distribution capacity. The timing of the schemes must consider the mini-
mum headroom requirement, i.e. the margin of safety between droughtrelated
resource yields and peak annual demands.

The cost of leaking water should be based on the leakage level in each DMA and the
corresponding operating and capital costs of water. Allocation of costs at DMA level will
help to set trigger levels which take into account the potential cost savings.

In general, where peak and average demands are increasing, the capital cost of water
will be high and intensive leakage control activity can be justified on financial grounds. It
may also be possible to consider environmental costs in the cost of water, but no clear
guidelines have been provided on the approach that water companies should take.

Where demand is steady and no capital schemes are planned, the cost of water may
be very low. This is true in parts of Scotland, where there is zero capital cost and the
operating cost can be less than £0.01 per m® In such circumstances it is difficult to justify
a large capital investment and annual expenditure on leakage control.

The capital cost of water is thus the main driving force in determining the economic
level of leakage.

Conclusions

1. Ifleakage targets for individual companies are to be compared on an equitable basis,
a standard method must be developed which will provide more reliable leakage esti-
mates.

2. Itisimportant to establish the economic level of leakage, even if the company decides
to take account of additional factors in setting its leakage target. If the target level is
below the economic level, the extra cost to the company should be quantified.

3. The costs of leakage control will be influenced by past leakage control activities. The
economic analysis must distinguish the transitional costs of reducing leakage from
the ongoing costs of maintaining a lower level of leakage.

4. The economic level of leakage will depend upon the leakage policy that is currently
in place. More efficient policies are likely to result in a lower economic level of leak-
age and a lower total cost. A detailed economic analysis will help to determine the
leakage strategy which will achieve and maintain a target level of leakage at the least
cost.
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5. The capital cost of water is normally the driving force in determining the economic
level of leakage. Where demand is increasing, more intensive leakage control will be
justified on financial grounds.

6. The minimum cost position will change over time and should be reassessed on an
annual basis.
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1. Leakage monitoring and control

1.1 Leakage monitoring in zones or sectors (the DMA concept)

The technique of leakage monitoring requires the installation of flowmeters at strategic
points throughout the distribution system, each meter recording the flows into a discrete
area with a defined and permanent boundary. Such an area is called a District Meter
Area (DMA).

The design of a leakage monitoring system has two aims:

1)

2)

To divide the distribution network into a number of zones or DMAs, each with a
defined and permanent boundary, so that night flows into each district can be
regularly monitored, enabling the presence of unreported bursts and leakage to
be identified and located.

To manage the pressure in each district or group of districts so that the network is
operated at the optimum level of pressure.

It therefore follows that a leakage monitoring system will comprise a number of
districts where flow is measured by permanently installed flowmeters. In some cases the

flowmeter incorporates a pressure-reducing valve.
Depending on the characteristics of the network, a DMA will be:

— supplied via single or multiple feeds;
— a discrete area (i.e. with no flow into adjacent DMAs);
— an area which cascades into an adjacent DMA.

Fig. 7.1 Typical metering hierarchy and DMA design options
(reproduced from Managing Leakage—Report J)
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Fig. 7.1 shows a typical DMA design, including the monitoring hierarchy upstream
and downstream of the DMA (reproduced from Managing Leakage—Report J).

DMA design

Several factors should be taken into account when designing a DMA, such as:

— the required economic level of leakage;

— size (geographical area and the number of properties);
— variation in ground level;

— water quality considerations.

Economic level of leakage

Each company will have its own criteria for setting economic levels of leakage and for
setting leakage targets for each DMA. These will determine the type of active leakage
control policy in the future, the size and number of DMAs, and staffing policy. The eco-
nomics of leakage management are explained in Managing leakage: Report C—Setting
economic leakage targets. Key factors in setting targets are the size of the DMA and the
intervention level; the latter is explained in Section 7.6. In a small DMA the operator will
be able to:

— identify when bursts occur more quickly, reducing “awareness time”;
— identify smaller bursts (e.g. a single supply pipe burst);

— find bursts more quickly, reducing “location time”;

— maintain total DMA leakage at a lower level.

