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1. INTRODUCTION 

A Regional Workshop on Public Water Supply Leakage and Wastage 
Control was held at the Public Utilities Board (PUB) Building. 
Singapore. from 12 - 17 December 1983. 

It was attended by 11 participants and 10 observers from II 
countries and areas in the WHO Western Pacific Region. An observer from 
the Asian Developme~t Bank (ADB) also attended. A list of the 
participants. observers. consultants and secretariat members is 
presented in Annex 1. 

2. OPENING CEREMONY 

Following.an introductory speech by Dr K. M. Yao, Operational 
Officer of the workshop and Officer-in-Charge of PEPAS, Dr S. Endo, WHO 
Representative and ProgrSDIDe Coordinator for Malaysia, Brunei and 
Singapore welcomed the participants and observers on behalf of 
Dr H. Nakajima, Regional Director of the WHO Western Pacific Region. 
The full text of his address is given in Annex 2. Or Yao then 
officially declared the workshop open. 

3. OBJECTIVES 

The main objective of the workshop was to familiarize senior 
supervising staff from participating countries and areas in the Region 
with at least the following subjects:-

1. Significance of leakage and wastage control of public water 
supplies; 

2. Principles of and strategies for leakage"and wastage control; 

3. Economics of leakage and wastage control; 

4. Formulation of a leakage and wastage control programme; 

5. Leakage and wastage control technology; 

6. field demonstration of modern leakage detection 
instruments/equipment. 

4. WORKSHOP SESSIONS 

The workshop timetable is given in Annex 3. On the first day, the 
two WHO consultants. ~r Goodwin and Dr McElroy, both from the Water 
Research Centre (waC), United Kingdom (UK), gave an introduction to 
leakage control and outlined the various methods of leakage control. 
The afternoon was given over to country reports. A detailed 
presentation of the use of water-saving devices in Singapore was given 
by Mr Chan Chow Teing. one of the participants from Singapore. 
Summaries of the country reports are given in Anoex 4. 
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On the second day, Mr Gomez outlined the ADB's involvement in 
water supply system leakage control projects and for the remainder of 
the day and the first part of the third day, the consultants gave a 
detailed account of the six methods of leakage control. rhe 
participants were ~sked to undertake a practical exercise to plan a 
metering system for a distribution system. 

The major part of the third day was given over to the procedure 
for the determination of leakage control policy Includlqg the economic 
analysis necesssry for the financial justification for leakage control 
and the proper selection from the various options. Mr Goodwin gave a 
resum~ of the'results of a large experimental programme upon which this 
was based. Dr McElroy explained the procedure in detail with worked 
examples and asked the participants to undertake two practical exercises 
on pressure control and on the choice of a leakage control method. 

The fourth day was given over to the principles, methode and 
equipment employed in measuriqg leakage in the distribution system, 
service reservoirs and trunk mains. Mr Goodwin detailed the different 
methods employed in each of these areas after which Dr McElroy explai~d 
how recent developments in electronics and microprocesaor teChnology now 
enable all the various measurements to be made automatically by a 
loggiqg system purpose-built for water industry use. Water Research 
Centre (WRC) , in conjunction with Spectrascan, a co_ercial firm, 
developed this distribution network monitoriqg system, comprising a 
master station and logger to which a raqge of measuring instruments can 
be connected. This equipment together with a Kent helix meter and a 
Quadrina insertion meter was purchased by WHO for the workshop. 'rhe use 
of this equipment was demonstrated both in the lecture and on-site at . 
PUB's Woodleigh Complex where the method of operation of a wsste meter 
and listening sticks was also shown by the PUB staff. 

On the fifth day. the consultants covered the different methods of 
leak location and the equipment used, namely listening sticks, 
electronic detectors, including the Lesk Noise Correlator (also 
developed by WRC) and the use of sulphur hexafluoride as a traciqg gas 
for leak location. In the afternoon, Mr Peter Linacre, a representative 
from the msnufacturer, demonstrated the use of a Palmer Leak Noise 
Correlator. In the same afternoon, the PUB staff also demonstrated the 
use of other electronic leak detection equipment. 

