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1. INTRODUCTION 

The World Health Organization Regional Office for the Eastern 
Mediterranean Region (WHO/EMRO) and the Islamic Development Bank (IsDB) , have 
started to collaborate on the health and environment programme. A memorandum 
of understanding has been signed between the two organizations and, to start 
the collaboration, two subjects of high priority have been selected: leakage 
detection control in water distribution systems and wastewater reuse. 

The rate of water wastage and leakage or unaccounted for w a t e r  (UFW) in 

water supply systems in the cities of the Region is high. The average wastage 
of 30-40% is commonplace and is frequently reported for many cities. The 
Region is suffering from a water shortage and the cost of water supply 
development in the countries of the Region is high. Therefore, the extensive 
rates of leakage and wastage are unacceptable. 

A distribution s y s t e m  which leaks extensively is exposed to the danger 
of being contaminated by waters outside the pipes. With many cities in the 
Region not having adequate sewerage or drainage systems, there are ample 
opportunities for contamination of drinking water supply systems by 
wastewater. In a number of instances the outbreak of cholera, hepatitis, 
typhoid, and other gastrointestinal ailments have been attributed to water and 
wastewater cross-connections. 

In view of the above situation and to assist countries to strengthen the 
technical capabilities of staff involved, a training course on leakage 
detection control was organized from 4 to 8 June 1995, in Alexandria, Eqypt. 

The objectives of the training course were to: 

F d ~ [ ~ i l i d ~ i z e  L l i e  C U U L S ~  ~ U L L ~ L ~ ~ U L I L Y  w i t h  the tectiriiques and managerial 
methodologies of the water leakage detection and control programme 

- Emphasize the health and economic consequences of water leakage 

- Share experiences and assist the participants in leakage detection and 
development of control programmes 

2. OPENING SESSION 

The opening session was attended by Mr S. Atallah, Director, 
Environmental Health Programme, EMRO; Mr Abdel Meguid Benan, representative 
of the IsDB, and Dr M.I. Sheikh, Special Adviser to the Regional Director, 
EMRO . 

Mr Atallah read the message on behalf of Dr Hussein A.  Gezairy, Regional 
Director, EMRO. In his message Dr Gezairy thanked the fsnR for  i t s  

cooperation. He mentioned that this course is one of the outcomes of 
collaboration between the IsDB and EMRO on environmental health. 

Dr Gezairy mentioned that leakage and wastage of water is estimated at 
between 20 and 40% of the total water supply in the countries of the Region. 



This is a considerable waste of an invaluable resource, not to mention a 
financial strain and loss of revenue, especially for countries that are arid 
and lack adequate w a t e r  resources, which is the case for a majority of 

countries in the Region. 

Dr Gezairy said that drinking water leakage and wastage have a two-fold 
adverse impact on health. Leakage is an indication of faulty water 
distribution lines. When the water pressure in the pipe drops, there is a 
serious danger that polluted and contaminated water fromthe area surrounding 
the pipe can enter the distribution system and contaminate drinking water. In 
urban areas that lack a proper sewerage system, there have been many cases of 
contamination of this type with serious health consequences. In addition, 
wastage of water contributes to water shortages particularly in urban areas. 
Areas that tend to be worst hit ate the low income neighbourhoods, thus 
aggravating a health situation that is less than ideal in the first place. 

Dr Gezairy said that controlling leaks in the water distribution system 
is an effective conservation technique that will prove increasingly 
economical, particularly as the cost of supply and the demand for water 
continue to increase. He mentioned that this training course had been 
organized to familiarize participants with the principles, economics, and 
technology related to public water supply leakage and strengthening of control 
programmes. It was hoped that the course would assist in strengthening the 
t e ch r~ i cd l  experlist: Cur gruyl-amma develugn~eilt in p a r t i c i p a n t s '  respective 

countries. This training course would also serve as a forum to exchange ideas 
and experiences gained in various countries. 

On behalf of the IsDB, Mr Benan thanked the Government of Egypt for 
hosting the course. He expressed his appreciation to EMRO for the initiative 
and its invitation to the IsDB to finance and support the training course. 

Mr Benan emphasized the importance of water for life and the need to 
preserve and use it properly, especially in places where water cannot be found 
easily. He mentioned that the IsDB is keen to encourase projects and training 
programmes which give priority to water resources and to help in highlighting 
their priority in the Member States. 

'l'his input from ene Bank conr irms m e  XsrrB' s wlllrngness to help Member 
States in developing the capabilities to deal with development issues and to 
improve economic and social conditions. IsDB has 48 members from Islamic 
countries and it aims at supporting those countries in socioeconomic 
development. With this in mind, a programme for technical cooperation between 
member countries has been established to make use of local expertise. The 
technical cooperation programme invested about US$ 8 million in 350 projects 
from 1404-1415 H (Islamic calendar) . 

Finally, Mr Benan wished the course success, hoping that participants 
would benefit from earh  n t h ~ t ,  exrhang~ ideas and ~ x p ~ r i e n c e s ,  and open new 

areas of cooperation for more development. 

The agenda, programme, and list of participants appear as Annexes 1, 2, 
and 3 respectively. 



Eng. Hassan Elshafei, Vice-Chairman for Production and Distribution, 
Alexandria Water Authority, Egypt, was elected as the Chairman and Eng. 
Muhammad Hassem A. Abdel Jaleel , Jordan, as Vi re-Cha i tman . Mt K . Khnah Chashm, 
Regional Adviser, Environmental Health, EMRO, acted as Secretary and 
Rapporteur . 

