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RURAL WATER SUPPLY HANDPUMPS PROJECT

INT/81/026

The UNDP/World Bank project for laboratory and field testing and the
technological development of handpumps for community water supply is aimed
at promoting the use of suitable handpumps for groundwater extraction to
meet the goals of the International Drinking Water Supply and Sanitation
Decade. In the selection of pumps and in some cases their further
development, consideration is given to their durability, capital as well
as maintenance costs, suitability for village-level maintenance, and
prospects for local manufacture.

Reports on handpunps testing and development are published
perlodically, at least once a year, for the duration of the project. The
following reports have been or will soon be published.

Report No. 1. Laboratory Tests on Hand-Operated Water
Pumps for Use in Developing Countries:

Interim Report. 1982,

Report No. 2. Laboratory Evaluation of Hand-Operated
Water Pumps for Use in Developing Countries.
1983.

Report No. 3. Laboratory Testing of Handpumps for
Developing Countries: Final Technical
Report., 1984.

Report No. 4. Handpumps Testing and Development:
Progress Report on Field and Laboratory
Testing. 1984,

Report No. 5. Handpumps Testing and Development:
Proceedings of a Workshop in China. 1985.

Report No. 6. Handpumps Testing and Development:
Interim Results. Forthcoming.

Report No. 7. Handpumps Testing and Development:
Malawi Case Study. Forthcoming.

Report No. 8. Handpumps Testing and Development:
Handpumps Compendium. Forthcoming.
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ABSTRACT

The United Nations has declared the 1980s the International Drinking
Water Supply and Sanitation Decade (IDWSSD) to address the needs of over 2,000
million people in developing countries who lack adequate supplies of safe
water and sanitation facilities. The UNDP/World Bank Project for Laboratory
and Field Testing and Technological Development of Rural Water Supply
Handpumps is one of the activities being carried out as part of the Decade.

The objective of the Project is to support the global effort to provide
reliable low—cost water supply systems to serve those in need of adequate
sources of water in rural and urban fringe areas. Handpumps installed in dug
wells or boreholes in areas where groundwater is available provide one of the
simplest and least costly methods of supplying these areas with water.
Emphasis has been placed on the development of pumps which are suitable for
"Village Level Operation and Maintenance” (VLOM), as this may be the only
sustainable and replicable option in most regions.

This report presents the proceedings of the "Workshop on the State of the
Art and Application of Handpumps and on Water Supply and Sanitation”, held in
Changsha, Hunan Province, People's Republic of China, from August 15 to 21,
1984, as part of the Project's activities. The workshop was sponsored and
conducted by the Ministry of Machine Building Industry of the Chinese
Government, the United Nations Development Programme, and the World Bank.
Funding for the workshop and project activities in China was provided in part
by the German Ministry of Economic Cooperation (BMZ) and the German Agency for
Technical Cooperation (GTZ) of the Federal Republic of Germany.

This report contains those papers submitted to the Workshop Secretariat
and presented by representatives of developing countries and bilateral and
international aid and development agencies participating in the Project
activities. The major conclusions of the workshop and a short summary of the
presentations are given in the Overview., The list of participants and
workshop programe are provided in the annexes.

The report is intended to present those activities being conducted by
select aid and development agencies and developing country governments as part
of the Handpumps Project so that other agenices, governments and other
interested parties might benefit from their experiences.
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PREFACE

One of the activities of the International Drinking Water Supply and
Sanitation Decade is the UNDP/World Bank Project for Laboratory and Field
Testing and Technological Development of Rural Water Supply Handpumps. As
part of the Project's activities in China, a workshop on "Handpumps and Their
Application in Water Supply and Sanitation™ was held in and Changsha, Hunan
Province, from August 15 to 21, 1984. All the major assistance agencies which
have coutributed to the work of the Handpumps Project were invited to send
participants. In addition, representatives from select developing countries
in which the Project is conducting field trials of handpumps were invited to
attend the workshop. However, not all the countries and agencies were able to
send representatives, and the reports presented in this volume therefore
constitute only a sample of countries active in the provision of rural water
supplies.,

Delegates from bilateral and international assistance agencies and
developing country governments discussed their work in rural water supply
schemes involving handpumps. Represented were the governments of Canada, the
Federal Republic of Germany, Finland, India, Ivory Coast, Kenya, the
Netherlands, the Philippines, Sri Lanka, Sweden, Switzerland, Thailand, and
the United Kingdom. International organizations included the World Bank, the
United Nations Development Programme (UNDP), UNICEF, the United Nations
Environmental Programme (UNEP) and the International Development Research
Centre of Canada. Eighteen provinces, municipalities and autonomous regions
of China were also represented.

The workshop provided an opportune forum for a lively exchange of views
and experiences between the foreign and the Chinese participants. In the
words of a senior member of the Chinese delegation, the ultimate goal of the
jointly conducted handpumps program in China is to develop a pump that can
draw water from deeper, more reliable and cleaner sources than are now
commonly used in China. A second aim is to improve the quality and introduce
standardization of Chinese pump production, and to make spare parts more
readily available, This program has led the Chinese government to participate
in the UNDP/World Bank Handpumps Project, under which two field trials have
been initiated in the Shanxi and Hunan Provinces and two pump-testing
laboratories have been constructed in Beijing and Changsha. The governments

of the Federal Republic of Germany and China have contributed $500,000 each to
the effort.

The workshop consisted of the presentation of reports, discussions and
visits to handpump field trial and laboratory test sites in China. The papers
presented herein are those submitted by participants of the workshop. Some
papers have been edited for purposes of clarity and format. Those
photographs, drawings, and diagrams which could be reproduced are also
included in the individual papers. The views included in the papers are those
of the authors. The major conclusions that arose from the presentations and
discussions are given in the Overview, together with a short summary of the



papers that were presented. Reports given by members of the World Bank team
are not reprinted here since they are contained in an expanded form in the
latest progress report (Number 4) of the Handpumps Project entitled Handpumps
Testing and Development: Frogress Report of Field and Laboratory Testing.

Comments on this report are most welcome,

Saul Arloscroff, Chief
Applied Technology, WUD
(UNDP Projects Manager)
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INTRODUCTION AND OVERVIEW






WELCOME

He Guangyuan
Vice Minister

Ministry of Machine Building Industry
Beijing, China

The Ministry of Machine Building Industry (MMBI) would like to welcome
the participants of the "MMBI/United Nations Development Programme (UNDP/World
Bank Workshop on the State of the Art and Application of Handpumps and on
Water Supply and Sanitation” to China. We look forward to exchanging ideas
and experiences with one another on issues relating to drinking water supply
and sanitation.

Three-fourths of the world's population now lack clean water supply and
adequate sanitation facilities. These problems are being addressed by the
International Drinking Water Supply and Sanitation Decade (IDWSSD), launched
by the 35th United Nations General Assembly on November 10, 1980. The Chinese
Government is supporting the activities of the Decade through the MMBI in
cooperation with the State Water Commission. China is making substantial
progress in this area: the Government states that approximately 6.6 million
additional Chinese benefit each yvear from water improvement schemes.

The Government's participation in the UNDP/World Bank Rural Water Supply
Handpumps Project reflects further efforts to deal with the country's water
supply problems. Progress has been made in both the laboratory tests being
conducted by the Chinese Academy of Agricultural Mechanization Sciences
(CAAMS) and the field trials being carried out in the Shanxi and Hunan
Provinces. These activities are being funded in part by the Federal Republic
of Germany through its Ministry of Economic Cooperation (BMZ) and Agency for
Technical Cooperation (GTZ).

The activities of the Chinese Government during the IDWSSD reflect its
open—door policy undertaken to further modernize the country and achieve the
goals of the Decade. The Government helieves that the exchange of ideas and
experiences with other governments and organizations around the world through
meetings such as the MMBI/UNDP/World Bank Workshop is one of the most
effective methods of achieving these goals.

The Government of China wishes you all the success for a constructive
meeting which will further enhance the goal of technology transfer and
cooperation among the nations of the world.






OPENING ADDRESS

Zhou Zheng
Vice Govermnor
Hunan Province
Changsha, China

The "Ministry of Machine Building Industry/World Bank/United Nations
Development Programme Workshop on Handpumps and their Applications in Water
Supply and Sanitation” begins today. We are glad to host the meeting in
Hunan. I, on behalf of the Hunan Provincial People's Government, extend to
you our warm welcome and sincere congratulations on the convening of the
meeting.

The United Nations' decision to carry out the activities of "Ten Years of
International Water Supply and Environmental Sanitation” and realize in 1990
the goal of "Everyone Enjoying Safe Water Supply and Sanitation” has far-
reaching significance. We hail it and support it. It plays an important role
in improving the people's life, changing urban and rural appearances,
protecting the environment, cutting down diseases, improving the peocple's
health and promoting the development of production.

According to the bilateral cooperation agreement signed jointly by our
Central Government, UNDP and the World Bank to set up the project of "the
indoor and on-the-spot tests in China of water—supply handpumps and man-
powered and animal-powered pumps in irrigation”, the functional and durable
tests of 12 man-powered and animal-powered irrigation pumps of 6 types are
being undertaken in the Hunan Provincial Agro—-Machinery Research Institute,
and the tests of 138 handpumps of 10 types in water supply done in Changsha
County, Wang Cheng County and the suburbs of Changsha. The work has been
satisfactorily progressing. We are doing our utmost to carry out this job.
We expect and appreciate your comments and suggestions. In order to vitalize
the Hunan economy, we welcome the international participants to utilize Hunan
resources and develop economic and technical exchanges and cooperations of
various forms on the principles of equality and mutual benefit.

The workshop is a meeting of learning from and exchange with each other.
It is as well a good opportunity for us to learn from the world the
experiences in rural water supply and environmental sanitation. I am
confident that the workshop will further promote the technical exchange and
cooperation between the world's people.






OVERVIEW

CONCLUSIONS ¥ROM THE WORKSHOP

The main conclusions reached from the presentations and discussions in
the workshop are as follows:

l. The provision of wells and handpumps constitutes one of the most
feasible solutions to the problem of inadequate water supply for the rural
populations in the developing countries. This is increasingly recognized by
developing country governments and assistance agencies, as large-scale rural
water supply projects using handpumps are now being successfully implemented
in Africa and Asia at a cost that is substantially less than conventional
motor-driven systems.

2. The inclusion of community participation as an integral part of rural
water supply projects is essential for the long-term success of the schemes.
As the number of handpumps installed in a country increases rapidly, so does
the demand for more mobile maintenance teams, unless workable provisions have
been made for the village to assume the main responsibility for the
maintenance of the handpump.

3. The VLOM (Village-Level Operation and Maintenance) system is the only
reliable and affordable solution to handpumps maintenance in the long run., If
the VLOM system is to be successfully implemented, a variety of factors have
to be present, including a handpump technology that is suitable for village
maintenance, a designated and trained caretaker, spare parts that are readily
available nearby, cash collection for the spare parts in the village, and a
back-up from the governmental or other implementing agency.

4, A training component must be included in all rural water supply
projects. On the village level, a repairer is to be designated and given the
necessary training and tools; on other levels, the technical, engineering,
public health, and other manpower must be strengthened to raise the level of
skills available for implementation and maintenance.

5. Quality control in manufacturing is a critical element for the
success of the handpumps. In addition to quality control by the manufacturer,
external quality supervision must be provided. Serial production ¢f pumps in
cottage industry workshops should be avoided since the required production
quality can only be maintained by experienced manufacturers with a certain
scale of operations.

6. Millions of suction handpumps are in use by single or extended
families around the world, especially in China. 1In spite of their simplicity
and low cost, they have some distinct disadvantages. One is the need for
priming when the foot valve leaks, couples with the associated risk of
polluting the well. Apother is the gradual lowering of the groundwater table
in many areas below the limit where the suction pumps can lift the water.
Furthermore, when such pumps are used by larger user groups, they tend to wear
out rapidly, and some of the parts are expensive to replace, Direct action
pumps, i.e., reciprocating pumps without a lever, show great promise as an
alternative to suction pumps, but are as yet not sufficiently tested and



demonstrated in field operations to be gererally recommendable for large-scale
implementation.

7. Plastic materials are increasingly used in handpump designs. Their
chief advantages are low cost and corrosicn resistance. Most of these
applications, however, are still at the research and development stage, and
the required manufacturing processes to make high—-quality plastic products are
often lacking in developing countries.

8. The design and completion of the borehole nust be given adequate
attention., Good pumps on bad boreholes ars just as problematic as bad pumps
on good boreholes. The choice of pump to be used in a particular area will
depend to a large extent on the type of well and the number of users. The
applications typically range from wells with very shallow water tables and a
few users per pump to deep water levels with a large number of users. More
attention must be paid to the cost of the borehole: [t should be no more than
the minimum required by the conditions.

9. Water quality plays an important role in water supply from wells.
Problems frequently encountered are corrosivity (affecting pump parts and the
rising main if made of iron), excess minerals (possibly resulting in a taste
that is objectionable to the users), and surface pollution (i.e., organic
materials or agricultural chemicals). Where such problems are suspected to
exist, the water quality should be appropriately monitored and the design and
completion of wells corrected to avoid problems to the degree possible.

10. Large-scale applications of handpumps, aside from rural water
supply, are called for in some cases. These include human-powered, small-plot
irrigation from shallow water levels——either used specifically for
agriculture, in which case an ergonomically efficient pump should be used, or
used for a small garden plot when water supply is the primary water use.
Handpumps are also used in small urban (e.g., in China) or urban—-fringe areas
as an alternative to a motor-driven piped system.

11. The large-scale investment in handpumps-based water supply systems
requires a well-integrated effort among the village community, the developing
country government, and the assistance agencies. Donor agencies are committed
to continuing their contributions in order to assist in the accelerated
implementation of such programs.

COUNTRY AND ASSISTANCE AGENCY ACTIVITIES

The following are brief summaries of the presentations given during the
workshop, except for the welcome which was delivered by He Guangyuan, Vice
Minister of the Ministry of Machine Building Industry and the opening and
closing addresses which were given by Mr. Zhou Zheng, Governor of the Hunan
Province. A summary of the presentations by the team members of the Handpumps
Project is given in the end. For a complete report on the Handpumps Project,
please refer to World Bank Technical Paper No. 29, Handpumps Testing and
Development: Progress Report on Field and Laboratory Tests (UNDP Project
Management Report No. 4, 1984).




Canada

Linda J. McDonald, Canadian International Development Agency
(CIDA). CIDA has supported water projects for many years; as of 1982, CIDA
has provided more than 350 million USDollars to such projects. The agency has
recently financed portions of three of the UNDP/World Bank
Global/Interregional Projects in support of the International Drinking Water
Supply and Sanitation Decade (IDWSSD): (1) the Information and Training
Program in Low-Cost Water Supply and Sanitation (CIDA contribution of 550,000
USDollars to Phase I); (2) the Integrated Resource Recovery Project in the
Ivory Coast and India (promotion of biogas research); and (3) the Handpumps
Project in Bangladesh (analysis of the effects of water, sanitation and
education on health), Ivory Coast (assistance to the Government in its efforts
to decentralize the entire management system of handpump installation,
operation and maintenance to the villages), Ghana and Sri Lanka (testing of
handpumps). CIDA contribution is 1 ~ 4 million USDollars. CIDA is supporting
the UNDP/World Bank Handpumps Testing Program for a number of reasons:

1. Because of CIDA's traditional support of water projects;

2. In order to encourage the development of standardized testing
methodologies using verifiable data;

3. Because of CIDA's interest in an integrated approach to water supply
programs;

4, Because the UNDP/World Bank Project incorporates the concern related
to villager involvement in handpump programs, an essential element to
all such activities.

CIDA announced at the Workshop that it has just completed negotiations with
the Government of China for the provision of 10 PEK (plastic) Canadian
handpumps for inclusion in China's laboratory and field testing activities.

Donald S. Sharp, International Development Research Centre (IDRC).
Since 1976, IDRC has supported research in the development of more effective
pumping systems for rural water supply. The approach taken has been to
systematically examine the implications of improved pump designs and new
materials., The IDRC-sponsored research centered on foot valves in an effort
to save labor costs in manufacturing, simplify maintenance procedures and keep
the required number of spare parts to a minimum. The research results of four
projects in Asia and two in Africa demonstrated that the pump is reliable,
durable and suitable for local manufacture in developing countries. In 1983,
the University of Malaya began a research project to investigate the mass
production of below-ground components by injection moulding of plastics.
Important social, cultural and economic issues essential to promoting
acceptance of the technology at the village level are also being examined.
The Malaysian project is the focal point of a Phase I1 network of projects
currently investigating manufacturing options, financing and maintenance
schemes and development of appropriate educational materials. By encouraging
researchers to examine field tests and adapt the PVC pump to local conditions
according to needs, available expertise and materials, IDRC aims to promote
the local manufacture of more reliable pumping systems and encourage self-
reliance at the community level.
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Federal Republic of Germany

Werner Knipschild, German Ministry of Economic Cooperation (BMZ).
The Govermment of the Federal Republic of Germany, through its Ministry of
Economic Cooperation (BMZ), has set a suprasectoral target of meeting basic
needs in the developing world, which includes the provision of safe drinking
water and adequate sanitation systems. The German Govermment has increased
its support for water supply and sanitation measures from 3 percent to 4.5
percent since the beginning of the IDWSSD and is actively promoting the use of
simple appropriate technologies, such as handpumps, suitable for local
conditions. In an effort to further the available knowledge of handpumps
technology, the German Government is supporting laboratory and field tests
being conducted by the Govermment of China, the World Bank and UNDP. Based on
its development policy, the German Government is seeking to achieve two
aims: (1) to make German know-how of handpumps technology available to the
Chinese, and (2) to make Chinese experience and advice available to other
Third World countries.

Hinrich Eylers, German Agency for Technical Cooperation (GTZ). The
GTZ, as executing agency of the Federal German Government for its bilateral
technical cooperation programmes, is involved in more than 60 water supply and
sanitation projects in more than 30 develeoping countries. The new technical
cooperation project with Chinese Academy of Agricultural Mechanization
Sciences (CAAMS) of China on developing and testing suction and deep-well
handpumps will integrate Chinese know-how and experiences into the Decade
activities and also improve technical cooperation among developing
countries. The primary emphasis within the GTZ concept of the Decade is given
to users' participation in planning and implementing rural and urban-fringe
handpump water supply and sanitation projects. This includes training of
technical and administrative staff on all levels and hygiene education
programmes for the communities, with special emphasis on the important role of
women in the families. One of the main targets is the installation of
economically and technically sound pilot projects on a self-sustaining and
self-help basis in an effort to convince the population of the advantages of
projects of their own and to strengthen local manufacturing and skills for
production, operation and maintenance of the necessary equipment.

