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PREFACE

The need to ensure the sustainability of water supply systems
once built has become a priority issue for international
organizations, external support agencies, developing country
governments and everyone involved with the provision of water
supplies.

Most of all it is a vital concern of the recipients whose
faith in the development process may be destroyed if a much needed
and valued water system breaks down after its installation and is
not repaired.

Proper operation and maintenance of water supplies Is the key
to sustainabtlity and local governments and external support
agencies, alarmed at the high rate of failure and breakdown of
water supply facilities are devoting considerable efforts and
energies to finding solutions to the operation and maintenance
problem.

Nowhere is the situation more urgent than in the Sudan. The
lack of an effective, coordinated operation and maintenance
programme combined with the natural aging of systems has resulted
in a serious deterioration of rural water supply facilities. There
are approximately 3000 wateryards in the Sudan and over 80 per cent
reguire rehabilitation.

The Sudan does not have a policy or consistent operation and
maintenance strategy. Over the vears a variety of approaches have
been tried with varying degrees of success. These attempis have
resulted th a wealth of accumulated experience with the operation
and maintenance problem,




From May 14 to May 17 1983, a conference on Operation and
Maintenance was held in Khartoum. The objective of the conference
was to bring together pecple from the water sector in the Sudan
with representatives of external support agencies and individuals
with experience in coperation and maintenance from outside the Sudan
to review the operation and maintenance issue for rural water
supplies and to develop a plan of action for tackling the problem,

The conference was extremely well attended and included
representatives from the National Rural wWater Corporation and from
all of the major external support agencies active in the sector in
the Sudan. The importance attached to this conference by the
Government of the Sudan was evidenced by the very supportive
opening address given by the Minister of Irrigation and Water

Resources.

The guality of the presented papers was so high and the
contained information was felt to be so valuable that it was
decided to publish tham. This publication is a compendium of the
papers given at the conference together with a summary of the major
issues raijsed in the presentations and in the discussions.

The conference was jointly sponsored by the Canadian
International Development Agency and the United States Agency for
International Development and organized by the Institute of
Environmental Studies University of Khartoum and the World
University Service of Canada. Special thanks are due to Mr. Frank
Gilbert, the S AID programme director in the Sudan and to Mr.
Brian Grovet, Head of the wWater Sector, Canadian International

Development Agency for their support.

The World Health Organization has long recognized the need for
effective operation and maintenance programmes to guarantee the

continued sustainability of water systems. The Community Water




Supply and Sanitation Unit of WHO is presently executing a
programme to focus attention on the operation and maintenance issue

and to develop more effective strategies.

The World Health Organization agreed to publish the
proceedings of the conference and very special thanks are due to
the Community Water Supply and Sanitation Unit at the
Organization’s headquarters and to the World Health Organization
Reglonal Office for the Eastern Mediterranean.




OPENING ADDRESS

Mahmoud Bashir Gamaa
Minister of Irrigation and Water Resources

It gives me great pleasure to welcome you to this opening session of
this very important Confarence in which you will discuss one of the most
pressing problems that faces our people in the rural areas - the problem of
the management and maintenance of water supplies,

For a number of years, the greatest emphasis was given to
construction and erection of new water sources while operation and
maintenance was neglected or left to various initiatives by the authorities or
by the local people.

In recent years and as a result of drought, traditional sources dried up
and wateryards faced a great deal of pressure. This led to the stoppage of
more than 50 per cent in 1985 while those which remained in operation
operated at a much reduced efficiency. This created social and
environmental problems including population migration, tribal conflicts and
environmental deterioration around water sources.

As water provision is critical for rural development, there is a need for
an integrated strategy to ensure its proper operation and maintenance and
sustainability and the proper operation and maintenance of water systems.

Dear participants, allow me to emphasize the Government's concern
about the problems of rural water supplies. We give it a very high priority
because of its impacts on the social and economic life of the rural people.

In this connection, allow me to put before your conference some points that |
believe will help in finding solutions to the problems of rural water supplies in
the Sudan.




1. Water provision should be considered as a catalyst for development. t
therefore should be integrated and linked with other development activities
such as initiatives to combat desertification,

2.  We need to give much greater attention to renewable sources of
energy.

3. We need to promote local involvement and participation in the
management of water sources at the village level.

4. Thers is a need to strengthen and rehabilitate maintenance centres in
the different regions to ensure proper operation and maintenance of the
different water sources. '

5. We need to revise the water rates so that the revenue generated will
cover the costs of operation and maintenance, and also provide additional
funds to achieve some margin for expansion and the development of new
sources.

6. A revolving fund should be established to guarantee that funds are
available on a sustainable basis for operation and maintenance.

7. Regional governments should be asked to collaborate with the NRWC
to ensure proper management of rural water supplies.

8. To ensure active local involvement, the technology selected must be

simple and appropriate to local conditions.

9. Funds need to be mobilized in order to rehabilitate the existing
wateryards. | would like to thank the different donors and agencies who
have helped us in these endeavours in the past. As you know, the country’s
financial resources are limited so any assistance given to us in this respect is
very much appreciated.




10.  For efficient operation and maintenance, there is a need for well trained
personnel. For this purpose and with the help of the United Nations
arrangements are now under way to establish a regional training centre in El
Fasher as a first step. Later it is hoped training centres will be established
in the other regions of the Sudan.

Ladies and gentlemen, allow me to thank the organizers of this
conference and to wish you every success in your deliberations. | express
my great gratitude and thanks for all those who have contributed to this
workshop and especially to the steering committee. Special thanks are due
to World University Service of Canada for its effort in organizing this
workshop which will focus on a very vital problem facing this country.




OPENING ADDRESS

F.E. Gilbert
Director of The
United States Agency For International
Development In Sudan.

Good morning. It is a pleasure to be with you at the start of a
Conference on such an important topic.

| do not often accept invitations to talk on technical subjects and my
first instinct was that someone with real expertise should talk to you today at
the beginning of this Conference on Sustainable Operation and Maintenance
of Rural Water Supplies in the Sudan. But on thinking it over, | realized that
sustainability is not really a technical subject at all. If it were a tachnical
subject, | am quite sure that you people, or at least some of you, wouid
have already soived it, Now it never hurts to start a speech by flattering the
audience, and | certainly do not mind if | have done so in this case. But |
also think there is a serious point here - one that we should bear in mind.
Perhaps the main reason why sustainability is such a persistent problem is
that it does not fall within any one area of expertise. Another related reason
may be that assuring sustainability is certainly beyond the capability of any
one actor, party or group involved in the development and operation of water
supplies. Given these characteristics of the problem, it is at least arguable
that a donor representative is roughly as qualified, or maybe 1 should say just
as incompetent, as anyone else to talk about it. Having established my:j'
credentials, | will get on with the talk. :

USAID has been engaged in water resource development and
rehabilitation in the Sudan for over ten years. The aid that we have provided
to the Government of the Sudan in the water sector has covered "




development, rehabilitation, research, and training. The cost of this
assistance in appropriated funds alone is over USD 22 million. In addition,
we have allocated over LS 50 million in counterpart currencies to water
resource development and rehabilitation between 1982 and 1988. During this
time we have rehabilitated over 100 boreholes and rehabiiitated more than 50
wateryards. We have also assisted in the construction and rehabilitation of
hafirs. Two of the biggest AID-funded water projects are in Gedaref and Port
Sudan. These involve increasing the capacity of water supply and
distribution systems in areas where previous capacities were over-taxed due
to large influxes of refugees.

This very brief synopsis vividly emphasizes the importance of this
Conference and its topic. | used the words rehabilitation and rehabilitated six
times. Many other donors, NGO's and governmental agencies are engaged
in developing water resources in the Sudan. A description of their efforts
would mention rehabilitation just as frequently. Our judgement at USAID is
that most of the water projects in this country have not contributed as
expected in meeting the water supply needs of the communities they serve.

One reason for this is that design conditions change. For example,
populations sometimas grow faster than had been anticipated.

Howaver, another, perhaps even more important reason is that there
has consistently not been enough funding for water supply operation and
maintenance costs. Howevar, basic as they are, funding problems are only
part of the picture. Had funds been sufficient, other constraints would
undoubtably have stood in the way of successful operation and maintenance
ot Sudam’s rural water supply systems. At least in the near term there can
be little doubt that skilled management and labour as well as foreign
exchange for imports of equipment and spares would also have posed
problems even if adequate local currency funding had been available.

At the bottom of all these problems lies the lack of an adequate
government policy. Such a policy would need to take a realistic account of




the needs, the capacities and roles of the concerned entities - most notably
the rural communities themselves and the National Rural Water Corporation -
and assure that their respective contributions complement one another to
form a complete response to this need.

Developing such a policy is easier said than done. There is no single
correct answer that can be adopted in principle and applied in the Sudan.
The one that most of us at USAID, and possibly in other Wastern donor
agencies, would be tempted to advocate is that users must be prepared to
pay ths true economic cost of the goods and services that they consume. B
That is the simplest way of ensuring sustainability. However, in the Sudan,
as in other developing countries, there is room for honest concern that the
terms of trade between city and countryside - which is itself largely a function
of government policy - may be so unfavorable to the rural sector that |
communities may require subsidies in order to support the social services
and infrastructure they need to remain viable. | merely acknowledge this
point of view; | do not hold it myself. However, if this is so, what can be
done to identify dependable sources from outside the communities? Other
issues which such a policy must confront include questions of ownership and
water rights and their implications for systems management. Experience has
shown time and again that communities need to feel a sense of
proprietorship in order for them to take adequate responsibility for water
systems and other assets on which they depend.

The task of developing a government policy that realistically provides -
for sustainable operations and maintenance of rural water supplies is a large
one. This Conference can mark an important beginning in the process of
bringing together the interested parties and opening the dialogue that must. .
form part of this process. | commend the organizers of this Conference for.
launching it. USAID is proud to play a part as a co-sponsor. We wish you
every success in your efforts to define the issues, agree on the facts and .
reach for a consensus on their policy implications. Thank you.




OPENING ADDRESS

Guy Carrier
Canadian International Development Agency
Ottawa, Canada

It is with great pleasure that | welcome you to this important
Conference, Jack Titsworth, CIDA’s Country Programme Director for the
Sudan, was requested to deliver this address. He sends his apologies for
not being able to attend but he wishes the best of luck to all participants and
sends his greetings to colleagues from the National Rural Water Corporation,
the Institute of Environmental Studies, the United Nations Devslopment Fund
and other organizations.

This Conference, jointly sponsored by CIDA and USAID, demonstrates
the importance that Canada attaches to sustainable operation and
maintenance of rural water supplies in the Sudan. The funding of the WUSC
project is a good example of CIDA’s endorsement of the concept of
sustainable development. CIDA considers that effective operation and
maintenance is the key to sustaining systems and services in this critical
sector,

The Inter-Agency Round Table on Water Supply and Sanitation, held in
Harare on November 28 - 30, 1988, indicated a need for better and wider

coordination in water supply and sanitation at the country level. It was also
recognized that the initiative and responsibility rested with the respective
governments themselves. In this respect, CIDA’s development assistance to
the Sudan has helped strengthen the water and sanitation sector in aspects
of human resources development, women in development and integrated

sactor approaches.

Before starting the Conference, | would like to take the occasion to
congratulate the National Rural Water Corporation, the Institute of
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Environmental Studies, and the World University Service of Canada for this
well-planned conferance and to wish them every success with this meeting.
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OPERATION AND MAINTENANCE OF WATER SUPPLY
AND SANITATION FACILITIES.

José Hueb

WORLD HEALTH ORGANIZATION
Geneva, Switzerland

Introduction

The importance of operation and maintenance has been widely
recognized by multilateral and bilateral agencies and governments, and
concerns have been expressed in meetings involving external support
agencies, in the reports on regional and international consultations and in a
number of resolutions of the World Health Assembly.