DMA size

DMA size is expressed in the number of properties. The size of a typical DMA in urban
areas varies between 500 and 3000 properties (ref. Managing leakage: Report J—
Techniques, technology and training). However some DMAs, designed around old “waste
meter zones”, are smaller than 500 properties and others, designed around reservoir
zones or in rural areas, are larger than 3000 properties. The size of an individual DMA
will vary, depending on a number of local factors and system characteristics, such as:

— the required economic level of leakage;

— geographic/demographic factors (e.g. urban or rural, industrial areas);

— previous leakage control technique (e.g. ex-waste meter districts);

— individual water company preference (e.g. discrimination of service pipe bursts,
ease of location survey);

— hydraulic conditions (e.g. limitations of closing valves in the current network, and
the need to maintain standards of service).

DMAs in dense urban areas, e.g. inner cities, may be larger than 3000 properties,
because of the housing density. In the rural areas it is also difficult to lay down sizing
guidelines, as rural DMAs may consist of a single village, or may encompass a cluster of
villages (a small number of properties in a large geographical area).

If a DMA is larger than 5000 properties, it becomes difficult to discriminate small
bursts (e.g. service pipe bursts) from night flow data, and it takes longer to locate. How-
ever, large DMAs can be divided into two or more smaller DMAs by temporarily closing
the valves (see section 9.1) so that each sub-area is fed in turn through the DMA meter
for leak detection activities. In this case, any extra valves required should be taken into
account at the DMA design stage.
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In practice, DMAs fall into three categories:

small: <1000 properties
medium: 1000-3000 properties
large: 3000-5000 properties.

Water quality considerations

Creating a DMA involves closing boundary valves. This creates more dead-ends than
would normally be found in a fully open system. Consequently complaints of poor water
quality may occur, both during valving-in a DMA and during later operation. The greater
number of valves in a DMA, the greater is the likelihood of this happening. The problem
can be partly alleviated by a flushing programme, starting at the design stage and at
regular intervals afterwards. Some companies have a standardized DMA boundary valve
configuration which consists of two valves (one each side of a hydrant) or two hydrants
(one each side of a valve) to help the flushing programme. This also serves as a clear
marker for boundary valve identification.

DMA design and installation

Fig. 7.2 is a flow diagram to show the stages in design and installation. The procedure is
iterative in the early stages of planning, testing and site survey.

DMA planning

The planning stage is the process of dividing the distribution system into suitably sized
DMAs. Outline planning is the first step, using small-scale distribution mains maps to
draw provisional boundaries. This step utilizes local knowledge of the network and avail-
able hydraulic data (pressure and flow) to identify potential trouble spots, which could
be made worse by closing in DMAs.

Where the DMA boundary crosses a main, a meter is installed (or a valve is closed) so
that any flow at the boundary crossing, either into the DMA or out into an adjacent
DMA, is continuously monitored. This allows the net night flow to be calculated. The net
night flow, taken at a time when demand is at its lowest, provides the basis for the
operation of the DMA, and helps to prioritize each DMA for leak detection and location
activity.

Property counts

Exact property counts are not necessary at the design stage, but are essential later when
the system is operated, in order to calculate net night flows. Initially, sufficient accuracy
is needed to enable a DMA size of between 500 and 3000 properties to be defined.

When a network model is used, the number of properties will have already been
determined. If not, the best source of property information is from a Geographical
Information System (GIS), billing records, post-code information, or a street-by-street
survey.

Defining a boundary

The first step in the design of a DMA boundary is to study the area, using experience
gained from existing practice and local knowledge, to identify any potential problem
areas. Examples of these are:

— areas of low pressure;
— areas where essential supplies must be maintained, both of which may be adversely
affected by installing flowmeters, or by closing the valves and diverting the supply.
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Fig. 72 Stages in DMA design and installation
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A boundary should be designed not only to fit the broad design criteria for the DMA,
but also to cross as few mains as possible. The boundary should follow the “line of least
resistance” by using natural geographic and hydraulic boundaries. The aim is clearly to
minimize the cost of installation, operation and maintenance.

Reference to the network model will define those mains where a closed valve may
replace a meter.