3. TECHNICAL PRESENTATIONS 

3.1 Health Aspeate o f  Leakage Control with Special Rrforenca 
to Water Quality 

This paper was presented by Mr K. Khosh Chashm 

The main objective of the WHO collaborative programme on Community Water 
Supply and Sanitation is to improve people's health. The high rates of leakage 
and wastage in water supply Systems in many cities of the EMR have a 
significant adverse impact on health. Water supply authorities in many cases 
are heavily subsidized by the governments and the principle of economic self- 
sufficiency" does not guide the process. These subsidies, sometimes, are major 
deterrents for efficiency and optimization of resources. Also, institutional, 
Legal, and financial management, shortcomings contribute heavily to the high 
rate of UFW. 

The EMR is faced with rapid urbanization which causes additional 
problems. These include engineering incompatibilityof requiredexpansion with 
the configuration of existing distribution systems, the necessity of forcing 
more water through the existing system, time space, cost confinements, legal 
and procedural weaknesses in urban management, the lack of sewerage systems, 
and the danger of drinking water pipelines being exposed to infiltration from 
w a s t e w a t e r .  

A water distribution system that leaks excessively is in danger of being 
contaminated by the waters which are outside the pipes. Such infiltration in 
some instances have been cited as the cause for the outbreak of cholera, 
hepatitis, typhoid, and other gastrointestinal ailments in the cities of the 
Region. Also, other impacts of leakage and water wastage are inadequacy of . 
supply and high cost of w i i t a x  i r ~  tile fr inyas  diid 1 u w  ~ I I C U ~ I ~  s e t t l e m e n t s .  

With excessive leakage, the frequencies and sampling points for 
measurements of the residual chlorine in drinking need to be increased in 
drinking water supply systems. This causes a burden on already strained water 
quality control programmes. 

The paper concluded chat excessive leakage in wacer supply systems nas 
very significant health consequences and the health authorities should be 
closely involved with the subject. 



3.2  Approaches f o r  Management of Water Supply and Sanitation Systems 

This paper was presented by Dr Jose A. Hueb. 

The water supply and sanitation sector in Member States is frequently 
characterized by the lack of adequate criteria for the application of suitable 
technology, institutional deficiencies, lack of trained personnel at both 
managerial and operational levels, andby insufficient financial resources for 
both construction of new facilities and operation and maintenance. These 
~u~lstrcii~lLs are likely to force government agencies to promote policy changes 
in order to make the best possible use of existing resources (human resources, 
equipment, installations). 

In urban areas where coverage bas experienced significant progress 
during the past few years, the inhabitants of urban fringes still lack public 
facilities and therefore are highly exposed to health risks. Such urban 
dwellers frequently have to pay the lnarket price fur- irlsufficient amounts of 
unsafe water sold by private companies. The price of water sold by private 
vendors in several large cities in developing countries frequently reaches 10 
or 20 times the price paid by regular customers of the water authorities. 
Paradoxically, within the served areas, the wastage of water is enormous, UFW 
is exceedingly high, and tariffs subsidized. UFW, representing more than 30- 
60% of the produced water, has been reported in a number of large cities of 
developing countries. Ic is possible co relace chis sicuacion co institutional 
deficiencies, an inadequate personnel development policy, insufficient and 
poor use of financial resources, and several other factors which are tackled 
in greater detail in the recent WHO publication: Operation and maintenance of 
urban water supply and sanitation systems. 

The control of leakage, which will lead to better use of the available 
water supply facilities, cannot be achieved without the overall development 
of the water supply and sanitation institutions. The monitoring of the pipe 
network system and the identification, detection, and location of leaks should 
be carried nut as a renu1 t n f  development efforts w i t h i n  a water supply and 

sanitation agency. This type of activity should not bz developed in isolation 
without considering the constraints hampering the water agency and without 
appropriate action to overcome such constraints. It is important to emphasize 
that the existence of numerous leaks and a great quantity of water loss in a 
distribution system occur as a consequence of the lack of an effective set-up 
for the operation, maintenance, planning, and financial practices, and a sound 
administrative support system. Prolonged periods of neglected operation and 
maintenance of water supply and sanitation facilities lead to ineffective and 
inefficient systems that must be optimized through operational and managerial 
action. 

Programmes for the optimization of water supply and sanitation systems 
are aimed at improving the efficiency of institutions to achieve the best 
possible use of the existing capacity of these systems. Such programmes, 
despite being focused on managemerit and operative aspects related to 
operation, maintenance, and rehabilitation, also involve projects and 
activities related to other areas. The projects and activities which are 
normally considered in the formulation of these programmes are directed 
towards the elimination or reduction of the major constraints for the 



achievement of sustainability and improved efficiency and effectiveness of the 
water agencies. These projects and activities should be organized to be 
implemented gradually in accordance with priority rcguircmcnts and also in 
accordance with the limitations of the water agencies. 

The optimization programmes which emphasize leakage control aspects, 
should be considered as a stage of an institutional development process. At 
this stage efforts should be oriented to the priority areas of the water 
agencies, thus facilitating the implementation of a more comprehensive 
institutional development proceoo. 

3.3 Factors Affecting Leakage: Conceptualization and Components of a Loss 
Control Programme 

This paper was presented by Dr I. Helwagi. 

Water wastage is a problem experienced, to varying degrees, by all 
municipalities. The first and foremost cause of the waste is leakage. In 
considering the problem of leakage it should be kept in mind that, both 
conceptually and in practice, waste is related to cost. The percentage of 
leaks will not be considered excessive if the costs of detecting and repairing 
them for a given period are greater than the costs of production and 
distribution of leaked water. This will not be the case for arid areas where 
a shortage of w a t e r  exists UL w l l r r ~  i~edlLtl hazards are consiberea, slnce 
leakage may result in serious health problems. 