On the morniqg of the final day, Hr Goodwin gave a brief talk on 
the different conditions and working practices in the UK and other 
countries snd how they might affect the various leakage control 
methods. Dr McElroy spoke on the comprehensive exercise currently being 
managed by WRC to implement a cost-effective leakage control policy in 
Plymouth in the UK as a "shop window" of UK expertise in this subject. 

, 
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Dr Yao then presented his paper entitled "Quantity Control of Water 
Uses" which gave a survey of options and technologies available for 
controlling wasteful use of water. His paper was complemented by that 
presented by Hr Lye, WHO Temporary Adviser, ~ho discussed quality control. 

rhe workshop ~losed at lunchtime with votes of thanks to WHO, PUB, the 
participants and the consultant ... 

5. EVALUATION OF THE WORKSHOP 

At discussions throughout the week and from the course evaluation 
questionnaires, the participants were unanimous that the workshop had 
achieved its objectives. Several of the countries and areas in the Region 
were already considering active leakage control measures and found the 
workshop beneficial in informing them what methods were available and how 
to justify them financially. 

Several participants commented on the benefits of meeting and 
exchanging ideas with the consultants and other participants. The lack of 
opportunity for every participant to tryout the equipment was mentioned by 
some and it is considered that WHO should offer the equipment on loan to 
the participants in order to remedy this. 

Recommendations from the participants included: 

(i) that their respective government; water departments should carry 
out economic studies as detailed at the seminar and set up 
speciali~d leak detection divisions; and 

(ii) that WHO should organise further seminars/workshops on this 
subject either to inform less experienced people in member 
countries and areas or to permit more practical demonstrations 
of the equipment and methods. 

It was felt by the consultants and some of the participants that the 
workshop would hsve been improved if the consultants had been able to 
undertake a study of water supply prsctice and local conditions in the 
participant's countries snd areas prior to the workshop. Practice and 
conditions in Singapore are not necessarily typical of the Western Pacific 
Region. 

In order to capitalise on the enthusiasm and momentum acnieved at the 
wnrkshop, it was considered that pilot studies should be undertaken in 
countries interested in leakage snd wastage control. Such pilot studies 
could then form a .. shop ...... indow·· of savings to be achieved. This work could 
be capitalised upon by holding a second workshop in I to 2 years' time 
consisting of a resume of the achievements made coupled with site visits 
and demonstrations of the procedures, methods, equlpment and techniques 
used. 
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6. SUMMARY, CONCLUSION & RECOMMENDATIONS 

L There is a significant interest in leakage and wastage control in 
several of the participating countries and areas represented at the 
workshop. 

2. Hong Kong and Singapore both have comprehensive but labour-
intensive systems of waste metering. It is felt that a review of 
these practices could be useful in assessing their cost effectiveness. 

3. Brunei, -Fiji, Korea, Malaysia, the Republic of Korea and Viet Nam are 
all taking initial steps to implement or improve their present 
leakage control practice. The methods, prOl;edures, concept a and 
technology presented at the workshop should be valuable in their 
planning processes. 

4. With a number of countries and areas in the Region now considering 
some form of active leakage control programme, it is appropriate and 
timely that pilot studies in the countries and areas in the Regi~n 
should be designed to , 

a) demonstrate the application of the procedure to determine the 
most appropriate leakage contrOl policy and the financial 
savings which will result from this; . 

b) demonstrate within an existing distribution system the 
different methods of leakage control and the equipment 
involved and most suited to local circumstances and 
condi tions. 

5. It is clear that many of the countries and areas do not have 
sufficient trained staff to be able to undertake the initial planning 
and subsequent implementation of leakage control programmes. Several 
are considering employing consulting engineers to undertake this 
work. In view of the general emphasis of consulting engineers on 
civil engineering and new capital works and their consequent lack of 
experience in distribution system operations and maintenance, it is 
considered to be advisable that only those consultants who are able 
to demonstrate a proven trac~ record in this field or who are taking 
specialist advice should be considered. 