The reports on the Regional External Support Consultations of Asia,
America and Africa, and the report on the Interlaken Consultation have
stressed this constraint as follows:

- The Americas Regional Consultation (Washington, D.C., 21-24 April
1986} identified six key constraints related to progress in the water
supply and sanitation sector development in the Latin America and
Caribbean Regions. Among them was found: “insufficient attention
to operation, maintenance and rehabilitation of existing water supply
and sanitation systems". (Page 2, item 1.7).

The Asia Regional Consultation document (Manila, 21-25 October
1985 states on page 7, item 4.3, when referring to the sector's major
constraints: "..while analysis has shown improvement between 1980
and 1984 in the percentage of people having access to safe water
supply and sanitation, the functioning of water supply and sanitation
systems was often disrupted by inadequate operation and
maintenance..."




- The Africa Regional Consultant documant (Abidjan, 25-29 November
1985) recognizes that "many installations were out of order soon
after their implementation, mainly due to lack of local expettise to
adequately operate and maintain them”. The same document
referring to the second half of the Decade strategies and approaches
points out four major issues on which future sector inputs should
concentrate. One of them is: "Rehabilitation and maintenance of
existing water supply and sanitation installations, rather than
investments in new capacity, to maximize the output of limited
resources and to prevent recurrent project costs from soaring to
unaffordable levels”.

- The International Drinking Water Supply and Sanitation Consultation
(Interlaken, Switzerland, 13-16 October 1987) has recognized that
"operation, maintenance and rehabilitation receive insufficient
attention, and the problem is aggravated by application of
inappropriate and often too sophisticated technologies (which are
neither affordable nor manageabie)". In accordance with this
Consultation, operation and maintenance represents one of the six
major constraints to sector development.

Despite efforts exerted by WHQ, other external support agencies and
governments, the establishment of operation and maintenance in developing

countries is not keeping pace with the huge investments for the construction
of new facilities.

The lack of balance between the allocation of resources for the
construction of new systems and the development of operation and
maintenance capacities is a major constraint for an efficient use of existing
water supply and sanitation facilities. Aithough there is insufficient
information on the present situation of operation and maintenance, it is well
known that a high percentage of the facilities in rural areas do not function
as planned,

13




The following constraints are usually associated with the existing
situation in rural areas:

- Institutional deficiencies:

- Lack of training programmes and adequate personnel development
policy;

- Insufficient and poor use of financial resources;

- Lack of planning and programming;

- Lack of operational and managerial instruments for programming,
evaluating and controlling activities;

- Inadequate information flow;

- Poor quality of information;

- Lack of community participation;

- Lack of manuals and inventories of technical information; and

- Recurrent mistakes in layout, design and construction of water supply
and sewerage facilities.

The following are specific constraints for the proper use of existing
facilities in rural areas:

- Deficiant sector organization inhibiting the development of suitable
operation and maintenance services;

- Lack of technological, institutional and financial support for local
production of pumps, spare parts and tools;

14




- Lack of standardization:

- Sslection of unsuitable technologies resulting in installations and
equipment which are not in accordance with the capacity of nationals
to operate and maintain them; and

- Deficient process of purchasing, stocking and distributing of spare;a
pars. ‘

WHOQ's LINES OF ACTION

WHO's present efforts to support countries in the improvement of
operation and maintenance areas comprise the following lines of action:

1. Devalopment of guidelines for operation and maintenance and
optimization of water supply and sanitation facilities

Efforts at elaborating guidelines for implementing operation and
maintenance programmes have been undertaken in past years. Despite this,
the community water supply and sanitation sector lacks suitable guidslines
which are based on a more active and broader involvement of racognizei:i
professionals representing external support agencies and governments from
developing countries.

The development of operation and maintenance guidelines will be ‘a
valuable aid for policy makers, managers and sanitary engineers concerrjed
with this constraint to sector development.

The development of this line of action will begin with the collection of

existing case studies which describe the situation of O&M and related areas
in water agencies of developing countries. Such case studies should c@_Ver,
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as fully as possible the variables which affect how the operation and
maintenance of water supply and sanitation facillties is carried out in different
regions.

The analysis of the case studies carried out by groups of consultants
and professionalis from the institutions which have presented them will allow
the preparation of specific strategies for the improvement of Q&M and related
areas for the respective water agencies.

Simultaneously a library search to prepare an O&M bibliography will be
undertaken. OQut of this activity a document will be prepared which will
contain a brief history of the state-of-the-art of O&M in the developing world
and a list of bibliographic references on the matter.

A document which consolidates the case studies and the state-of-the-
art will be elaborated. This will serve as a basis for the preparation of the
guidelines on O&M. After preparation of the draft guidelines, a formal study
group on O&M will be constituted to review the draft document and finalize
the guidelines.

Operation and Maintenance Working Group

There is a need to coordinate efforts between External Support
Agencies conceming O&M projects. Improved exchange of information on
on-going and future activities and the possibility of developing projects shared
by a number of ESA’s have motivated WHO's actions directed towards the
promotion of the constitution of a working group on operation and
maintenance.

Representatives from WHO, IRC and WASH have worked out an
approach for the Working Group. This approach will be discussed by
representatives of the ESA’s. This document proposes that the O&M group
will be responsible for the execution of the following activities:




- Elaborate objectives and scope of coordinated actions;

- Develop proposals for joint and coordinated activities on O&M to be
funded by UNDP and/or bilaterai ESA's;

- Generate support for the implementation of coopsrative projects;

- Organize cooperation in this field avoiding duplication of effort and
poor use of financial resources,

- Facilitate and organize transfer of experience; and

- Support government in the formulation, implementation, funding and
monitoring of Q&M studies and programmes.

The goal of the working group would be to improve the status of O&M
activities of organizations by increasing awareness, generating support and
providing information on the magnitude and nature of the O&M problems.

Thus, the specific objectives of the group would be:

1. To prepare an overview of ESA efforts in support of O&M.

2. To establish a list of core problems that currently inhibit successful
and sustainable O&M activities.

3. To establish working relations with relevant ESA’s, specialized
agencies and developing country institutions concerned with O&M.

4. To produce case studies. Case studies would include both existing
studies from which lessons learned would be drawn and also new
studies to be undertaken, Both a horizontal and vertical approach
would be taken within a specified format which addresses the

17




themas indicated in (1) covering both rural and urban contexts in
selected countries.

To sponsor a workshop on O&M to present and analyze results of
case studies; to develop indicators in O&M and to identify gaps in
experience and information.

To produce reports which would be a compendium of iessons
learned based on case studies and workshop results and to
provide guidelines on O&M policy.

To recommend follow up activities at the country and regional
level for implementing O&M projects.

Support to the formation, implementation and monitoring of operation
and maintenance programmes.

The complexity and quantity of activities comprised in Q&M

programmes require very well concerted efforts among the involved

organizations at the country and international levels. The following are the
major phases in the development of Q&M programmes;

- Promotion of O&M programmes. The first important action to be

taken at the level of national agencies is to generate an awareness
of the significance of the programme and willingness o implement it;

Formulation of O&M programmes. It should be undertaken once a
political decision supporting such an initiative has been achieved.
The formulation comprises the identification of a national coordinating
agency, the organization of the sector to implement the programme,
the assessment of existing community water services and the
definition of pnority programmes, projects, and activities respective
costs and required resources (human, financial, equipment, materials,
vehicles and installations);

18




- Implementation of O&M programmes. It should be undertaken with
coordination of a leading national sector institution, initially in af few
communities. Depending upon the country’s experience of simllar
programmes, an external project manager may be required;

- Training activities. They should be supported by training packages.
The training activities should be included in the programmes’ -
implementation process. The courses/workshops/seminars/ will be
directed to managers, engineers and technicians. This initial target
staff is expected to bacome a core group for developing human
resources including caretakers at the village level; and

- Monitoring, evaluation and adjustment. Mechanisms and procedures
for monitoring, evaluating and adjusting the programme should be
established and implemented. -

4.  Training Packages on Operation and Maintenance

Critical areas regarding operation and maintenance activities have ' been
identified. Training packages directed towards the improvement of
managenal and technical areas are being prepared. The objective is the
prior preparation of material in such a flexible manner that it will be possible
to assemble a complete set of training packages which will meet the :
requirements of developing countries. The respective courses/
workshops/seminars will be directed to trainers in accordance with a problem
analysis for each situation. An initial target population in each country is
expected to integrate a core group of human resources which would exert a
multiplying effect in disseminating the proposed knowiedge.

Concluslons and Recommendations

Operation and maintenance has not usually been considered a priority
in developing countries. A coordinated effort involving ESA's and
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governments from developing countries should be exerted to restore the
balance between construction and O&M on the basis of better knowledge of
how rasources for O&M can be most effectively utilized.

The initiative concerning the organization of a Working Group on Q&M
is of great importance for better coordination and interaction betwean ESA’'s
and developing countries and should be supported and further developed by
both the ESA's and developing country governments.
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BASIC ISSUES FOR SUSTAINABLE OPERATION AND
MAINTENANCE OF RURAL WATER SUPPLIES
IN THE SUDAN

Yagouh Abdalla Mohamed
Institute of Environmental Studles
University of Khartoum
Khartoum, Sudan

Introduction

Various studies and reports have indicated that both national
governments and donors in developing countries have made huge
investments in the field of rural water supplies but with disappointing reﬁults
Many of the constructed systems are not maintained and have been
abandoned. Others are being used by few of the original target populatlon
Expansion of the sources to meet the needs of the growing populations has
been slow. This poor performance has been blamed on bad design and bad
management (MacRae, 1987). It was found that inappropriate technoiogies
were often selected that proved too complex and difficult to maintain, and
insufficient attention was paid to issues of financial managerment, cost ,
recovery, operation and maintenance and community involvement. Faced .
with poor performance, and recognizing these limitations, many agencies
working in the field of rural water supplies began looking for new approaches
which:

1. Consider consumer preferences and ensure that users want the
supply, and that the organizational and institutional structures exist

to maintain it.

2. Use the most appropriate technology that meets the service
required.

21




3. Recovers costs to ensure sustainability and to enable expansion,

The consideration of these issues is essential for sustainable operation
and maintenance. This paper will discuss these three issues of community
participation, appropriate technology and cost recovery as they relate to the
establishment of a sustainable water system in the Sudan.

Community Participation

It is recognized that the degree to which a water supply system fulfils
its function relates almost directly to the efficiency and effectiveness of its
management. In general, the management of a rural water supply system is
composed of three interrelated stages: planning, construction and operation
and maintenance. To achieve effective and efficient management,
appropriate structures and organizations must be established, linking national
plans and objectives to the needs and requirements of the local community,
Studies show that the success of the rural water supply programme depends
on the extent to which beneficiaries are considered and involved In all stages
of programmae planning and implementation. In fact, recent approaches to
rural development rely heavily on the involvement and initiatives of the rural
people. Thus local involvement is seen as a very important prerequisite to
local development, both for economic reasons and because the process itself
should increase the capability and self-reliance of the villagers. Hence water
provision must not be seen as a donor-to-government operation but as
donor-to-people (Widstrand, 1978). This approach means that planning and
implementing the supplies must start from below and consider the people’s
wishes. The whole process and the decisions tied to it are necessarily
political if the people’s participation is to be more than passive.

It is believed that villagers' contributions, in whatever form, reflect the
desire for the project in question and are a response to a genuinely felt
need. Accordingly, many developing countries have started assessing the
appropriate arrangements for village level participation in the management of
rural water supplies. The sustainability of these arrangements depends on
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local conditions. Sometimes there may be an existing Institution which is well
suited for undertaking the additional function of water supply management.