Considering the factors affecting or resulting in leakage, attention 
must be given to design, construction, and operation. These should include, 
but not be limited to, careful analysis of pressure in the distribution 
system, particularlythe additional pressure caused by surge. The availability 
uL c u l i t i u l  v a l v e s  a ~ e  a l s u  i t [ ~ p u ~ t a n t .  Furthermore, soil movement, soil 
characteristics, and loads from vehicles may cause serious leakage problems. 
Trench excavation and laying of pipes on proper bedding material and their 
handling are also important considerations to prevent t h e i r  future 
deterioration. 

3 . 4  Introduction to Leakage Control and Causes and Effects of Leakage 

This paper was presented by Dr Hueb 

The degree of leakage changes acrnrding tn different factors which are 
discussed in this paper. These factors vary widely from country to country and 
between regions of each country. It is important to distinguish between UFW, 
water losses, and leakage. UFW is the expression for the difference between 
tne amount of water produced and the amount which is billed or consumed. 
Leakage is one of the components of total water lost in the network and 
comprises the physical losses from pipes, joints, and fittings. The water 
I n s s e s ,  in addition tn l eakage ,  include loss of water through overflowing 

service reservoirs and water lost within non-metered properties. The leaks can 
be severe and may go undetected for months or even years. The larger water 
losses are usually from burst pipes or from the sudden rupture of a joint, 
whereas lower level losses are from leaking or "weeping" joints, fittings, 
service pipes, and connections. The volume lost will depend largely on the 



'*awarenessv 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 
sur face .  It also depends on the l eak  detection and repair p o l i c y  of the water 
supply company. The other components of tot.al UFW are the non-physical losses, 
such as meter under-registration, illegal connections, and illegal or unknown 
use. 

3.5 Quantifying Leakage and Water Audit 

This paper was preocntcd by Dr Helwagi. 

The amount of water which is considered as waste is the difference 
between the quantity supplied to the system at the beginning and the total 
amount of water which is available to the consumer at the tap. However, it 
must be remembered that the water which is allowed to escape deliberately is 
not part of the above wastage. 

The two indicators of leakage in a district are net daily demand and the 
total minimum night flow (added for different sub-zones) . Both of the two 
methods are generally acceptable. The measurements of minimum net night flow 
is the more accurate for differentiating between real demand and for 
determining the leakage. Leakage from trunk mains can often be measured 
directly using permanent or temporary flow meters. 

For leakage monitoring or to follow the development of leaks, it is 
essential to maintain accurate records of the continuous demand for water. To 
ensure accurate results, meters should be calibrated at least twice a year. 
The records must be compiled in usable form. Also, information has to be 
analysed periodically and this requires sub-zone investigation for minimum 
night flow or Peaks. These include mapping, isolation valves, total length of 
pipes ir iclurlir lg size, age, and macerial. The total number ot service 
connections, the 24-hour users, and public and private storage facilities 
should also be considered. 

3 . 6  Techniques for Leakage Control, Including Present Management 

This paper was presented by Dr Hueb. 

The various strategies for leakage control currently practised can be 
categorized into the following four main methods: passive control, regular 
survey, leakage monitoring, and pressure control. Rnwever,  a number of 
variations may exist to suit local circumstances. Three of these methods 
involve direct leakage survey; the remaining method, pressure control, can 
only be regarded as supplementary to each of the other methods. 

Studies throughout the world have shown that continual monitoring for 
leakage control is cost effective in almost all distribution networks. The 
s r l r r e s s  of t h ~  method can be attributed to two major influences. F i r a t ,  the 
rapid advances in metering technology have expanded the flow range of the well 
established mechanical meters and have led to the introduction of other meter 
types. These include electromagnetic and ultrasonic meters, in the size and 
flow range, and at a cost suitable for leakage measurement. Secondly, data 
capture has become increasingly sophisticated, the techniques ranging from 



simple remote reading devices to programmable data loggers and telemetry. 
Together these advances have encouraged a trend away from those leakage 
control methods requiring a routine survey to t h o ~ e  which utilize continual 
monitoring. 

3.7 Leak Location Technf ques 

This paper was presented by Dr Helwagi. 

IL is essential before leak location techniques are applied to determine 
whether or not a leak exists in a particular district. This paper discussed 
and elaborated the commercially available methods and equipment for leak 
location. This equipment is sensitive for leaks 4 l/min or more within a few 
metres of the pipe. 

The leak location methods used are based on detecting direct or indirect 
noise produced by leaks. DiracL suurld sellsing shuuld be performed vnly  fur 
valves, hydrants, and stopcocks. Sound sensing at locations on ground where 
the pipes are located is considered as indirect sounding. 

The equipment in use for sound detection is: listening stick, electronic 
leak detector provided with sound amplifiers. Other methods that have been 
tested for leak location include gas injection and detection. Also, pressure 
moniroring can be userul in certain cases. 

3.8 Economic Analysis of Leakage Cantsol 

This paper was presented by Dr F. El Sharkawy. 

Leakage represents a financial loss for any water authority. To set a 
programme tor leakage control, the  water authority should make an economlC 
study to assess the value and price of leaked water and compare it with the 
expenses of leak control. If the study reveals a positive cost benefit 
analysis, whirh it i ~ s ~ ~ a l l y  does, then the company ran go ahead with the 
programme. Factors affecting leaks and wastage were discussed and are bad 
joints, stress in the distribution system, illegal connections, and metering. 
Quantifying losses was done through examples and case studies explained in the 
paper. Water authorities in the past did not consider the leak problem due to 
the low cost of producing water and the unavailability of leak detection 
equipment. Now the cost of water production is increasing due to the increase 
of power and chemical costs, besiriew the increase i n  wages. Thus, w i t h  the 
supply of modern leak detection equipment and good training on its use, water 
authorities can overcome the problem of leak control and save money by 
preventing wastage of water and also prevent damages to other utilities and 
structures. 