Where possible, trunk mains and large distribution mains (greater than 300 mm)
should be excluded from DMAs to avoid costly meter installations, and more impor-
tantly, to improve the accuracy of flow information. Where a large proportion of the flow
entering a DMA passes out again to other parts of the system, the accuracy of the
estimate of demand in that district is relatively poor. This is because changes in inflow
and outflow could imply large changes in DMA demand, but in fact could be solely due
to compounded errors in metering.

Trunk mains and other large mains can be avoided by drawing adjacent DMA bounda-
ries parallel to the main and metering the smaller distribution mains where they join the
trunk main (highlighting in colour all mains larger than 300 mm).

There will clearly be cases where this is uneconomic owing to large numbers of smaller
mains leaving the trunk main. The decision must then be made to:
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Fig. 7.3

— shut the small supplies, except for one feed;

— create a trunk main DMA;

— if only small distribution areas are being served by the trunk main, exclude them
from the DMA system, and use mobile metering or non-metering methods of leak
detection.

Fig. 7.3 shows the configuration of several DMA types within a Water into Supply
Zone boundary:

— a trunk main DMA (501D04);
— a discrete DMA off a trunk main branch connection (501D03);
— a cascading DMA (501D02/501D01).

Selecting the meter site

A large-scale plan (1:500 or 1:1250) should be used for site selection, so that details of
the line of the main, and the position of valves, bends, connections, and obstructions can
be clearly seen.

Valves and bends can cause inaccuracies to the flow readings from some meters. It is
important to site such meters on a straight length of main, as free from obstructions as
possible (particularly bends). Manufacturers’ recommendations on the number of pipe
diameters between the meter and upstream/downstream obstructions should be followed.

If telemetry is to be considered, this stage can be used to coordinate the meter site
with the positions of mains or street light power points, and communication links, for
future connection.

DMA testing

Before any further work is carried out, a trial closure of DMA boundary valves should be
made. This is to check that DMA pressures are maintained up to the standard of service.
Peak flows can be simulated by opening the hydrants. Headlosses across the proposed
meter and bypass fittings should be calculated using Table 1.1 to anticipate their effect
on DMA pressures once the meter is installed. If pressures are not maintained, the out-

DMA configurations
(reproduced by permission of South West Water Services Ltd)
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line planning stage will have to be repeated, and extra meters installed to replace the
closed valves.

Using a network model (if available)

In all but the simplest of systems, network analysis is usually the next step after outline
planning of the DMAs.

The closure of boundary valves and installation of meters during district formation
will fundamentally affect the future design and operation of the entire distribution
system. Unless these influences are carefully planned, the hydraulic constraints imposed
on the distribution system could lead to future supply problems and cause operational
limitations to both the distribution system and the DMA. This is particularly significant if
the network pressure is to be operated at the optimum level.

The main role of a network model is to provide an understanding of system behav-
iour, i.e. the range of flows and pressures over changing demand. Initially the system will
be modelled and calibrated in its current state prior to boundary valve closure. The
network model will be adjusted throughout the planning stage, as boundary valves are
closed and meters are installed.

The process thus enables:

(i) faults or limitations of the present system to be identified and, if necessary, elimi-
nated before further planning takes place;

(i1) the effect on system pressure by the formation of district boundaries and new
pressure regimens to be tested in advance, and unsatisfactory districts to be modi-
fied before any costly site work or installation can take place;

(iii) the flows to DMAs to be analysed, allowing the meters to be selected and
purchased.

The ability of network analysis to identify and aid the elimination of faults and unsus-
pected peculiarities in the system is extremely valuable because, if these remain undetec-
ted, the existing operational and supply problems may be significantly worsened by the
installation of a DMA.

The model can also highlight peculiarities in the system, which are discovered during
the field-testing and model-calibration stages, for example:

— open valves which should be closed (and vice versa);

— faulty or incorrectly set pressure-reducing valves;

— flow constriction and pressure losses due to partially closed valves or high encrus-
tation;

— the need for possible re-zoning to eliminate flow reversals or areas of low pressure;

— high leakage areas.

As well as providing an understanding of system flows and pressures, network analysis
will continue to feature throughout the planning stage as each district boundary is
defined. The model can be manipulated to determine the likely effect on system
pressures of closing the valves on district boundaries and whether more than one meter
is needed to ensure that the district design is soundly based.