In other cases government policy may dictate that certain persons or
institutions in the village should (or should not) have this responsibility. In
other instances the government may opt, in the face of obstacles to
community involvement, to avoid local participation by directly administering
the village water supplies through a government water authority. Hence the
form of local participation, and the degree of involvement and the
responsibilities assigned to the local community depend on local conditions -
and the social organizations prevailing at the local level. Control over the
water source gives some people a measure of control in the village
community. However, local participation in whatever form is indispensable if
village water supply systems are to work effectively.

Many developing countriss found that the task of running village water
supplies was beyond their capabilities and began efforts of creating or
mobilizing existing local institutions to take over the responsibilities. In the
Sudan, self-help in its traditional form (Naffir) is a very old and traditional part
of rural life, but institutionalized participation in water provision is rather new.
Self-help in its traditional or institutionalized form shows the people’s level of
involvement in domestic water supply (Mohamed, 1986).

In fact, with independence, the national government took over the
responsibility of providing all the basic social services and this approach
created a strong dependency on the govermnment especially in the field of
water provision and its management. Immediately following independence,
local participation tock the form of political pressure applied through influential
lpaders to press for water points to be located in their villages. Hence, the
rural people were not efficiently mobilized or involved in the planning,
installation or management of their water supplies. By 1970, the government
considered self-help and local involvement as the appropriate mechanisms to
provide more services to the rural areas. Thus a number of village
organizations were formed to mobilize local resources and reduce reliance on
the government. The involvement of these organizations in the field of water
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supply became very clear when village water supplies, especially wateryards,
began to face problems of management and fuel provision. Still, this
participation is not institutionalized but depends on local initiative and the
cooperation of the wateryard administration. Participation through these
organizations is mainly effected through self-help labour contributions or cash.
In this respect, the ability and willingness of the villagers to pay depends on
their economic standards, cultural and ethnic background. As a general rule,
when the expenses are not beyond the capability of the community, and the
work to be performed is less complicated, self-help tends to be effective. In
& survey carried out in four communities in the Sudan in 1983, it was found
that the most common type of self-help is through cash contributions
(Mohamed, et al., 19886).

Involvement and consultations on site selection are very common in
most areas of the Sudan, but do not extend to the type of water supply
system to be provided. This task is usually left to the implementing agency.

In recent years, many villagers have started to assume the
responsibilities that used to be performed by the National Water
Administration either through established village organizations or through
newly formed "water committees”. Communities for example look after the
water source and assist with wateryard administration and operation. The
normal procedure followed is that the committee gets the support of the
villagers to lavy an extra charge per tin of water sold to buy fuel, spare parts
and perform maintenance. In fact, these committees have succeeded in
ensuring the continuous operation of the wateryards in many parts of the
country. Without their involvernent, due to a lack of government operation
and maintenance, these wateryards would have ceased operating. The
committees obtain cash through three methods: (Mohamed et al., 1982)

1. Fixed amounts of money to be paid by each family monthly. This
form is widespread in rural Khartoum and Gezira villages.
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2. Fixed amounts of money collected when the need arises i.e. in -
case of breakdowns or shortages of fuel.

3. Extra charges on water taken from the source collected normally:’
by the water clerk or the water committes, to be kept in a special
fund to be used when the need arises, This method is the most
common in Kordofan and Darfur. In a survey of 32 wateryards
carried out in S. Darlur, by the Western Savannah Development
Corporation, it was found that every single wateryard had a selff:‘
help committee established and these committees were in chargé:
of running the wateryards. These committees arrange the |
purchase of fuel, oil, and spare parts on the open market. The
same study found that the water committees arrange collection of
money from the households of regular users of the wateryard.
The amount to be paid by sach housshoid takes into consideration
the livestock belonging to each household.

There are other versions of community participation in the country. In
tha Northern Ragion and in some parts of Khartoum there is a complete
takeover of the water sources by the focal community (Sammani, 1989). On
the other hand, UNICEF and other international organizations have ’
sstablished local committees to ensure local paricipation. UNICEF in
particular has instituted some degree of village level maintenance through the
training of village caretakers. :

From this brief review of the different approaches, it is clear that the -
principle of village participation is accepted with varying degrees of local
involvement. Still the search for the appropriate village organization capable
ot providing efficient service to the villagers remains to be settled. When
seeking a suitable organization, the traditional institutions might at first sight
ook attractive. Village sheiks or chiefs, as holders of a formally recognized
office at the local ievel and recognized by the local government authorities
would seem to be the most obvious people who should be responsible for
managing rural water supplies. However, for political reasons, governments
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tend w regard traditional leaders with suspicion. This Is because traditional
leaders within their areas of influence represent the apex of an established
order which a modernizing government wishes to reform. Thus the Sudan
gevernment instituted village councils, village development committees, etc. to
allow new social elements to emerge.

These contemporary organizations may also provide a suitable system
for village level management of water supplies and can be easily adapted to
perform the extra tasks required, but again, it may not be appropriate
because of the tendency to increase village factionalism. For these reasons,
in any particular village, there is no rule of thumb as to which group is
suitable for managing the water supply. The choice ultimately depends on
the assessment of the local conditions.

Appropriate Technology

In the field of water supply technology, as stated by Foster (1988), it is
clear that in the Sudan we have passed through three phases. The first
phase was represented by the introduction of imported technology which in
many cases was found to be inappropriate to the realities of local conditions.
The second phase was characterized by the search for fow cost technology.
The third phase defines the appropriate technology with respect to the
individual requirement of each project by considering a broad range of issues.
Accordingly, appropriate technology does not mean simple technology, but a
technology specifically designed for the conditions under which it must
function. Foster (1988) provided a iist of elements to be considered in the
selection of appropriate technology. These include:

1. Suitability to the local envirenment,
2. Cost effectiveness.

3. Durability.




4, Availability of spare pars.

5. Energy efficiency.

6. Acceptable from a social/cultural perspective.
7. Brings improvement to local ways of life.

It is possible to add to these major considerations elements such as
the possibility of local manufacturing including the use of local materials,
lessening the burden on women, and reduced negative envircnmental
impacts.

The UNDP/World Bank handpump programme represents a major effort
in the search for & suitable appropriate technology. This effort stresses
village level management and responsibility. Thus it combines technical
improvements together with social, culturalt and environmental concerns,
Hence appropriate technology can be defined as that type which can be
integrated in the social, economic, and institutiona! fabric of the community.

The technologies used in the Sudan are a function of the type of water
source. At the traditional sources such as hafirs, dams, and shallow welis,
water is either collected directly or drawn with leather buckets and tins.
Attempts to improve the water quality of these sources include fencing or
digaing side wells to prevent animals or people coming into contact with the:
source. The system of dug wells was improved and modified by the local
people in the Northern Province. The procedures as described by Raziq
(1987), involves first digging large diameter (3-4 m) wells to a few metres
below the water level depth, known locally as "Matra". The increase in well’
diameter increases the storage capacity. Secondly to accommodate drops in
water level, & 2-3 inch diameter pipe is driven inside the Matra to tap deep
water horizons often under low artesian pressure. Thus the Matra becomes
a combination of a borehole and a dug well. Thirdly, 3-4 inch diesel-dnven
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centrifugal pumps are installcZ. ‘Water from such Matras are used for both
irrigation and drinking purposes.

The improved water sources include deep boreholes fitted with a
system of reciprocating pumps with diese! engines or handpumps. The deep
boreholes (wateryards) face many problems regarding sustainability. They
experience frequent breakdowns, and often lack spare parts and fuel. For
these reasons, the handpump seemed to be an appropriate alternative. In
the mid-70’s UNICEF, in collaboration with the NRWC launched an ambitious
programme to drill boreholes fitted with handpumps. It is worth noting hers
that through this programme thousands of villagers living in areas underlain
by Basement Complex rocks were provided with clean and healthy water.

From this review, it is clear that some of the existing technologies are
too complex and beyond the capabilities of the local communities. However,
they can be involved in the administration and operation of the sources,
particularly wateryards. Other technologies such as the handpump
programme with its associated elements of village caretakers, health
awareness and community mobilization are very appropriate to the conditions
of rural Sudan.

Cost Recovery

The availability of financial resources in developing countries represents
a major constraint to rural water development. There is a need to mobilize
local financial resources to mest the costs of investments and to ensure a
higher cost recovery and financial sustainability,. To achieve this, attermpts
are made to find ways of generating more revenues and to emphasize user
willingness to pay. Such an approach (Fano, 1988) requires:

1. Active local participation in planning, design, and operation and
maintenance.




2. Creation of appropriate institutional mechanisms capable of
mobilizing local resources and utilizing them efficiently.

3. Village level operation and maintenance which emphasizes the role
of women and the recovery of recurrent costs.

4. Reconciling the community's needs and wishes with the ability an):;i
willingness to pay for the level of service desired.

5. Provision of a reliable and easily maintained technology.

The above outline shows cost recovery and financial sustainability are
not applied in isolation, but have to take into account local realities,
consultation with the community, and the establishment of a strong
community organization capable of collecting and administering water charges
and managing operation and maintenance. ‘

Linked to cost recovery is the need for a realistic structure for water
pricing to cover costs, to ensure efficlency, and 1o promote equity. The rate
should refiect the true value of water,

Sudan's expserience in this field is limited to a few cases initiated on an
experimental basis. The Western Savannah Development Project (WSDP) in
Southern Darfur instituted a revolving fund to enable the NRWC to be
transformed from a subsidized corporation to a self-financing organization.
The operation resuited in the increase of water charges and the extension of
some degree of self administration to all wateryards rehabilitated by the
WSEDP, and the transferring of responsibility for day-to-day operations {0 the
local community. Under this arrangement, the local community takes over
the operation functions completely (paying both fixed and variable costs of
operation and maintenance) while the NRWC is responsible for maintenance
activities and all capital costs, which are to be paid by charging a monthly
rent to the local community for the use of the wateryard.
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Another initiative is now being implemented by the World University
Service of Canada in the E! Fasher area where the structure for the
establishment of a revolving fund has bean created.

Other ways to finance recurrent costs are based on local initiatives.
For example, in some parts of Eastern Kordofan, an arrangement was
reached whersby the local community became responsible for the provision
of fuel and spare parts while the NRWC pays the salaries of wateryard staff
and performs the maintenance operations. To pay for these services the
community pays 1/3 of the wateryard revenue to the National Rural Water
Corporation.

Elements of a Proposed Strategy for Operation and Maintenance

This review has dealt with three main issues; community paricipation,
appropriate technology, and cost recovery with respect to the operation and
maintenance of rural water supplies. These issues were discussed in the
light of the Sudan’'s experience and the initiatives of different organizations
working in the country. From the above discussion two main conclusions
emarge. The first is that there is a lack of clear policy in the Sudan towards
the issues of community participation, appropriate technology and cost
recovary. The second is that a variety of different and fragmented
approaches to deal with these issues have evolved and are being applied in
different parts of the country.

It seems clear that any proposed strategy for sustainable operation and
maintenance of rural water sources must contain the following elemants:

1. A policy and political commitment towards the issues discussed.

2. Decentralization of water supply planning and implementation to

allow village level management.




3. An integrated strategy combining appropriate technology with the
appropriate organizational support.

4. Outside assistance and government subsidies are essential to
cover capital costs, while recurrent costs should be borne by the
users.

The Sudan's experience in this field gives some indication of the
course of action which needs to be followed in order to achieve sustalnabie
operation and maintenance. In this respect, there are two approaches worth
considering for adoption particularly in the management of wateryards.
These are:

1. Delegation of functions to a village level organization. This entails
the formalization of the present system found in Kordofan and
Darfur, whereby the local community becomes rasponsible for the
administration of wateryards and responsible for costs of operation
and maintenance, while the NRWC performs the maintenance, and
trains the operators and gives general supervision and guidance.