3.9 Developing an Action Plan for Improved Leakage Control Services 

This paper was presented by Dr El Sharkawy. 

The action plan includes the following: 

Organization of services for detecting and locating non-visible leaks 



Selection of the most appropriate process for detection and location of 
leaks 
Training of otaff to keep their knowledge up to date 
Establishment of procedures for prompt repair of leaks 
Identification of critical areas where leaks often occur and 
implementation of appropriate corrective measures 
Identification of procedures, tools, and materials that regularly 
result in leaks 
Installation of accurate metering and establishment of a realistic 
tariff to encourage water conservation 
Development and implementation of public education programmes to 
encourage water conservation 

3.10 Design and Installation of a Leakage Control System 

This paper was presented by Dr Hueb. 

This paper addressed the techniques of Leakage monitoring including the 
aspects of selection, installation and use of flowmeters, selection and 
delimitation of district metering systems, and the operations regarding the 
obtaining and treatment of the information generated by this system. 

The technique of leakage monitoring used today requires the installation 
of f luwlu~etcr-s dl stralcy ic: yu i r l t s  LhrouytiouL the distr lbutlon system, each 
meter recording flows into a discrete district which has a defined and 
permanent boundary. A typical district size varies between 500 and 3000 
properties, although some districts designed around old "waste zonesN are 
smaller, ~500-1000 properties. Others, designed around reservoir zones of bulk 
meter areas, are larger, 5000-10 000 properties. 

  low measurement can be perrormecl through two methods: the total 
integrated flow method and the night flow method, the latter being accepted 
as the more accurate. Both methods are acceptable as indicators of leakage. 
The night flow method is. however. the more widely practised. Night flow into 
each district is regularly or continuously monitored, allowing small changes 
in flow volumes to be observed. If the night flow in a district exceeds some 
threshold value, further investigation is undertaken to locate the source of 
the extra losses, usually unreported bursts. 

3.11 Management of a Leakage Control System 

This paper was presented by Dr EL Sharkawy. 

Control of water wastage, including leakage, i s  a consequence of 
efficient management. The production of water on an economic basis requires 
the estimation of cost production and cost services needed for the 
purification plants and the distribution systems. Thus, the wastage of water 
through leaks should be minimal. Reducing leakage will result in direct and 
indirect savings through its effect on other structures and utilities: 
decreasing excavation works, reducing maintenance work, up-dating maps of the 
distribution system, increasing the lifetime of pumps, reducing the quantity 
of water reaching the sewerage system, reducing insurance and claims, 
prevention of structure failure, and improving public relations. Before the 



water authoritythinks of expanding plants, it: should investigate the ways and 
means of controlling the present wastage of water. The quantity of water 
wastage may be equal or more than the required increase i n  demand, so i t  i s  
essential t o  use the existing water supply system to its fullest capacity 
through efficient management, before expanding a system that will continue to 
lose too much water through leakage. 

4 .  SU't4KARIES OF COUNTRY PRESENTATIONS 

4 . 1  B a h r a i n  

Bahrain is an island of approximately 679 km2. Water is produced by the 
desalination process of seawater and brackish water, Then the product water 
is blended with groundwater prior to distribution. A total of 540 000 people 
consume daily an average of 67 million gallons. In addition this water is used 
for industry, irrigation, and otlicr ~rlunfcipal usages .  I t  is av ider~t  that the 
cost of producing this water is considered as "very hight1. Therefore, the 
government of Bahrain has invested in an appropriate and cost-effective way 
to adopt the latest technology and state of art to ensure minimizing the 
losses of precious water from the distribution networks. 

The country presentation described briefly the stages of development, 
tne methodology and policies aaopcea, ana the acnrevements or cne waste 
detection unit of the water distribution directorate in Bahrain. It also 
reflected the structured methodology exercised for waste detection and the 
wastage control programme. 

The country presentation and ensuing discussions described the various 
aspects of a highly advanced computer-aided leakage detection control 
programme belng implemented in Bahrain. It became clear that the very high 
cost of desalinated water production fully justifies the ongoing leakage 
detection control programme. 

4.2 Egypt 

System losses are considerable but not over excessive for an old 
distribution system. There is a backlog in repair and maintenance. Visual 
leaks in main pipes can be seen frequently. 

A large portion of the supply is through public taps and spillage at 
these taps is high. The hydraulic capacity of the distribution system is 
reduced considerably because of the many old and corroded cast i r on  pipes and 
bottlenecks in the system. 

4 . 3  I s l a m i c  R e p u b l i c  of Iran 

The Iolsrnic ncpublic of Iran haa 4 9 7  c i t i ea  and is known an a ocmi arid 
country. Drinking water i s  supplied from surface (36%) and groundwater (64%) 
resources. Due to a high population growth rate in urban areas and providing 
enough safe water, a committee has been organized and leakage reduction in the 
distribution system is a part of its duty. The average water loss as leakage 
in the country is estimated to be 35%. Causes of water leakage and some 
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successful measures were described and some necessary actions for detection 
and reduction of leakage were proposed. 

4 . 4  Jordan 

In June 1994, a leakage control programme was launched for the city of 
Amman and this showed that percentage of UFW is 50%. Five pilot areas have 
been selected in the city to estimate better the leakage ratio. The high 
pressure, the aggressive soil, the aggressive water, as well as, the old age 
of the network are the main problems for the network in the city. 