It should be noted, however, that the amount of work and field measurement
required to build a network model is substantial, and will take several months to com-
plete. Often it is impractical to delay the implementation of DMA design and installation
until a fully calibrated model is available. However, in practice it has been found that
network analysis and the design and installation of DMAs can be done simultaneously.
Only in areas where there is significant disagreement between the model and the system,
or where the formation of districts is shown as likely to cause pressure problems, is it
necessary to wait for a fully calibrated model.
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Modifying the model for DMA design

The ability to manipulate the network model becomes a valuable tool at the DMA plan-
ning stage. Before the model can be used, however, it is necessary to:

(i) modify those nodes which fall in two districts and apportion the properties
accordingly;

(ii) insert those small mains which are crossed by the district boundary;

(iii) set design rules.

By consulting the network model itis possible to identify those mains crossing a bound-
ary which have sufficiently high flowrates to be metered, those where the flow is suffi-
ciently low not to justify a meter, and those mains where the information is insufficiently
precise to make a decision at this stage.

Where flows are low it is possible to save on meter installations by closing a conven-
ient valve, or exceptionally by installing a valve and closing it. In each case, inserting a
closed valve on the network model will show the likely effect on the flows and pressures
in adjacent areas of the network. Account should be taken of peak demands and sea-
sonal fluctuation, the effect of which can also be modelled. It is also important to elimi-
nate any temporary causes of low flows, such as valve closures for mains laying or repairs.

Where network analysis indicates a valve closure is possible, it is important to verify
this by closing the valves for at least 24 hours, and preferably for seven days, to monitor
pressures. These should be compared with the model, and any customer complaints
noted, so that supply problems can be identified objectively. If problems do occur, a
meter must be installed.

Network analysis also allows the effect on system pressures, caused by the creation of
DMAs, to be assessed objectively. This assessment can be for the current peak-hour
demand levels as in the case of closing a valve mentioned above, or it can be made for
some future date, e.g. the following summer, taking seasonal demand into account, or in
say, ten years time, when population increases could lead to pressure problems that were
not apparent when the system was installed.

The effect of headloss caused by installing meters can also be examined using the
network model. This effect will be most significant in low pressure zones where headlosses
through the meters could increase the problem.

Where the model shows that supply problems could occur it is necessary to re-plan
the relevant district boundaries or possibly re-zone part of the distribution system to
overcome them. This process of careful planning and checking the effect of the
proposed changes prior to implementation avoids expensive mistakes, abortive detailed
planning and meter installations, and future operational supply problems.

Several companies have designed successful DMA systems without a network model,
by using local knowledge of problem areas and critical points, etc., and by experiment-
ing with valve closures while simultaneously conducting an intensive pressure-monitor-
ing exercise to cover the range of customer demands.

Site survey

A site survey is necessary to verify the potential meter location that was decided in the
planning exercise. It is the stage where any errors in the mains records are shown up and
where essential information that was not recorded on the mains maps is obtained.

Itis recommended that all potential sites on each boundary are surveyed at the same
time. A change in the line of the boundary once excavation has started is inconvenient
and expensive.

The line of the mains can be verified as follows:
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(a) check the mains map against the inspector’s local knowledge;

(b) observe the line between actual valve locations (noting that valves may be posi-
tioned on cross-connections, which could be misleading);

(c) use a pipe locator to trace the line of the main.

Having accurately located the line of the main, it is advisable to “walk” the main,
noting and verifying the positions of valves, bends, and connections, etc.

It is also necessary to determine the position of the plants of other utilities so that
they can be avoided when excavating the meter site. In some cases, congestion will cause
a site to be unworkable and require either the meter location to be moved, other plants
to be re-routed, or in extreme cases the boundary to be redesigned. In the latter case, it
will be necessary to return to the DMA planning stage.

Telemetry and power requirements

The practice of connecting DMA meters to a telemetry system, either by telecom or
cellular networks, is increasing, particularly when designing new systems.

While conducting the site survey it is useful to note the proximity of the facilities
needed for a telemetered DMA outstation. These include:

(a) Mains electricity power supply. Supply to the outstation is provided by jointing to
a mains cable or by connecting to a street lamp supply. An alternative to mains
power is battery or solar power.