2. Creation of a revolving fund. This involves the takeover of some
functions by the local community and the establishment of a
special fund. The fund is continuously replenished by monthly
payments or a realistic water rate, to be used for operation and
maintenance, or for construction or rehabilitation of wateryards.
Regarding other technologies such as handpumps, shallow wells
and hafirs, the present system followed by UNICEF, with little
modification to suit local conditions, is appropriate.

In genaral, what is required is a strategy whereby the operation and

maintenance decisions are made within the context of economic, social and
environmental factors to produce solutions which are indeed appropriate
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GOVERNMENT POLICIES AND STRATEGIES
IN THE WATER SECTOR

Omer Abdel Salam
Energy Sector
Ministry of Finance and Economic Planning
Khartoum, Sudan

Iintroduction

Increasingly, experts in the water sector at both the national and
international levels have begun to call for integrated and comprehensive
planning for the development, protection and use of water and other
renewable natural resources. Such plans should thus be incorporated within
the broad framework of social and economic restructuring and environmental
reforms in order to achieve sustainable water resources.

In the Sudan, however, at present there is no comprehensive and
integrated policy for the protection, development and maintenance of
resources on a scientific basis. Further environmental health factors have
not been given proper attention. This paper reviews the status of the water
supply and sanitation sector in the Sudan and describes the government
strategies and policies in this important area.

Water Supply and Sanitation Coverage

One of the most serious difficulties encountered by the government in
the preparation of the 4-Year Programme for the water sector was the
problem of obtaining the necessary information needed to assess the position
of this important utility and to estimate the magnitude and nature of its
problems. The information used in developing the programme is not entirely
accurate but needs further verification. It does not include for example the

recent changes and population movements which are occuring in both the
rural and urban areas.




National water supply and sanitation service coverage is presumed to
be much lower than the minimum standards called for by the World Health
Organization. Estimates of the coverage given in the four year Salvation,
Recovery and Development Programme (1988/89-1991/91) and World Bank
Report (1988) are as follows!

Rural water supply 30% (coverage);

Urban water supply 40% {coverage);

Rural sanitation 10-20% (coverage); and

Urban sanitation N/A.

However, the designed capacities of the water sources do not give an
accurate estimate of the actual coverage and water produced. This is due 10
the aging of the water facilities and thair generally poor state of repair.

In the Sudan it is estimated that there are .

3600 wateryards;
1100 hafirs and small dams;
170 slow-sand filters;

5000 handpumped wells; and

62 urban water facilities.

Almost all of the wateryards and all hafirs/dams and urban water facilities
need major rehabilitation. This is a formidable task.




Sector Investments

The water supply and sanitation sector received an annual average of
3-5% of total public investments during the period of 1981/82 to 1985/86.
Estimates for 1987/88 are that it was about 12.4% of the total public
development budget. The 4-Year Programme gives an increasing
prominence to investment in the sector leading to appropriations of more than
20% of the total budget for the period. :

An annual investment of about USD 30 million is envisaged during the

4-Year Programme period for rural water supply, and USD 13 million for
urban water supply.

History of Sector Organization, Management and Development

The occurrence of cyclical periods of drought early in the present
century led to a national concern with the provision of drinking water for the
increasing number of people and animals. Exploration drilling for
groundwater was initiated at the beglnning of the century by the Geological
Department. The Public Works Department at the same time, undertook the
task of installing, operating, and maintaining water works in all regions of the
Sudan except Khartoum (the capital city) and Wad Meadani (the regional
headquarters of Gezira at the time) where water services were provided by
the Eiectricity Company. During the 1930's water supply was considered in
conjunction with soil conservation and land use. A special committee was
established in 1942 to make recommendations on the conservation of the
country’s natural resources and to draw up guide-lines for their exploitation.
The committee presented its report in 1944. It included recommendations for
the development, protection and the exploitation of natural resources, the
planning of villages and the effects of providing drinking water on social
development. It recommended the levying of special taxes as a measure of
reducing the pressure of livestock on grazing areas. The report also
identtfied projects in various parts of the country with an emphasis on soil
congervation around villages and towns, land reclamation and the preparation
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cf an annual survey to determine t-: fo5i%s of deterioration of the soil.
Based on the recommendations of the report an executive organ was formed
in 1946/47 for soil conservation within the Department of Agricuiture. A
permanent advisory committee was then established to supervise the
implementation of the policies on water supply and soil conservation.
However, both the committee and the executive organ which had been set
up tended to concentrate solely on the provision of rural water supplies from
groundwater sources neglecting the other aspects of the recommendations
which aimed at conserving and developing the land through an integrated
approach. To remedy this shori-coming, two committees were set up in 1932
to revise the terms of reference of the previous committee for water supply
and soil conservation. They produced a second report with the following
major reccommendations.

1. There should be adherence to the report of the soil conservation
committee of 1944, The report recognized that the measures which
had been agreed to in the first report had not prevented the
continued deterioration around certain water sources because the
people had not changed their land utilization behaviour.

2. The importance of studying and planning for land use. The
committee warned against giving excessive attention to the
provision of rural water at the expense of planning for land use. It
emphasized the imponance of study and organizing land use
around water sources in an attempt to restore vegetation cover and
to preserve soils. The potential capacity of the land should be
determined with the help of aerial photographs.

3. There should be an institutional reorganization of involved agencies
including the regrouping of surface and groundwater with research

and engineering sections.

In 1956 the water and land use committee was established comprising
members from several fields of specialization. It established regional sub-
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committess with water and land use executive organs. This stage of
institutional development was characterized by many positive achievements
embodied in an increased awareness of the value of an integrated planning
of water, land use and soil conservation. There was also an expansion in
water provision in connection with land use. However, this expansion in-:
water supply created a division of responsibilities between the ministries
involved but a rivalry between the agencies pravented the necessary
preparation of wide-ranging plans. This inturn caused a lag in the
development and protection of water resources.. .

In 1966, the Corporation for Water Supply and Rural Development 'was
formed as an independant executive body comprising most of the relevant
technical components to0 ensure coordination and prevent overlapping of :,
responsibilities between departments. The Corporation’s task was defined as
planning and executing a programme (Anti-Thirst Campaign) within 3 years.
The Corporation Act defined the task as follows:

"Provide water and define agricultural and grazing areas, to
conserve the soil and develop all aspects of rural areas”.

The powers of the Corporation’s board of directors stipulated

"the setting of policy and devising means by which rainfed
lands are utilized, the development of rural water resources
within a comprehensive and integrated plan, the setting of i
priorities in the programmes of rural water and land use,
introducing measurag to prevant the deterioration of water

and agricultural land resources as well as grazing lands and  *!
forests®.

In subsequent developments in the late 1960's, the range and pasture
gsection was returned to the Ministry of Animal Resources, but was reunited
with the Corporation again under the Ministry of Cooperation and Rural
Development in 1971. Shortly thereafter the Ministry of Cooperation and;
Animal Resources combined into the Ministry of Natural Resources and ‘Fiiural
Development. In a further development in 1974, the new ministry becarbé
the general administration for natural resources within the Ministry of
Agriculture, Food and Natural Resources. This last move was intended to

separate the responsibility for planning from the execution of water supply
programmes,
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In 1975 the Department of Soil Conservation, Land Use, and Water
Programming was separated from the Corporation for Water Supply, which
became an independent body. The Corporation’s functions were to play a
lead role in the search for sources of water in coordination with other
administrations in the field of natural resources. The Corporation began to
provide water services for rural and smail urban areas.

When the system of regional governments was introduced in 1981, a
decision was taken 1o decentralize the administration of water supply. In
1985, the National Corporation for the Development of Rural Water
Resources and the National Urban Water Corporation were sat up, thus
centralizing again water resources administration. The two Corporations
remained part of the Ministry of Energy and Mining but each of them
remained independent from each other. In 1987 the NCDRWR was attached
to the Ministry of Irrigation.

These frequent changes and confusion about the responsibilities of
ministries responsible for water the decentralization and centralization of
authorities, the rivalry which exists between the various units managing the
water sector and the resulting administrative instability has adversely affected
watar supply coverage and gquality, and has hindered the Sudan in
developing a sustainable policy for managing its water supplies and water
resources.

Mandates of the Water Corporations

Following the decision to re-centralize the administration of water
services, the National Corporation for the Development of Rural Water
Resources (NCDRWR) Act was issued in April 1986 to provide rural water
service. Also in February 1986 the National Urban Water Corporation
(NUWC) Act was enacted. These two Acts are based on the following water
rights:
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1. Urban water sources are all considered to be sources of water in
towns whether surface or ground or running water in a river or
valley.

s Rural water sources are all sources of water which lie outside the
scope of urban water. Howsver, the proposed amended Act of the
NCDRWR defines rural water as all sources - whether surface or
ground- except the Nite water which was defined in the- Nile
Agreement. |t forbids the use of water sources unless a license is
obtained from the Corporation which has the right to limit the
amount of water drawn from the different sources.

These Acts also contain the following general provisions:

1. No body or person may purify or bring water into a town for
commercial purposes unless licensed to de so by the NUWC.

2. The NCDRWR may prohibit the establishment or utilization of water
installations in rural areas if in its view this contradicts the public
interest.

3. The provision of a safe water supply for all categories of
consumers.

4. The efficient administration and management of water resource
utilization with a reasonable financial mark-up in more prosperous-
centres, with the aim of cross-subsidizing poor areas as far as '
possible in the case of urban water supply.

5. To carry out operation and maintenance of water points, and
manufacture spare parts, equipment and the other materials

required.

6. To improve the efficiency of manpower by means of training.
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The Acts also provide that:

1. The Land Use, Soil Conservation and Water Programming
Department shall:

- Carry out economic and social studies for rural communities with
the aim of advocating an awareness of the most suitable means
of utilizing natural resources in order to conserve them; and

- Help in the formulation of policies, legislation and programming
intended 10 regulate the use of land and water to ensure the
necessary conservation of natural resources.

2. The National Corporation for Geological Research {NCGR)
involvement in this fisld is confined to groundwater research in
coordination with other bodies concerned with water supply.

3. The Ministry of Irrigation which has the three departments of general
administration for the Nile Waters, Dams and Nile Regulation, and
the Nile and River Studies shall be responsible for the Nile Waters.

Review of Mandates
The 4-Year Salvation, Recovery and Development Programme involved a
general review of the legislation governing water resources and its utilization.
Also, further studies have recently been conducted with the support of the
United Nations Development Fund.

Issues

In the Sudan, a clash developed between the growing need for drinking
watar for humans and animals, and the nesed to utilize and conserve
"renewable" natural resources. However, the need to provide water became
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so urgent that this took precedence over problems of environmental
conservation and "renewable" natural resources. Aftempts made by various
organizations to curb environmental and natural resources deterioration,
particularly in rural areas where severe land degradation occurred, failed.
Immediate needs wers thus satisfied at the expense of the jonger-term
perspective.  In the Sudan, there developed no form of integrated planning
nor the establishment of policies aimed at the rational use and conservation
of water resources, Instead the whole issue of water supply was deait with
according to the predominant professional departmental specialization
available. This constituted one of the main reasons leading to the dispersal
of the units concerned to the Ministry of Energy and Mining, the Ministry of
Agriculture and Natural Resources, and the Ministry of Irrigation.