A rezoning project and massive renovation of the network are taking 
place now in the city. Computerization of the controlling of the water 
distribution will take place very shortly. 

4 . 5  Morocco 

The National Office for Drinking Water (ONEP) is in charge of planning, 
production, and distribution of drinking water. Also, when asked by municipal 
authorities and councils, ONEP manages and runs the water supply system. 
Furthermore, ONEP manages and controls pollution of waters which are liable 
to be used for human consumption. 

ONEP, aware of the necessity to control the waste and to irnpruve the 
yield of the water systems, has develop a strategy which has the following 
features : 

- Metering surveys 
- Setting up procedures for operation and maintenance of networks and 

electronic and electromagnetic flowmeters 
- ReyuldLiliy d11d b d l d ~ ~ ~ i ~ l y  Ll~e  p r e s s u r e  i r i  ~~atwur'ks  
- Maintaining leak detection and repair equipment facilities 
- Managing the leak detection and repair in the fields 
- Improvinq production and distribution fitting by an important 

renovation programme 

The strategy of water wastage control undertaken by ONEP has showed the 
importance of renovating the fictlngs. Tne scraregy is a temporary action and 
it will be incorporated later on in the planned and permanent systematic 
maintenance programme. This could entail replacement of faulty sections. 

4.6 Oman 

In 1984, the Government of Oman, through the Ministry of Electricity and 
Water, embarked on the first phase of a continuing programme to identify and 
reduce the quantity of suspected high levels of UFW in the water supply 
distribution networks. The programme has been continuing over the past ten 
years. The average TJFW was estimated at 45% b u r ,  after the ten-year programme, 
has been reduced to 35%. The target is set to reach the 15% level. In 
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implementing the programme (district metering) the following difficulties have 
been experienced: 

Accuracy of system record drawing 
Inaccessible and inoperable isolation valves 
Installed pipe materials and installation depth 
Consumer service connection configuration 
Identification of legal flow 

While implernc~ltillg the pruguamma, t11e rllays a r e  up-dated and a new 
drawing is prepared for the target water districts. Whenever needed, new 
valves are introduced in certain areas. 

The results from the programme show that up to the present date out of 
63 established water districts, 35 are fully operational. The programme has 
resulted in a saving of 2% of the average daily system production, an 
estimated cost saving of 56 000 R.O/month. 

4 . 7  Pakistan 

Pakistan is a middle income country with a population of about 
I25 million, with only 40% urbanization. It has a tropical climate with 
extremes of weather. The subsoil water is potable in many areas. The largest 
urban centre is Karachi which has a popuiatlon or more than 10 million and 
suffers from a chronic shortage of water. Karachi is supplied mainly by the 
River Indus through very long pipelines (average 40-120 km) and suffers from 
an estimated 30% leakage. Most of the population has unrn~tered r nnnec t  ions and 
there is a 20% shortfall in the demand and supply. Long pipelines, shortage 
of water, rapid growth of the city, and an expansion rate of 6% are 
responsible for this high sate of leakage. 

Efforts are being undertaken to quantify the leakage and to control it 
effectively, with the aid and assistance of international agencies. 
Tncr~asi ngl y, mnrp nf t h ~  m n n ~ r t  inns are being metered and administrative 

steps are being taken to improve the situation. 

4 .8 Saudi Arabia 

During the past few years the city of Riyadh has seen a significant 
increase in urbanization, accompanying an expansion of local commercial 
activity together with growth in the governmental ~erviceo occtor. This 
increase in economic activity has led to population growth, and with it a 
significant increase in the consumption of water. Most of this water is 
imported into the Riyadh area, but the capability of the environment to 
dispose excess water or wastewater by means of the mechanism of infiltration, 
drainage and evaporation is limited. Consequently the city has begun to 
experience a rise in the level of groundwater, which is now causing a variety 
of problems for its citizens. 

Riyadh Development Authority has undertaken its Rising Groundwater 
Management Study with the aim of analysing the causes of the rising 
groundwater, of assessing the current and likely future consequences, and 
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solving the problem through the application of remedial and preventive 
met hods. 

Riyadh Region Water and Sanitary Drainage Authority has started a 
programme of leakage detection and control throughout the city. This will help 
in reducing losses from the water distribution system in the future. 

4 . 9  Sudan 

Thc papcr approached the topic of lcakngc from an cnvironmental health 
point of view. Most of the leaks form favorable breeding sites for mosquitoes 
and accordingly increase the incidence of malaria. Also breeding sites for 
flies increase where organic matter is found. Contamination of the water 
supply always exists due to sewage system failure which causes enteric 
diseases. The environmental health divisions in municipalities started 
detection of leakages by daily routine inspection to speed up the repair so 
as to avoid thc health hazards which may arise. The health authorities have 
started to charge for repair as one of the measures for financing such 
monitoring and surveillance, thereby ensuring that the safety of water 
supplied is not jeopardized. 

4.10 Syrian Arab Republic 

The Government of the Syrian Arab Republic has paid great attention to 
potable water projects and to developing new resources of water. The 
distribution systems pipes that are old and are partly defective have to be 
replaced. 

The government decided to extend the existing systems, and to replace 
defective parts of network. The government has obtained the pipes and 
dcuessu~ies L'ui isylace~uanL. Also l eakdye  rlcceutiuri equipment has Deen 
purchased and training programmes for operation, maintenance, and leakage 
detection have been organized. 

The leakage rate in Syria is about 40-50%. However, in some important 
cities, the rate is 20-25%, and in Damascus the ratio is 10% (leakage, not 
unaccounted for water). Each house has a water meter. Illegal house 
coririectioris are rar-e. Tlie yressu1-e in the network is abouc 10 bar. 