Finland

Kari Homanen, Finnwater. The Government of Finland has assisted the
developing countries of Tanzania, Sri Lanka and Kenya in the development of
their rural water supply sector. Approximately 1,700 wells have been
constructed as part of the Tanzania Project; the wells serve about 400,000
people. The Project is now creating village-level systems for the operation
and maintenance of handpumps/wells, already having turned over the maintenance
responsibilities in 70 villages. The Project, in close coordination with
World Bank experts, has also developed a direct action pump made by skilled
local workers using primarily imported materials. The Nira pump manufacturer
at FINNIDA has also introduced a new direct action pump constructed mainly of
plastic materials. The Project, in cooperation with local health authorities,
has prepared a poster series and a booklet about water and health; it will
stress the sanitation component in the near future, with a pilot program being
planned for implementation in 1985,
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India

Holenarasipur V. Krishnaswamy, Government of India. In keeping with
the goals of the IDWSSD, the Government of India has set a target of providing
100 percent of its population with protected water supply by March 1991, One
of the methods of achieving this target is the installation of deep-well
handpumps in urban-fringe and rural areas. India has adopted the India Mark
II handpump as the standard deep-well handpump for the entire country. In
eight years since the implementation of this standardization, over 440,000
Mark II pumps have been installed, and this figure is expected to reach one
million by March 1991. The Government has produced national standardized
specifications for deep-well handpumps and their installation and
maintenance. Improvements in the India Mark II are continually incorporated
into the national specifications.

Ivory Coast

Anzeni Djouka, Direction Central de 1'Hydraulic. The national
policy of the Ivory Coast concerning the supply of drinking water to the
population encompasses the entire country and has been realized by 80 percent
of the population. The program includes 11,000 water points, of which one-
third are large diameter wells (600-800 mm) with depths varying between 15 and
30 m; two-thirds are drilled wells with depths varying between 25 and
100 m. Three types of pumps are used in the country, of which the two latter
are manufactured in the Ivory Coast: the hydraulic Vergnet pump, the ABI, and
the ASM, which has been tested in the laboratory and in the field by the
UNDP/World Bank program. With the aid of CIDA and the World Bank, an
organizational structure will be established to coordinate and manage the
different activities necessary for maintaining and repairing pumps, as well as
training villagers to take the responsibility for repairing and obtaining
spare parts for their pumps.

Kenya

Daniel M. Kirori, Minister of Water Development. The area of Kenya
is 225,000 square miles, one~third of which has adequate rainfall; the
remainder of the country is arid or semi-arid. The national objective of
Kenya's Government is to provide good water to the entire nation by the year
2000. Because of the hostile climatic conditions, problems with the large
variety of imported equipment and materials, and lack of spare parts, fuels,
financing, technical expertise and local participation, only about 40 percent
of the population now has access to good clean water. Kenya plans to provide
a large percentage of the rural population with water from wells fitted with
handpumps wherever possible. Several handpump pilot projects are underway in
an effort to achieve this target objective. Rural health programs are
incorporated in the rural water supply projects, as well as provisions for
sewage facilities, local participation and local manufacture.

The Netherlands

Gert Jan Bom, Netherlands Development Cooperation. The Netherlands
is currently involved in about 100 water supply projects involving an average
annual expenditure of 65 million USDollars. Following its priority concern of
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socioeconomical and sanitation issues, the NDC has an intensive interest in
the development of handpumps which can be kept operational for many years
under the prevailing circumstances. To this effect, three pumps have been
developed by the NDC: the Bandung Shallow-well Pump in Indonesia, the SWN
Medium-Lift Pump in Tanzania and the Volanta High-Lift Pump in Upper Volta.
It is the Volanta pump that appears to be the most promising with regard to
village-level maintenance and repair, as the pump cvlinder can be extracted
without special tools and with only minimal skill. The development of the
Volanta pump has taken place in Upper Volta, enabling a direct feedback from
the field experience to the designer/manufacturer. After four years of
development, the Volanta pump is believed to have become a mature product,
bringing the goal of village-~level maintenance closer to reality.

China

Chen Zhuo Han, Fujian Turbine-Pump Research Institute,
Approximately eight million people in the Fujian Province located in southeast
China do not have a safe supply of drinking water, while an additional three
million face a shortage of safe water. The Fujian Turbine-Pump Research
Institute, under instructions from the Fujian Machinery Bureau, has developed
and tested low-priced manually operated shallow-well pumps for drinking and
irrigation of small fields, Handpumps have also been developed tor
installation along rivers, brooks and ditches. The Fujian Turbine-Pump
Research Institute is also stressing international cooperation and technical
exchange among developing countries. Simultaneocusly, an enterprise standard
has been formulated regarding specifications for quality, performance and
acceptance tests of the handpumps.

Feng Bingyuan, Chinese Academy of Agricultural Mechanization
Sciences. Handpumps are still widely used throughout China and may be
categorized as shallow-well, deep-well and water-lifting from rivers and
ponds. As China handpump factories are widely scattered, standardization is
urgently needed. An agreement has been reached by the Chinese Government,
UNDP, and the World Bank (Project INT/81/026) to implement handpumps testing
and develop both human-~powered water-lifting devices for small-plot irrigation
and handpumps for drinking water available at depths of up to 50 metres. A
handpump laboratory has since been established at the Chinese Academy of
Agricultural Mechanization Sciences (CAAMS). 1In addition, 24 types of pumps
will be tested in the field by personnel trained by CAAMS engineers and World
Bank staff members. Use of well~drilling equipment, both motorized and
manual, has also become more commonplace in China; such equipment may be
divided into rotary and punching types.

Li Jiuru, National Water Improvement Action Committee and Central
Patriotic Health Campaign Committee. The Chinese Government is fully
committed to the goals of the IDWSSD. In the urban areas of China, 85.2
percent of the population now has tap water available to them, while 40
percent of the rural population has benefited from improved water supply. The
efforts of the Government in the 1980s has been to further improve simple—
styled piped water supply systems called rural running water for bringing
water to the households. Despite this progress, problems with drinking water
supply are numerous, with such problems being quite urgent for approximately
300 million people. In meeting the needs of its population, the Chinese
experience in water supply has emphasized the following: (a) greater
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understanding and a strengthened lead function; (b) investigation of water
sources and quality; (c) works run by the local people and subsidized by the
Government; (d) stress on miscellaneous forms and practical results; and

(e) attention to personnel training and strengthening of management.

Xiao Yi-Bai, Bureau of Mechanical Industry. The Bureau of
Mechanical Industry is involved in the production of a large variety of
machinery and equipment: agricultural machinery, electrical equipment,
automobiles and parts, machine tools, mining equipment, meters and
instruments, ball bearings, packing machines, and general machinery for
everyday consumers. A total of 4,000 variations of products are now produced
under its direction at the Hunan Research Institute of Mechanical
Engineering. In organizing developing countries for the production of high-
quality, low-priced handpumps, the Bureau is stressing the policy of mass
production, based on the concepts of standardization, simplification, and
specialization, and the promotion of such mass production.

Zhang Shaoxin, Peoples Government of Jincheng City. The city of
Jincheng in the Shanxi Province is one of the sites selected for handpumps
field trials in China under the UNDP/World Bank Rural Water Supply Handpumps
Project. Various steps have been taken to implement the field trial:
establishment of a Spot Test Office to deal with the daily work involved in
the Project; selection of 153 well sites in the area of the city; training of
145 local workers to maintain, operate and monitor the wells; and installation
and monitoring of the handpumps, 27.4 of which have been received thus far.
Experiences in Jincheng City have emphasized the need for acceptance of the
handpumps by the users involved, a system of personal responsibility for
bandpumps operation and maintenance, and close coordination among all persons
and organizations involved in the handpumps systems.

The Philippines

Florencio F. Padernal, Ministry of Public Works and Highways. The
most widely used water supply source in the Philippines is groundwater
extracted from wells and springs. For the basic level of water service, three
general types of wells are used in the country: shallow, intermediate and
deep. Shallow wells are fitted with cast—iron suction pumps (single-purpose
or multi-purpose), with either 38~mm diameter PVC casing pipes and screens or
50-mm diameter GI casing pipes and well points. These types of wells are
applicable in areas where the water level is no more than six meters deep and
the wells serve an average of 30 households. Intermediate wells are fitted
with 46-mm diameter cylinder pumps and 10-mm diameter pump rods on 50-mm
diameter GI casing pipes with well points and wooden handles. These wells are
suitable in areas where the water level is 6 to 30 meters deep. They can
serve up to 50 households. Deep wells have large-diameter steel or black iron
casing pipes and screens, suction pipes with cylinders, pump rods and wooden
handles. They are applicable in areas with more than a 30-meter water
level. These wells can eventually be upgraded to communal faucet systems or
water works/individual tap systems.

Sri Lanka

Kiribanka B. Boyagoda, National Water Supply and Drainage Board. In
Sri Lanka, the handpump installation project began in 1979 with the aid of




UNICEF. Under the project, all well locations are proposed by the community,
and those sites are investigated by a geologist before drilling. All
community wells in the dry zone are 35 to 75 meters deep; the suction pipes
are installed at an average depth of 36 meters. The India Mark II has been
the best performer of the pumps in the project, with its only disadvantage
being the necessary removal of the column pipes for repairs in the cylinder.
There are a few projects in existence to upgrade the traditional open dug
wells and equip them with handpumps. There is also a pump-testing program in
one of the districts. Voluntary caretakers are given training; pump mechanics
are kept at the district center to attend to those pump breakdowns reported by
the caretakers.

Wimaladharma Ekanayaka, Sri Lanka Administrative Service. A special
UNICEF project is being conducted in the Kalutara District by three assistant
government agency divisions. The health and sanitation project includes
latrine construction and nutrition and population planning. The project is to
be implemented through gramodayas--village-level voluntary planning and
implementing agencies. Sarvodaya, the largest non—governmental organization
(NGO) in Sri Lanka, is interested in handpumps and has devised its own model
with international assistance. These pumps are being tested by UNICEF in the
testing program as part of the project. Maintenance of pumps is carried out
by gramodaya members after training by UNICEF. Self-reliance is stressed in
pump maintenance so that villagers are less dependent on outside sources for
assistance.

Sweden

Rolf Winberg, Swedish International Development Agency (SIDA).
Sweden has been involved in development cooperation activities since 1960,
primarily in Africa, but also in Asia and South America. The annual
multilateral and bilateral contribution is approximately 800 million
USDollars, of which the rural water sector receives approximately 25 million
USDollars annually. Inadequate water supply is only one of the problems
experienced by rural communities; therefore, solutions must be based on an
integrated approach. Sweden prefers to participate in integrated water
programs in a few countries rather than support a high number of water
projects scattered throughout many countries. Swedish assistance is directed
at two levels:

1. The central level-—-institutional developments, planning, research,
training, and other crucial functions;

2. The area level--a geographically agreed-upon area, such as a
province or district. An area program aims at a high degree of
self-reliance and consumer participation. It may emphasize
mobilization of consumers, technically sound water supply (often
wells with handpumps based on the VLOM concept), health/hygiene
education, sanitation, environmental protection, improvement of
traditional water sources, economic aspects, garden irrigation,
general water use, human resources development, etc.
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Switzerland

Armon Hartmann, Swiss Development Cooperation (SDC). The policy of
the SDC is based on assistance to the underprivileged groups in the Third
World, e.g., the rural population sector addressed by the Water Decade. The
SDC considers the cooperation and contribution of the local communities as one
of the most important aspects during the planning, preparation and execution
of the projects. When choosing handpumps for a project, consideration is
given to those pumps already installed, in order to keep the variety of
handpumps installed to a minimum. Because of the number of information
sources, it is very difficult to determine the exact and current data on the
state of the art and application of handpumps at any given time. The SDC
therefore suggests, that in the interest of the different parties concerned,
be they donor or recipient countries, current information on the actual stat®
of the art and application be prepared and distributed at regular intervals.

Thailand

Chetpan Karnkaew, Ministry of Public Health. Thailand has an area
of 514,000 square km, with a population of 42 million of which 80 percent live
in rural areas. The Basic Minimum Need (BMN) for drinking water is 2 1/d/c,
while the BMN for water for general domestic use is 30 - 35 1/d/c in the rural
areas. The provision of clean water for drinking and domestic use in the
rural areas was set in the government policy based on the following
priorities: (1) rainwater collection; (2) shallow dug wells; (3) deep wells;
and (4) piped water systems. There are two handpump prototypes in Thailand:
the Korat Handpump and Dempster Modified Handpump. About 52,000 deep-well
handpumps have now been installed; about 15 percent are out of operation. The
failures of the handpumps are primarily caused by poor handpump design, lack
of management for maintenance and funding, and shortage of funds. To solve
these problems, the Korat 608-C and PVC Deep-well Handpumps are being
developed and monitoring has begun.

United Kingdom

M. Brian Grieveson, British Overseas Development Administration
(ODA). The four primary lessons learned by ODA officials from their
experiences and mistakes made in rural supply schemes are as follows:

l. Equipment must be designed to fit in with the social and cultural
attitudes of the users. ’

2. New hardware put into the field must quickly gain the confidence
of the users as reliable.

3. Designers of equipment must always keep in mind the low degree of
technical skill which will be available for maintenance.

4. The entire well or borehole must be considered (not only the
pump) where more development work is needed to reduce
construction and performance costs.,
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Kenneth J. Mills, Consumers' Association Testing & Research
(CATR). The Consumers' Association was founded in the United Kingdom in 1956
to carry out product testing, comparing the results to manufacturers' and
importers' claims. 1In 1977, the Overseas Development Administration (ODA) of
the United Kingdom contracted the Testing and Research Laboratories of the
Consumers'® Association (CATR) to test various handpumps, which ODA often found
unreliable in its developing country projects. The World Bank/UNDP has
continued this evaluation work, with 36 handpumps having been evaluated thus
far; results have been published by the World Bank as three technical
papers. Activities of CATR as part of the INT/81/026 Project have also
included water flow monitor development; Maldev pumphead development, in
particular the dry bearings and pump cylinder; the investigation into the
viability of plastic below-ground components, in particular, plunger and foot
valves, pipe connectors and moulded components; and lightweight pumprod
development. CATR is continuing to actively participate in the INT/81/026
project.,

United Nations Children's Fund (UNICEF)

Martin Beyer, Drinking Water Supply and Sanitation Section, New
York. UNICEF has been involved since 1949 in water supply projects to aid the
least privileged populations. In 1983, UNICEF cooperated with 93 countries in
their rural and peri-urban water supply and sanitation programmes. This
involvement has included the use of low—-cost technologies——principally
handpumps—~for both reaching water sources, primarily groundwater, and for
water 1ift., UNICEF is now cooperating with the UNDP/World Bank Interregional
Handpumps Testing and Development Project (INT/81/026), where it is stressing
technological development and inputs as parts of an integrated approach, with
a good balance between the technical and social components. fts work is
entirely oriented towards the users and involving their participation at all
stages and with the necessary concern for their environment and the handling
of the equipment for the technical designs involved. One of the major outputs
of the UNICEF program was the development in India of the India Mark II deep-
set (lift-mode) handpump. UNICEF is now working jointly with other agencies
and bodies of the U.N. system to encourage country-~ and community-based
activities as part of the IDWSSD.

Rafael Diaz-Diaz, Sri Lanka. UNICEF has assisted the Government of
Sri Lanka in the implementation of several development programs, including the
deep~well handpumps project., The Government became interested in the project
when UNICEF imported the first down—-the-hole hammer rigs. For this new
technology, deep wells were constructed in the hard rock. The primary
constraint to the handpump testing program is the people's lack of interest in
the use of handpumps. A program of health education, conducted by the Scouts
Agsociation, has begun in an effort to overcome this problem. Another
constraint is the iron content of some of the water: iron treatment plants
are being used to combat this problem.

Kenneth Gray, India. The following lessons learned from India's
experience with deep-well community handpumps (India Mark II) may benefit
China and other developing countries:

1. Deep-well areas should be given priority for handpump
development and government implementation.



- 17 -

2. The handpump is only one element of a system which includes the
borehole, handpump, installation and maintenance tools,
maintenance infrastructure and training material; all these
elements should be developed simultaneously.

3. National specifications and standardization of a handpump design
should be developed.

4. Production units should be developed in each province.

5. All community handpumps should undergo quality assurance pre-
delivery inspections,

6. There should be a mechanism for incorporating design
improvements into the specifications and production.

United Nations Environment Programme (UNEP)

Letitia Obeng, Kenya. Being a complex problem affecting various
aspects of development, especially in rural areas, the installation of water
supply facilities must take into account the potential presented for dealing
with other problems related to unsatisfactory water supply, especially water-
related diseases. Integrated rural water supply incorporating effective
supply systems, health education, and control of water-related diseases is the
preferred strategy. Water supply systems should aim at providing permanent
solutions; piped water should be seen as the long-term solution. All forms of
supply sources, however, should be explored and used according to the
conditions of the region of installation. Handpumps have a special role to
play, since there are regions where groundwater provides the only reliable
source of water, but they are not the only solution to the water supply
problem. The UNDP/World Bank Handpumps Project is therefore important in
assisting with the development of reliable water supply. Almost all the
serious health problems of rural developing countries are water-related.
Adequate water in quantity at home or near the home is absolutely necessary to
control most enteric infections. It is immaterial whether the water is
delivered by handpumps, piped systems or rain water. They must all be used
wherever feasible to keep people away from infected sources. The involvement
of people being assisted is absolutely essential, no matter what supply system
is proposed. 1t is possible to involve people through consultations,
encouragement and the development of a feeling of responsibility for water
supply programs. When reliable handpumps are ready to be widely installed,
national consultations and the involvement of the people must be seen as a key
component activity.







SECTION 2

RURAL WATER SUPPLY IN CHINA
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APPLICATION AND TESTING OF HANDPUMPS IN CHINA

Feng Bingyuan
Vice Director and Chief Engineer
Chinese Academy of Agricultural
Mechanization Sciences
Beijing, China

I am pleased to have this opportunity to present the topic of production
and use of handpumps in China, and of the work carried out as a part of
Project INT/81/026. Also, I would like to say a few words on China's well-
digging devices.

THE PRODUCTION AND USE OF HANDPUMPS IN CHINA

Since 1949, the founding of New China, the Government has attached great
importance to the development of water—lifting devices. A good variety of
human- and animal-operated pumps have been evaluated or recommended at
national and provincial levels., All of them are simple in structure and low
in cost, and therefore, they are well received by the masses of peasants.

In May 1983, the Chinese Academy of Agricultural Mechanization Sciences
(CAAMS ), together with members of institutions in Hunan, Fujian, Sichuan,
Shandong, Inner Mongolia, and other provinces, carried out a survey covering
twenty—-five provinces, municipalities, and autonomous regions in China, on the
production and use of handpumps. The results of the survey show that although
the human- and animal-operated water-lifting devices in some places have been
replaced by motor pumps, the former are still widely used for drinking water
supply and irrigation water replenishment. Not only in the villages, but also
in the small towns, handpumps provide drinking water for the residents.

The use of handpumps is very widespread. According to incomplete
statistics, there are 3,400,000 handpumps in use in Henan, 2,740,000 handpumps
in Shandong, and 1,250,000 handpumps in Hebei. Shandong's Juye County has
54,000 handpumps, averaging one pump for every two households. 1In Sichuan's
Chongging County, 90 percent of the rural population use handpumps. By 1983,
in Anhui's Fuyang Prefecture alone, there were 1,140,000 handpumped wells
benefiting crop production.

Among the 80 types of handpumps surveyed, there are 25 types of single-—
piston pumps; 2 types of triplex-piston pumps; 2 types of fourplex-piston
pumps; 14 types of diaphragm hand-press pumps; 4 types of push-pull double-
acting handpumps; 14 types of crank/pedal centrifugal pumps; 3 types of tube-
chain water wheels; 4 types of deep-well pull-rod pumps; 3 types of screw-rod
pumps; and dragon—bone water wheels. These pumps comprise the varieties and
manufacturing level of handpumps currently produced in China.