In planning, supervision and execution there is a clear conflict between
the NCDRWR Act and the functions of SCLUWP Department. The
NCDRWR Act covers all aspects of the linkages between water, environment,
renewable energy and other ecosystem components. [t also sets up a |
technical advisory committee with threa protessional experts in anvironmentél
issues as members, as well as representativas from the regions affected by
drought, appointed by the minister. Also, all heads of sections in the
Corporation are represented in the committee. However, the NCDRWR Act
granted a wide range of power to its executive organ, leaving the task of
coordination with other organizations to the board of directors. This naturally
led to water related problems such as land use and environmental quality
being treated in isolation from water supply. The proposed amended Act for
the Corporation focuses more on financial and commercial aspects. it states
that the productiva capacity of the Corporations manpower should be raised
through training and appointing any worker it sees fit to operate, administer
and maintain water installations. The Corporation was also empowered t0
set up companies or participate in the establishment of companies and
organizations with similar objectives on a commercial basis. The danger in
this action relates to the high cost of remedying the deterioration in the
environmental ecosystem. If a commercially-oriented attitude prevails within
the Corporation, its technical and research functions may be adversely
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affected. 1nis is in fact clearly depicted in Chapter One of the Corporation’s
recurrent budget and in the bias towards new high capital investments as
well as private work outside the Corporation’s approved programme. The
same Is true for the SCLUMP Dapartment which has gradually moved away
from planning. The Department has begun to expand its activities in the
execution of water projects as a component of rural natural resources
programming, The consequence of this situation is competition over financial
resources and a worsaning of ecosystem problems, as well as an increase in
the costs of providing water.

All water acts and regulations excluded monitoring and follow up with the
exception of the SCLUWP Department, which refers to conducting the
necessary research and studies relevant to land and water resources in
coordination with other organs.

Within the field of water research there is an overlapping between
agencies. However, all Acts refer to cooperation except the NCDRWR Act,
After the transter of most hydrologists to the NCDRWR, the NCGR has
become incapable of playing its role in spite of its long history and
axperience in groundwater research.

Although there is no spacific reference in the NCDRWR legislation to the
relationship with the Ministry of Health (MOH), considerable cooperation
between them does exist in practise.

Sources of water have been defined geographically as rural water or
urban water. The purpose of this definition is to show which body is
responsible for managing the water sources. This may create many
problems particularly in connection with the definition of “town" and "villages".
However, certain recognized criteria are used in distinguishing between urban
and rural water services. Towns should have at least ten thousand
inhabitants, a planned residential area, hospitals, schools, etc. The transfer
of village water service to urban requires the approval of the Minister. Under
the present legislation regarding water there is no overlapping or conflict
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between the functions of the Ministry of irrigation and the other water
authorities.

Recommendations

The 4-Year Programme concluded its review of the water sector with the
following recommendations which can be summarized as follows:

1. The General Objectives and Strategies for Water Resources
Development.

1. The assessment of water resources with a view to develop and
conserve them within a framework of a long-term perspective of
integrated and sustainable rural development. In the short and
medium-term, measures for the provision of water supply to meet
the most needy areas using low -cost solutions, with micro-
agricultural activities using excess water or run-off, and with
environmental health activities i.e. rural sanitation and health
education should be the pillars on which projects should rely.

2. The reconciliation of the provision of an adequate and safe water
supply with ecological balance and ecosystem protection and
development.

3. Water supply should be linked with environmental quality
improvements. Water-borne and water-related diseases which
constitute more than 90% of epidemics should receive urgent
attention through environmental health services. Such measures
would reduce both mortality and morbidity levels.

4. To attain water decade targets in water supply and environmental
health by the end of the 4-Year Programme period (1991/1992).
The most needy areas are assigned special priority in water and
sanitation programmes.
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2. The Policy Issues.

The national policy statements contained in the 4-Year Programme have
addressed the organizatlon, and management, operation of water resources
facilities, and financial and manpower resource mobilization with the following
statements:

The organizational instability and tha dispersal of water agencies
has led to weaknesses in administration and management, a lack of
cohesiveness, scattering of necessary information required for
planning, competition over resources and overlapping and a conflict
of responsibilities. To reverse this trend an inter-agency
coordinating body has been proposed. Regional government
authorities are expected to resume participation in planning and
execution in the regional organizational structure of the NCDRWR.

Community participation in operation and maintenance as well as in
identitying their needs for water supply and related services is a
long-term objective of the water resources management policy.

Community involvement is justified in order to:

Ensure the adequate and continued supply of water;

Reduce the cost of administration and cost of water services
borne by the government;

Stimulate both the physical and financial capability of indigenous
populations; and

Widen the coverage of water supply and environmental quality
improvemaents.

Cost recovery systems are introduced for review and consideration
by the government in order 1o broaden the national economic base.
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Water charges are presumed to be large enough to cover the costs
incurred in operation, maintenance and minor replacements of water
facilities. Howsver, financial and accountancy systems and
procedures require extensive reviews to identify the real cost of
water sarvices.

Low-cost appropriate technologies based on adaptive research are
the desired options. Adoption of renewable energy technigues are
also required for small communities particularly In remote areas
where the availability of operational inputs (i.e. fuel, spare parts) are
in very short supply.

Encouragement of local manufacture of inputs such as spare pars,
handpumps, water tanks, stc. to reduce the heavy dependence on
foreign financing and to stimulate indigenous capabilities. Both
public and private investments in the field of manufacture of water
capital inputs and related industry could have favourable financial
terms and credit schemes whenever feasible,

Promotion of local consBitancy services and the involvement of
national expertise in the water sector with a view to attaining cost
effectiveness of tachnical assistance inputs for water projects and
programmes, Upgrading of locai training institutions such as the
Wad el Magboul Institute (an affiliate of the NCDRWR) to retrain the
redundant personnel in the Corporation and to enable water staff to
acquire the vitally needed skills to operate and maintain water
facilities,
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OPERATION AND MAINTENANCE OF RURAL WATERYARDS
IN NORTHERN SUDAN.

Andrew Livingstone' and H.J. McPherson?

Introduction

Perhaps the most serious problem facing the water and sanitation
sector in the developing world is the lack of adequate operation and
maintenance for existing water systems.

A high percentage of facilities in Africa, Asia and South America are
either completely broken down or are functioning at very much reduced
capacities. Estimates vary from 30 per cent non-functioning systems world-
wide to locally higher values in some daeveloping countries,

The problem is becoming more acute as more systems are being built
to meet the water needs of expanding or evan exploding populations and as
previcusly built systams age. External support agencies are increasingly
supporting projects to rehabilitate existing facilities and in some countries
rehabilitation has become a form of operation and maintenance.

Why is operation and maintenance proving so difficult? There are
several reasons:

The tendancy has been for the responsibility for operations and
maintenance to be vested in the central government. This was based on the
historical model of utilities management imported from the developed world.
In some countries this has worked reasonably well for urban areas.

However, for the rural and smaller urban centres, quite often the central

Word University Service of Canada,
Department of Geography, University of Alberta, Edmonton, Canada.
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government does not have the financlai or human resources or the
institutional infrastructure to sustain viable operations and maintenance
systemns. This is especially true in Africa.

The difficulty in obtaining spare pans, especially imported ones,
requiring scarce foreign exchange is another sarious issue. The generosity
of donors has resulted in a myriad of different types of imported equipment
and having to service and maintain tens of different varieties of pumps places
unreasonable demands on the operation and maintenance abilities and
capacity of national water authorities.

The consequence of all this is that in many countrigs, especially the
poorer, operation and maintenance has been neglected with the consequent
rapid decline of facilities.

The Sudan is a good example of a country which is experiencing
severe economic hardships and where operations and maintenance has
become a serious problem, especially for rural wateryards. Thera are various
estimates as to the number of non-functioning wateryards in the Sudan and
of the percentage requiring either major or minor repair.

Currently, there are about 3,500 boreholes in the Sudan in
approximately 3,000 wateryards. Some of these wateryards in Darfur and
Kordofan are 40 years old. The NRWC estimates that some 20% of the
yards need complete replacement while another 53% require major
rehabilitation. All in all some two thirds of the wateryards require moderate
10 substantial work. The traditional centralized operations and maintenance
procedure of the National Rural Water Corporation has not proved adequate
to ensure long term, sustainable operation and maintenance and the National
Rural Water Corporation has recognized the need to look at zlternative
strategies; possibly involving more direct participation of the beneficiaries.

This paper reviews the historical development of wateryard operation
and maintenance in the Northern Sudan, identifies the issues contributing to
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the difficuity of sustaining wateryards and des¢ives a possible alternative
strategy presently been experimented with by the World University Service of
Canada in cooperation with the National Rural Water Corporation in Western
Darfur.

Typical Rural Wateryard

In many areas of the Sudan due to lack of surface water resources
the population relies on groundwater pumped from considerable depths. The
average depth is 150 metres although deeper boreholes, up to 300 metres
oceur in the west. The name wateryard is given to the water extraction and
distribution complex which includes one or more boreholes, storage tanks,
animal watering troughs and tapstands.

The wateryard facilities are contained within a rectangular walled or
fanced compound, normally 50 by 70 m, under the control of a wateryard
clark and pump operator who reside within the compound. Some attempt is
made to separate livestock troughs from the tap stands for human
consumption by internal cross-fencing.

Each borehole is equipped with a pump, powered by a diesel engine.
A wide variety of pumps are installed, including Edeco and Scholler
reciprocating types and more recently Monolift helical rotor types. A wide
variety of diesel engines are utilized;, the Lister, Torpedo and Perkins being
the most common.

Water is pumped into one or more elevated storage tanks, usually
constructed from prefabricated steel sections. The average nominal tank
capacity is 50 m® (10,000 imperial gallons) From the storage tank, water is
distributed by gravity to tap stands for filling containers for human
consumption, and to metal troughs for watering livestock. A water meter is
installed on the outlet of the storage tank.
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Water yields are normally in the range of 1.5 to 3.8 /S (20 to 50
imperial gallons/minute). The water quality from the Nubian Sandstone
Formation, the dominant aquifer, is goed, with Total Dissolved Solids
frequently less than 1,000mg/litre (Mohamed, 1982). The borehole is cased
with standard 170 mm diameter (€ 5/8 inch) nominal steel casing, with slotted
casing within the production zone (NRWC, 1987).

Livestock are watered directly at the wateryard. Goats and sheep are
watered every 3 days, consuming & to 10 litres/head/day and cattle are
watered every 3 days, using 16 to 30 litresthead/day. The water
consumption of donkeys and horses approximates that of cattie. Camels are
watered every 7 o 11 days, consuming 15 to 26 litres/head/day. The above
astimates include an approximate 20% allowance for water loss and wastage
(Mohamed, 1982, 1986).

Water for human use is hauled from the wateryard to the home by a
variety of means. Jerrycans of 18 litre (4 imperial gallons) capacity are
commonly used and are carried to the home if the distance is short. For the
longer distances, the jerrycans are loaded on donkey carts or alternately,
goat skin saddle bags, or us'éd fuel barrels. Larger metal tanks on carts
hauled by donkeys are also used. Children and men are the primary water
providers in the Northern Sudan, transporting nearly 80% of the household
water, and spending an average of 1-2 hours/day at this task (Mohamed,
1982). Women only assume the role of water carrier when the mala
household head is absent. Human water consumption varies with distance
from the wateryard. In remote areas, average use is frequently less than 10
lires/person/day. For those households close to the wateryard, an average
water consumption of 33 litres/person/day, including irrigation of the family
vegetable garden is usual (Mohamed, 1986).

The National Rural Water Corporation (NRWC)

The National Rural Water Corporation (NRWC) is responsible for the
construction, operation and maintenance of public funded rural supplies
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(primariiy waieryards) throughout the Sudan. Tne NRWGC has been i
axistence in one form or another for approximately 60 years, having its
current, separate distinct corporate identify since 1966. The Corporation has
an extensive network of regional offices and district sub-offices, but in reality
functions as a centralized organization. Financial, planning and
implementation activities are controlled from Khartoum by the Director
General and Executive Director,

Bureaucratically, the NRWC is part of the Ministry of Irrigation and
Water Resources and its budget and hence most of its activities, are
controlled by the Ministry of Finance and Economic Planning. The latter
ministry is highly politicized, and responsible for all official development
planning and implementation in the Northern Sudan.