A considerable effort is exerted in Syria to control leakage and the 
early results are encouraging. It is hoped to bring down the rate of wastage 
considerably. 

4.11 Tunisia 

~unisia reported that the rate of water consumption ranges between 120- 
150 litres/capita/day. 85% of urban areas are supplied with water and 71% of 
rural areas .  Total water production fnr  Aom~stic consumption is 340  million 
m3/year. 27% of the production is lost, 10% during production and 17% from the 
distribution system. 
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The factors which contribute to water wastage include illegal use of 
fire hydrants, standpipes which are open most of the time, and house meters 
w h i c h  are out of order. 

Action has been taken by the water company to reduce leakage. This 
action included replacement of old meters by new meters (6500 yearly), repair 
of leaking points, reduction of wastage of water during filters wash, and 
monitoring of leakage. The number of leakage accidents reported in the past 
was 60 000 per year and has been reduced. Also leakage from supply pipelines 
w a s  reduced from 10.6 m 3 / h r / k m  i n  1 9 9 1  to 9 m 3 / h r / k m  i n  1 9 9 4 .  

4 . 1 2  Republic of Yemen 

The National Water and Sewerage Authority (NAWSA) is the organization 
responsible for pumping, transporting and distributing water in all of the 
communities in Republic of Yemen with a population of over 35 000. NAWSA 
operates through its branches in different parts o f  the c u u n t r y .  The problem 
is that because of high demand more water is pumped from ground sources than 
is recharged by rainfall. The total amount of water being pumped from 
underground aquifers from different well fields is 6306 million m3 annually. 
Most of extracted water is used for irrigation. 

The topography of the Republic of Yemen is of a mountainous nature which 
makes it difficult to pulrlp water for long distances and so people must depend 
on local well fields. 

In Sana'a, the first phase of the water supply project was executed in 
1975. The work included 45 wells to supply water to each house through the 
distribution system in the old city. PVC and galvanized iron pipes were used. 
They were subjected to explosions. (10 - 13 of total) . The second stage of the 
project: was co supply 3 0 woo properties (connections) . l'here are shortages of 
qualified staff and tools and equipment for maintenance. 

5 .  WORKING GROUPS 

The training course divided into two working groups to discuss the 
essential issues and subjects. Both groups discussed the same topics which are 
given below. 

Clnmmnn m a j  nr constraint n and d i f f i cul ti es impeding the  smooth operat ion 
of leakage detection and water wastage control. 

- ~nalysis of constraints and identification of priority activities and 
projects which are needed to promote and strengthen the leakage 
detection and wastage control programmes. 

Developing a plan of action to operationalize the action and projects 
identified at the country and the Regional levels. 
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6. CONCLUSIONS AND RECObQUENDATIONS 

After careful deliberation, the participants of the meeting arrived at 
some general conclusions on the priority issues of leakage and water wastage 
control programmes. It must be emphasized that these conclusions and 
recommendations may not be totally applicable to some countries which are well 
advanced in leakage concrol accivlties. Consequently, each country should look 
at these conclusions and recommendations as a general guideline and then 
decide which one are relevant to the situation prevailing in the country. 

1. r t  is crucial that the health aspects of leakage control and wastage 
reduction programmes should be recognized by the authorities 
responsible. 

2. In order to promote the development of leakage control programmes, the 
authorities concerned should undertake studies to quantify the 
relationship between leakage and health. 

3. In the areas of excessive leakage associated with intermittent 
supplies, the water quality monitoring and control system should be 
strengthened to minimize health risks. 

4. Feasibility studies and cost analysis for the expansion of water supply 
systems should include water leakage and wastage rnntrnl as important 
components of the planning process. 

5, The decision-makers of the water supply and sanitation sector and the 
teaching institutions should recognize the importance of training 
personnel at all levels. Training of trainers should be a fundamental 
requirement to strengthen leakage control programmes. 

6. In view of the scarcity of water resources and high cost of water 
production in the Region, it is recommended that leakage and water 
wastage control programmes should be considered as an important 
component of the overall water resource management and water 
conservation strategies. 

7. In countries which have serious water resources shortages, it will be 
essential to strengthen water conservation policies and programmes, 
Therefore, in such cases, in addition to control of leakage and water 
wastage programmes, the appropriate use of other water sources such as 
treated wastewater should be considered. 

8 .  Policies and strategies should be formulated and adopted to address the 
need for optimizing resources and to ensure that the appropriate action 
will be taken for sustainability and self-sufficiency. 

9 .  Leakage control and water wastage programmes should not be developed in 
isolation. They should be an important component of the policies and 
strategies highlighted in recommendation 8. 

10.  lie I i~ lanc ia l  self-sufficiency of the sector should be achieved L1-~ruugli 
suitable cost-recovery policies and practices including setting 
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appropriate tariff and metering regulations. In the formulation of 
these policies the principles of equity and the need for considering 
the social aspects should be addreaned. 

Alternative management options such as providing more autonomy to the 
water supply agency and privatization and commercialization of the 
water supply and sanitation services should be explored as possible 
strategies for improvement of efficiency. 

The water supply and sanitation agencies should review their managerrlent 
practices to ensure that their overall objectives concerning their 
customers are met under acceptable conditions of self-reliability, 
efficiency and effectiveness. The adoption of modern and effective 
management practices should be viewed as crucial to ensure the success 
of plans and programmes aimed at the reduction and control of leakage 
and wastage in the distribution system. 

It will be necessary to establish an information system and network at 
the national level to develop easily available data and share expenses. 