China's handpumps are usually divided into three types according to the
sites where they work:



Shallow-well Handpumps

Shallow-well pumps are used where the suction head is less than 8
metres, Essentially, they provide drinking water for peasants and animals.
They are very simple in structure, and, in general, are conveniently located
in the courtyards or just next to the stove at the front or back of the house.

The single-piston pump is the most popularly produced handpump. The
Model SYB-100 handpump (Figure 1) produced by the Changsha County Light
Machinery Plant in Hunan, the Model SY-81 handpump (Figure 2) produced by the
Dayu County Farm Machinery Plant in Jiangxi, and the Model 8SYB-80 handpump
(Figure 3) produced by the Yunxiao County Farm Machinery Plant in Fujian are
examples of single-piston pumps.
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FIGURE 1 SYB~100 HANDPUMP FIGURE 2 SY-81 HANDPUMP




FIGURE 3 85YB-80 HANDPUMP

The Model S$B-80 single-piston hand-press pump, produced by Jiexi County
Farm Machinery Plant in Guangdong, weighs 6 kgf and is equipped with a one-
inch diameter suction pipe. By 1983, 46,519 SB-80 pumps had been sold, and
the price was 17.5 percent lower than in 1982.

According to the survey recently carried out, only six county-level
plants, namely, Changsha County Light Machinery Plant in Hunan, Yunxiao County
Machinery Plant in Fujian, Donfeng Farm Machinery Plant of Jing County in
Hebei, Jiexi Farm Machinery Plant in Guangdong, Suining County Farm Machinery
Plant and Chengguan Farm Machinery Plant of Chongqing County in Sichuan,
produced a total of more than 200,000 handpumps in the past few years.

Deep-well Handpumps

China's groundwater sources are unevenly distributed. In the South, they
are relatively shallow, most less than 10 metres deep and generally ranging
from 3 to 5 metres. Water is deeper in the North, generally from 10 to 15
metres, and as much as several hundred metres in a few places in the
Northwest. Therefore, the utilization of deep groundwater for drinking and
irrigation has been a problem all through the ages. In the past, the hand-
operated "lulu” has been used as the deeper water—lifting device. However, in
the 1950s, the Model Liberation tube-chain water wheel underwent appraisal by
the Government and became popular in the rural areas. There are two types of
tube—chain water wheels, as shown in Figure 4, One tube-chain water wheel can
irrigate farmland up to 40 mu. The tube—chain water wheel has played a
significant part in drinking water supply and farmland irrigation, as it can
lift water from a depth of ten metres. According to the statistics, Hebei had
2,700,000 human—- and animal-operated pumps, of which most were tube-—chain
water wheels.
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As the groundwater level in many places such as Henan and Shandong
Provinces became deeper due to drought, many of the peasant users modified
their shallow-well handpumps in order to use them as deep-well pumps (Figure
5). The working principle and structure of the modified pumps remained the
same as the shallow-well pumps, but the upper rod was elongated and the body
of the pumps went down to meet the water-l1ifting height. The total lift can
reach 20 metres.
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A deep-well pump is now being developed in China. Recently, the Taian
Water Pump Plant of Shandong, the Miyun County Farm Machinery Repairing and
Manufacturing Plant of Beijing, and the Gaoping County Farm Machinery Plant of
Shanxi have been jointly developing the Model %LB-8O pull-rod pump for deep
wells (Figure 6). It has a flow rate of 1.2 m”/hr and a head of above 20 m.
The Model 30SLB 0.5-1 screw-rod handpump for deep wells (Figure 7) is being
jointly developed by the Shanghai Deep-well Pump Pilant and Pinghu County Farm
Machinery Plant in Zejiang Province. The flow rate of this pump is 0.6 m”/hr,
and the head reaches 20 metres or more. Fifty-eight prototypes of these
handpumps for deep wells are now being field tested. The newly developed
handpumps will also be tested in the Handpump Laboratory in CAAMS as models
are selected.
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Handpumps ror Rivers and Ponds

The types of handpumps lifting water from rivers and ponds are mainly the
diaphragm pump, duplex piston hand-press pump, animal-drawn four—-plex piston
pump, crank/pedal centrifugal pump, and dragon-bone water wheel and tube
wheel,

The diaphragm pump is applicable for both drinking water and irrigationm.
It has greater discharge and is suitable for simple tube wells and other water
sources, even if the water is turbid.

The Model MB-290 diaphragm pump (Figure 8), produced by the Tongan County
Farm Machinery Plant, is operated with a method combining hand, push-pull and
pedal methods in order to reduce the toil of the operator.

In the South, the most commonly used pumps for irrigation are crank and
pedal centrifugal pumps. Many plants produce this type of pump. For example,
the Anyue County Machinery Plant produces the Model SB pedal centrifugal pump
(Figure 9). The pump is accelerated through an accelerating gear. There are
three grades for this pump——popular, medium and high. They have been warmly
received by the peasants. Also, 100 units of this pump have been exporced to
Africa. Some factories mount a centrifugal pump onto a bicycle or a rice
thresher to make a bike-pump or rice thresher-pedal pump.

The Model 8BM~300 diaphragm pump (Figurs 10), produced by the Xiangcheng
County Machinery Plant in Henan, is very competitive due to its higher
capacity and lower price., The basin—shaped case of the pump is stamp-cold or
cast—formed. The diaphragm works at a frequency of 30-50 strokes per
minute. The pump has a flow rate of 7 to 11 m”/hr., The diaphragm has under-—
gone an endurance test for more than 1,500 hours. Nearly ten thousand pumps
of this model have been sold since it was developed a year ago.

A handpump can be used as a manual sprinkler when a special nozzle is
mounted. Jiangxi, Shandong, and Henan are producing handpump sprinklers.

The dragon-bone water wheel, an age-old traditional weter-lifting device
in China, is still used for irrigation and drainage in the South and the
coastal areas. The useful life of a dragon-bone water wheel may be up to ten
years, if carefully used.

Another traditional water—-powered water—-lifting device for mountainous
and hilly areas in the South is the so-called tube water-lift. It is made of
bamboo and wood, has a larger diameter and is very simple in structure. No
operator or monitor is needed when it is working. The tube water-lift is
applicable to where the head is low (0.2 to 0.3 metres) and the flow rate is
rather large (0.7 to 5 m3/hr). The head can be 1 to 30 metres.

Future Development of Handpumps

It is far from enough to irrigate farmland only with hand-operated and
animal-operated water—1lifting devices., Therefore, motor pumps have been
developed where conditions permit. At present, there are 520,000 pumping
stations and more than 2,300,000 motor—-pumped wells over the country. There
are 4,805,000 pumps used in agriculture. The total power for irrigation and
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FIGURE 8 MODEL-290 DIAPHRAGM FIGURE 9 MODEL SB PEDAL
PUMP CENTRIFUGAL PUMP

FIGURE 10 MODEL 8BM-300 DIAPHRAGM PUMF IN ASSEMBLY
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drainage amounts to 77,000,000 hp, of which 36,100,000 hp are diesel. Nearly
400 million mu of farmland, i.e. more than 50 percent of the total area under
irrigation, are motor-irrigated.

The simple-structured handpumps, however, are still indispensable for the
areas lacking electricity and petroleum fuel. Pumps operated by man, animal,
wind, and/or water power are also of great importance to other developing
countries due to the worldwide energy shortage.

According to statistics from the United Nations, 1,100 million persons in
rural areas of developing countries (excluding China) are lacking an adequate
supply of safe water. It is estimated that the rural population requiring
safe potable water will amount to 2,000 million by 1990, Handpumps are the
most desirable water-lifting devices as they are cheap, simple in structure,
and easy to operate and maintain. In China, the Government encourages the
application of handpumps in areas where running water stations are difficult
to build at present. In Shanxi, for example, the Provincial Government
subsidizes the peasant who installs a handpump with 25 to 95 yuan per pump.
Today, 500 million of the total 800 million peasants of China require water
improvement. It is roughly estimated that by 1990 China will require a
minimum of 400,000 deep-well handpumps and 32,000,000 shallow-well handpumps——
if 8 percent of the 500 million peasants use deep-well pumps, and each pump
supplies drinking water for 100 people, and 32 percent of the 500 million
peasants use shallow-well handpumps, and each pump supplies drinking water for
5 people.

Manufacture of handpumps in China is scattered at present. A rough
estimate shows that, throughout the country, there are several hundred plants
producing handpumps of a wide variety. Most of them are county/commune-level
plants with production varying from a few hundred to up to several thousand
units per year. The standardization problems of the product need to be solved
urgently, The future for development of handpumps in China, a developing
country with a huge peasant population, is a vast one. We are going to carry
ut improvements on China's existing handpumps and work out standards for
products. While carrying on and developing China's traditional products, we
will study the advanced technology of foreign products and design handpumps of
higher quality, thus contributing to the development of handpumps in
developing countries and to technological cooperation.

TESTING OF HANDPUMPS IN CHINA

Establishment of the Handpump Testing Centre of Asia

According to Project INT/81/026 and the "Proposal for Laboratory and
Field Testing of Drinking Water Supply Handpumps and Animal- and Human-Powered
Irrigation Pumps in the People's Republic of China" signed by CAAMS, UNDP and
World Bank in April, 1983, emphasis will be placed on the testing and
development of human-powered water-lifting devices for small-plot irrigation
and handpumps for drinking water available at depths of up to 50 metres. The
objectives are as follows:
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(1) Improvement and extension of potable water supply in rural areas
where groundwater is available at depths of 50 metres by means of
handpumps ; ‘

(2) Increased food production through small-plot irrigation by means of
human—~ and animal-powered pumps in rain-fed areas with short one-to-
three—month dry periods and in dry areas where groundwater is
available one to five metres below the surface;

(3) Establishment of the laboratory as a regional testing centre for
handpumps and animal- and human—-powered irrigation pumps, where
governments and manufacturers can have their products tested and
obtain technical assistance for product improvement;

(4). Field and laboratory testing of selected pumps to verify performance
under simulated and actual use;

(5) Development of a guide for the selection of handpumps and components
best suited to particular installations, locations and applications;

(6) Publication of a manual on the installation, operation and
maintenance of handpumps.

For this purpose, the Handpump Laboratory has been established in CAAMS, It
was basically completed by the end of June 1984, after intense work which
began on March 15.

The Handpump Laboratory is a four-storied building 12 metres high. The
total floor area of the building is 340 m“, On the ground floor is the water
supply equipment, including a water tank, air compressor, etc. A head-
simulating valve, which simulates the actual behaviour of a handpump working
at depths from 20 to 50 metres, is installed on the first floor. On the
second floor is the transmission system and service shop.

The test pumps are installed on the third floor where the console
cabinets are also set up. The control of the tests and display and printing
of the results are computer-based. Circulating water is applied for testing;
the water is continuously stirred in order to maintain desired turbidity. In
this laboratory, we can carry out tests for pump performance, endurance,
rigidity, adaptability and ergonomics. Twelve handpumps can be tested
simultaneously.

At present, the transmission, water circulating system, head-simulating
valve and circuit have been installed. Once the computer and instruments from
abroad are received, adjusted and installed, the laboratory will begin
operation. We are glad to take the responsibility for conducting the handpump
tests in accordance with Project INT/81/026. We are also ready to test
handpumps from other countries.

Field Testing

To test handpumps in the laboratory and field is a part of the objectives
of INT/81/026., There are 24 types, which include 300 units of domestic and
foreign handpumps, to be tested. After consultations among the Ministry of
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Machine Building Industry and the provinces and municipalities concerned, the
field testing will be carried out in the city of Jincheng in Shanxi, Changsha
County and Wangcheng County and the city of Changsha in Hunan.

The Handpump Field Testing Office, consisting of the office of the
Patriotic Public Health Campaign, the Water Conservancy Bureau, the
Agricultural Machinery Bureau, and the Epidemic Prevention Station, has been
established in the city of Jincheng. Ninetv units of six types of handpumps
from abroad and sixty—three domestic pumps Zrom eight plants will be tested in
Jincheng. They are mainly deep-well pumps for drinking water supply.
Seventy—-six units of five types of handpumps from abroad and seventy-four
China-made handpumps from thirteen local plants will be tested in Changsha.
They are mainly shallow-well pumps for drinking water supply and irrigation.
The counties and plants supplying handpumps for testing are shown in Table 1.

In order to facilitate the field-testing work, CAAMS, together with the
Machinery Department and the Committees of the Patriotic Public Health
Campaign of Hunan and Shanxi, conducted training courses from March 2 to 9,
1984, in the cities of Changsha and Jincheng. The trainees were personnel who
oversee the testing pumps, water conservancy workers, and health workers from
communes. More than 50 people were trained in Changsha, and 138 people
trained in Jincheng.

Mr. L. Rosenhall, Regional Project Officer, INT/31/026; Mr. X. MclLeod,
INT/81/026 Consultant, World Bank; and Mr. Kyaw Myint Yap Choke Chong, United
Nations Volunteer for the INT/81/026 Project, gave lectures at the training
course and paid visits to the testing sites and handpump plants. Engineers
from CAAMS, together with members of related research institutes, plants, and
sanitation and anti-epidemic units, explained the origin and activities of the
Project; gave lectures on the structure, installation, operation and service
of the handpumps to be tested; gave instructions in methods of monitoring the
handpumps under test and of data logging; and discussed the selection of
wells.

Since March 1983, domestic test pumps have been installed for testing in
succession. The behaviours of each and every pump under test was recorded and
sent to the manufacturer to help each make some appropriate modifications.
Close links between the testing workers and the manufacturers have been well-
established.

China has produced shallow-well handpumps for a comparatively long period
of time. The shallow-well pumps have been well-received by the peasants;
however, the deep—well pumps have only recently been introduced, and the
manufacturers are sparing no effort to develop them.

Type and Application of Well-Construction Devices

The utilization of groundwater for irrigation in China can be traced back
for about 4,000 years. The construction of c¢ld wells varies with local
conditions. Most of them are shallow wells built up with timber or wicker
lining, or stone or brick masonries. At present, deep wells and motor—pumped
wells are becoming increasingly popular.
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Hebei, Shanxi, Shandong, Henan and Shaanxi provinces are the major areas
of well irrigation in North China. More than 80 percent of the total motor-
pumped wells in North China are found in these provinces.

In the past, most of the wells were dug manually. One of the widespread
traditional well-digging devices, the so-called "caldron-type drill”, is shown
in Figure 11. Today, however, power-driven machines have been commonly used
to make wells with diameters of more than a 0.5 metre (or with smaller
diameters), but as deep as 300 to 400 metres.

Depending on the mode of operation, the drilling equipment can be divided
into manually operated and power—driven types; or, in terms of the drilling
mode, they can be divided into rotary and punching types.

Handpumps are usually mounted above the wells of large diameter and/or on
the tubewell directly. The handpump wells are mostly dug by hand with simple
digging tools. However, small-sized well-making machines are also used
wherever conditions permit. In the Yunxiao County Farm Machinery Plant in
Fujian, a special team has been formed to mount handpumps and clean up wells
at users' requests, This team uses a ZS50A Model drilling machine produced by
Zhenjiang Reduction Gear Plant., With a ZS50A drilling machine, one or two men
can complete a handpumped well within one or two hours. The diameter can be
50 mm, 75 mm, and 100 mm. The maximum depth is 50 metres. A 3-hp gasoline
engine is equipped for power.

China has used human- and animal-operated water-lifting devices since
ancient times. As a developing country with a hugh peasant populacion, China
does and will need handpumps for domestic water supply and small-plot
irrigation in considerably large quantities now and in the future. We are
willing to do our best to fulfill the task of INT/81/026: to make
contributions towards the development of handpumps; to exchange technical
information with other developing countries; and to work towards the
achievement of the goals of the International Drinking Water Supply and
Sanitation Decade.

FIGURE 11  CALDRON—TYPE DRILL 1IN OPERATION
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Table 1

Pump for lab testing

Pump for field

in testing in
No. Place of Origin Model Beijing Changsha Jingcheng Changsha
(unit) (unit)
1 Xinzheng Machinery Plant in SM-2 diaphragm pump 2 - 5 10
Shanghai
2 Yunxiao County Farm Machinery Plant SYB-80 handpump 2 - 10 10
In Fujian
3 Dayu County Farm Machinery Farm SY-8! handpump Z - 5 10
Machinery Plant in Jiangxi
4 Changsha County Light Machinery SYB~100 hand-press
Plant in Hunan pump 2 - 5 18
5 Miyum County Farm Machinery Plant
in Beijing Jeep-~well pump 2 - 13 -
6 Tai'an Water pump Plant in Shandong Deep-well pump 2 ~ - v
7 Gaoping County Farm Machinery Plant
in Shanxi Deep~well pumnp 2 - 15 -
8 Deep-well Pump Plant in Shanghai Screw-rod decp-well 2 - 5 5
pump
9 Pinghu County Farm Machinery in Screw-rod de.p-well
Zhajiang pump 2 - 5 5
10 Water and electricity equipment
Piant of Shandong Diaphragm punp - 2 - 1
11 Tong'an County Farm Machinery Plant MB-290 diaphiragm
in Fujian pump - 2 - 1
12 Zhenjiang Sprinkler Plant in Jiangau Jinshan-40ZB bike pump - 2 = 1
13 Anyue County Farm Machinery Plant 1 1/2 SB Centrifugal
in Sichuan pump - 2 - 1
14 No. 1 Farm Machinery Plant of Suining
County of Sichuan Peijiang handpump - 2 -- i
15 ﬁongfeng Farm Machinery of Jing 8B4210 animal-operated
County in Hebei pump - 2 -- 1
18 12 63 74
16 India Mark II 2 - 30 -
17 Malawi Maldev 2 - 20 10
18 Bangladesh Tara 2 - 19 30
19 Zimbabwe Blair - 2 - 30
20 England Consallen 2 - 1n -
21 Federal Republic of Germany Preussag Turni 2 - 3 -
22 Federal republic of Germany Preussag Kardia 2 - 10 -
23 Bangladesh Rower - 2 - 3
24 Bangladesh Treadle - - - 3
12 4 96 76
TOTAL 30 16 153 150
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THE RESEARCH AND PRODUCTION OF MANUALLY OPERATED PUMPS
AND THEIR APPLICATION TO WATER SUPPLY IN FUJIAN

Chen Zhuo Han

Fujian Turbine-Pump Research Institute
Fujian Province
Fuzhou, China

First of all, let me take the opportunity to convey to the conference the
congratulations of Fujian Machinery Bureau, Fujian Turbine-Pump Research
Institute and Fujian Manually Operated Pump Works.

FOREWORD

Fujian, situated in the southeast of China, facing the Strait of Taiwan,
with an area of about 121,700 km“, a coastline of about 3,300 km and numerous
islands, has a varied topography consisting of a mountainous region and hilly
and flat lands. The population of the whole province is about 26,000,000. In
the whole province, there are about 663 rivers, large and small. 1In the
coastal area, the water in the earth's surface is short and the groundwater is
rich. It has been explored and the groundwater deposit is up to
20 billion (US) m°.

The average annual rainfall of the province is up to 900-1,200 mm, and
the evaporation capacity is up to 1,200 - 2,200 mm. In general, the rainfall
(60 - 70 percent) is concentrated in the period from May to September. The
rainfall in the rest of the year is infrequent,

Based on the general survey of 1980, only 12 percent of the population of
26,000,000 in the province have drinking water from the tap; 10.76 percent
(about 3 million) from paddy field water, gully water and pond water; 13.27
percent from rivers, brooks and reservoirs; and the remainder from groundwater
and mountain springs.