Within the NRWC, there are erection (construction) sections, drilling
and geology sections, hafir (surface water) and shallow wells sections, and
administration {(operations) and mechanical service sections. Like other
government agencies, the NRWC has a limited annual budget and is
burdened with a large permanent staff and aging physical plant and facilities.
The NRWC is under considerable political pressure to continue constructing
new rural wateryards. In recent years, the NRWC approved recurrent
budgets for wateryard operation and maintenance have been only 10 to 20%
of the budget that is needed.

A considerable number of bilateral and multilateral sector development
projects are channeled through the NRWC, resulting in yet more new
wateryards annually. The NRWC welcomes foreign development aid, since it
provides work for its construction staff through secondment arrangements,
and helps upgrade the NRWC's physical plant and facilities. However, with
the increasing number of rura! wateryards in existence and faced with an
inadequate recurrent budget and other significant operational constraints, the
NRWC is doing less and less operations and maintenance.
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The first drilled and cased borehole was constructed in 1912 at Umm
Ruwaba in Western Sudan. Up until 1855 boreholas wers constructed
under the supervision of the drilling division of the Department of Works, with
the construction of wateryards managed by rural water supply groUps within
the provincial and district governments. During the period from 1956 to
1966, the drilling division of the Department of Works was merged with the
Soil Conservation Section to form the Land Use and Rural Water Supplies
Oepartment. Wateryard construction proceeded as the responsibility of this
new department. Annual construction programs were undertaken, and by
1966, there were approximately 450 wateryards in existence (Mohamed,
1986).

Commencing in 1967 and lasting until 1977, the Rural Water
Development Corporation which succeeded the Land Use and Rural Water
Supplies Department embarked upon a large-scale borehole drilling and
wateryard construction program rsferred to as the Anti-Thirst Campaign.
Most sites that exhibited favourable hydrogeological conditions were
developed with little regard for the environmental impact of the wateryards,
Land use planning criteria were applied to most new wateryard sites, but
there was no government body responsible for the wataryard. As a result,
snvironmental degradation In Northern Sudan accelerated at a phenomenal
rate during this perlod (lbrahim, 1984. Mohamed, 1982). By the end of the
Anti-Thirst Campaign, approximately 2400 wateryards had been constructed.

From 1977 unti! the present day, wataryard construction has proceeded
at a slower pace, due primarily to budgetary constraints. New wateryards
are being constructed through development projects funded by UNDP, IFAD,
USAID, CIDA, and DANIDA for example, or by the NRWC directly or through
subcontracts, To date, the problem of operating and maintaining these
wateryards, together with the large number of existing wateryards, has not
been seriously addressed.
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Issuee in Onaratiang and Maintenance

Several key issues can be identified which constrain and hamper the
operation and maintenance of wateryards. These can be summarized as:

Transportation and communications;

- Availability of diesel fuel,

- NRWC infrastructure and resources,

- Aging of facilities,

. Spare parts availability;

- Tariffs and cost recovery; and

Environmental degradation.
Transport and Communication

Sudan is the largest country in Africa and has a widely scattered, low
density rural population outside of the River Nile valleys areas. Combined
with a vary poor road system and an ineffective railway system, access and
transportation to and from rural communities is very difficult. This constraint
is exacerbated by frequent, chronic fuel shortages which effect both the
public and private sectors of the country.

With ineffective postal and telephone systems, rural communities are
isolated from one another and from contact with the major urban areas.
Within urban areas, poor communication severely affects the functioning of
the government and the private sector. Coordination of activities in the field
is virtually impossible and this seriously restricts the efficient functioning of a
centralized operations and maintenance system.
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Diesel Fuel Availability

Diesel fuel is required to operate the wateryard pumps, which often
pump continuously in the dry season. With an average fuel consumption of |
one litre per hour, each pump requires approximately four barrels (800 litres
or 176 imperial gallons) of diesel per month when continuously operating.
Diesel fual is available in Khartoum, but subject to rationing by the General .
Petroleum Corporation. 1t is expensive to arrange for its transport to NRWC
regional centres, and to distribute from regional centres to individual
wateryards. Most NRWC regional centres are unable to purchase sufficient -
diesel for their construction operations due to budget constraints and so are -
reluctant to release any for wateryard use. Consequently, a major problem
tor wateryards is obtaining the necessary fuel to keep the pumps going.

Spare Parts

The availability of spare parts is another problem. Under prevailing
gcenomic conditions, the importation of any new equipment, and urgently-
needed supplies and spare paris is extremely difficult and the Sudan has a
very limited capacity to manffacture equipment, supplies or spare parts
needed for the operation and maintenance of rural wateryards.

Infrastructure and Resources

A further constraint is the infrastructural organization of the NRWC and
its serious shortages of both human and material resources, particularly
vehicles. Most government departments in the Sudan are decentralized
along regional fines and while regional offices exist, most decision-making .
and and budget allocation are centralized in Khartoun. The anomaly exists .
where NRWC regional directors are responsible and report to the regional
government where they are located, but their activities are controlled by
NRWC headquarters in Khartoum. The NRWC management in Khartoum
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responds 10 airection from the central government, wnose sector plans and
financial priorities are often at variance with the regional government’s.

Aging of Facilities

Most of the wateryards in the Sudan were constructed during the Anti-
Thirst Campaign of 20 years ago. The equipment is old and in poor
condition due to a general lack of preventative maintenance. The design life
for wateryard equipment is 20 years and most of the equipment is nearing
that age in Darfur and Kordofan. In some cases it is even older.

Tariffs and Cost Recovery

Ideally, tariffs should be sufficient to pay for long term operation and
maintenance including major equipment replacement. However, the
disorganized and sometimes corrupt tariff collection system is not providing
adequate funds for cost recovery and long term operation and maintenance.
The probiem Is not the absence of a willingness to pay by the users for as
Mohamed, Abu Sin and E! Tayeb (1986) have shown, the beneficiaries are
willing and able to pay for good service.

Environmental Degradation

The uncontrolled explosion of wateryard construction during the Anti-
Thirst Campaign has had severe environmental consequences and has
contributed to increased desertification especially in the west. Most of the
settled Northern Sudan outside of the River Nile valleys area is within the
semi-arid Sahel. The Sahel ecosystem is very fragile, subject to frequent
severe droughts (lbrahim, 1984. E| Afiri, 1982) and operating rural
wateryards in this environmentally sensitive area has contributed to
widespread desettification adjacent to the wateryards (Mohamed, 1982.
Ibrahim, 1984). The negative environmental impact of rural wateryards is a
major concern of the government and must be mitigated through
environmental education and rehabilitation.
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NRWC Operations and Maintenance Practice

The operation and maintenance of all rural wateryards in the Sudan is
the responsibility of the NRWC which has administration and maintenance
sections for this purpose.

Water is sold by the NRWC from the wateryard to the community but
water rates vary from area to area. In a few locations, water is provided
free, but the usual water rate ranges from 1 to 6 piastres per jerrycan (18
litres), equivalent to 0.12 to 0.36 U.5. Dollars/m®. The water rates are
collected by the wateryard clerk, who is an NRWC employee. Individual
clerks are supervised by senior clerks responsible for a number of watsryards
in a district.  Since the wateryard water meter is rarely functioning, individual
water withdrawal is estimated by the clerk on a per container or per head of
livestock basis. Tickets are sold for this purpose. The clerk accumulates the
water revenues and remits them periodically to the NRWGC regional centre,
which then forwards themn to Khartoum. The headquarteré in Khartoum in
turn provides each region with an annual wateryard operations and
maintenance budget,

A wateryard (pump) operator is also employed by the NRWC at each
wateryard, The operator's job is to start and stop the pump, perform routine
and preventative maintgnance to wateryard equipment, and to notify the
NRWC regional centre when a major overhaul or repair of equipment is
required. NRWC maintenance and repair teams are based in all regional
centres and the maintenance section is responsible for scheduiing wateryard
preventative maintenance and major overhaul, so that the incidence of
equipment breakdown and subsequent repair Is minimized - at least in theory,

In practice, the NRWC wateryard operation and maintenance
programme does not function. Financial record-keeping by the wateryard
clerks is minimal, and in the absence of any reliable measure of the amount
of water pumped at each wateryard, the water revenues collected and the
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ravonues remitted to the ragiorz. oiiia are ofien atl variance. A monthly
remittance of 1,000 to 2,000 Sudanese Pounds (225 to 450 USD) per
average wateryard appears to be acceptable to the NRWC, when in reality

the actual amount of water sold is probably at least several times this
amount.

The wateryard cperator is frequently unable to perform routine and
preventative wateryard equipment maintenance, since he is not supplied with
the necessary spare parts, lubricants and tools and it is not uncommon to
find a rural wateryard which has been inoperative for several years with the
NRWC clerk and operator still living at the wateryard with nothing to do.
Further, most wateryard operators are poorly trained and are unable to
perform their jobs even with adequate supplies. The NRWC considers that
lack of preventative maintenance and lack of operator training are the major
reasons for the breakdown of many rural wateryards.

Community Based Operations and Maintenance

The need for water is paramount in the Sudan and it is not uncommaon
for paople to travel 20 km or more to collect it or hundreds of kilometres to
water their animals.

In the wet season contaminated traditional sources are available but
during the dry season or the periodic droughts which affect the region the
wateryards are the only source of water and their reliable and continuous
operation ig critical for the community served.

In the Sudan what has evoived out of necessity is an essentially
community based operations and maintenance system which operates aimost
entirely independently of the NRWC in over half of the rural wateryards. At
one stage, the NRWC delegated wateryard operation and maintenance to the
rural councils. However, this experiment failed as the rural councils tried
unsuccessfully to duplicate the practises of the NRWC.
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Most communities perceive that lack of diesel fuel is the major
impediment to the operation of the wateryards (Mohamed, 1986). In reaction
to the lack of fuel, the village headmen or water committee will collect funds
from each houseghold in the community, to purchase diesel on the "black”
market. The official price of diesel In 1988 ranged from 3.50 to 9.50
Sudanese pounds per gallon (0.80 to 2.16 USD) depending upon the location
and the "black” market price which is often three or four times higher.
Normally enough funds are collected to purchase onse or two Jerrycans of
diesel, which allows the wateryard pump to operate for about 15 to 35 hours.
This process is repeated several times a month, resulting in an intermittent
supply of water. This extra fuel cost is in addition to the NRWC water rate
charged at the wateryard,

In some communities, a surcharge is agreed on among the village
members, to be added to the NRWC water rate and to be collected by the
wateryard clerk. This surcharge is used to purchase fuel from the "black”
market on a more regular basis. Sometimes, the village members agree to
surcharge the price of some rationed commodity, such as sugar or tea, and
again use this revenue for fuel purchase (Mchamed, 1986). Each of these
three revenue generating enterprises are conducted on an unofficial basis
since NRWC policy does not permit these practices. In some areas this
community management is actively éncouraged and supported by local
authorities which is contrary to NRWC policy.

Equipment breakdown and delay in the repair of the equipment is the
second major impediment to wateryard operation perceived by the
communities (Mohamed, 1986). The reaction to the lack of maintenance has
been similar to the reaction to the lack of fuel, in that funds are collected
within the community, usually by the village headman or water committee as
repairs are required. Spare parts and skilled labour are then obtained locally
or sometimes from the NRWC regional centre. This is an unsatisfactory
maintenance procedure, since it results in the repeated disruption of water
supply while funds and parts are obtained. Also, with fittle or no preventative
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maintenance, wateryard maintenance, wateryard equipment life and
performance is reduced.