The national and local water authorities should develop clear plans of 
action for human resources development. Such plans should include the 
continuous and dynamic process of formal and in-service training to 
enhance the capabiliLies uT L11e respective starr In managerla1 and 
technical/professional and sub-professional categories. Also, these 
plans should address the improvement of career development, career 
incentives, job descriptions, working conditions and other elements 
which are vital for efficient performance. 

Leakage and water wastage control involve not only the water supply and 
s d l r i L d L i u r t  dye~icles  but also the water consumers, health and municipal 
departments as well as the national and local financial and 
administrative authorities. Therefore, it is important that effective 
means and mechanisms are established for smnnth intersectoral 
cooperation and collaboration. 

Laws and regulations that govern the relationship between consumers and 
water aurhoricies shoulcl be revised, as well as the quality of 
workmanship. This entails strict sanctions against illegal connections, 
control of materials and equipment used in water distribution, control 
of procedures which ensure good w o r k  quality needed and control 
measures for preventing wastage of water. Also, it will be necessary to 
institute licensing for plumbers and sub-professionals which deal with 
technical work. 

Since much terminology is used to express leakage rate, UFW, etc, it is 
recommended to unify the terms and units which are used. 

The water authorities should establish sound mapping systems which 
would represent accurately the status of the different components of 
the production and distribution facilities including pipelines, valves, 
fittings and other appurtenances. Such systems such be devised in such 
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a way to allow for the continuous updating of information and foresee 
effective means to retrieve information as required. 

19. The water authorities should consider establishing a permanent unit for 
research and development. The duties of the section is to be in touch 
with universities, research centres, concerned professional 
associations and manufacturers. The unit should constantly collect the 
latest information and be aware of new technology, methodology, and 
equipment and material which are used in leakage and water wastage 
control. 

2 0 .  The water supply agencies should ensure that they have the appropriate 
maintenance workshops, spare parts, and storage facilities to maintain 
the distribution systems, hydraulic machineries, and other equipment 
and instruments. 

21. Selection of equipment should be based on existing standards, taking 
into consideration the ability of the water agency to purchase, 
operate, and maintain it. Materials should be selected according to the 
sites, local conditions and should be tested according to 
specifications. 

2 2 .  Standard criteria and procedures should be prepared to guide the 
c lavaluy~l ir~ lL ul: design, construction, operation and maintenance of water 
supply and sanitation facilities. Special attention should be given to 
relevant local conditions and the appropriate technical requirements. 

23. The appropriate government levels should undertake action to convince 
policy-makers of the importance of implementing leakage control and 
wastage reduction programmes to increase water coverage and improve the 
quall~y or the water deliver-eil tu curluuluers. 

24. The water authorities should develop permanent campaigns to increase 
the awareness of consumers with regard to the need for rational water 
use. 

25 .  Efforts should be made to incorporate water conservation practices into 
the formal educaclon of school children. 

2 6 .  The relevant universities should include into their formal curricula 
?.he required elements and technology on leakage control. 

7. PLAN OF ACTION 

The meeting agreed to the following plan of action: 

The part i c ipants  on return tn  their cm~ntricln will bring the nlltcome of 
the meeting to attention of decision makers, technical staff 
responsible, and may write articles for the press, etc. 

2. Whenever feasible, the participants with the approval of decision 
makers, will organize a national workshop or meeting, based on the 
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outcome of this meeting. The national issues of leakage and water 
wastage control will be discussed. 

3. WHO will send the necessary guidelines and technical material to the 
countries. 

4 .  Participants will complete and return the data sheet which was 
distributed during the meeting to identify the key people and 
institutions. The focal points for leakage and water wastage control 
will be linked whenever feasible, to CEEIANET, rhe CEHA information 
network. The participants will also try to communicate with each other 
directly for information exchange. 

5. WHO may consider, provided funds are available, to organize follow-up 
meetings, as well as expand efforts in the area of leakage and water 
wastage control. 
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Annex 1 

Opening of the course 

Introduction of the participants and agenda 

Election of officers 

Adoption of agenda 

Introduction of objectives and making procedures 

Health aspects of leakage control with special reference to water 
quality 

Country presentations 

Approaches for manaqement of water s u ~ ~ l y  and sanitation syntems 

Factors affecting leakage: conceptualization and components of a loss 
control programme 

Working groups 

Introduction to leakage control and causes and effects of leakage 

Quantifying leakage 

water audit: 

Techniques for leakage control, including present management 

Leak location techniques 

Technical visit and field work 

Working groups and discussion of findings 

Ecnnnmi~ analysis of leakage control 

Developing an action plan for improved leakage control services 

Design and installation of a leakage control system 

Management of a leakage control system 

Working groups 

Conclusions and recommendations 

Closing session 
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Annex 2 

PROGRAMME 

Sunday, 4 June 1995 

8:OO - 8:30 Registrat ion 

8:30 - 9:OO Opening Session 

- Message from Dr Hussein A. Gezairy, Regional Director, 
Eastern Mediterranean Region of WHO 

- Address by representative from IsDB 

9:30 - 1O:OO Introduction of participants 
Election of thc officers training course 
Adoption of the agenda 

1O:OO - 10:30 Health aspects of leakage control with special reference to 
water quality 

10:30 - 11:30 Presentation by the participating countries covering the 
following aspects: status of water supply systems;  causes 
of unaccounted-for water and leakage; current action for 
improvement of performance of the water supply systems 

12:OO - 14:30 Country presentation 

Mvnday, 5 June 1 9 9 5  

8:OO - 9:30 Country presentation 

9:30 - 1O:OO Approaches for management of water supply and sanitation 
systems 

10:30 - 11:OO ~ d c ~ v r s  afrectiriy leakage: conceptuallzaCion an8 components 
of a loss control programme 