According to the general survey, there are now about 8 million people in
Fujian whose drinking water is not up to the required standard of hygiene.
The distribution of these people is as follows: 1,200,000 in the coastal area,
4,000,000 in the mountainous region, and 2,800,000 in the remaining area.
There are also 3,150,000 people who are short of drinking water. The
distribution of these people are as follows: 1,580,000 in the coastal area and
the remainder in the other regions, dispersed over 158 communes in 23 counties
(municipalities). Following the increase in income and living standards of
the peasants (the result of the practice of the farm job responsibility
system), solving the drinking water problems has been placed on an important
agenda, along with establishing irrigation systems in the small fields.
Hence, the research, development, production and application of manually
operated pumps are widely welcomed and appreciated by the people over the
towns and counties in our province.
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THE STATE OF THE RESEARCH AND PRODUCTION OF
THE MANUALLY OPERATED PUMP IN FUJIAN

After the birth of new China, there was a lot of work done to solve the
problem of drinking water supply in the rural area of Fujian. A great deal of
investment and material resources has been provided for the effort (especially
in utilization of water and improvement of water quality). A proper agency
unit has been established to take charge of this work. Up to now, the effort
has enabled more than three million people in Fujian to enjoy the sanitized
water. Initially, manually operated pumps are installed in towns and counties
to draw ground water. They are simple in structure, being basically piston-
like hand-press pumps. Such pumps were pieced together from iron and bamboo
pipes, and individually sold in the small county shops. Time between service
periods is short, as the pumps are poor ir quality. From the viewpoint of
manpower conservation, it is not reasonable that so many manually operated
handpumps operate in towns and counties without being studied and well-made.
In order to meet the further needs of drirking water in the rural area, Fujian
Turbine—Pump Research Institute was committed by Fujian Machinery Bureau in
1982 to study methods of improving water supply. Since that time, the
agricultural machinery works owned by the counties have been appointed to
accomplish the task, The goal is to manufacture manually operated pumps which
are as small, simple and inexpensive. The following parameters of technique
and economy must also be met:

(1) The price of a pump must not be higher than the total price of a
pair of buckets, a shoulder pole, a rope and a pail.

(2) The level of design and manufacture of the manually operated pump
must correspond to the economy, technique and culture of the
district where the pumps are installed, so that the clients may use
and repair them without any difficulty and the necessary parts can
be replaced in the said district.

(3) The pump must be durable and operational for no less than 500 hours.

(4) After being idle for 24 hours, the pump must operate normally
without the requirement of adding water.

At present, the manually operated shallow-well pumps for drinking water—-—
model 8SYB-80 and model 8SYB-90 of the Yun Xiao County Agricultural Machinery
Works——are mass-sold in the towns and counties in and out of the province,
Until now, 25,000 pumps have been sold. On September 17, 1983, pump model
SYB-90 was sent by our nation and the experts of the United Nations to the
laboratory of the British Consumers' Association in London for comparison
tests. The performance results are as follows:

Discharge of water: 1.6-2 T/Hr.
Maximum suction head: 3 m.
Duration pericd for continuous operation: 500 Hr.

Greatest acting force: 10 kg.
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While developing manually operated pumps for drawing water from shallow
wells, we also studied and manufactured manually operated pumps for irrigating
small fields. PFujian is rich in water resources from the earth's surface and
ground, but these resources can only meet the irrigation requirements for a
small portion of fields-—far from solving the whole irrigation problem by
natural flow. Tools for drawing water are required because of the differences
existing between the field levels. Applying engines and electric pumps waste
much energy and money and place a heavy burden on the peasants. For example,
a 120-HP diesel engine would consume 216 litres of diesel oil for ten nours of
operation a day and would cost over 2000 Yuan (RMB) a month. It was therefore
decided that, because of the increasing costs of energy, the member nations of
the United Nations must exchange ideas on manually drawing water at an
international conference entitled "Workshop on Water-Lifting Devices and Water
Management™ held by FAO and UNDP in Fuzhou on November 3 - 9, 1981. It was
pointed out in Item "3.2.2" of the summary report on the conference that in
solving the problem of drawing water, our attention must turn to the
fundamental needs of an impoverished society in the rural areas; furthermore,
human- and animal-powered water-drawing tools must be fully investigated.
Though such tools may eventually be replaced, manpower must be used for
several in a number of certain cases.

We agree with the conclusions of the conference, especially the
recommendation for developing countries rich in resources and manpower. (e.g.,
China) to utilize manually operated pumps. Therefore, when we develorped
manually operated pumps for drawing water, we also developed suction pumps for
irrigation, The technique and cost requirements for manually operated
irrigation pumps are as follows:

(1) The pump must be operated either manually or by pedal and must have
an advantage over dragon-bone water lifts.

(2) Its price must be lower than that of the dragon-bone water 1ift.

(3) 1t must be lightweight and easy to operate, with a minimum acting
force.

(4) The replaceable parts must last for more than 500 hours.

At present, the manually operated pumps mass—produced by Fujian Tongan
County Agricultural Machinery Works are substituted for the ancient-styled
drawing water tools in rural areas, e.g., counterpoise, swing can, bamboo
tube-water wheel and dragon-bone water 1lift, etc.

During the process of developing manually operated pumps, much attention
has been paid to the specified criteria of the products. An enterprise
standard called "Fujian Provincial Technique Conditions for Positive
Displacement Pump” was therefore formulated as a quality, performance and
acceptance specification test for the manually operated pumps in Fujian.

When developing the manually operated pumps, we became aware that both
laboratory and field tests are key for ascertaining technical measurements on

reliability and durability. Since 1982, three kinds of such test stages have
been designed and built:
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(1) Test stage with a height of 10 m above the water's surface.
(2) Test well with a depth of 10 m, adjustable in water level.

(3) Laboratory test stage with height of 5 m, controlled both manually
and electrically.

At the same time in the factories, test stages were built for duration
tests under which continuous operation and shift records are required.
Laboratory experiments are carried out to examine the parameters of the
hydraulic performance given by the designer and the durability of the
materials used. Field tests are performed to examine the durability of the
manually operated pumps under several conditions in water of various qualities
and use by numerous operators. The first batch of the products meeting the
hydraulic performance standards will be dispatched to field trial sites
following approval by the clients.

One additional point is that the development of the manually operated
pumps still requires comprehensive international cooperation, With such
cooperation, the technical level of manufacture can surely be raised. 1In
March 1984, a field test training class for manually operated pumps was run by
UNDP and the World Bank in the Hunan and Shanxi provinces. In the class, a
Model 8SYB-90 manually operated shallow-well pump for drinking water supply
and a Model 8MB-290 manually operated irrigation pump made in Fujian were
installed for demonstration. In May of the same year, a project for making
and testing manually operated rotary pumps was initiated by our province with
the cooperation of American Cpydesdale Pump Lit. Co. These manually operated
rotary pumps are a new type of positive displacement pump. The major features
are as follows:

(1) No valve is required in the inlet and outlet.

(2) It is small and portable, the external dimensions being 10 x 8 x 6
inches.

(3) 1t can be turned clockwise and counterclockwise and operated both
manually and electrically.

(4) It is available to carry both corrosive and viscous liquids.
(5) The maximum discharge may be up to 50 US gal/m.
At present, such rotary pumps made by Fujian Machinery Works (with annual

output in the tens of thousands) are to be distributed by the U.S. there and
in Europe.

THE APPLICATION OF MANUALLY OPERATED PUMPS IN FUJIAN

Manually operated pumps in Fujian are simple in structure, durable in
service, cheap enough for the peasants to buy and convenient for them to
operate and repair. For years the manually operated pumps have been widely
used in our province and now help peasants in rural areas improve their
drinking water and save labour and time. The manually operated pumps are
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therefore being quickly developed. Uses and application of the pump can be
viewed in "The Video of Manually Operated Pumps Applied in Fujian”, which may
be summarized as follows:

(1)

(2)

(3)

Manually operated pumps installed on large wells: There are hundreds

of thousands of large wells in Fujian. From ancient times, people
have drawn water from wells with a bucket and flaxen rope. Water in
the wells was therefore contaminated by the rot and filth from the
rope and bucket. Adopting such pumps has greatly raised the level
of drinking water quality and lessened the necessary labour inputs,
a fact much appreciated by the people.

Pipe insertion for installation of manually operated pumps: In most

Fujian towns and counties, rich ground water is available at depths
of about 2-10 m. Water is obtained by inserting an electro-
galvanized steel pipe into the earth; the end requires slight
treatment and the outlet requires installation of a pumphead and
supporting block. An insert-type well is thus formed. The location
of the well may be set by the stove or door, or in the court of the
building, as the users please. The advantages for this installation
are as follows:

A, The wells occupy a small space and are flexible, expedient, and
convenient for water use.

B. The quality of water from such insert-pipe wells is much better
than from large wells.

The Fujian Tongan County Epidemic Prevention Station carried out
tests on water from 20 wells similar in geography, geology and other
characteristics and made seasonal comparisons of the water from 20
insert-pipe wells. The quality of water from the insert-pipe wells
met the standards of hygiene for drinking water. The former 20
wells, however, were below standard. It was therefore proven that
development of insert-pipe wells (instead of large wells) can help
solve the problem of drinking water supply for mass populations.
Hence, the insert-pipe wells have been recently developed in Fujian
and produced in quantities up to the tens of thousands.

Manually operated pumps installed along rivers, brooks and ditches:

In our province, towns have usually grown up beside rivers and
villages along brooks and ditches; people have used these sources
for drinking water supply for generations. As modern industry has
developed, the water of the earth's surface is daily becoming more
seriously polluted. Continuation of the o0ld methods of drawing
drinking water from rivers and rivulets threatens the health of the
people. To solve this problem, manually operated pumps installed
along the rivers, brooks and the ditches are now widely used in our
province. The method requires insertion of a suction pipe into the
bottom of the river, brook or ditch to about 1 - 2 m in depth. The
end of the pipe is treated, and the outlet mounted with a manually
operated pump. Having been filtered through the sand layer (the
natural filter for the polluted water), the water drawn by the
manually operated pump conforms perfectly to the hygienic standard
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for drinking water. This method provides safe drinking water to the
people living along the rivers, brooks and ditches. The manually
operated pumps have also spread to the islands near the coast in our
province.

Manually operated pumps for irrigation of scattered fields: Our

province varies in tcpography, with many scattered fields of various
levels. Under such conditions, use of electrical machinery would
consume a large amount of energy. Ia comparison, applying flexible
and expedient manually operated pumps which can be operated
alternatively by hand or by pedal has solved the irrigation problem
for small fields. Such pumps are also accepted and welcomed by the
masses. In our province, one pump is generally owned by one to five
families. Manually operated irrigation pumps treated for corrosion
will now be used for drawing seawater in salterns on the coast,
thereby saving much oil and electric energy as well as increasing
the income of the saltworkers.

The development of manually operated pumps in Fujian is continuing
on a large scale. Our aim is to develop a multifunctional manually
operated pump, and, simultaneously, to continue studying and
experimenting with the design, hydraulic features, human body
engineering, component materials, processing and construction. We
are going to strengthen our contacts and cooperation with other
nations throughout the world and further develop the manually
operated pump to correspond to the various states of our country.
And surely, we are also striving for technical exchange among the
developing countries sc that more people throughout the world can
benefit from these results and fulfill the global targets put
forward by the United Nations——that all people enjoy safe drinking
water and the well-being provided by the hygienic conditions.
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ACTIVITIES OF "THE INTERNATIONAL DRINKING
WATER SUPPLY AND SANITATION DECADE" AND THE
APPLICATION OF HANDPUMPS IN CHINA

Li Jiuru
Deputy Director of National Water Improvement
Action Committee,
Director of the Office of
Central Patriotic Health Campaign Committee
Beijing, China

It is my pleasure to congratulate the opening of the International
Drinking Water Supply and Sanitation Decade and the Application of Handpumps
Conference in China and to give my best wishes to all the experts involved.
Please allow me to take this opportunity to give you a brief introduction to
the activities of the International Drinking Water Supply and Sanitation
Decade in China, as well as the present status of drinking water and the
future program of rural drinking water improvement in China.

The Thirty-Fifth United Nations Congress held in 1980 decided that during
1981~1990, the activities of the International Drinking Water Supply and
Sanitation Decade would be carried ocut. The global goal of this program is to
guarantee "Safe Drinking Water and Sanitation for All"™ by 1990. The Chinese
government actively supported and decided to join this program. In April
1981, the State Council issued the No. 61 Document and put forward some
principal requirements on the program. The government at various levels has
put great efforts on the "Decade” activities, which are regarded as one of the
important aspects in improving people's daily life and spiritual
civilization. It is greatly promoting the improvement of rural water supply.
Until the end of 1983, 253 of the 289 cities in China had established central
water supply systems. There have been 660 waterworks built recently. The
total length of pipelines reaches 56,852 kilometres, The daily supply
capacity is 35,380 million tons. The population access to tap water is as
many as /7.293 million people accounting for 85.2 percent of the total urban
population. The drinking water supply of the small counties has also been
improved significantly and the accessibility rate of piped water reaches over
50 percent.

In rural areas, the work of water improvement is fully underway, and
water qualities have steadily improved with the development of agricultural
production and the Patriotic Health Campaign. In particular, since the Third
Plenary Session of the Eleventh Central Committee of the Chinese Communist
Party, a series of important reforms has been taken in the countryside and
farmers' enthusiasm for agriculture production is higher than ever. The
fruitful achievements due to the economic reform in rural areas resulted in an
increase in farmers' incomes and living standards. All these are promoting
the water improvement work.

According to incomplete statistical data, the population benefiting from
water improvement has reached 350 million, accounting for 40 percent of the

total rural population, of which 15 percent are supplied with piped water.
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Quite a few counties have made faster progress than others, i.e., Tongxian and
Daxing counties of Beijing Municipality, Jinching County of Shanxi Province,
Deqing and Jinhua County of Zhejiang Province, Donghai County of Jiangsu
Province, Huanglong County of Shanxi Province, Jieyang and Chaoan Counties of
Guangdong Province and Chong Ching County of Sichuan Province. The
accessibility rate of piped water in these areas is over 50 percent.
Approximately 150,000 persons in Chaocan County of Guangdong Province benefited
from water improvement, accounting for 90 percent of the population. The
progress had been made rapidly. The water improvement has been conducted on a
large scale in 40 counties of Hebei Province. The water sources are well-
protected, and the water quality meets the requirements of the National
Standards for Drinking Water Quality. Safe water is available for 80 percent
of the population in this area. Of the rural population in Gaocheng County of
Hebei Province, 95 percent are supplied with piped water.

The incidence of endemic diseases has been significantly decreased. Much
progress in water defluoridation has been made in northern China, and the
beneficiaries account for more than two million people. After the improvement
of water qualities, the fluorosis patients, with both serious and mild cases,
have become much better. The occurrences of new cases have been controlled.
For instance, in the two villages——Erzijing and Tizijing in Qianan County of
Jilin Province--signs and symptoms of fluorosis in 87.3 percent of these cases
have been improved upon or fully overcome. This fact indicated that water
improvement plays a very important role in raising the living standard,
reducing the incidence of disease, promoting the health status and increasing
agriculture production.

Based on the economic conditions at various periods, water improvement in
rural areas has gradually developed from low to high levels. In the 1950s to
1960s, the major efforts were focused on the mobilization of the masses to
improve the present available wells, draw spring water from mountains to
villages and filtrate surface water. In the 1970s, stress was put on the use
of wells with handpumps and, where possible, simple-styled piped water supply
systems and community water supply stations. In the 1980s, our efforts are
directed to further improving simple-styled piped water supply systems called
rural running water to bring water to the households. After a survey of the
types of water supply in rural areas, handpumps/wells, community water supply
stations and various types of rural running water supply systems are
considered to be the better forms of water supply. In order to provide safe
water, more rural running water systems will be set up in the countryside.

Although the work on water supply 1s rapidly developing, it still cannot
meet the demands of consumers, because China is a developing country with a
relatively poor economy and a huge population. At present, various problems
in drinking water for 500 million farmers need to be solved. Among them,
problems for 300 million people are quite urgent, Up to now, about 42 million
people are short of drinking water. Over 45 million people distributed in
47,000 villages in 574 counties in 26 provinces, municipalities and autonomous
regions drink water with high fluoride content. About 63 million people drink
bitter salty water, and 150 million drink surface water contaminated in
various extents by domestic sewages and pesticides. Thus, the future task of
water improvement in the countryside is still arduous.
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In the last three years, much work in Decade activities has been carried

out, accelerating the water improvement in rural areas.

Now, I would like to present a brief account of our experiences in water

improvement.

1.

Greater understanding and a strengthened lead function: Improving water

quality is the desire of most people, particularly farmers. The
Government at various levels has taken Decade activities as an important
part of improving people's daily life, constructing the material and
spiritual civilization and accomplishing the four modernizations. The
State Council decided to establish a National Water Improvement Action
Committee responsible for Decade activities, based on the Central
Patriotic Health Campaign Committee. The new committee includes
representatives from related ministries and organizations, such as the
Public Health, Water Conservancy, Urban and Rural Husbandry and Fishery,
Planning, Finance, Trade, Chemical Industry and Material Ministries. It
is clearly indicated that the stress of Decade activities is placed on
water improvement in the countryside. Governments at various levels must
put this work into their long-term program of national economic
development and give more financial support to water improvement.
According to the document issued by the State Council, the Patriotic
Health Campaign Committees of various provinces, municipalities and
autonomous regions regard the Decade activities as an important and long-
term task in their agenda. They have worked out a Decade program for
water improvement in ten years and also an annual plan to carry out water
improvement in a planned way. Some of the provinces and counties have
established a lead organization and set up an office responsible for
water improvement to ensure that the work is conducted smoothly. The
leading organization consists of members from provincial or county
bureaus of Planning, Finance, Urban and Rural Construction and
Environmental Protection, Water Conservancy, Public Health, Agriculture,
Animal Husbandry and Fishery, Material, Economy and Trade, Chemical
Industry and Light Industry

Investigation of water sources and water quality: Improving drinking

water is a kind of massive social and technical job. It is vital to make
good investigations and keep abreast of current background data on water
sources and water quality. The Central Patriotic Health Campaign
Committee and the Ministry of Public Health have worked out a nationwide
programme for surveying drinking water sources and water quality. The
Institute of Health of the China NCPM was entrusted to hold a workshop on
water sources and water quality surveys in Nanking last March. Detailed
plans for the survey have been made during the workshop. All the
provinces, municipalities and autonomous regions have carried out massive
surveys on water sources and water quality according to the nationwide
unified requirement and using unified methods and steps. From the
survey, we accurately obtained data on the distribution of local water
sources, quantity, types of drinking water, distribution of salty water,
high-fluoride water, polluted underground and surface water, and numbers
of households and persons who drank these kinds of water; we also learned
of the distribution and occurrences of waterborne diseases. These data
provide scientific bases for water improvement. For example, in Jinghua
county of Zhejiang Province, where a survey was carried out earlier, the
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officials obtained nearly ten thousand figures. After grasping the
situation of water sources, quantity and quality in the whole country,
they worked out a practicable programme for water improvement. Over four
years of efforts, 519 water works have been built, which have enabled
56.14 percent of the entire population to use piped water and opened up
new prospects for the improvement of drinking water in the countryside.