6. WHO has purchased some modern equipment for de,nonstrating logging 
pressures and flows during the workhop. It is recommended that this 
equipment should be made available on a temporary loan basis to the 
countries and areas in the Region in order that they could evaluate 
its usefulness and effectiveness on their own distribution systems. 
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ANNEX I 

LIST OF PARTICIPANTS, OBSERVERS & SECRETARIAT MEMBERS 

PARTICIPANTS 

Brunei 

Mr Samat 81 n Hj. Abas 
Public Works Department 
(Water Section) 
Bandar Seri 8egawan 

Mr Chi natambi Naidu (Fiji) 
Water Engineer 
Ministry of Works 
Suva 

Hr George Semi 8t 
Public Water Division 
Ministry of Works 
Suva 

Hong Kong 

Hr Chan Pui Wah 
Senior Engineer 
Water Supplies Department 
Leighton Centre 
Causeway Bay 

Malaysia 

Mr Lim Meow See 
SenIOr Water Works Engineer 
Public Works Department 
Pejabat Pengarah' 
JKH. Kedah 
Alor Setar 

Hr Ismail Bin Mat Noor 
Senior Executive Engineer 
Ministry of Public Works 
Water Works Section 
JKR Ibu Pejabat 
Jalan Mahameru 
Ku<lla Lumpur 
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Republic of Korea 

Mr Ryu Young-Chang 
Section Chief 
Water Works Division 
Mi ni stry of Construction 
Government 8uilding 
Gwacheon 

Mr Ha Sang-Yu 
LocU Finance Division 
Ministry of Home Affairs 
Gover nnent Building 
Jongroku 
Seoul 

Republic of Singapore 

Mr Chan Chow Teing 
Senior Engireer 
(Waste Control & Inspectorate) 
Public Utilities 80ard 
Water Department 
PUB Buildi ng 
Somer set Road 

Me Chia Hearn Jiang 
WastelJetection Superintendent 
Public Utilities Board 
Water Department 
PUB Building 
Somer set Road 

Socialist Republic of Viet dam 

Mr Do Duy Vuong 
Deputy Director 
Hanoi Water Supply 
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Public Utilities Department of Ilanoi 
44 Yen Phu Street 
Hanoi 

OBSERVERS 

Australia 

Mr Peter 8audish 
Senior Water Engineer 
Laurie, Montgomerie & Pettit 
8 Kippax Street 
Sydney 

• 
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Brunei 

Mr Mohd. Deli Bin Johari 
Public Works Department 
(Water Section) 
Bandar Seri Begawan 

Mr Iajuddin Bin Hj. Sanip 
Public Works Department 
(Water Section) 
Bandar Seri Begawan 

Philippines 

Mr J. M. Gomez 
Manager WSD 
Asian Development Bank 
Manila 

Republic of Singapore 

Mr Cho~ Hou Chun 
Senior ngi neer (Mechanical) 
Public Utilities Board 
PUB lIuildi ng 
Somerset Road 
Singapore 0923 

Mr FooChee Sai 
Superintendent Engineer 
Public Utilities Board 
PUB Building 
Somer set Road 
Singapore 0923 

Mr Q..ns. Ho Si m 
Chier-Water Engineer 
Public Utilities Board 
PUB Building 
Somerset Road 
Singapore 0923 

Hr Seah Seow Geh 
Senior Iechnical Officer 
Sewerage Department 
Ministry of Environment 
Haritime Square, no. 10-01 
Ielok Bla ngah Road 
Singapore 0409 

Mr Tan Jake 'long 
Super! nte nde nt (Oper ation) 
Public Utilities Board 
PUB Buildi ng 
Somerset !toad 
Si ngapore 0923 