(b) Communication connection. Telecom connection can be made either into a foot-
way box or to an overhead line via a pole. Requirements for cellular or cable
networks should be noted.

(c) Assuitable site for a housing to contain the outstation instrumentation, which may
be underground. Permission should be obtained from the local authority or other
landowner.

The meter site should be located as near as possible to the plants of these utilities to
minimize the cost of future connections.

Bypass installation

Most companies install a bypass at the DMA meter site. This can either be a bypass around
the meter or a meter on a bypass. The site survey should be used to investigate the best
site for a bypass excavation, using verges in preference to footpaths, and bearing in mind
that the area of excavation necessary is considerable.

The main advantage of a bypass installation is that the meter can be easily isolated for
maintenance without disrupting the supplies.

Accessibility problems can be overcome by connecting the meter to a logger, which
can be located in a small chamber in the verge or pavement. The meter and outreader
are connected by cabling contained in ducting laid in a shallow trench. This enables the
meter to be read without accessing the meter (possibly in a busy road) or lifting heavy
covers. Meter reading and monitoring instrumentation is discussed in Section 7.5.

Following the site survey and the selection of a potential meter site, the next stage is
the excavation of the site to confirm the viability of a meter installation. Further excava-
tion is then carried out, as necessary, as part of the installation stage.

Meter selection

State of the art flowmeter technology makes it possible to select a meter which can cope
with peak daily flows and seasonal demand, and which can also accurately measure:
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— night flows into a DMA;
— night flows into subdivisions of a DMA;
— the very low flows associated with step testing.

The choice of meter size and type will depend on:

— the size of the main;

— the flow range;

— reverse flow requirements;

— accuracy and repeatability;

— data communication requirements;

— cost of the meter;

— cost of ownership and maintenance requirements;
— company preference.

The flow range and accuracy requirements of the meter will depend on the mode of
use. In the past, meters used solely for leakage monitoring in DMAs required good
repeatability—for monitoring trends in flow data—rather than absolute accuracy. How-
ever, DMA meters are now being used to gather total leakage data from the DMA system,
and the accuracy of individual meters is an important requirement.

Accuracy is also important if a DMA contains several meters, measuring flows into
and out of the district, as compounded errors in flow calculations could result in mis-
leading leakage levels. In this case, meter repeatability is also important.

The new generation of meters—mechanical, electromagnetic, and ultrasonic—are
capable of measuring accurately over the flow range required for DMA monitoring. Most
companies use mechanical meters (e.g. Kent Helix 4000). These have a turndown ratio
(maximum to minimum flowrate) of 100:1 or better, allowing flexibility in selecting the
appropriate meter size. However, electromagnetic meters are being increasingly used,
particularly where a full-bore meter is necessary to overcome poor water quality, debris
in the main, etc. The DMA market has resulted in cheaper, battery-powered versions of
electromagnetic meters with a flow range comparable to mechanical meters.

Annex 5 contains details on the manufacturers of the meters most commonly used by
the water industry in the United Kingdom.

Meter sizing

Rules for meter sizing should take account of headloss, seasonal fluctuation, and de-
mand changes. Where reverse flow has been encountered or is considered likely as a
result of future operation, a meter capable of measuring reverse flow will be required. A
comparison with the records from previous years will give an indication of seasonal
differentials.

In areas with existing high leakage, future flow characteristics—particularly minimum
flows—can be significantly different. Allowance should also be made for the lower flows
that are likely after the leaks have been found and repaired.

If a network model is used, this can be used to predict the flow range of the DMA
meter, taking into account peak and seasonal demands and minimum night flows.

If a model is not available, a temporary insertion meter can be used to estimate the
flow range, with some adjustment for seasonal and/or exceptional flows.

If neither of these tools is available, the flow range can be estimated from demand
calculations, using:

— the number of properties;
— estimates of the per capita household consumption (pcc), estimates of metered
use, and estimates of exceptional use of >500 1/hour (for maximum flows);
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— estimates of night use (for minimum flows);

— estimates of leakage (for minimum flows after leak repair).