11:OO - 12:30 Workinq group session: identification of constraintn for 
improved leakage control services 

13:30 - 14:30 Introduction to leakage control and causes and effects of 
leakage 
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Tuesday, 6 June 1995 

8:OO - 8:30 Quantifying leakage 

8:30 - 9:OO Water audit 

9:OO - 10:OO Techniques for leakage control, including present 
management 

Lor30 - L1:00 Leak location techniques 

11:OO - 14:30 Technical visit and field work 

Wednesday, 7 June 1 9 9 5  

8:UO - 1 U : U U  working group Y ~ Y Y ~ V I I :  i ~ ~ s ~ i t u t i o n ~ ~ l ,  managerial and 
technical issues associated with leakage control programmes 

1 0 r ? 0  - 11:00 Presentation and discussion on the working groups' findings 

11:OO - 11:30 Economic analysis of leakage control 

11:30 - 12:30 Developing an action plan for improved leakage control 
services 

13!00 - 1 4 r O O  Design and installation of a leakage control system 

14:OO - 15:OO Management of a leakage control system 

Thursday, 6 June 1995  

8:30 - lor30 Working group session - action plan to intensify leakage 
control programme in the participating countries and 
formulation o f  the conclusions and recommendations of the 
workshop 

Adoption of recommendations 

Closing session 
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Annex 3 

LIST OP PARTICTPAWTS 

BAHRAIN 

EGYPT 

Mr Essa Mohammed Yousif Najibi 
Waste Detection Engineer 
Water Distribution Directorate 
P.O. Box 2 
Manama 

Eng. Samir Hakim Karassy 
NOPWASD 
96 Ahmed Oraby 
Mohandesseen 
Caizo 

E n g .  Mohammed Hoseanein Mahfouc 
NOPWASD 
96 Ahmed Oraby 
Mohandesseen 
Cairo 

Eng. Sayed Abed Hassan 
NOPWASD 
96 Ahmed Oraby 
Mohandesseen 
Cairo 

IRAN, ISLAMIC Eng, Jamshid Derayat 
REPUBLIC OF Expert in Environmental Health 

H e a l L 1 1  U/S ul: Medical ErlucaLivrl ar~d 
Health Services of Kermanshan Province 
Kermanshan 
c/o WHO Representative, Teheran 

JORDAN 

MOROCCO 

Eng. Muhammad Hossam Sallam 
Chief of the Leakage Department 
Minismy of Water and Irrigation 
P.O. Box 2412 
Amman 

Mr Soudou Abdellatif 
Chief of Technical Service 
Maintenance Department 
National Office for Drinking Water 
4 Avenue Atlas, Agda 
ONEP 
Rahak 

Eng. Said Mohammed Shamis A1 Nabhani 
Ministry of Electricity and Water 
P.O. Box 112 
Ruwi 
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PAKISTAN 

SAUDI ARABIA 

SUDAN 

SYRIAN ARAB 
REPlmLf C 

TUNISIA 

YEMEN, 
REPUBLIC OF 

Dr Nasir Javed 
Director, Health Services 
Karachi Metropolitan Corporation 
Karachi 

Mr Abdallah Ben Saleh A1 Sadhan 
Director-General 
Water Conservation Department 
Ministry of Water and Agriculture 
P.O. Box 25472 
Rivad 11466 

Mr Abdallah Mohamed Ibrahim 
Deputy Director-General 
Environmental Health Administration 
P.O. Box 303 
K h a ~  t o u m  

Eng. Samer Al-Kabbani Iban Mohamed Kheir 
Ministry of Housing 
c/o WHO Representative 
Damascus 

Mr Mahrnoud Kharrac 
Director of Production, SONEDE 
23 Rue JaLel Nahru - Montfleury 
Tunis 

Eng, Ali Ahmed Al-Haisami 
Adviser 
High Authority for Electricity and Water 
P.O. Box 12656 
Sana' a 

OTHER ORGANIZATIONS 

ALEXANDRIA WATER Eng. Hassan Elshafei 
AUTHORITY Vice-chairman for Production and Distribution 

Alexandria Water Authority 
Alexandria 
c/o Eng. Mohamed A. Marzouk 
Chairman, Alexandria Water Authority 

Eng. Sobhy Ramzy 
Manager of Distribution Eastern District 
Alexandria Water Authority 
Alexandria 
c/o Eng. Mohamed A. Marzouk 
Chairman, Alexandria Water Authority 

Eng. Abdel Meguid Benan 
IsDB responsible officer for the training course 
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WHO SECRETARIAT 

Mr S. Atallah 

Mr K. Khosh Chashm 

D r  M.I. Sheikh 

D r  J .  Hueb 

D r  T.  Saleh 

D r  I. Halwagi 

Dr F. El Sharkawy 

M r s  F. Adib Solban 

Ms C. Fares 

D i r e c t o r ,  Environmental Health, WHO/EMRO 

Regional Adviser, Water Supply, Sanitation and 
Housing, WHO/EMRO 

Special Adviser to the Regional Director, 
WHO/EMRO 

Rural Environmental Health, WHO/HQ 

Senior Technical Adviser, WHO project, Cairo 

WHO Temporary Adviser 
Professor of Sanitary Engineering, 
Environmental Health Department, 
Ein Shams University 
Cairo 

WHO Temporary Adviser 
Professor of Sanitary Engineering, 
High Institute of Public Health, 
University of Alcxar~rfs ia 

Administrative Assistant, WHO/EMRO 

Secretary, WHO/EMRO 