-7-
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Mr Tan Thian Wee 
Engineer 
Sewerage Department 
Ministry of Environment 
Maritime Square, No. 10-01 
Telok Blangah Road 
Si ngapore 0409 

SECRETARIAT MEMBERS 

Dr Shoichi En:!o 
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WHO Representative an:! Programme Coordinstor 
for Malaysia, Brunei an:! Singapore 
POBox 12550 
Wisma Lim Foo Yong 
Jalan Raja Chulan 
Kuala Lumpur 05-10 
Malaysia 

Dr K. M. Yao 
Officer-In-Charge 
WHO (PEPAS) 
c/o POBox 12550 
Kuala Lumpur 
Malsysia 

Mr S. J. Goodwin 
WHO Consultant 
WRC Engi neer! ng 
POBox 85 
Fr anklan:! Road 
Blagrove, Swin:!on 
Wilts SN5 8YR 
England 

Dr J. K. McElroy 
WHO Consultant 
WRC Engineering 
POBox 85 
Frankland Road 
Blagrove, Swindon 
Wilts SN5 BYR 
England 

Mr Thim F. Lye 
WHO Temporary Adviser 
34 Tosea Street 
Singapore 1545 

Dr T. Vide nov 
WHO SanItary ilngineer 
WHO 
P a Box 113 
Suva 
Fiji 
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Hr S. Chida 
Administrative Officer 
WHO Singapore Office 
144 Moulmein Road 
Singapore 1130 

Ms V. Hay 
Administrative Officer 

.WHO (PEPAS) 
C/O WHO 
POBox 12550 
Kuala L umput' 
Malaysia 
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Remarks; Addresses of participants and secretariat members are given 
here to facilitate future communications and further exchanges 
of technical information. 
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ANNEX 2 

ADDRESS OF THE REGIONAL DIRECTOR 
READ BY DR S. £000, WHO REPRESENATlVE AND 

PROGRAMME COORDINATOR FOR MALAYSIA, BRUNEI AND SINGAPORE 

On behalf of Dr H. Nakajima, WHO Regional Director for the Western 
Pacific Region, I have pleasure in welcoming you to this Workshop on Public 
Water Supply Leakage and Wastage Control. 

I would like to take this opportunity to express my sincere thanks to 
the Ministry of Health, Singapore for agreeing to host and the Public 
Utilities Board, Ministry of Trade and Industry, for assisting in 
organizing the workshop and providing the excellent facilities. 

This workshop, organized by the WHO Western Pacific Regional Centre 
for the Promotion of EllviroIlDental Planning and Applied Studies (PEPAS), is 
designed to familiarize participants with the significance, principles, 
economics and teChnology of public water supply leakage and wastage control 
and with the formulation of leakage and wastage control programmes. 

Ever since the First World Health Assembly, WHO has consistently 
supported the attaiIlDent of better health through the provision of safe 
water supplies. As all of you are aware, the United Nations Conference on 
Human Settlements in 1976, and subsequently the United Nations Water 
Conference in 1977, led up to the International Drinking water Supply and 
Sanitation Decade, which aims at providing everybody with drinking water 
and sanitation services by 1990. The International Conference on Primar.y 
Health Care, held in Alma Ata in 1978, listed water supply and basic 
sanitation as being essential elements in primary health care. 
Accordingly, WHO's Global Strategy for Health for All by the Year 2000, 
based on primary health care, takes the Decade and its targets into 
account, and recognizes the need for intersectoral action for health. 

Achieving reduction in communicable diseases connected with 
inadequate community water supply and sanitation is one of the main 
concerns of WHO's programmes. Recognizing the harmful effects of 
inadequate water supplies on public health, WHO has been involved in 
promoting the provision of safe water in adequate quantities to communities 
lacking it. In addition to providing neW water supplies, it is also 
important to maintain adequate supplies to meet the increasing demand in 
areas where supply systems already exist. 