Maximum flow =

Minimum flow =

(No. of households X pcc) + (No. of non-households X average
consumption) + exceptional use + estimated distribution losses

(No. of households X night use) + (No. of non-households X night
use) + estimated distribution losses after repair

The formulae in the Burst and Background Estimates (BABE) software can also be

used as a source of this information.
The flow ranges for Kent Helix 4000 meters are shown in the Table given below. The
maximum flows quoted by the manufacturer are for exceptional flows for short periods;

the figures for recommended continuous flow should be used for meter sizing.

Meter size (mm) 80 100 150 200
Maximum flow (m3/h) 200 250 600 1000
Recommended continuous flow (m3/h) 120 180 450 700
Minimum flow (m3/h) 0.5 0.6 2 4

In practice, the new generation of mechanical helix meters, such as the Kent Helix
4000, have such a high turndown ratio, that “rule of thumb” meter sizing by properties/

DMA is usually adequate, as shown in the following example:

No. of properties Meter size
<1000 80 mm
1000-1500 100 mm
>1500 150 mm

However, if headloss is an issue resulting from the characteristics of the pipe network

or bypass installation, a meter which is one size larger than those illustrated above should

be considered, as long as it is still adequate at the lower end of its range for the DMA
night flows.

Table 7.1 illustrates the estimated flow ranges for DMAs between 500 and 3000 prop-
erties, and the expected total headloss across a meter and bypass installation at peak

flows.

Table 7.1 Installation headlosses for 80 mm, 100 mm, and 150 mm meters

Meter headlosses (m)

District size Expected Expected

properties peak flow  peak flow 80 mm Headloss Total Meter K Velocity
(litres/sec) (m3/h) meter across fittings  headloss size value (m/sec)

500 7.23 26.04 0.10 0.61 0.71 0.08 5.74 1.44

1000 14.47 52.08 0.04 2.43 2.47 0.08 5.74 2.88

1500 21.70 78.13 1.00 5.46 6.46 0.08 5.74 4.32

2000 28.94 104.17 1.50 9.70 11.20 0.08 5.74 5.76

2500 36.17 130.21 2.20 15.16 17.36 0.08 5.74 7.20

3000 43.40 156.25 3.80 21.83 25.63 0.08 5.74 8.64
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District size

Expected Expected

Meter headlosses (m)

properties peak flow  peak flow 100 mm Headloss Total Meter K Velocity
(litres/sec) (m3/h) meter across fittings  headloss size value (m/sec)
500 7.23 26.04 0.00 0.25 0.25 0.10 5.74 0.92
1000 14.47 52.08 0.18 0.99 1.17 0.10 5.74 1.84
1500 21.70 78.13 0.45 2.24 2.69 0.10 5.74 2.76
2000 28.94 104.17 0.70 3.97 4.67 0.10 5.74 3.69
2500 36.17 130.21 1.20 6.21 7.41 0.10 5.74 4.61
3000 43.40 156.25 1.70 8.94 10.64 0.10 5.74 5.53

District size

Expected Expected

Meter headlosses (m)

properties peak flow  peak flow 150 mm Headloss Total Meter K Velocity
(litres/sec) (m3/h) meter  across fittings headloss size value (m/sec)
500 7.23 26.04 0.00 0.05 0.05 0.15 5.74 0.41
1000 14.47 52.08 0.00 0.20 0.20 0.15 5.74 0.82
1500 21.70 78.13 0.00 0.44 0.44 0.15 5.74 1.23
2000 28.94 104.17 0.10 0.79 0.89 0.15 5.74 1.64
2500 36.17 130.21 0.20 1.23 1.43 0.15 5.74 2.05
3000 43.40 156.25 0.26 1.77 2.03 0.15 5.74 2.46

Meter installation

After selecting the meter, an excavation is necessary to provide sufficient room for
installing the meter and constructing the chamber.
The extent of the excavation and the installation design will be influenced by:

(a) the type of meter selected, i.e. whether isolating valves or a strainer are necessary;
(b) the size of the meter in relation to the size of the main—this will influence the
degree of tapering necessary.

For the installation of most meters it will be necessary to instal isolating valves up-
stream and downstream of the meter. By careful choice of meter site, it may be possible
to instal the meter near to an existing valve, so that only one valve is necessary at the
meter installation.