Works run by the local people and subsidized by government: Our policy
is to rely mainly on our own efforts, while actively seeking external
assistance through subsidies. The domestic funds are mainly raised from
three sources, i.e., investments from government, collection units and
individual people. The state provides more support to the areas with
economic difficulty or severely endemic fluorosis. For the areas with
less economic difficulty, minimum funds will be supplied by the state,
and the rest raised from collective and private sources. For areas with
a better economy, the funds are mainly raised from collection and private
sources. Since our country is a developing country, we still have some
economic problems. At present, the government is only able to provide
limited funds for water improvement, which is far from adequate.
Therefore, it is necessary for us to seek external assistance. Recently,
we have come to an agreement with the World Bank for non-interest loans
for rural water improvement., Up to now, the loans for the rural water
improvement have been distributed to Beijing, Liaoning, Shanxi, Sichuan,
and Zhejiang provinces and municipality. We plan to make an evaluation
on 24 August of this year (1984). The collaborative project of water
pump tests is going on smoothly under the joint efforts of the Chinese
government and the World Bank. In the future, we will steadily increase
cooperation with international organizations and foreign countries in
this field.

Stress on miscellaneous forms and practical results: Because of

different conditions in local areas, we have taken different practical
and effective measures in improving the water supply system. Since our
country has vast territory with complicated geographical conditions; and
the water supply forms, population sizes and economic situations are
quite different from area to area, a method that is good in a place may
not suit other places,

In China, people in many areas have summed up their own experiences
through practice and found the most effective measure to solve their
problems. For example, tap water supply from the pressure tank was
invented by the waterworks company in Daxin County, Beijing
Municipality. The tank is easy to control, easy to install and low in
cost. It has been popularized as a new type of water supply system all
over the country. The coupled-pond type waterworks and water tank are
the other types of water supply systems suitable for the water net area
in southern parts of China, as well as coastal areas where there is a
short supply of fresh water.

In the northern parts of China, depending on the different geographical
situations and available water sources, people take measures such as
drawing water from springs or rivers, storing rain water in pits or
digging wells.
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In solving the water supply problems, our principles are to give priority
to those problems which are easy to solve and need less investment, as
well as problems in areas with great population density.

5. Attention to the personnel training and strengthening of management:
In order to manage the waterworks in the countryside, it is necessary to
build up a group of technicians and managers. In recent years, the
central and local governments have paid a great deal of attention to
knowledge investment and talent development. The Central Patriotic
Health Campaign Committee entrusted the Beijing Medical College and the
Institute of Health of the China NCPM to run training courses on water
supply hygiene, workshops on water sources and water quality surveys.

The World Health Organization, World Bank and Bureau of Technical
Cooperation of the Federal Republic of Germany have convened a series of
training courses on management, engineering and accounting in Dalian,
Guangzhou and Shanghai. Many people have gained advanced knowledge from
these courses and become qualified teachers in water supply. A large
number of engineers, technicians, and managers were also trained. Many
training courses were held for waterworks operation and maintenance on
the county levels to assure the improvement of drinking water supply
continues successfully,

In order to assure the normal operation of the waterworks, the management
was strengthened at all levels in China. Many waterworks have carried
out various methods of management reform, such as contract systems.

Since the management reform, the beneficial effects of water supply
improvement were brought into play.

To improve the supply and quality of drinking water is not only an
important measure for improving the urban and rural environment and the
people's living and health standards, but also our international obligation to
join the activities of "the International Drinking Water Supply and Sanitation
Decade” launched by the U.N. for the goal of safe water for all by the year
2000. At present, the drinking water supply of 500 million people still needs
to be improved, 300 million of whom are in urgent need. Since 1981, our
government has worked out detailed plans and goals, i.e. two years for
preparation, three years for pilot studies in selected areas and five years
for popularization. 1In ten years or more, most of the rural areas in China
will have access to drinking water which meets the national hygienic
requirements. This is the second year for the pilot studies in certain
areas. In 1983, 25 million people have been supplied with improved drinking
water. It is expected that this figure will be significantly increased this
year. Before 1985, priority will be given to improving drinking water in the
coastal areas, high-fluoride areas, areas with salty and bitter water and
regions short of water. Plans are scheduled to improve drinking water for 100
million people. From 1986 to 1990, along with the further development of the
national economy, the problem of drinking water for 50 tc 60 million people
will be solved each year. By the end of that period, most of the rural
population will be provided with safe drinking water. In urban areas, the
main task is to protect water sources, increase water quantity, expand the
water pipe net, increase the accessibility rate of piped water, improve
purification and disinfection facilities, strengthen water quality monitcring
and ensure safe drinking water supply.
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Our task of improving rural drinking water is very arduous, accounting
for one-fifth to one—-fourth of the total work of the international Drinking
Water Decade. On one hand, we must work hard, improve organization,
strengthen leadership, develop professional groups, train administrative
personnel, spread and apply new technology, new techniques and new materials
and adopt various methods in line with local conditions to open up new
prospects in drinking water improvement. On the other side, we sincerely hope
that international organizations and friendly countries will kindly offer us
assistance economically, materially and technically. No doubt, such
cooperation will play very important parts in achieving the goal of "the
International Drinking Water Supply and Sanitation Decade"” to provide safe
water for all by 2000.

I hope the meeting will be successful and all our guests will have an
enjoyable time in China.
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ON-THE-SPOT TESTING OF HANDPUMPS IN JINCHENG CITY

Zhang Shaoxin
Vice Mayor
People's Government of Jincheng City
Shanxi Province
China

The city of Jincheng lies at the south end of the Taihang Mountain Range
which is typical of inland mountain areas, with 30 small towns and 1,358
natural villages. 1t has a population of 603,834 people, 508,059 of whom work
in agricultural production.

The drinking water conditions have greatly improved since liberation
(1949). The speed with which tap-water sources have been developed has been
especially remarkable in recent years, due to the efforts of the Patriotic
Health Campaign. The number of local people who drink tap water has thus far
risen to more than 50 percent of the city's total population. Difficulties,
however, still remain when we try to supply tap water to those remote mountain
areas which lack either water sources or electricity supplies.

In April 1983, the Chinese Government signed, with the United Natioms
Development Programme (UNDP/World Bank (WB), a project agreement for "On-Site
Testing of Handpumps"” in our city, thereby affording us a chance to sclve the
drinking water problem. Because of the firm support of the Central Patriotic
Health Campaign Committee, the Agricultural Machinery Research Institute of
China and other leading departments; the guidance of Mr. Rosenhall, the
official in charge of the East Asian-Pacific Affairs for the Handpumps
Project, World Bank; Mr., Mcleod, Consultant, World Bank; and Mr. Jiaomin,
Monitoring Engineer, World Bank; and the common efforts of our own people,
some accomplishments have been made through the testing of handpumps since
efforts began one year ago. Of the 153 pumps planned for installation, we
have received 42, 27.4 percent of those planned; 31 of these pumps have been
installed. Furthermore, 20 pumps are being monitored, 64.5 percent of those
installed. As brief as the testing period is, the program has begun to play
an active part in solving the drinking water problem for nearly ten thousand
people in our city. The people say that the use of handpumps is safe as well
as sanitary, and is convenient to both the old and the young. We think it is
significant that we are conducting such a handpump test in an effort to solve
the drinking water problem of developing countries.

ESTABLISHMENT OF ORGANIZATIONS

In August 1983, when we accepted the handpumps test project, the
municipal govermment placed it on the agenda under the specific direction of a
deputy mayor--an act signifying its importance. To deal with the daily
routine, the Spot Test Office was formed with its seven members coming from
the city's Water Conservancy Bureau, the Office of the Patriotic Health
Campaign, the Agricultural Machinery Company and the city's Epidemic
Prevention Station. A specific person was chosen for each village (or town)
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involved in the project. As a result, some person at each level was
designated to administer the tests.

SELECTION OF SPOT5 FOR WELLS

Due to complicated geographical conditions, the underground water
resources are distributed quite unevenly, ard methods used by the people to
obtain water are quite different. 1In order to suit local conditions and to
make the best use of the available handpump devices, we organized about a
hundred persons as water conservancy workers, agricultural machinery workers
and epidemic prevention doctors to make investigations, village by village and
well by well, of geological conditions, water resources and quality, well
types and depths, methods of obtaining water, the number of the families
supplied with water, sanitary conditions, etc. After investigation, we
discovered that, in the area of the whole city, there are 373 wells in 224
natural villages suitable for the installation of handpumps. Based on the
result of the investigations and conditions—--traffic, sanitation, economies,
etc.-—of 10 towns and 81 villages, 153 wells were finally chosen as testing
spots, 16 of which were high-depth, 106 middle-depth, and 31 low-depth.

WORKER TRAINING

Factories in five countries abroad and eight factories at home are
involved in the manufacture of handpumps to be used in the test. There are
various models of pumps with different characteristics being manufactured in
an effort to make the workers familiar with a number of pumps and to enable
them to achieve a better mastery of the techniques used in the installation,
use and maintenance of the pumps. In early March 1984, some agricultural
machinery workers, water conservancy workers, epidemic prevention doctors and
handpump operators from all the towns and villages were trained for a short
period by UNDP/World Bank with our assistance. In the course of the training,
Mr. Rosenhall, the officer in charge of the East Asian and Pacific Affairs for
the Handpumps Project and Mr. MclLeod, Handpumps Project Consultant, gave
elaborate instructions on the properties of the pumps and the requirements for
installation and monitoring. Some technical personnel from the Chinese
Academy of Agricultural Mechanization Sciences and from various handpump
manufacturing plants in China provided guidance in techniques. Thus, after
this training and examination, 145 trainees could understand the working
principles and functions of the pumps, having learned how to install, operate,
monitor and maintain them.

INSTALLATION AND MONITORING

In March 1983, as soon as the first set of pumps made in China arrived,
we began installing them. Initially, the water quality was chemically
examined by the Municipal Epidemic Prevention Station, and well terraces were
constructed according to the drawings in every test village. Mr, Jiaomin and
other technical personnel from the manufacturing plants were on the sites with
the workers to help administer the tests and to give some installation
directions. Monitoring began upon installation. Certain persons were
assigned to run the pumps, monitor them at le=ast once a week, and keep daily



- 47 -

records. According to the records of the past four months of tests, the 20
handpumps made in Hunan, Fujian and Jiangxi are high-quality and work very
well, with the output meeting initial designations. They are suitable for the
local uses.

LESSONS FROM EXPERIENCES WITH THE TESTS

We have learned the following from our experiences with the handpump
tests.

Only when the masses are fully aware of the practical value and
international significance of this "On-the-Spot Handpump Test” are they really
willing to accept this testing task.

The people of our city were very pleased when they learned that this
handpump test, conducted with UNDP and the World Bank, would take place
here. They consider the project to be aid and support from the UN, and they
believe that it is helpful and significant to have increasing international
contacts and tc develop friendly relations with other countries. The people
have realized that the installment and use of these small-sized handpumps have
profound significance. Not only can they solve the drinking water shortage
problem, but also the sanitation problem of our city. As a matter of fact,
the leadership of every town and village is devoting much attention to this
project, working out plans or coming to the municipal government to ask to be
involved with this project. Many local pecple are taking an active part in
the installation and testing of handpumps, enthusiastically offering useful
information, doing volunteer services, and providing all kinds of materials.

It is only by carrying out the system of personal responsibility that the
work efficiency can be raised and the test quality can be assured. During the
installation and testing of handpumps, we established the system of personal
responsibility at each level. The duties of the municipal officials of the
test include assisting the monitoring engineer with spot monitoring and
recording, training the workers, establishing technical data, making regular
investigations, organizing transportation, installing and maintaining the
pumps, collecting opinions and suggestions of the masses and conveying them to
the manufacturing plants for further improvements. The conservation workers
in the villages and towns, the agricultural machinery workers and the epidemic
prevention doctors make investigations of the local water resources, install
pumps, maintain machines, improve sanitation conditions, etc. The duties of
the pump operators from the testing towns and villages include looking after
the well-pump apparatus, keeping monitoring records, filling out reporting
forms regularly, seeking out public opinion and providing on-the~-spot data.

We connect the system of personal responsibility with economic benefits by
carrying out a system of rewards and penalties.

It is only through aid and close coordination that the test project can
continue successfully. Many departments have been involved in the testing;
however, the program needs cooperation from and close coordination with
persons from all walks of life. During the installations and tests, some
concerned organizations of the UN provided us with machinery and tools, as
well as with technique instructions and funds. Mr. Jiaomin, Monitoring
Engineer, worked over ten hours a day and often appeared on-site to give
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instructions, acts which were highly praised by the people. Technicians
chosen from Shanghai, the Xinzheng Machinery Factory and the Zhejiang Pinghu
Agricultural Machinery Factory came to our city to help with installation and
maintenance. Some concerned departments and factories have done their best to
take part in this project. We take this opportunity to express our heartfelt
gratitude to the foreign friends and the Chinese technical personnel
concerning what they have done for the test.

CONCLUS LONS

Although we have obtained some achievements in the tests, we know very
well that compared with what UNDP/World Bank and our authorities want us to
do, we still have a long way to go. Much more careful attention must be paid
to the project. We look forward to receiving those handpumps which have not
yet reached our hands. We hope that we can obtain both those pumps from
abroad and another 21 pumps from Chinese manufacturers as soon as possible.

We expect that all the involved manufacturers will be able to provide the
spare parts as well. We also look forward to your continuous aid and
assistance in coordinating activities. Let us join forces to do a much better
job, to win still greater victories, and to overcome all the difficulties so

that we can do our part in the "International Drinking Water Supply and
Sanitation Decade”.



SECTION 3

PROGRAMS IN SELECT DEVELOPING COUNTRIES
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THE RURAL DRINKING WATER SUPPLY PROGRAMME IN
INDIA AND THE DEVELOPMENT OF A
DEPENDABLE DEEP-WELL HANDPUMP

Holenarasipur V. Krishnaswamy
General Manager
Richardson & Cruddas (1972) Ltd.
Madras, India
(On behalf of the Government of India)

INTRODUCTION

The U.N. Conference of Human Settlements (HABITAT) held in 1976
recommended that safe water supply and hygienic waste disposal should receive
priority from governments and international agencies in order to achieve the
target of serving all the population by 1990. These laudable objectives were
approved in the U.N. Water Conference held at Mar-del-Plata in March 1977, and
the decision was made that 1981-90 would be observed as the "International
Drinking Water Supply and Sanitation Decade”. These recommendations were
later endorsed by the 31st U.N. General Assembly, which met in late 1977,
India also signed the resolution seeking to achieve the targets by 1990,
namely provision of a minimum level of service and access to safe water supply
and sanitation for the people of the country. Accordingly, the Decade
Programme in India was launched on April 1, 1981.

At the beginning of the Decade in India, in April 1981, about 77 percent
of the urban population and 31 percent of the rural population had been
provided with protected drinking water supply facilities. The Government of
India has fixed a target to cover 100 percent of the population with protected
water supply, both in urban and rural sectors, by March 1991. Meeting this
target 1s expected to benefit new populations of 71.7 million persons in urban
areas and about 446 million persons in rural areas.

PROGRAMME FOR DRINKING WATER SUPPLY

The provision of drinking water supply to villages has been given high
priority. 1In order to identify the villages which needed immediate attention,
a country-wide survey was conducted in the early 1970s through the initiative
of the respective State Govermments/Union Territory Administrations. The
criteria for identification of such villages prescribed by the Government of
India were as follows:

Villages where no water source existed within a distance of 1.6
kilometres or where water was available at a depth of more than 15
metres (in hilly areas, villages where water sources were available
at an elevation difference of more than 100 metres from the
habitation);

OR
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Villages where the water sources had excessive amounts of salt,
iron, fluorides and other toxic elements hazardous to health;

OR

Villages which were exposed to the risk of waterborne diseases, such
as cholera, guinea worms, etc.

These villages have been termed as "Problem Villages”. Out of about
576,000 villages, about 446,000 villages had some sort of drinking water
supply problem in March 1983. During 1983-84, 50,138 villages were provided
with problem drinking water. About 42,000 problem villages are expected to be
covered during 1984-85.

INDIA MARK II HANDPUMP

History

Supplying safe drinking water to all villages of India is a major
national task. The most important contribution made by the Government of
India to the rural community, especially the problem villages, in support of
the drinking water supply programme, is the DEPENDABLE, TROUBLE-FREE, DEEP-
WELL HANDPUMP. The critical aspect is ensuring a durable trouble-free service
and easy-to-repair handpump--the most vulnerable part of the maintenance
system.

For many years, all State Governments have been drilling borewells and
fitting them with cast-iron handpumps of traditional design. These pumps
could not withstand daily use by several villagers. There were frequent
breakdowns, ranging as high as 80 percent at any one time. The following were
the major disadvantages in the cast-iron pumps.

The pump design involved many linkages which increased breakdown rates
and the cost of spare parts. Certain spare parts and the body of the pump
were made of cast iron and could not be easily reconditioned. The pumps were
very heavy and prone to crack while in tramsit. The flange-to-flange bottom
arrangement did not serve with rigidity over a period of time. The pipes were
jointed directly to the body through a nipple and a reducer, and this
arrangement was not providing prolonged service. When the threads in the body
wore out, the body ceased to function. When the spout was damaged, repairs
involved drilling and tapping. The handle was not sturdy, which lessened the
mechanical advantage. Replacements were frequently made. 1In these
traditional pumps, the components were not well-defined; therefore, there was
no interchangeability of components. Because of low mechanical advantage and
lighter construction, great effort was required for operation of the pump.

Development

In 1976, Richardson & Cruddas (1972) Ltd., (A Government of India
Undertaking), in close cooperation with UNICEF and MERADO (A Govermment of
India Search Unit), developed a fabricated handpump for deep-well purposes,
after extensive research in various parts and field trials, Extensive field
trials were carried out during the development of an acceptable cylinder.
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What emerged was a top—quality standard pump which is today universally known
as INDIA MARK II DEEP-WELL HANDPUMP (Figure 1). Today it is one of the most
proven and cost-effective deep-well handpumps in the world.

After the field trials of 1,000 Mark II Pumps during 1977-78, it was very
clear that the pump was highly reliable and easy to operate and maintain. The
frequency of breakdown was less than 10 percent as compared to over 80 percent
in traditional pumps. The pump body is fabricated from steel plates——this
means a lighter body with high-strength properties as compared to a cast—-iron
body. The pumphead is hot-dip galvanised to make the body rust—-free for
years. The mechanical advantage is increased to 8:1, and the use of a heavy-
weight handle (instead of a steel pipe) makes the operation very easy. Even
children of 6 years—of-age are able to operate this pump with ease. The
weight of the handle compensates for the weight of the eight connecting rods
(24 metres in length). This considerably reduces the effort required for
operation. The pump has only one pivot, thereby reducing the number of spare
parts required for servicing. The maintenance cost of the pump comes to below
40 U.S. Dollars per annum as opposed to 100 U.S. Dollars for the traditional
pump. The base is firmly grouted in cement concrete which provides rigidity.