High rates of water leakage and wastage are common, especially in 
SOme developing countries. In this respect, it is pertinent to note that 
control of leakage in water distribution systems is an effective 
conservation technique that will be increasingly economic as both the costs 
of supplying water and the demand for it continue to increase. Consideri~ 

that water leakage is reported to waste as much as one-third of the water 
treated in some cases, there is no doubt thst leakage control is a logical 
first step among the many ways of conserving water available. 
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Leaking water supply systems also pose a healtn hazard, since during 
periods of interrupted delivery, drops in water pressure permit the 
entrance of subsoil water through leaky pipes, making the water unsafe and 
exposing the population served to water-borne diseases. 

Many of the existing home water-supply fixtures use an unnecessarily 
large amount of water. It has been snown tnat, either by inserting flow or 
pressure control devices or by redesigning the fixtures, water cons .... ption 
can be cut by a half without affecting the performance of the fixtures. A 
recent study in a township of about 850 households in the United States of 
America indicated that, if all the households were to install water-saving 
devices in toilets, showers and washrooms, the water saved would be 
sufficient to meet the requirements of 400 new homes. Many of the 
countries in the Region cannot afford to use wasteful water supply 
fixtures; almost none have paid the attention it deserves to this sspect of 
water conservations. 

In spite of the wealth of published literature and the availability 
of tried and tested technology and professional knowledge, many water 
utilities continue to experience high rates of leakage and wastage. One 
reason could be that they have never had an opportunity of fully 
appreciating recent developments. 

1 therefore hope that this course will give you a better idea of the 
problem and of the existing state of leakage and wastage control technology. 

I wish you a successful and fruitful meeting. • 

. , 
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WORKSHOP PROGRAMME 

Monday, 12 December 1983 

8.30 am 

9.30 am 

10.00 am 

10.30 am 
12.30 pm 

2.00 pm -
4.30 pm 

Registration of participants 

Openi ng ceremony 

Coffee/tea 

COlDIDencement of workshop 

Introduction to leakage and 
wastage control 

Background to and outline 
of the definition of 
technical terms 

Factors affecting leakage 

Significance of leakage & UFW 

Methods of leakage control 
- An outline 

Country Reports 

Tuesday, 13 December 1983 

8.30 am -
12.30 pm 

2.00 pm -
4.30 pm 

Methods Of Leakage Control 

ADB i nvo 1 verne nt in leakage 
control projects 

Passive control 

Regular sounding 

District meteril~ 

Practical exerci Be 

Waste metering 

Combined metering 

Waste detection in Singapore 

ANNEX 3 

Mr S. J. Goodwi n 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Dr J. K. McElroy . 

Mr J. M. Gomez 

Dr J. 1<. MCIUroy 

Dr J. K. McElroy 

Mr S. J. Goodwin 

Dr J. K. McElroy 

I)r J. K. McElroy 

Dr J. K. McElroy 

Mr Chia Hearn Tiang 
( PUB) 
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ANNEX 3 

Wednesday, 14 December 1983 

8.30 am -
12.30 pm 

2.00 pm -
4.30 pm 

Methods of leakage control 
(cont i nued) 

Pressure control 

Determination of leakage 
control policy 

Results of experimental 
programme on leakage and 
leakage control 

Unit cost of leakage; 
Operating costs 
Capital costs 

Costs of leakage control 

Choice of method - example 
exercise 

Operational resources 

Thursday, 15 December 1983 

8.30 am -
12.30 pm 

Measurement of leakage 

Distribution system 

Trunk mains 

Service reservoirs 

Equipment 

Techniques 

Site demonstration of equipment 

Dr J. K. McElroy 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Dr J. K. McElroy 