In areas with a history of dirty water problems, it may be necessary to include a strainer
in the installation.

It is worthwhile to instal an insertion meter tapping point upstream of the DMA
meter to make flow verification easier.

Consideration should be given to positioning a shelf or bracket for a data logger near
the top of the chamber.

Considerations for telemetry and data logging

At the installation stage, it is worthwhile to bear in mind the requirements for remote
meter reading.

Provision can be made for a telemetry housing or a small chamber adjacent to the
main chamber to house a logger. This is a useful modification when the meter chamber
is situated in the highway, when meter reading may be hazardous, or when the chamber
is inaccessible.
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— the laying of cabling and ducting between the meter and outstation or outreader

chamber;
— a suitable outstation.

The housing for the outstation should be:

— robust and durable, and not easily vandalized (e.g. made of cast iron, steel, or

fibreglass);
— weatherproof;
— suitable for electrical supply and communication connections.

Fig. 7.4 shows the layout of a typical meter installation and bypass, and Table 7.2 the

schedule of materials.

Fig. 74 Meter and bypass installation
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Table 7.2 Meter and bypass installation: schedule of materials

Ref. No. Materials Quantity
(see Fig. 7.4)

1 150 flange adapter 10

2 150 SV 4

3 150 x 150 x 80 mm tee with W/0 1

4 150 x 150 x 150 mm tee 2

5 150 ductile iron pipe—length to suit 3

6 150 mm 90° elbow 2

7 150 mm ductile iron pipe—length 0.75 m 1

8 150 mm meter 1

9 Pressure tapping 1

10 150 mm ductile iron pipe—length to 1.5 m 1

11 50 mm ducting As required

12 Boxes 2
Antenna 1
Grade A chamber cover 1

GSM communications (temporary)
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DMA proving

Following the installation of all boundary meters (or the closing of valves where appro-
priate), it is necessary to “prove” the district to ensure that:

(a) all meters are working correctly;

(b) the district boundary is “tight”, i.e. closed boundary valves are not passing and no
boundary crossings have been missed (zero pressure test);

(c) all internal valves are at the correct status.

The recommended procedure for proving a district is to attach data loggers simulta-
neously to the DMA meters(s) during a night test. Supply to the DMA is closed and the
drop in pressure and flow are observed.

Inspection of the results should reveal whether one or more valves are letting by. If
zero pressure is not recorded, all boundary and divisional valves should be sounded. If
faulty valves are found, or valves which should be closed are found open, these should be
rectified and the zero pressure test repeated.

Zero pressure test procedure

A typical procedure is as follows:

1. Indicate the boundary valves by marking the valve covers (e.g. with blue paint)

2. Arrange for the test to take place between 01.00 and 05.00 hours. Inform customers
with special needs.

3. Ensure that the staff have plans which indicate the DMA boundary, boundary valves,
and the DMA inlet valve.

4. Setup a pressure gauge on a standpipe ata convenient hydrant (other than the target
point for routine pressure monitoring).

5. Close the valve at the DMA inlet to isolate the DMA.

6. The pressure on the standpipe gauge should drop.

If it drops immediately, the DMA is zoned correctly with all boundary valves drop
tight. If after 5 minutes the pressure has not dropped, a second check is made by
opening a fire hydrant (with the inlet valve still shut) to induce some flow, which
should zero the pressure. The pressure should remain at zero when the hydrant is
closed.

7. If the test fails, i.e. the pressure creeps up, one or more boundary valves may be
passing. It may be possible to find culprit valves during the test and to try making
them drop tight. If so, a second zero pressure test is carried out.

8. If the test fails and culprit valves cannot be found, this should be reported for the day
inspector staff to investigate, and to replace any faulty valves.

9. On completion of the test, the supply valve is opened. The standpipe and gauge are
used to ensure that supply has been restored to the DMA.

Before starting the test it is beneficial to have some indication of leakage in the DMA,
and the pressures in adjacent DMAs.

DMA management

Once a DMA has been proved, all the work subsequently is related to its management,
which is in two stages:

(a) initial work;
(b) routine operation.