Standardisation

The Central Public Health and Environmental Engineering Organisatiomn
(CPHEEQ), the technical wing of the Ministry of Works and Housing, Government
of India, took the initiative in 1977 to formulate Indian Standards for the
Mark II Deep-well Handpump with the objective of standardizing the pump in
India. Indian Standard Institution (ISI) brought out the specification in
1979. The specification gave detailed designs of components, schemes of
inspection, samplings and criteria for acceptance of the pump. This standard
is being reviewed every year with changes incorporated wherever necessary to
improve the performance of the pump. The ISI specification, viz IS.9301-1979,
was revised in 1982 and again is undergoing revision. The design is not
patented by any firm; therefore, any organisation can manufacture these
quality pumps. As the pump is well-defined through drawings of all parts and
standardisation, the purchaser knows very well what is being purchased;
inspection of the pump also has become easier. All the State Governments in
India have accepted this pump for their programmes, and India now has one
India Mark II Deep-well Handpump for all of their programmes. Over 440,000
punmps have already been installed in India, and this figure is likely to reach
800,000 by 1990, including old model pumps being replaced under the
rejuvenation scheme. In order to maintain the quality of pumps, independent
agencies are rigidly inspecting the pumps at the manufacturers' works before
dispatch. On the initiative of CPHEEQ, the Indian Standards Institution is
now preparing a standard for installation and maintenance of this pump.

Further Development

India Mark II Handpumps can be modified for shallow-well applications as
well as extra deep-well applications. The development by Richardson & Cruddas
in this particular field is noteworthy. The pump has been modified by R & C
for extra deep-well purposes to draw water from 100 metres. These pumps have
been supplied to meet the conditions in the Sokoto State of Nigeria. These
are perhaps the pumps with the deepest application in the world today.
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Shallow-well application has been well-received for drawing water from depths
of 8 to 10 metres.

Further development work on this pump, in close cooperation with UNICEF
and the World Bank, is taking place in Tamil Nadu, and various concepts are
being tested in field trials. The objectives of further development work is
to make this pump freely and truly a village-level operation and maintenance
(VLOM) pump.

Special Tools

Special tools have been developed by Richardson & Cruddas (1972) Ltd. for
installation and maintenance of India Mark II Pumps. This is a revolutionary
development in that these tools make the installation and maintenance of the
pump much simpler. WNo crane/hoist is required for installation of this
pump. The pump for a 30-metre depth can be installed in just an hour with the
help of three workers.

Quality Control

The fabricated handpump is a simple design requiring very accurate
construction., The pump is subjected to an average of nearly 14 million
strokes per year. It is therefore necessary and essential that the entire
process from raw material supply and production of parts and sub-assemblies to
final assembly is subjected to continual quality control preceded by quality
assurance. As the handpump forms a very important part of rural/suburban
water supply schemes, the purchasing agency must make sure that the
manufacturer has strict 'internal quality control' systems covering the
following check points:

(a) Check of incoming parts;

(b) Stage control check of components and sub-assemblies, including
welding;

(c¢) Sub-assembly clearance for surface treatment;
(d) Sub-assembly clearance after surface treatments but before assembly;
(e) 1In-line assembly inspection and testing.

In addition, the purchaser must ascertain the following availabilities at
the manufacturer's premises:

(a) Jigs and fixtures for locating the following assemblies:

Conversion head-—-guide bushing in relation to flange; flange, side
plates, and back plates in relation to each other; left and right
bushings with reference to guide bushing; handle window frame;
front, bottom and side plates.

Water tank--Pipe coupler on the water tank bottom flange; spout
pipe, bottom flange, tank pipe and top flange in relation to each
other; gusset-locating fixture.
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Handle assembly--Square bar, bearing housing and roller-chain guide;
support plates.,

Stand assembly--Flange in relation to stand pipe; collar and legs in
relation to stand pipe and flange gussets.

Chain assembly - Location of roller chain and chain coupler in
relation to each other.

(b) All necessary slip gauges, ring and plug gauges, micrometer,
elcometer, shore hardness tester, etc. (basic needs).

The workmanship and finish should be checked with particular
emphasis on welding, mating of flanges, minimum distortion, required
clearances, thickness and quality of galvanising, lineability,
interchangeability, etc.

The manufacturer must also have a well-defined internal inspection
procedure which should be verifiable with the help of records,
formats, forms showing accepted and rejected parts and disposal of
rejected parts, test certificates for physical and chemical
properties, etc.

Finally, in addition to the quality control exercised by the
manufacturer, inspection by the purchaser is necessary to ensure
that the goods comply with the contract specification, that the
manufacturing processes have been properly carried out and that the
goods are properly packed for dispatch. The better the control
exercised by the firm, the less stringent the need be for inspection
instituted by the purchaser.

The whole exercise of quality control and inspection by the
purchaser should be viewed with the ultimate aim of receiving
defect-free, easily installed handpumps to provide a continuous
supply of drinking water to the people in the remote and
inaccessible problem villages, where the problem of maintenance
should be minimal.

THE MAINTENANCE SYSTEM

It is not enough for the technology of the pump to be designed well;
equally important for the efficient working of a handpump is the installation
and maintenance system. The operational performance of the handpump forms the
basis for community acceptance of the programme as a whole. The effectiveness
of the maintenance system in turn directly affects the life and performance of
the handpump and influences operational maintenance costs.

Continuous usage of the pump subjects it to wear and tear. There is also
a correlation between the quality of platform construction/materials used and
the frequency of breakdowns. It is therefore essential that members of the
maintenance system carry out the following responsibilities:
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(a) Obtain prompt information about failure of pumps with the least
possible communication gap;

(b) Keep the surrounding platform clean and ensure the proper usage of
the pump;

(c) Regularly apply grease on the chain and tighten the bolts and nuts;

(d) Examine the above-ground mechanism every month and carry out repairs
as necessary; ’

(e) Undertake repairs of underground mechanism/major repairs of above-
ground parts, within reasonable time, on receipt of "Failure
Reports”.

The above points are effectively achieved in India by the adoption of
what is generally known as the "Three-tier Maintenance System”. The structure
of this system provides for

— One village handpump caretaker for every pump;

- One 'block' level mechanic for no more than 50 pumps;

— One district~level mobile maintenance team covering 500 installations.
The functions of the above tiers are as follows:

The village caretaker is responsible for keeping the handpump site dry
and clean; for servicing the handpumps once a week, including tightening the
bolts and nuts and applying grease on chain assembly; for channeling excess
water into a garden or soak pit; for explaining and demonstrating the correct
method of handpump operation to users of the pump; and for reporting promptly
all handpump breakdowns to the District Engineer. He reports by mailing pre-
printed, prestamped and pre—addressed "Handpump Failure" Postcards on which he
only makes a tick mark against the appropriate space mentioning the specific
type of failure. The Caretaker is selected from educated volunteers in the
village. Caretakers are very important persons in the Maintenance System,
because if they conscientiously and regularly perform their duties and
responsibilities, they significantly contribute towards providing people with
a continuous source of safe, clean, drinking water.

A "Block"” Level Mechanic with tools and a bicycle visits on a regular
basis, usually once a month, all the handpumps in his jurisdiction. He can
carry out minor repairs that arise in the pumphead, but cannot deal with the
problems of the below-ground mechanisms. He informs the District Engineer
whenever a major repair is anticipated or needed.

The District-Level Mobile Team, a key element in the modernized Handpump
Maintenance System, consists of four men (a Junior Engineer, a Senior
Mechanic, a Mechanic-cum-Driver, and a Fitter), equipped with a diesel pick-up
truck and a small workshop at the District Office. Each team is expected to
carry out both preventive and corrective maintenance of both above-ground and
below~ground mechanisms.
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The above system is continuously reviewed and updated. The cost of
maintenance is met by the State Governments.

COST FACTORS

(a) A complete India Mark II Deep-well Handpump including cylinder and
connecting rod of 30 metres, costs 150 U.S, Dollars.

(b) The estimated annual recurring cost per pump is about 40 U.S.
Dollars, which includes spare parts and cash costs of the mobile
team. This is nearly 40 percent of the annual maintenance cost of
the other types of pumps, such as cast-iron double guide, Jalna,
etc.

CONCLUS ION

No doubt the development of the India Mark II Deep-well Handpump was a
big stride in providing safe and assured water for the rural population as
well as fringe portions of the urban population. The search for a bigger
stride continues. The World Bank has embarked in India on a project to
further improve the below-ground mechanism of the India Mark II Deep-well
Handpump, involving UNICEF, RICHARDSON & CRUDDAS, WAVIN INDIA, and the
Government of the Tamil Nadu State. In the present form of the pump, the
riser main is lifted along with the cylinder body and the connecting rod, to
carry out any repair required in the plunger assembly and check valve assembly
of the cylinder. At present, only the replacement of the cupwasher, which
accounts for 75 percent of the repairs in the cylinder components, calls for
the removal of all the above-mentioned parts. The object of the new
experiment is to find a way of retaining the cylinder body and rising main,
but 1lifting the connecting rods with the iower and upper valve assemblies
only. This will greatiy reduce the cost of maintenance and improve the
mobility of maintenance teams, as they do not have to carry heavy tools. This
will also reduce the downtime of the pump. The field trials of the modified
below—-ground mechanism is being carried out. If this venture becomes
successful, the entire maintenance scheme will go through revolutionary
change.
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HANDPUMP STUDIES IN THE IVORY COAST

Anzeni Djouka
Directeur Central de 1l'Hydraulique
Water Directorate
Abidjan, Ivory Coast

The Ivory Coast has a land area of 320,000 km? and is bordered to the
south by the Atlantic Ocean, to the east by Ghana, to the west by Liberia and
Guinea, and to the north by Mali and Burkina Faso. The country has three
climate zones: equatorial, tropical, and Sudanese. 1Its hydrographic system
is comprised of four major river basins--Cavally, Sassandra, Bandama and
Comoe—-and other small coastal rivers. The four major rivers run north-south
and empty into the Atlantic Ocean.

The subsoil of the Ivory Coast is mainly crystalline and metamorphic.
The only major sedimentary formations are from the Mesozoic Era and Tertiary
Period (known as "terminal continental” in Africa) and are found along a
narrow coastal strip stretching from the Sassandra westward, up to the border
with Ghana to the east, and covering only 3 percent of the country.

There are also mountainous structures, alternating with generally narrow
strips of flatter land and having a large number of folds (sometimes even
vertical), with deposits of sandstone, schist, and sediment from volcanic
rubble. Lava is sometimes found, as these structures have undergone
relatively intense metamorphosis.

NATIONAL POLICY FOR POTABLE WATER SUPPLY

Because of the acute shortage of potable water in rural areas, in terms
of both quality and quantity, the Govermment decided in 1974 to undertake an
ambitious water supply program. In responding to the needs of the rural
dwellers, the Government set the following objectives:

1. Use groundwater taken from wells and tubewells rather than the
generally polluted surface water;

2. Target water production at 10-15 litres/day/inhabitant by 1982, and
20-30 litres/day/inhabitant from 1982 onwards.

On December 31, 1982, the provisional program based on the objectives was
implemented, calling for the establishment of 12,500 village water points by
1985, Each water point is to produce at least 500 1/hr (the minimum being
based on the number of inhabitants in the villages).,

Project Area and Target Group

The program began in the savanna regions (center and north sections of
the country) and in areas where rates of waterborne disease were relatively
high. At present, more than two—-thirds of the rural dwellers have potable
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water. Until water supply systems are built in semi-urban areas, their
inhabitants have been provided with water points in accordance to the size of
their populations.

Execution

The Village Water Division of the Water Directorate (Ministry of Public
Works, Construction, Postal Services and Telecommunications), which is
currently implementing the national village water supply program, plays the
role of a consulting firm. As in all projects, it carries out field surveys
and geological, hydrogeological and geophysical studies to ascertain optimal
works construction.

Needs Assessment

Under the village water supply program, a water point is built in all
villages having at least 100 inhabitants in accordance with the following
specifications:

1. One water point for every 100 to 900 inhabitants;

2. One water point for each additional 600 inhabitants.

When a water point built in a village with 600 to 900 inhabitants
produces less than 12 m~”/day, however, one or even two additional water points
are provided to meet the needs.

Under this emergency program which began in 1975, a total of some 12,500
water points are to be built at an average rate of 1,500 per year. The target

should be achieved by 1985. On December 31, 1983, about 11,000 water points
had been built, of which one-third were wells and two-thirds were tubewells,

VILLAGE WATER POINTS

In addition to water drawn from springs, water is being taken from two
types of wells now being built under the national water supply program, i.e.,
wells and tubewells. At present, no springs have been improved under the
program, although they are potentially useful for supply in regions where they
are abundant. Spring water should not be allowed to become contaminated by
runoff water and should be filtered in order to remove fine suspended
particles. The potability of the water should be guaranteed by protecting the
area around the spring from animals, plants and other potential pollutants.
Water collection per se would consist of preventing the water from flowing
downstream by constructing a parallel epipedal tank of reinforced concrete,
the walls of which would be perforated either upstream or at the base,
depending upon the configuration of the spring.

Wells
Wells are generally built in those areas which have undergone extensive

weathering (on an average of 15 to 30 m), found in the Ivory Coast in the
substratum of coarse-grained rocks.
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Two types of wells are now being built; the selection of type is based on
the amount of support provided by the Alterites:

1. Wells with a single interior diameter of 800 mm in coarse Alterites
that provide good support (granitic sand);

2. Wells with interior diameters of 600 to 800 mm in soil that provides
poor support (sandy or kaolinic Alterites).

The casing of prefabricated reinforced concrete piping is positioned
after the well is drilled. The pipes are placed so that they fit together
perfectly. Strainers are placed inside the lower pipes up to the height of
the water table. The bottom pipe contains a perforated slab 15 cm thick at
its base, lying on a bed of gravel 50 cm deep. The annular space of the
borehole is filled with gravel of a specific size, which acts as a filter.

At the surface, a concrete cover is sealed to the pipe column where it
rises up above ground level. This slab has a manhole equipped with a
padlock., The pump is installed on this slab. Around the wellhead, a 2.00 m x
2.00 m mud guard has a drainage spout for spilled water. In order for the
well to be used year-round, the water must be 10 to 12 m deep during the rainy
season and 7 to 8 m deep during the dry season.

Tubewells

Tubewells can range from at least 25 m deep to 100 m deep. They are sunk
in granitic or schistose areas where the surface Alterites are not water-
bearing. Tubewells are drilled with air hammers; sometimes the rotary method
(drilling mud) is employed in Alterite layers. The diameter of the tubewell
is 22 cm in the Alterites and 16 cm at the base. PVC tubing is used for the
lining. A filter consisting of gravel of specific size fills the tubewell up
to the top of the strainers.

MEANS OF PUMPING

All the wells have handpumps which allow for an hourly flow of
0.5 to 1.5 m>*

ABI Pumps. These are conventional pumps with piston, valves, hand-
operated handles and pump rods; they have long been used on many wells in the
Ivory Coast because of their durable construction and ease of maintenance.
They are manufactured in Abidjan and have two drawbacks:

1. They are difficult to use beyond a depth of 35 m.

2. Because of their weight and design, they require heavy hoisting
equipment for positioning or removal for repair.

Vergnet Hydropumps. These hydraulic pumps have been tested in the Ivory
Coast. After several design modifications, they are almost ready for
widespread use. These pumps are operated by a pedal and can produce 0.5 m3
water/hour at depths of 60 m. Simple to assemble and requiring no special
tools, they can be installed by a single person. One drawback is that the

of
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cylinder has a fairly short life span and is relatively expensive to
replace. About 3,000 such pumps are now used on village wells.

Hybrid pumps-—ASM (ABI/Sofretes-Mengin) This new type of pump has the
advantages of the two preceding models (hydraulic transmission and manual
operation); in addition, two of them can be installed on a tubewell with an
interior diameter of 5 inches. They are easy to maintain. The hybrid pumps
can draw water from depths of more than 80 m, unlike the two models from which
they were developed.

WATER POINT MAINTENANCE

Whether a water point can be used year-round depends on both the
structure itself (type, technique used, equipment) and the means of pumping
employed. Although there are wvirtually no problems with the wells themselves,
(due to the monitoring, supervision of the works, and techniques employed),
the same cannot be said of the pumps, which are a source of concern.

SODECI is responsible for keeping the water points in operation, for
overseeing the pumps (including their replacement) and strainers, for carrying
out civil works and for determining the bacterial count in the water. The
cleanliness of the surrounding area is the responsibility of the villagers.
The duties, as appropriate, are assigned to heavy or lightweight mobile
brigades attached to SODECI regional offices and based at urban supply
centers. Each brigade services 300 water points; for 1982, this meant 33
brigades attached to 22 bases servicing 9,700 water points.

The work mainly centers around circuits of 40 to 50 wells visited
regularly for preventive care and emergency service, following notification of
the head of the SODECI center. The SODECI brigades report to the Mobil
Village Water Point Units attached to the Water Directorate. Quarterly
meetings and printed forms have been instituted to help the groups with their
work.

Maintenance was initially fimanced through a surcharge paid by urban
subscribers; this was suspended in late 1980 because of a significant increase
in the number of water points and replaced by an annual lump-sum fee of
CFAF 60,000 per water point. This fee is paid directly to SODECI by the
villagers upon receipt of an invoice.

Until 1980, maintenance costs for the water points were borne by the
National Water Fund and financed by the surcharge on each cubic meter of water
sold in urban areas. Eventually, with the increase in the number of water
points, it was recognized that the surcharge would become very heavy and
markedly raise the price of water. The Government therefore decided to have
the beneficiaries, i.e., the villagers, cover maintenance expenses., In
addition, a detailed survey authorized by the Ivory Coast on the condition of
punps found many deficiencies with the agency contractually responsible for
maintaining the water points,



- 63 -

The situation may now be summarized as follows:

1. Breakdowns are numerous——only about 38 percent of the pumps operate
properly.

2. The well platforms are often worn.

3. The cleanliness of the surrounding area is frequently not
maintained; 68 percent of the platforms are dirty.

4, Eighty-nine percent of the water points are not properly enclosed,
and the drainage in the surrounding area is poor.

5. SODECI servicing is too infrequent and will become even more so.

6. Adequate preventive inspections of current defects are made for only
12 percent of the pumps. This rate was previously 63 percent.

The villagers' contribution towards the maintenance of their water points
begins with training and awareness-raising—-training to remedy minor
breakdowns and awareness-raising to enable them to cover maintenance costs
(spare parts, labor, enclosure and drainage). The training will, however, be
very limited, since the villagers cannot handle all breakdowns themselves and
must call in the appropriate unit for major problems. The results of field
trials now underway (SNES, ONSP, etc.), if encouraging, will certainly be
instrumental in determining the best solution for ensuring a more efficient
maintenance system.

-CHOICE OF PUMP

In order to make the future maintenance system more economical, certain
criteria should be taken into account in pump selection. Independently of the
hydrogeological conditions (depth and fluctuations in water level), the
following criteria should be taken into consideration:

1. Ease of operation and good yield;

2. Durability and reliability;

3. Simplicity of design and construction, with at least partial on-site
manufacture possible;

4, Simplicity in maintenance and repair (easy access to worn-out
parts), allowing some maintenance tasks to be delegated to the
village community;

5. Lightweight design, for ease of transportation and assembly;

6. Assured availability of spare parts; and

7. Low investment and maintenance costs.
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In addition, pump standardization seems to have many advantages and helps
promote proper maintenance.