In some areas, notably the River Nile valleys and the eastern Kordofan
areas, communities have tried 10 solve the operation and maintenance
problems by contracting out the wateryard service to private commaercial
concerns (Mohamed, 1982, 1986), However, this has tended to be a viable
alternative only in the relatively more affluent areas.

A Proposed Alternative Operations and Maintenance Strategy

Increasingly in the rura! areas of developing countries it is being
realized that central governments or even regional ones do not have the
capacity to undertake sustainable operations and maintenance programmes.
The traditional government run utility company may still be appropriate for
cities, however, it is not a realistic approach in the rural regions. Here it is
clear that the beneficiaries must assume the major responsibility for the
operation and maintenance of facilities.

In many devealoping countries community based operations and
maintenance programmes are successfully underway and are being promeoted
by external support agencies. In East Africa well organized initiatives have
been incorporated in projects in Malawi, Zimbabwe and Kenya where village
level oparation and maintenance is actively supported and promoted by the
government. Many governments have come to accept that they cannot
realistically carry out centrally controlled comprehensive operation and
maintenance for rural water supply systems.

The Sudan offers a unique opportunity for a successtul community
based operations and maintenance programme for two reasons. First, in
much of the Northern Sudan water is such a vital need that the people are
willing to do almost anything to obtain a reliable supply and second, an
unofficial informal community based operation and maintenance system is
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already operating quite successfully in over 50 percent of the rural
wateryards.

During the past two years, the authors in collaboration with the NRWC
and the Ministry of Finance and Economic Planning have developed an
experimental operations and maintenance strategy to be tried out in the CIDA
and US Aid funded Northern Darfur Water, Sanitation and Hygiene Education
Project being implemented by the World University Service of Canada. The
test wateryard which is going to be operated entirely by the community
guided by WUSC is the Sharafa wateryard in Northern Darfur.

The strategy calls for cooperative management between the NRWC
and the community. Each party can assume the responsibilities for which it
is best suited, and can benefit from the other's assistance so that the
management task is not so onerous, Since the community directly benefits
from the wateryard and is in a position o supervise its use on a daily basis,
it is proposed that the community be responsible for water revenue collection,
daily pump operation, and routine preventative maintenance of the wateryard
equipment. The NRWC possesses tralned technical persennel, and the
infrastructure to procure supplies, equipment and spare parts. Therefore, it is
proposed that the NRWC be responsible for major wateryard equipment
repairs and periodic equipment overhaul, on a fee-for-service basis, Most
communities would favour a cooperative approach to wateryard management,
and the NRWC would definitely benefit from this approach.

Key elements in this proposed strategy include:
- The development of local water committees;

- The establishment of a community based revolving fund and the
setting of realistic water tariffs;

- Hiring of local community members as clerk and operators;
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- Establishment of a supply of mantenance pars at each
wateryard; and

- A reporting system for major breakdowns.
Local Water Committess

Most rural communities already have some form of community
organization, such as a village council committee, cooperative or youth
association (Mohamed, 1986, 1987. El Mangouri, 1985). These organizations
may already be involved in water provision, or may be active in the fields of
education or health care. With assistance and guidance from community
workers, an effective water committee will be formed in each community, with
representation from each segment of the community’s population. The
tradition of self-help is strong in rural Sudan, and with a flexible approach
this social resource can be mobilized for management of the wateryards.

Revolving Fund and Tariffs

Rural residents in the Northern Sudan expect to pay for a reliable
supply of clean water and a large number of rural and periurban residents in
Northern Sudan without reliable water supplies are currently paying up to 75
piastres paer jerrycan for water purchased from mobile commercial vendors.
Water rates should be formulated to cover the full cost of wateryard operation
and maintenance, with a reserve for future equipment overhaul or wateryard
improvement. It is generally accepted that the maximum amount an
individual can pay for potable water is 3 to 4 per cent of the individual's
disposable income (CIDA, 1988). In the Northern Sudan, this transiates to
an approximate maximum water rate of 8 to 12 piastres per jerrycan.

Currant maximum wateryard water rates are 5 piastres per jerrycan (Northern
Darfur) and approximately 8 piastres per jerrycan (at the official NRWC rate
of 3 plastres plus a 5 piastres community surcharge for fuel and repairs) in
some communities. Since water rates based upon recurrent cost recovery
will vary from one area to another, the government may wish to subsidize
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water rates in remote areas. Alternately, intra-community subsidization of
poorer members by wealthier members might be imploemented.

Water revenues generated at each community will be deposited into a
revolving fund, administered cooperatively by the communities and by the
NRWC. Individual community credits and debits to the revolving fund will be
coded so that the individual community wateryard account balance can be
ascerained at all times. The revolving fund is designated solely for
wateryard operation and maintanance purposss, to prevent revenues passing
into the NBWC’s general revenue.

The major credits to the fund would be the water revenues and major
debits would include wateryard clerk and operator wages, fuel costs, routine
and preventative maintenance costs, and major repair costs. After some
experimentation with water rate setting, a surplus shouid accrue in the
revolving fund that can be used for major equipment overhau! or wateryard |
improvement at the individual community wateryard.

Wateryard Clerks and Operators

Local clerks and operators will be hired from within the community and
paid by the water committee out of community water revenues in the
revolving fund, This will permit direct and effeciive supervision of the daily
operations of the wateryard and routine preventative maintenance of the
equipment. At least one volunteer understudy will be appointed to both the“
clerk and operator, so that continuity of service can be assured. "

The clerk will be trained in basic bookkeeping and report preparation,'
and the operator in pump and engine operation, lubrication, preventative |
maintenance, and pipe repair. The community health workers assisted by |
NRWC staff and consultants from the Institute of Environmental Studies
University of Khartoum will present short training courses for clerks, |
operators, and water committee members in hygiene education, the health
benefits of water and sanitation and wateryard care.
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Spare Fans

A stock of lubricants such as oil and grease, and other supplies such
as pump and engine gaskets and seals, filters, nuts and bolts, pipes and
pipe fittings will be kept at each wateryard. This will allow the pump oparator
to maintain the equipment and perform minor repairs. These items are hard
to obtain at the community level, but will be procured in bulk by the NRWC
in Khartoum, and supplied to each wateryard at cost, and debited from the
revolving fund. Supplies for the clerks such as paper, record books, a cash
box and a tool kit for the operator will also be provided.

Diesel requirements at each wateryard will be estimated on a regular
basis and a bulk order for fuel placed by the NRWC in Khartoum. Once
transported to the regional centre, fuel is to be distributed to individual
wateryards by NRWC vehicles performing major repairs at wateryards, or by
commercial trucks. It is estimated that diesel fuel can be supplied to
wateryards at a cost of fifteen Sudanese pounds per gallon; allowing for all
transport costs and a NRWC ten per cent administration fee, This cost is
substantially lower than prevailing "black” market rates.

Reporting System

The water committee will be responsible for reporting any serious
breakdowns to the NRWC regional centre. The NRWC will react by
dispatching a repair team. The costs of providing this service, including
vehicle operating costs, personnel costs, costs of spare parts and supplies
will be paid for by debiting the community’s account within the revolving fund.
The NRWC will also provide periodic wateryard equipment inspections for a
foe.

A portion of the revolving fund will be given to the NRWC to procure
an adequate supply of wateryard equipment, spare parts and replacements.
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These will be kept at the regional centre stores, where appropriate stores
control and disbursement procedures will be established.

Conclusion

Sustainabilty of systems is a prime concern for external support
agencies in the water and sanitation sector. It is pointless to buikd water
supplies if they fail and need replacement in a short period of time. |
Repeated rehabilitation as a form of operations and maintenance is also an
unnecessary waste of scarce resources. "

The simple truth has now been recognized and accepted by many
governments and sector support agencles that the model of a centralized
water utility which works reasonably well in urban areas is not appropriate'for
the operation and maintenance of rural water supplies. For the rural areas
the benefiting communities must assume as full a responsibility as possibie:
for the operation and maintenance of their own water supplies.

However, community based control and operation and maintenance ‘of
systems shouid not be developed in parallel or in competition with the
government. Rather, village level operation and maintenance (VLOM) should
constitute government policy and strategy for rural water facilities and the
government should develop an operation and maintenance programme based
on community paricipation. '

The community does not have the resources to obtain supplies or .
undertake major repairs and of necessity will require some support including
training from government agencies. However, this assistance will be much
reduced from the present high level of assistance, thus alleviating the stress
on limited government financial and human resources.

The rural areas of the Sudan present an excellent opportunity for the
the establishment of a community based operations and maintenance

programme. Several important preconditions already exist. The people have
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A rea! need for water and are anxicus ic obtain and ensure a reiiabie suppiy.
There is a strong tradition of community participation in the rural Sudan and
an informal community based operation and maintenance system is already
present in over 50 per cent of the rural wateryards,

The strategy outlined in this paper and being tested in Northern Darfur
will hopefully prove viable so that it can be adopted as national policy to
achieve the realizable goal of long term sustainability for wateryards in the
rural Sudan.
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AN OVERVIEW OF RURAL WATER SUPPLY IN THE SUDAN

Abde! Raziq Muktar
Director, Groundwater Research Department
National Rural Water Corporation
Khartoum, Sudan

Introduction

Sudan is the largest country on the African continent with an area of
2 5 million km? and a population of 22 million (1983 census), which is
increasing at an average rate of 2.9 per cent per year. The population of
the Sudan is estimated to be around 26 million by 1989. About 70 per cent
of the population (18 million) live in the rural areas. Their minimum annual
water requirements are calculated to be in the order of 130 million m® at a
per capita consumption rate of 20 litres per day.

More than 60 per cent of the country lies in the desert, semi-desert or
low rainfall savannah woodland zones. Although the country is transected by
the river Nile and its tributaries, 80 per cent of the population live away from
the Nile.

The economy of the country is mainly agro-pastoral and the
development of its rural areas depends very much on the availability of
roliable sources of good quality water.

The recent drought which struck the Sudan, combined with a lack of
proper management has resulted in a sharp deterioration of rural water
supplies. The health implications of this lack of sufficient water, both in
terms of quantity and quality, are significant. The most important water
related diseases in the Sudan are the diarrohoeal diseases, malaria, bilharzia
and trachoma.
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Traditional Set Up

During the colonial period, the responsibility for rural water was shared
by several different and diverse departments including the Flaiiway'
Department, Ministry of Works, Geoclogical Survey, the Soil Conservation
Section (in 1945), and the Land Use and Rural Water Department.

These disparate sections dealing with rural water were brought together
for the first time in 1966 to establish the Rural Water and Development
Corporation (RWDC) as a government organization to deal with the rural
water supply mandate. |

Between 1976 and 1986 the Corporation passed though several
different stages of organization and reorganization, decentralization,and
centralization before the existing National Corporation for the Development of
Rural Water Resources (NCDRWR) was established in 1986 as a central
Corporation. This organization is responsible for the planning, construction,
operation and maintenance of all rural water supply systems in the Sudan.

At the naticnal level, the Corporation is managed by a board of directors and
headed by a director general, and includes a number of specialized '
departments.

At the regional level, the Corporation is headed by a regional director |

assisted by executive managers at the provincial level and regional officers at
the district level.

In support to the NCDRWR, various bilateral and multilateral institutions
are providing financial and technical assistance. Among the most active
donors are UNICEF, World Bank, ltaly, CIDA, Netherlands,Japan, West
Germany, and USAID in addition to many NGO's like CARE, World University
Service of Canada, Save the Childran, OXFAM, ADRA, Plan Sudan and
Action Aid.




Rural Waicr Supply Sources
Rural water supply is generally obtained in one of four ways, from:
1. Traditional sources which utilize both surface and groundwater.