Initial work comprises “housekeeping” issues such as:



7. LEAKAGE MONITORING AND CONTROL

71

— setting up records and recording procedures;

— setting up a monitoring and detection team;

— purchasing the necessary equipment;

— carrying out a “first pass” leak detection and location survey in each DMA to
ensure that existing leaks are located and repaired.

The resulting night flow provides a reference value for future target setting.

Routine operation is to carry out all the tasks required for continual night flow monitor-
ing (i.e. regularly monitoring minimum night flows as indicators of leakage).

As the efficiency of a leakage monitoring system is dependent on the integrity of each
DMA, ensure that:

— the DMA boundary valves are clearly marked for identification by all staff;

— the valves are kept closed, their status is regularly checked, and they are drop
tight;

— it is known when data are lost through valve operations or faulty meter installa-
tions;

— the property counts are accurate.

The tasks to ensure DMA integrity, and for its routine operation, are described in
Section 7.3 of the manual. They include:

— maintenance of the DMA, including keeping property counts up to date, and
boundary checks to ensure that the integrity of the DMA is maintained;

— setting up of data capture techniques and technology;

— data interpretation, to determine if more intensive detection and location effort is
required;

— implementation of pressure management;

— detection, location, and repair of leaks;

— management of problem DMAs.

1.3 DMA management

This section provides guidance for managing newly commissioned and existing DMAs. It
deals with DMA maintenance, including boundary management and the maintenance
of plant and equipment. It also includes records management—the setting up of records
systems and their upkeep, to ensure that DMA data are accurate and meaningful.

Boundary management

Although the DMA boundary is a “permanent” one as far as leakage monitoring is con-
cerned, the valves can of course be opened temporarily for operational purposes. The
main issue is to ensure that if the valves are opened, they are closed again afterwards, and
that the duration of the break in the DMA boundary is recorded. This means that when
the leakage manager analyses the data, he/she can tell the difference between a genuine
burst and an open valve, and can avoid wasting valuable inspection time.

DMA boundary valves are left open for two main reasons:

— as an act of forgetfulness following an operational incident or a flushing exercise
when inspectors forget to return them to the correct status;
— as a deliberate act.

Several companies have reported conflicts of interests between staff. Closed bound-
ary valves are blamed for poor pressures and are opened to “restore supply”.
The solution to this problem lies in improving communication channels by:



LEAKAGE MANAGEMENT AND CONTROL

72

— developing a culture of awareness of the DMA function across the company;

— educating non-leakage staff on the importance of reporting each valve opening and
for how long it was left open, and of ensuring that the valves are closed again after
the operation.

In both cases a combination of a warning sign, a physical deterrent, and a programme
of awareness training and education on the principles of DMA management is required.

Awareness training and education can take the form of regular briefing sessions for non-
leakage staff to inform them about the principles of the DMA system and the
successes being achieved.

Valve warning signs include:

— marker posts/plates;

— coloured valve box covers;

— coloured valve caps;

— boundary valve configuration. (At the boundary design stage, boundary valves can
be distinguished from other valves by installing two valves, one each side of a
hydrant. This also serves the purpose of anticipating water quality problems caused
by dead ends, by introducing a DMA flushing programme.)

Physical deterrents include:

— lockable covers;

— foam swabs in the valve chamber;

— non-standard valve head,;

— the WIZ-key;

— polystyrene foam sprayed in the chamber.

The last solution is based on the principle that the foam can be removed in an emer-
gency or when it is decided to change the valve status.

The WIZ-key

The WIZ-key is a relatively new piece of technology which is being used as an effective
(but expensive) boundary management tool by several water companies in the United
Kingdom.

The WIZ-key is a modified valve key which has an in-built data logger and LCD dis-
play. The existing valve false head is replaced with a uniquely shaped head to prevent
opening with a normal valve key. This head has an inbuilt read /write data capsule which
stores valve details and updates on valve status. When in use on a converted valve the
display shows:

— the identification number of the valve;
— the type of valve and main;

— the current % open;

— the direction to open;

— the normal operational position.

The key data can be downloaded either on return to the office, or immediately after
use by means of a special holster mounted in a vehicle. The holster provides safe storage
for the key a