PRACTICAL CONDITIONS FOR PROPER MAINTENANCE

The distinction should be drawn here between special repairs and
scheduled maintenance, the object of the latter being to prevent repairs
through the regular provision of a series of maintenance and monitoring
operations. It goes without saying that maintenance and repair operations for
a group of pumps involve a host of difficulties. A series of factors must be
taken into account and may be grouped under the following headings:

Program Initiation

1. Guaranteed long-term financing;

2. Sustained support from the authorities;
3. Appropriate organizational structure;
4, Sufficient number of pumps; and

5. Pump standardization--selection of a high-quality model requiring
simple maintenance.

Implementation
1. Careful matching of personnel and maintenance equipment to pump
type; and

2. Distribution of duties and good ccordination between the national
entity, which has the specialized personnel, physical resources and
workshops, and the village community.

Execution

Regular inspections, systematic operations and assured supply of spare
parts.

Organization

It would be difficult to make precise recommendations in this respect;
however, a sound organization should be as decentralized as possible, and
based on several factors, mainly:

1. The ability of the villagers to assume responsibility for certain
operations (prior to this, they must be made more aware of the

problems of water supply);

2. Pump type;
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3. The nature and frequency of regular maintenance and monitoring
operations.

CONCLUS ION

Although the techniques of water point construction have been mastered by
the companies and offices responsible for studies and monitoring, the major
stumbling block in the village water supply program is the establishment and
operation of an efficient organization to maintain the pumps.

The maintenance policy should at all times involve villager
participation, a factor which is important for two reasons:

1. It instills a sense of security to the extent that the villagers
will feel less dependent on a distant repairman.

2. It is more economical because service trips by a mobile repair
brigade are always expensive.
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HANDPUMP USE IN COMMUNITY WATER SUPPLIES:
AN INTEGRAL PART OF RURAL WATER DEVELOPMENT

Daniel M. Kirori
Deputy Director, Water Development
Ministry of Water Development
Nairobi, Kenya

ABSTRACT

Handpumps are increasingly becoming an integral part of groundwater
development in Kenya. Handpumps offer some tangible advantages in the
development and provision of water supply to the rural people. This is
evident in the development of shallow wells for small communities, where
limited incomes are a major constraint to making water available to meet basic
needs.

High fuel costs, shortages of trained manpower and lack of spare parts
are major bottlenecks.

INTRODUCTION

The Government of Kenya has made considerable progress in development of
water resources since attaining nationhood some 20 years ago, with the
objective of improving the living conditions of the rural population. The
Government is committed to bringing potable water within reasonable reach of
all citizens by the year 2000.

This provision of water is practicable through integrated development of
surface and ground water. Because of the adverse economic conditions,
scarcity of resources, increasing depletion of surface water and great expense
necessary for development, attention is now being turned to groundwater as a
potential water resource for achieving the ambitious target. The envisaged
groundwater development entails the use of water wells, handpumps and
appropriate construction methods for the target communities. Kenya is well
advanced in community "Harambee” efforts in development. The development of
groundwater using simple and appropriate technologies is now going on in these
areas of Kenya, with assistance from donors and the UN/World Bank agencies
implementing the "International Drinking Water Supply and Sanitation
Decade”. The Government is grateful for this assistance and is now directly
implementing one of the projects with the aim of providing recommendations on
the suitability of the appropriate technology and the constraints in
establishing a systematic implementation and operational framework.

Two—-thirds of Kenya is semi-arid, and rainfall is scarce and erratically
distributed. Surface runoff dries up after a short period. Thus, the need to
develop groundwater is very great. Topographical factors and soil types make
it difficult to construct big storage dams. In the rest of the region not
covered by existing schemes and where rainfall is adequate, population



- 67 -

densities are high and water contamination is generally encountered, resulting
in outbreaks of such waterborne diseases as cholera, bilharzia, etc.

It is therefore planned to tap groundwater free from surface
contamination using boreholes and dug wells, most of them fitted with
handpumps. Such development of simple water supplies allows for direct
community participation through construction, operation and maintenance, as
well as the application of simple tools and equipment in construction. It is
envisaged that the provision of safe drinking water will greatly improve the
health and vitality of the population, thus improving their productive and
managerial capacities for utilising all other resources.

SHALLOW-WELL DEVELOPMENT PROJECTS

There are three major shallow-well development projects being implemented
in different parts of the country.

Groundwater Development Project in Western Province

The project was initiated in February 1981, under a technical cooparation
agreement between the Governments of Xenya and Finland signed in 1975. The
project is being implemented by M/S KENFINCO, a Finnish consulting firm,
mutually agreed upon by the Ministry of Water Development an% the Ministry of
Foreign Affairs of Finland. The project covers some 3650 km“, and the work
commenced in March 1981, Data collection on surface and groundwater and the
preparation of a water supply development plan were completed in June 1983,

Hydrogeology

The project area is largely comprised of a relatively flat erosion
surface of deep~weathered granites., Where precipitation is adequate, an
abundance of relatively shallow aquifers of low permeability exist, with the
depth of water commonly less than 15 m. Both seismic and resistivity methods
are used to investigate the nature of the formations. 1In summary, the
weathered crystalline rock aquifers are generally unsuitable for large-scale
groundwater abstraction, but the low yields available are adequate for small
domestic water supplies by use of handpumps.,

Project Programme

The objectives of this programme are as follows:

(1) Completion of hydrogeological investigations, geophysical
measurements and spring identification;

{ii) Conmstruction of wells;
(iii) 1Installation of handpumps and construction of aprons at all wells;
(iv) Monitoring of the operation and maintenance of handpumps;

(v) Training of local communities on public health and its
relationship to sanitation and water use.
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Progress

The construction of wells is done in two ways, i.e. hand-dug and drilled.
The latter method is used for supplying water to schools, clinics, and market
centers, Communities are now participating in digging their own wells. The
wells are equipped with either Nira or India Mark II Handpumps.

Dug Wells

This is an old indigenous technology, and there are very many experts
available locally. As of June 1984, 129 old dug wells have been fitted with
handpumps and are operational. Thirty-eight others are still awaiting
installation. Depths vary between 3.5 to 16.5 m, the average being 8.8 m.
Water levels vary from 1.9 to 7.0 m. Community participation in well digging
is normally carried out during the dry period to avoid striking elevated water
levels occurring during the wet season and to minimize caving-in problems.

Drilled Wells (Boreholes)

More than 140 boreholes sited by seismic surveys have been successfully
drilled to an average depth of 57.7 m by an Atlas Copco Aquadrill rig, using
the Odex Principle to penetrate the overborder. Ninety of these have been
fitted with handpumps; 33 boreholes were abandoned due to low yields and/or
technical problems.

Costs

A dug well costs about US$897 (KShs. 13,000) compared to US$2,759
(XKShs. 40,000) for drilling a borehole. Each well is expected to serve a
community of about 130 people. The annual operational cost for a
handpump/well is about US$0.7 (XShs. 10) per person per year. These costs are
rough estimates as no water tariff has been devised since the project still
maintains the handpumps. Actual operational costs will emerge when the
running and maintenance have been handed over to the communities. Rural water
supply is a utility from the Govermment, and water is charged at a flat rate
of US$1 per month per connection.

Groundwater Quality

Chemical analysis indicates that the cuality of groundwater in the
project area is generally good (BARIDI). In some cases, high iron (Fe)
contents and acidic waters have been noticed. Care is taken not to use
metallic screens due to their corrosive effects. Water level measurements are
monitored on a weekly basis in 56 wells and in 12 boreholes. Seasonal
fluctuations range from 2 to 5 m.

Lake Basin Shallow—Wells Project

This shallow-well programme in Nyanza Province was initiated by the Lake
Basin Development Authority in 1982 under a Dutch Government bilateral aid
programme and is being executed by a Dutch consulting firm, DHV Consulting



- 69 -

Engineers, in collaboration with the Lake Basin Development Authority. During
the pilot phase, 41 handpumps (SWN 80 & 81) were installed in drilled and dug
wells.

The pilot programme was established to investigate:

(i) Feasibility of constructing low-cost shallow wells in the province
for water supply in rural areas;

(ii) Methods, materials and equipment to be used, taking into
consideration the idea that:

(a) Execution of the work should be simple;
(b) Maintenance should be minimal;

(c) Equipment and materials to be used should
be’ locally produced;

(d) The well water should be used for other purposes,
e.g., small-plot irrigation, cattle dip water
supplies and livestock development.

(iii) Possibilities of guaranteeing future maintenance through ownership
of wells and training of local staff.

In summary, the project aimed to provide easily accessible safe water in
adequate quantities at a cost within the economic capabilities of the
communities and through facilities which are locally available and can easily
be operated and maintained at the local level.

Project Area

Nyanza Province has a land area of 12,526 km2 and consists of four
districts with a total population of 2,643,956, according to the 1979
census. Out of these, 2.4 million people live in the rural areas with poor
sanitation facilities.

Project activities

Initially, a survey was carried out to collect relevant hydrogeological,
sociological and technical information and data and to establish the
feasibility of the shallow-well programme. It was discovered that there were
450 wells dug under the Ministry of Health programme and about 200 - 250 wells
constructed privately. Most of the wells were equipped with locally made
handpumps, out of which (at the time of the survey) less than 10 percent were
operational. All these wells were hand-dug and are mostly lined with concrete
rings with depths varying from 2 to 30 m.

Well Construction Methods

The siting is through non-technical methods, and the wells are generally
located in valleys rather than on slopes or hills and in suitable geological
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formations. Drilling was carried out by menually operated equipment and in
some cases, wells were dug.

Service Levels

Most large-scale water supplies in the area run by the Ministry of Water
Development are concentrated in the densely-populated urban areas; only a very
small percentage of the rural population relies on treated/safe water
supplies. In all, about 18 percent of the population is served with improved
water supplies. Due to the scarcity and sparsity of permanent water sources,
people walk up to 7 km to collect water.

It is estimated that 90,000 people fetch water from shallow wells in
Kisii and the Northern parts of Siaya; most of the wells are open. Frequent
occurence of cholera in parts of the Lake Basin is caused by the poor quality
of water, and the provision of wells free from pollution will greatly improve
the present situation.

The results from the pilot project indicated that about 250 to 300 people
use one handpump, and it is anticipated that this source, when completely
brought into use, will serve 30 to 40 percent of the rural population.

The water quality of the shallow wells is generally good, except in some
parts of the Kano plains and around Lake Victoria, where high saline levels
were encountered.

The Ministry of Water Development has now established a monitoring
programme on the quality of water and upgraded a laboratory in the town to
carry out chemical analysis and give advisory services to the local people.

From the data collected, the following decisions were made:

(i) Hand drilling is recommended in alluvial deposits; however, such
deposits are very scarce in the project area;

(ii) Hand digging or machine drilling is recommended in weathered pre-—
Cambrian rocks which outcrop in over 50 percent of the project
area;

(iii) Five - ten percent of the total number of wells can be constructed
either by hand-drilling or digging, but the majority require

machine-drilling.

South Coast Handpumps Project

The Kenya Government, having confirmed its participation in the
International Drinking Water Supply and Sanitation Decade, set up this
programme in 1981. This project is funded by the Swedish Internatiomal
Development Agency under the auspices of UNDP and management support from the
World Bank (INT/81/026). Unlike the preceding two projects, this project is
managed and implemented by a team of Kenyans from the Ministry of Water
Development. The Ministry is also contriduting drilling equipment and support
facilities. Although Kenya has been active in rural water supply projects
since 1970, the objectives of improving the living conditions of
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theeeceeeeeeless—developed rural masses has not been achieved due to technical
problems, e.g., lack of community participation, spare parts, etc. As a
result, the Kenya-Sweden Rural Water Supply Programme is now giving priority
to small water supplies, designed in such a way as to make possible local
participation in the implementation, operation and maintenance of the

schemes. The primary aim of this project was based on the idea that "in
regions where shallow aquifers exist, the most feasible and economic method to
provide small rural populations and those living in villages with adequate

water supplies is by wells equipped with handpumps.”

Objectives of the programme

The long-term objectives of the project are as follows:

(i) To reduce the cost and improve the dependability of rural water
supply which depends on handpumps for water abstraction;

(ii) To promote and identify technologies that will reduce the cost and
dependability of handpumps suitable for Kenyan conditions;

(iii) To establish local manufacture of suitable handpumps.

Other immediate objectives included drilling and equipping 50 borehacles
and protecting and. covering 150 wells, all equipped with handpumps. The
aspect of community participation was also found to be crucial and efforts
have been made to seek the views and ideas of the people on how the project
can be implemented to guarantee their participation in operation and
maintenance. A proposal has been made for a large rural water supply and
sanitation programme to include the whole of Kwale District beginning next
year.

Project Area

The project area covers 300 km? in the Diani and Msambweni locations of
the Kwale District, This District lies in the southeastern corner Sf Kenya
between Mombasa and the Tanzanian border and has an area of 8257 km“ and a
population of 288,363 according to the 1979 census. The existing water
supplies serve over 10 percent of the population, while the majority use water
from dug wells and other traditional sources, which include ponds, rivers and
springs.

Hydrogeology

The project area is underlaid by Pliocene sands and gravels which are in
turn overlaid by the coral reef and Pleistocene sands and clays. The
unconsolidated sandy horizons form good aquifers. The coral reef is sometimes
fissured and consists of coral fragments and sands. The aquifers are highly
permeable and productive, drawdowns are small and the water quality is
excellent. The yields are normally in the range of 20 to 120 litres per
minute. Water levels vary between 2 to 20 metres.



Activities

The project began in 1981 when a full-time project coordinator was
seconded to the project and water committezes formed. Appropriate borehole
sites were selected by the project coordinator with assistance from local
divisional staff from the Ministries of Health and Social Services. The
criteria for choosing cities were based on hydrogeological considerations,
water needs of the villages and requests from villagers themselves.

An inventory was carried out of the existing wells, and over 130 wells
were identified. Water levels were measured and monitoring on chosen wells is
being carried out to determine water level fluctuation due to precipitation
and drought patterns. Water samples are also collected for bacteriological
and chemical analyses.

At the start of the project, the communities showed some dislike of the
programme and this necessitated undertaking a sociocultural study to identify
their source of worries. The study discovered that two preceding handpump
programmes (UNICEF--1964, and Australia-Kenya Cooperation--1978) had installed
handpumps and covered wells after which the pumps failed and no provision for
repairs had been made; thus, the wells became inaccessible. It was therefore
decided that the services of sociologists were necessary in any handpump
programme so that the people's needs and aspirations are taken into
consideration in the project implementation. In this regard, a Kenyan NGO—
the Kenya Water for Health Organization--has been involved to help in
community liaison, assess community needs, organize community commitment to
improvement of water supplies and long-term maintenance. Their second role is
to increase awareness in matters of hygiene, establish training methods and
materials and run training programmes related to water supply and
sanitation. At the moment, one full-time sociologist is carrying out the
above duties with help from another part-time staff member from KWAHO.

Borehole Construction

The construction of boreholes began in July 1983, and by June 1984, 30
boreholes had been completed, out of which 25 have been installed with
handpumps. The protection and covering of wells with removable slabs in the
event of failure were delayed until the communities' confidence was restored.

The drilling is carried out by two lightweight surveyor rigs capable of
drilling shallow holes. The depths vary between 20 to 40 m, and the water
levels vary from 2 to 20 m.

As the geology of the area consists of a coral reef, coral breccia and
unconsolidated fine sands with clays and silt, it is important that wells are
gravel-packed with suitable gravel, and the screen slot sizes measured at less
than 0.75 mm for successful borehole and pump life.

This programme was essentially a handpump testing programme. Five types
of handpumps have been installed and are now being monitored for their
performance, dependability and durability. Since most of the pumps have been
in use for less than six months, it is too early to draw any conclusions at
the moment. However, the Malawi-type handpump has been performing better than
the others in terms of ease of installation, performance and yields. It is
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also worthwhile to note that the India Mark II and Malawi types are now being
manufactured locally, the latter with modifications. ’

The testing programme involves the following:

Pump type On Site Installed No.
Blair (Zimbabwe) X 0
Duba Tropic (Belgium) X (expected)
India Ma%k II (India) X L (Locally made)
Malawi Pump (Malawi) x 11
Nira (Finland) X 3
Petro Pump (Sweden) X 5
SWN (Holland) X 1
Vergnet (France) x 5

Service Level

It is estimated that an approximate average of 250 people use one
handpump. If it is approximated that each family uses agout 160 litres/day,
then it can be deduced that each pump produces about 5 m”/day. The present
pumps are therefore serving about 6,000 people. About 40 to 50 percent of the
population of the area can therefore be served. The cost of each borehole,
including the handpump, is approximately KShs. 30,000. Recurrent running
costs have not been worked out, but it is hoped that they will be within the
means of the population.

Other Handpump Programmes

The aforementioned programmes are the largest programmes in the country,
but there are other handpumps programmes elsewhere in the country contributing
in their own small way to the betterment of rural water supplies.

Forty Duba Tropic II pumps have been installed in Lodwar by the Diocese
of Turkana, while 14 handpumps have been installed in boreholes drilled by the
Ministry of Water Development in West Pokot. The Kitui District Resources
Study has also proposed the construction of 1,000 wells equipped with
handpumps. The applicability of handpumps has become such an important
alternative that more attention is foreseen for the coming years.

OPERATION AND MAINTENANCE OF HANDPUMPS

Most communities, especially those who have seen piped schemes, may see
the introduction of handpumps as inferior technology. To worsen the
situation, the frequent high rate of failure due to poor quality and lack of
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maintenance and repair make them even more unpopular. It is, therefore,
important that a simple, durable and easily maintainable handpump is
identified. It is equally important that adequate attention be paid to
maintenance and repair aspects. Since the main idea is to have the community
maintain and repair handpumps, adequate consideration should be given to
encouraging community participation in the whole exercise of installing
handpumps. It is therefore important that pumps should be manufactured
locally with a provision of adequate spare parts. The major problems with the
use of handpumps are as follows:

(i) Poor quality of handpump design and manufacture;

(ii) Lack of training of communities in maintenance skills, use of
tools for repair, spare parts, transport and supervision;

(iii) Complicated underground components;
(iv) Need for frequent lubrication;

(v) Overestimation of the capabilities of handpumps, especially where
water is being pumped from deep levels;

(vi) Lack of preventive maintenance never being taken seriously.
The maintenance of handpumps will, therefore, depend largely on serious public

education and training of villagers and tradesmen, and readily available spare
parts.

COMMUNITY PARTICIPATION

The success of handpump programmes willl largely depend on the community
itself, It is therefore important that communities are involved from the very
beginning of the programme, especially women who are the main water drawers.
During project implementation, many villagers, craftsmen, tradesmen, and other
organized groups should be trained in operation and maintenance. The general
public should be educated on the benefits of clean water to their health and
general well-being. Committees should be formed to run each water point and
encouraged to collect contributions—-either an initial contribution from
households or monthly payments to be kept for maintenance. In this case, the
villages can use trained craftsmen for maintenance and repair. Another idea
is for the village committees to prepare small gardens using wastewater for
irrigation. The proceeds from the produce can be used for maintenance.
Community maintenance has the effect of cutting transport costs and reducing
initial investments.