2. Hafirs, earth dams, and Nile water schemes which utilize surface
water,

3. Wateryards which utilize groundwater.
4. Handpump wells which utilize groundwater.
1. Traditional Sources.

Traditional sources of water supply vary in their quality and reliability,
but do not usually provide safe drinking water. The quality of the water from
traditional sources is very much a function of the type of the source and the
method of exploitation. Surface water sources include perennial streams and
rain water collected in natural depressions (Rahad, Turdas and Rugab).
Historically the population has concentrated along perennial water sources
like the Nile where water is drawn manually and is often contaminated
(bacteriologically) and turbid, especially during floods.

Away from the Nile, people depend on surface pools which are both
contaminated and short-lived. Under cerain topographical and hydrological
conditions, perennial source are found in the form of Turdas or Rugabs such
as Turdat Er Rahad, Abu Zabad, Umm Badir and Lakes Keilak and Abyad in
Kordofan, and Lakes Kundi and Enzili in Darfur. Water from these sources
is used both by animals and humans and is often subject to contamination.
Recently, these sources have become increasingly threatened by siltation and
sand encroachment. These sources can be improved by deepening, fencing
and pumping water for domestic and other purposes.
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Groundwater sources include temporary or permanent dug-wells _
equipped with windmills or suction pumps and springs. Temporary dug wells
have different names in the Sudan such as Meshish, idd, Tamad, and
Gamman. Such wells are manually dug through Ioose sediments along water
courses when surface sources dry-up in the dry season. To prevent collapse
during digging, the wells are lined with millet stalk hoops and filled with |
timbers. They provide flimited amounts of water both for drinking and animal
watering and are often subject to contammation -

Parmanent dug-wells have been known in the Sudan for canturies.
They vary in depth from a few metres to more than 100 metres. They were
dug manually by boring or hammering, with the cuttings removed by Dalu
(metal or leather bags tied to a rope) and drawn manually or with the use of
animals and windlasses. These wells were lined with stones or bricks or left
unlined when penetrating hard rocks. A famous type of well are the Anag
wells which date back to the 16th Century. These wells were dug in
Basement rock without the use of modern technigues such as explosives,
jetting and hammering. They still exist and provide an all-year water supply.' |
To avoid dewatering, they were dug during the dry periods. The ownership
of such wells is communal.

This system was later improved on by the NCDRWR through the use
of explosives to facilitate digging in hard rocks, and through the use of
windlass systems. The NCDRWR together with the rural councils so far
have dug more than 2000 wells. Some of the wells were affected by the
recent drought when water levels dropped or when théy were filled with
blowing sands. With the assistance of the Netherlands government, the
Corporation is working on improving dug well design to provide water all year‘
round and also to provide sanitation facilities. |

The system of dug-wells was improved and modified by the Northern

Province farmers by digging a large diameter (4-5 m) well and driving a 2
inch pipe to penetrate deeper horizons. Centrifugal pumps were then
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installed and the water obtained used for irrigation as wei as for domestic
purposes.

windmills were introduced into the Sudan in the middle of this century
by the Gezira Board. Pumps were installed in boreholes to pump water from
depths varying from 5 to 40 metres. As villages grew and diesel driven
pumps with high discharges and high heads were introduced and became
popular, the use of windmills was abandoned.

From the early 1940's people in the Northern Province traditionally
obtained their drinking water through the use of suction pumps that were
manufactured locally in Atbara. These pumps were manufactured first in
railway workshops and later in private workshops. Pumps were either
installed in dug-wells or driven into the ground to tap the shallow
groundwater. Their maximum suction head could not exceed 10 metres.
Recently due to the lowering of the groundwater table and shallow aquifer
poliution resulting from pit latrines, the whole system has fallen into disuse.

Springs originating from mountainous areas have provided water for a
long time in the Sudan, especially around Jebel Marra in Darfur and Ematong
in Equatoria. Groundwater appearing at the surface and forminy, spring fed
lakes used to be tha main water source along the old Darb El Arbasin route
between Egypt and the Sudan.

2. Hafirs, Earth Dams, and Nile Water Schemes.

Hafirs are artificial excavations into which surface runoff is diverted
during the rainy season. They are mechanically excavated in impervious clay
soil in the shape of an inverted pyramid. The hafir depth is usually in the
range of 3 to 8 metres while the capacity varies from 5,000 to 60,000 m’.
Twin hafirs have often been constructed for large capacities, partly to
facilitate rectification, and partly to reduce evaporation losses by means of
pumping from one hafir to the other as the water levels fall. Many hafirs are
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provaded with & settlmg basin at the intake to control the amount of sediment
'entenng them

Water is drawn from a masonry well connected to the hafir by a gravity
pipe. At several hafirs, steel or concrete troughs are provided for watering
animals. Most hafirs ‘are fenced and access is through a single gate.
Fencing is often in a poor state of repair and the animals enter freely,
accelerating bank erosion, increasing turbidity of the water and adding to the
poliution hazards. Many extraction wells are blocked and supplies have to
be drawn directly from the hafir.

The first hafir was constructed in 1947/48. By now there are a total of
850 hafirs and 50 earth dams. Siltation is a problem for all hafirs and many
are approaching the end of their useful life. Sand encroachment is a serious
problem especially in Northern Darfur and Northern Kordofan, whare hafir
inlets are blocked and are completely buried under creeping sand. Due to a
lack of rectification, seepage and evaporation losses, the available hafir
waters for use available throughout the year arg usually only about 30 per
cent of the design capacity.

To reduce contamination, slow sand filters and fencing were installed at
some hafirs to safeguard the quality of the drinking water. Also to reduce
seepage losses in sandy soils, lined hafirs were introduced at some sites.on
an experimental basis

Earth dam capacities vary from 300,000 to 2,000,000 m’. These dams,
besides providing drinking water, recharge the shaliow aquifers and provide
some opportunities for flood irrigatien cultivation. For drinking, dam water
can be pumped through slow sand fliters and distributed with or without
additional treatment. Minor maintenance of hafirs and dams can be carried
out by labourers but major maintenance requires heavy equipment.

A new system of using slow sand or mechanical pressure filters was
adopted by the Corporation for providing drinking water along the river Nile
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and &3 main tributaries, and along irrigation canais in the Gezira, New Halfa
and Rahad Schemes. Raw water is pumped by centrifugal pumps to
coagulation tanks, then through filters to distribution tanks. The system,
especially the construction of slow sand filters ensures the community’s
participation in construction, operation and maintenance. A system using
horizontal roughing filters is presently being tested by the Engineering unit of
the Blue Nile Health project.

Wateryards.

A wateryard is composed of one or more boreholas with reciprocating
turbine or electrical submersible pumps with engines and enclosed by a
80x60 m fence. The borehole and the pump are normally housed in a pre-
fabricated galvanized stee! pump house, which can be dismantled easily for
wall development. A storage tank of between 22.5 and 45 m® capacity is
installed at a 3 metre height in the wateryard.

A 50 to 75 millimetre gravity-fed main conducts the water to a

distribution area. Domestic requirements are met first through a tap stand
connected to six taps. Water is then led to two or three standard animal
troughs.

Driling of boreholes in the Sudan started in 1918. Up to now about
11,000 boreholes have been drilled for rural water supply with a success rate
of about 70 per cent. Today 5,600 of them are equipped with pumps,
engines and storage tanks and are located in some 3,500 wateryards.

A system of reciprocating pumps, mostly Edeco, with diesel engines,
mostly Lister was adopted in the late 60's for rural water supply systems.
This system was chosen for the following reasons:

- They provide small amounts of water (5 m*h) thus preventing
animal overstocking around wateryards;




They are easy to maintain, durable and can be installed to greater
depths without serious problems; and

- They are relatively cheap (a complete unit cost was LS 1,300 in
1970).

To ensure continuous water supply and to allow for mechanical
breakdown, at least two wells were drilled at each site. Today in some
villages there are more than 4 wells but which together produce only 15 to
20 m'/h. Each well should in fact be able to produce 15 to 20 m*%h. The
reciprocating pumps are currently tha most expensive pumps, and for the
price of one reciprocating pump 3 to 4 turbines with an output of 20 to 50
m’/h each can be purchased. Turbine pumps have now replaced the
reciprocating pumps in the Northern Region, Khartoum, and most of the
Central and Eastern Regions. |

4. Handpumps.

In the mid-1870's UNiCEF, in collaboration with the NCDRWR launched
an ambitious programme for drilling slim boreholes fitted with handpumps.

The objectives of the programme can be summarized as follows:

1. To improve the general health and the socio-economic conditions of
the rural population by providing sufficient and safe water for
drinking, personal hygiene and other domestic purposes.

2. To improve the general situation of rural women by relieving them
of the burden of carrying water for long distances and often from
poliuted sources,

Wells are drilled using a lorry-mounted hydraulic down-the-hole hammer

drilling rig which tap the fissured zones in the Basement Complex. Normally
a well can be drilled in one day and a pump installed the next. Today there
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are more than 4,000 wells fitted with handpumps concentrated in Kordotan,
Bahr EI Ghazal and the Eastern Regions. A pump with a yield of around 1
m’/h is sufficient for 300 people.

There still exists a good potential for additional wells in Darfur, Blue
Nile and the Red Sea areas.

The advantages of this system can be summarized as follows:
- ltis a quick method;
it is cheap and easy to maintain;

it ensures community participation in all stages of planning,
implementation and operation and maintenance; and

It provides reasonable amounts of water in the Basement areas
where no other techniques are appropriate.

This system has been adopted as an appropriate technology for areas
underlain by Basement Complex rocks and where favourable climatological
conditions allow aquifer recharge.

Rural Water Cost

The actual cost of rural water varies depending on hydrogeologic and
hydrological conditions, the method of development and the pumping
systems. The following are rough estimates:

A hafir of 50,000 m’ capacity with a lifetime of 20 years will cost about
2.5 million Sudanese pounds for construction. The hafir will supply about
15,000 m’/year (300,000 m® in 20 years). Thus the production costs will be
around LS 8 per cubic metre of raw water without pumping or treatment and
exciuding even operating costs.




A wataryard with a single borehole on average will cost about 1.2
million pounds for construction only, including the cost of a reciprocating
pump. It costs annually around 70,000 pounds for operation and |
maintenance. On the assumption that the lifetime of the borehole is 20 to 30
years and the mechanical units last 10 years, the annual cost will be about
80,000 (initial) + 70,000 {(operating) for a total of 150,000. The water ‘
production of such a wateryard will be about 30,000 m3/year at a cost of LS
5 per cubic metre or 10 pIaStI'BS per 4 gallon tin. The same well with a |
turbine pump will cost about 800,000 pounds for construction and 100,000 ..
pounds for annual operating costs to produce about 100,000 m®/year with a
production cost of about 1.5 2 per cubic metre.

Conclusions and Recommendations

The Sudan used to have good traditional water supply systems but
these have deteriorated over time and are now in need of improvement and
rehabilitation.

In the Sudan, the improvement of the rural water supply wateryards
and hafirs initially employed mid-to-high cost technologies but later, due to
economic reasons, there has been a tendency to go back to low cost
technologies.

To maintain and operate 3,500 wateryards and 900 hafirs and dams
places a heavy financial and administrative burden on tha government. In
the future, existing systems which are rehabilitated will have to be operated

and managed in such a way as to ensure the user communities participation
in their upkeep.

The existing water pricing system in the Sudan should be revised to
meet the operating and maintenance costs and to provide a marginal profit
for improvement and system extension.
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Use should be madse of renewable energy for water cumping whenaver

feasible. For example solar and wind are possible alternatives to diesel
engines.

It is clear that the the water resources in the Sudan are tremendous
except in a few exceptional areas and that the technology exists to solve
rural water probiems. The major constraints are primarily managerial and in
the future, efforts must be directed to involve the beneficiaries in a greater
managemant role.
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