Dr J. K. McElroy 

Dr J. K. McElroy 

Dr J. K. McElroy 

M~ S. J. Goodwin 

Mr S. J. Goodwin 

Me S. J. Goodwi n 

Dr J. K. McElroy 

Dr J. K. McElroy 

2.00 pm -
4.30 pm .and techniques for flow and pressure 

measurement - at Wood leigh Complex 

Friday, 16 December 1983 

8.30 am -
12.30 pm 

Location of Leakage 

Methods and equipment 

SF6 gas detection 

Leak noise correlator 

Dr J. K. Mcelroy 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

• 

• 
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2.00 pm -
4.30 pm 
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Site demonstration of leak 
detectors and the WRC/Palmer leak 
noise cor relator - at 
Wood leigh Complex 

Saturday, 17 December 1983 

Unaccounted for water and 
wastef ul use 

8.30 am Sources of unaccounted for water 1'Ir S. J. Goodwi n 

Leakage 

Meter under reading 

Illegal connections 

Wasteful use 

Implementation of a leakage 
control programme 

Application overseas 

The Plymouth leakage control 
case history 

Quantity control of water uses 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Mr S. J. Goodwin 

Dr J. K. McElroy 

Dr K. M. Yao 

Quality control in P.W.S. system Mr T. F. Lye 

1.00 pm 

Cour se stunDlary di sc ussion and 
evaluation 

Closi ng of workshop 

Note Time For Lunch <. Coffee Break Was As Follows: 

12.30 pm to 2.00 pm 

Mor ni ng Session: 

10.00 nm to l(I.IS am 

Afternoon Session: 

3.30 pm to J.45 pm 

Lunch Break 

Coffee Break 

Coffee Brea k 
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A'~NE){ 4 

SUMMARY OF COUNTRY REPORTS 

BRUNEI 

The total population of Ilrunei in 1~<l0 was approximately :lOO, 000. 
The four districts are supplied by river sources (3) and a dam (1) (Tasek 
Dam). Some 60% of its population live in towns with public water 
supplies. Of the 40% of its population living in the country, some 90% are 
served by public water supplies. Average consumption is estimated to be 
450 I/p/h or twice that of neighbouring countries. It is estimated that 
90% of the services are metered. At present, passive leakage control is 
practised in Brunei, with leak location and repair work being undertaken on 
reports from the public. fhis is attributed to the current lack of trained 
staff and manpower shortages. Brunei is considering employing a firm of 
consulting engineers to investigate the extent of its leakage problem and 
dependent upon its findings implement the most appropriate leakage control 
policy. -, 

FIJI 

Fiji's population was estimated at 634,000 in 19dO. Public water 
supplies mostly serve towns and settlements with populations of 1000 or 
more. Of -the estimated 400,000 urban population, some 80% are served by a 
public supply, whilst in rural areas the relevant percentage Is only 20%. 
Unaccounted for water is estimated to average 33%, with consumption 
averaging 150 lipid in towns and 100 lipid in rural areas. All domest~c 
properties are metered-. 

Leakage detection has in the past been carried out intermittently, 
depending largely on the prloritie~of the Resident Engineers. 

The Government of Fiji recognises the importance of reducing leakage 
and is currently drawing up a programme to implement a leakage control 
policy with UNDP support. 

HONG KOriG 

Hong Kong has a population of S.3 million people and 3 main sources 
of supply: 

1. Rainfall from natural catchments; 

2. A piped supply from China; 

3. A desalination ,",orks as emergency standby. 

Almost the entire urban population is served with public water 
supplies, except squatter populations living on elevated ~round. fhe rural 
population, estimated at O.S million, Is living in small villages spread 
out in the New Territories, and over 701. of this rural population is served 
by public water supplies. Average domestic water consumption in the urban 
area is 120 lipid fo~ public housi ng estates, and 190 lipid in other 
residential areas. The average rural consumption is 110 lipid. All 
consumer connections are metered. 
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Leakage control is well established with a tesm of 100 technical 
staff and a professional engineer. There are 350 waste di'stricts and night 
flows are obtained from each district 2 - 3 times a year and the districts 
further inspected as required. rlong Kong also nas a separate salt water 
supply and this is also subject to leakage control. 

MALAYSIA 

The population of Peninsular Malaysia is about 8.4 million with urban 
and rural water supply coverage of 89% and 46% respectively. There are 11 
states in Peninsular Malaysia and two other states, :iabah and Sarawak, in 
East Malaysia. Water supply is a State matter. Because of increases in 
domestic and industrial consumption, water demand has been increasing at a 
rate of approximately 10% per year. Per capita consumption averages 250 
lipid in the urban areas and 1112 LIpid in the rural areas. All domestic 
properties are metered. Supplies are 24 hours per day with system 
pressures ranging from 12 - IJm during the day and 18 - 26m at night. 

Unaccounted for water in 1982 was estimated to average 26.5% ranging 
between 13.2% and 58% over its lIB supply areas. Leakage control has 
previously been undertaken only in two states, Kuala Lumpur and Penang. At 
present, no leakage detection work is undertaken. However, it is the 
intention of each state to set up a leakage detection and control section 
during the current five-year plan (19Bl - 1985). The first steps are being 
taken in Kuala Lumpur and Kedah State to determine the extent of the 
problems and then to implement the appropriate leakage control method. 

REPUBLIC OF KOREA 

The Republic of Korea (ROK) has a population of 39.3 million. Some 
24 million live in an urban environment with public water supplies serving 
about 88%. The proportion of the population in the rural environment 
receiving water from a public supply is only 15%. Most of its water is 
supplied from rivers, with reservoirs and deep wells supplying most of the 
rest. Water consumption is estimated to average 270 lipid ranging from an 
average of 285 lipid in urban to 141 lipid in rural situations. All 
properties are metered. 

Leakage detection in KUK is not widely implemented and unaccounted 
for water is estimated to average 27% (range 16% - 40%). A recent study 
has shown that in Ulsan City leakage on service connections is twice that 
from the distribution system. RUK is receiving US$7 million from the ADI! 
to help finance schemes in leakage control in a number of smaller towns and 
one or two large cities (Seoul and Ulsan City). 

llliPUBLIC OF SIN(;APORE 

Singapore has a population of 2.47 million of which 9'}.5% is served 
by public water supplies. (;rowth in demand is currently running at 5% per 
year and water resources on the main island are likely to remain 
inadequate. Approximately one third of the water is piped across from 
Malaysia. 
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ANNEX 4 

Leakage control is well established with inspection of transmission 
mains twice a week and in addition 3 teams of 15 men each working their way 
through the 299 waste zones in 10.5 months leaving 1.5 months for them to 
return to the most leak-prone areas. In 1982, a total of 146 leaks were 
detected. In addition, in 1982, a further 1000 leaks were reported by the 
public. All dOillestic properties are metered and meters replaced nn a 7 
year cycle. Excessive consumption Is identified by computer and some 3% of 
the 4UUO cases identified per month are found to be due to leakage, i.e. 
approximately 1400 leaks per year. Attempts are made to cut down water 
usage by installing water-saving and flow control devices in all new flats 
and hotels and recycling water used for cooling and washing processes in 
industrial premises. Tax incentives are given to encourage large 
industrial consumers to install water-saving devices on their premises. 

SOCIALIST REPUnLIC OF VIET NAM 

Hanoi Water Supply Uepartment serves a population of 2.6 million with 
a total of seven service areas with 100% coverage in the city and 15% in 
the suburban areas. There are two main rivers (Kong and Nhue), a raw water 
reservoir and some 98 deep wells supplying water to the area. Urban 
consumption is estimated to average 70 lIpId. 

Leakage an4 other water losses are believed to be high, representing 
some 40 - 50% of the total quantity supplied. fhis results from the fact 
that some 70% of the pipes are damaged. In 1983, Hanoi Water Supply 
Department constructed" and made alterations to some 20 km of transmission 
mains and distribution pipes and is carrying out some leakage and wastage 
investigations. However current practice can largely be described as 
passive control, finding and repairing leaks only when they show themselves 
on the road surface. 
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