It is important to bear in mind that many rural people will not
appreciate the health benefits derived from clean water immediately and that
the handpump is not very different from the traditiomal sources. For this
reason, the urgency to maintain pumps and repair breakdowns will generally be
lacking. It is therefore important that the field social workers and public
health officers are given training so that they can always provide the same to
the communities in which they work. The work for social workers and public
health officers is maximising the direct and indirect benefits arising from
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the provision of improved water supplies and ensuring that those benefits
continue in the years to come-—an odious task which needs the support of all.

A report on operation and maintenance was prepared by KENFINCO and based
on the data collected after one and a half years of use of pumps in the Rural
Water Supply Development Project in Western Kenya.

CONCLUSION

Handpumps installed in wells are definitely the cheapest alternative for
supplying water to rural communities, because of low capital investment and
running costs. Use of hand-dug wells should be encouraged, as it is easy to
involve the community in their construction. Drilled wells, especially deep
ones, should be completed in such a way as to allow for expansion when
dictated by a community's development, e.g., replacement of a handpump with a
motorised pump. When monitoring and performance data have been obtained, one
to two types of pumps that are found to be most suitable should be
manufactured locally and a sufficient spare-parts supply provided for.

As of now, it is apparent that despite all other demands being met by the
handpump, the success of any handpump programme will depend on how the
comnunity is trained in its operation, maintenance and repairs. Pump
Committees, consisting largely of women, craftsmen, and tradesmen should be
properly trained in the handpump installation, removal, repairs and preventive
maintenance and supported by local "funds.” In this regard, the roles of
social workers and public health officers is paramount. All trained artisans,
as well as those showing special aptitude, should be provided with repair
tools and operating manuals.
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PROJECT PROGRESS JUNE 1984

Project Names No. of Boreholes/ No. of Pumps Remarks

Dug Wells Installed
Rural Water The Project covers an area of 3650
Supply Development 307 210 kmz. 23% of the boreholes failed
Project, Western from either low yield or techni-
Kenya cal problems. Commenced Feb. 1981.
Lake Basin Shallow Not indicated The project began in 1982 March.
Wells Project, 40 41 The data is correct as of June
Nyanza ‘ 1984. This was a pilot project

to cover the whole of Nyanza.

South Coast Hand- The project covers an area of
pumps Project 300 kmz. It began in July 1983.
Msambweni, 30 25

Kwale District

—LL—
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HANDPUMP APPLICATIONS IN RURAL WATER SUPPLY
PROJECTS IN THE PHILIPPINES

Florencio F. Padernal
Project Manager IV
Project Management Office for Rural Water Supply
Ministry of Public Works and Highways
Metro Manila, The Philippines

BACKGROUND

Country Profile

The Philippines is comprised of more than 7,100 islands with a total land
area of 300,720 km“. Almost 95 percent of the land is located in eleven of
the largest islands with two, Luzon and Mindanao, accounting for two-thirds of
the total land area. A map is presented on the following page for reference.

A mild, tropical climate is typical for the country throughout the year.
Average annual temperature varies from a maximum of 32°C to a minimum of 22°C,
while relative humidity varies from a low of 76 percent to a high of 83
percent.

In 1980, the population of the country was estimated at 49 million
persons, with an annual growth rate of 2.8 percent.

In 1982, the Gross National Product {GNP) was placed at B336.016M (S$40
million). Agriculture, fishing, and forestry contributed 26 percent of this
figure; industry, 36 percent; and other services accounted the remaining 38
percent. Average per capita income was B6,622.00 ($367.88).

Indicators of the quality of life in the country, especially for health
conditions and health facilities, generally have been satisfactory and

continue to improve.

Existing Water Supply Situation

As of 1981, an estimated 53 percent of the total population of the
Philippines was being served by public water supply. The service coverage was
82 percent of the population in Metro Manila and its adjoining areas, while
only 47 percent in the rural areas. The rest of the population depended
mainly on water from open wells, rain water cisterns, lakes, rivers and
streams, many of which were of doubtful quality.

Levels of Water Service

Concerned government agencies in water supply development have been
providing three levels of water service to the people, namely:
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a. level 1 Point Source (A well or a developed spring serving

about 50 households or less);

b. Level II Communal Faucets (A system composed of a source, a

piped distribution network and communal faucets);

c. Level III

Individual Connections (A system with a source, a
piped distribution network and household
connections).

Illustrations of these levels of water service are shown in Annex 1.
The type of service provided to a community depends largely on such
factors as population density, source of water, acceptability of the proposed

project to the end users, and development cost.

Rural Population Coverage

There are 45,672 public wells in the country, of which 31,250 are in the
rural areas serving an estimated 14 million inhabitants. Of the total number
of public wells, 38,820 are operational. About 15 percent of these wells, most
of which were installed 10 to 20 years ago, require rehabilitation or
replacement.

There are more than 3,000 developed springs, serving about 5.4 million
persons, mostly in the rural areas. The country abounds in springs, but most
of them are located far from clusters of population.

Communal faucets or public standpipe systems numbering 1,469 serve about
900,000 persons in the rural areas. The majority of water sources are deep

wells.

Water Resources Conditions

The Philippines has abundant water resources, having an average annual
precipitation of 2,260 mm, an average annual run—off of about 256,900 million
cubic meters (with 90 percent available for use) and large reservoirs of
groundwater covering some 50,000 square kilometers and concentrated mostly
beneath major river basins. The distribution of these water resources varies
widely with time and location.

Institutional Arrangements

The government has structured the water supply sector as follows:

The National Water Resources Council (NWRC) formulates all framework
plans and policies for water supply in the country.

The Metropolitan Waterworks and Sewerage System (MWSS) provides water
supply in Metro Manila and other contiguous areas that may be added to its
jurisdiction according to its charter.
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The Local Water Utilities Administration (LWUA) remains responsible for
the creation of water districts which provide water supply to areas with a
population of 20,000 persons or more.

The Rural Waterworks Development Corporation (RWDC) provides water supply
in the rural sector and other areas not covered by the MWSS and the LWUA.

The Ministry of Public Works and Highways (MPWH) serves as the principal
implementing arm of the RWDC for engineering and construction.

The Ministry of Local Government (MLG) implements the Barangay Water
Program with financial assistance from the US Agency for International
Development (USAID).

The Ministry of Health (MOH) promotes safe water supply and exercises
surveillance on the quality of water.

Rural Water Supply Program

The establishment of the water supply sector paved the way for the
formulation of the Rural Water Supply and Sanitation Master Plan for ‘the
period 1982 - 2000. This master plan embodies specific policies, targets, and
action programs for the provision of potable water supply to the rural
communities., It also provides the framework for coordinated development
activities by all entities concerned within this sector.

Considering the extent of the water supply needs and the resources that
can be mobilized to meet these requirements in the shortest possible time, the
following targets have been set: ‘

a. Immediate Targets. By the end of 1984, all barangays in the country
shall have a minimum of Level I service; all existing nonoperational
public wells shall be rehabilitated, replaced or repaired jointly by
the government and the end—users; about 50 percent of the
"poblaciones™ and 10 percent of the rural "barangays™ shall have at
least Level II service; and about 25 percent of the poblaciones shall
have Level III service.

b. Intermediate Targets. By the end of 1986, about 30 percent of the
rural barangays shall have a minimum of Level II service; the
incremental demand for repair and rehabilitation of wells shall be
met; all cities or clusters of population with 50 households or more
shall have a minimum of Level II service.

c. Long-range Targets. By the end of 1990, about 50 percent of all
barangays shall have a minimum of Level II service; by the end of
1995, all poblaciones shall have Level III service; and by the year
2000, 70 percent of the cities or clusters of population shall have a
minimum of Level III service, while 30 percent shall maintain the
Level I service.
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The required investment in order to attain the aforementioned targets are
enumerated hereunder by stage of implementation (figures are presented in
million pesos, as of December 1981).

Level of Stage 1 Stage II Stage I1II Total
Water Service (1982-1985) (1986-1990) (1990-2000) (1982-2000)
Shallow Wells 61.95 71.41 94,71 228,07
Deep Wells 245,96 184.03 309.60 739.59
Springs 59.18 21.15 121,50 201.83
Others 8.75 23.25 104,25 136.25
Construction 375.84 299.84 630.06 1,305.74
Rehabilitation 40,80 18.00 12.00 70.80
LEVEL I 416 .64 317.84 642 .06 1,376.54

Source Develop-

ment 199.32 193.22 281.41 673.95
Distribution 800.00 775.00 1,130.00 2,705.00
LEVEL II 999,32 968,22 1,411.41 3,378.95

STANDARD WATER WELL DESIGNS

One of the most widely used water supply sources in the country today is
groundwater extracted from wells and springs. The three types of wells
commonly used in the Philippines are described below.

Shallow Well

A shallow well is fitted with a cast-iron suction pump and with either.
38-mm@ (1/2"@) PVC casing pipes and screens or 50-mm@ (2"®) GI casing pipes
and well points. These wells have a water level of not more than 6 meters
(20') in depth. The average well depth is 12 meters (40'). It cannot be
converted as a source for a Level II system.

Intermediate Well

An intermediate well is fitted with a 46-mm@ (1 13/16"@) cylinder pump
and 10-mm@ (3/8"@) suction rods on a 50-mmp (2"@) GI casing pipe with well
point and wooden handle. These wells have a water level of 6 meters (20') to
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30 meters (98') in depth. The average well depth is 50 meters (165') and
average cylinder setting is 25 meters (82'). It cannot be converted as a
source for a Level 11 system.

Deep Well
A deep well is fitted with larger diameter casing pipes and screemns,
suction pipes with a cylinder, piston rods and wooden handle. These wells

have a water level of more than 30 meters (98'). The average well depth is 60
meters (1971). It can be converted as a source for a Level II system.

DRILLING EQUIPMENT AND METHODS

There are two kinds of equipment widely used in drilling wells—-the
percussion rig and the rotary rig. Experiences in well drilling are aptly
described as follows:

Percussion Rig

The percussion rig, which drills boreholes by repeatedly dropping a heavy
weight into them, may be mechanical or manual. In constructing a well with a
mechanical percussion rig, the drilling tools, well casing screen, and other
materials are suspended and manipulated from a derrick, The percussion bit is
then alternately dropped and raised in and out of the borehole to loosen the
ground. The loosened particles are then brought to the surface by means of a
bailer. This operation is continued until the desired depth of the well being
constructed is reached.

The manual type of drilling rig is suspended through a pulley and tied on
top of a tripod being operated by a man who alternately pulls and releases the
rope connected to the drill bit., The drill bit is hoisted up when the rope is
pulled and drops down when the rope is released. The alternate raising and
dropping of the drill bit loosens the ground. The loosened particles are then
brought to the surface by means of a bailer or a similar tool.

Manual methods of drilling are not always successful in constructing a
well, especially in areas where the groundwater level is very deep. In such
cases, a light-jet percussion rig is used to drill holes 38 (1 1/2") to 150 mm
(6") in diameter, up to a depth of 70 (230") meters. This portable light rig
can drill through soft rock and hardpan. Operation techniques are simple and
can be easily learned. Wells drilled with this type of rig are much cheaper
than a borehole drilled with a standard percussion rig.

Rotary Rig

Rotary rigs are more varied in structure and operation., In the normal
rotary process, mud is pumped down to the center of the drill stem or shaft.
The mud returns through the annular space between the drill stem and the
borehole walls, carrying with it loosened materials from the bit. The pressure
of the flow forces mud into the borehole wall, which seals and supports it.
Other rotary methods use water and high pressure pumps or compressed air to
blow the loosened materials to the surface. For these types of rotary
drilling, various bits can be used, from the simple roller bit for normal work
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to the diamond drill for more complex work. A bit tipped with industrial
diamonds penetrate the hardest rock formations.

The advantage of the rotary rig over the percussion rig is its faster
drilling speed and ability to penetrate harder rock. The rotary rig, however,
is more expensive than the percussion rig.

HANDPUMPS

Several million people in the Philippines depend on handpumps for their
drinking water supply, and major handpump programs are underway. There is now
a growing awareness of the important role handpumps play in providing

acceptable drinking water supply in the rural and urban-fringe areas.

Existing Handpumps

Existing handpumps in the country today are generally categorized as
either shallow-well or deep—-well pumps. Shallow wells are fitted with
surface-mounted cast-iron handpumps, while deep wells are fitted with medium-
or heavy-duty handpumps.

There are two kinds of shallow-well handpumps: single-purpose and multi-
purpose. There are also two kinds of deep-well handpumps: medium-duty and
heavy-duty. Illustrations of these handpumps are presented in Annex 2.
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Below are the different situations under which handpumps are applied:

TYPE OF WATER FACILITY

l. Single-purpose shallow-well
hand pump

2. Multi-purpose shallow-well
handpump

3. Medium-duty deep-well
hand pump

4, Heavy-duty deep—well
handpump

APPLICATIONS

This is suitable in areas where the
water level is not more than 6
meters (20') deep. It is also
applicable in places where people
fetch water in containers. It can
serve up to 30 households with an
average investment cost of ®110.00
($6.11) per household.

This is also suitable in areas
where the water level is not more
than 6 meters deep. It is
applicable in areas where people
fetch water in containers and
through hoses (because of the
provision of a nozzle in the pump).
It can also serve up to 30
households with an average
investment cost of ®110.00 ($6.11)
per household.

This type of handpump is applicable
in areas where the water level is
more than 6 meters (20') deep, with
an average cylinder setting of 25
meters (82'). It is also applicable
in areas where the water system will
not be converted into a communal
faucet system (Level I1I). It can
serve up to 50 households with an
average investment cost of about
£300.00 ($16.6) per household.

This is used in areas where the
water level is more than 30 meters
(98') deep, with an average cylinder
setting of 40 meters (130'). It is
applicable in areas where the water
system will be converted into a
communal faucet system (Level II).
It can serve up to 50 households
with an average investment cost of
2850.00 ($47.20).
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Handpunps Being Tested

The Philippines is being extended assistance by the World Bank and the
United Nations Development Programme (UNDF) under the "Rural Water Supply
Handpumps Field Trials and Technological Development Project", which is being
implemented jointly by the RWDC and MPWH through its Project Management Office
for Rural Vater Supply (PMO-RWS). The project aims to improve the design and
manufacturing techniques of village-level operation and maintenance (VLOM)
pumps and to promote in-country production of handpumps suitable for local
conditions at the least cost possible.

At present, studies on the following types of handpumps and their
corresponding screens are being undertaken:

a. Cast—iron shallow-well handpumps (surface-mounted) with 38-mm@
(1-1/2"@) PVC casing pipes and screens.

b. Cast-iron shallow-well handpumps (surface-mounted) with 50-mm@ (2"9)
GI casing pipes with screen drive points.

¢c. Deep-well handpumps with 50-mm@ (2"¢) GI casing pipes,
46~mmf) x 610-mm (1-13/16"@ x 24") all-brass cylinder and valve group,
and 10-mm@ (3/8"9) pump rod.

d. Deep-well handpumps with 100-mm@ (4"@#) PVC casing pipes and screens,
38-mm@ (1-1/2"@) GI drop pipe and 57-mm@ x 610-mm (2-1/4"0 x 24")
all-brass cylinder and valve group.

e. Deep~well handpumps with 100-mm@ (4"@) GI casing pipes and 38-mm{
(1-1/2"@) GI drop pipes, with 57-mm¥ x 610-mm (2-1/4"¢ x 24™) all-
brass cylinder and valve group and 100-mm@ (4"@) low-carbon screen.

f. Deep—well handpumps with 127-mm@ (5"¢) steel casing pipes, 63—mm$}
(2-1/2") GI drop pipes, 57-mmf x 610-mm (2-1/4"9 x 24") all-brass

cylinder and valve group and low carbon screen.

Scope of Field Trials

The ongoing handpump field trials and technological development are being
undertaken in the provinces of Pampanga, Bulacan, Nueva Ecija and Batangas,
all on the Luzon Island and covering about 145 barangays or villages. These
localities are considered representative for the three topographical zones of
the country which range from plains to mountains to coastal areas, with
varying geological formations.

The field tests involve approximately 200 handpumps, which include both
commonly used pumps in the country and a number of experimentally designed
handpumps from other developing nations installed to determine their
effectiveness and applicability to local conditions.

Handpumps and Screens Being Tested

A total of 160 units of handpumps, together with corresponding screens in
each well, are being tested as follows:
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a. Shallow wells-—30 units of "Jetmatic" handpumps with robo-screens; 20
units of "Eureka"-type cylinder pumps with locally made pumpheads, no
screens; 20 units of Eureka-type cylinder pumps with Malawi
pumpheads, no screens; and 30 units of Blair pumps.

b. Deep wells—-30 wells with 100-mm@ (4"¢) PVC casing pipes and screens,
63-mm@p (2-1/2"@) drop pipes, 57-mm@ x 610-mm (2-1/4"¢ x 24") brass
cylinders with wooden pump handle assemblies; 15 wells with 100-mmf
(4"@) PVC casing pipes and screens, 63-mm@ (2-1/2"@) drop pipes,
57-mm@ x 610-mm (2-1/2"@ x 24") brass cylinders with Malawi
pumpheads; and 15 units of Mark II pumps.

One essential component of a well is the screen, usually used in areas
with certain geological formations, such as sand and gravel deposits. The
screen allows for the flow of water, while segregating soil particles which
usually cause the rapid wear of the pump cylinder or piston assembly., For
this purpose, a low-cost spiral-siotted PVC well screen is being field tested
to monitor its performance and effectiveness under various field conditions.

DRILLING AND HANDPUMP COST

, As of March 1984, the costs of drilling/constructing various wells and
installing handpumps were as follows:

TYPE DRILLING/CONSTRUCTION HANDPUMP

COST COST

. Shallow-Well 2 3,160 ? 477
($175.55) : ($26.50)

2. Intermediate

Deep-Well (Medium-

Duty) 15,100 1,600
($838.88) ($88.88)

3. Heavy—-Duty Deep-— 42,400 5,545
Well (with steel casing) ($2355.55) ($308.05)

4, Heavy-Duty Deep-Well 33,350 5,545
($1833.33) ($308.05}

OPERATION AND MAINTENANCE COSTS

Studies revealed the following coverage costs of operating and
maintaining wells,
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Type Average Yearly Maintenance Cost
1. Shallow-Well 2 200.00 ($11.11)
2. Intermediate Deep-Well 500.00 (527.78)
3. Heavy-Duty Deep-Well
(with steel casing) 700.00 ($38.89)
4, Heavy-Duty Deep-Well
(with PVC casing) 700.00 ($38.89)
ISSUES
1. Standard water well designs were developed on the basis of actual field

cases or situations; however, traditional designs are still widely

used. Other designs, particularly the medium~duty deep-well pump, using
PVC casings and screens, and the Blair Pump, are being adopted at a very
slow pace and require acceleration because of their suitability and lower
costs.

With a program under which 10,000 wells per year are constructed with
about 250 drilling machines, optimum utilization of these drilling
machines is inevitable.

Although there are several cases wherein water users effectively maintain
their handpumps, in most instances, they are not maintained properly.
The same predicament is being experienced with pump repairs.

There is no accurate measure of water consumption or water flow of
handpumps, except an estimate of per capita consumption within the
service area, which also includes water for other purposes outside
domestic use and waste/excess water.

Local pump manufacturers can easily produce handpumps that are sold in
large quantities, but are relatively hesitant to participate in the
development of handpumps, due to the nonprofitability of such an
undertaking.

Handpumps produced are tested by the manufacturers themselves because the
Government does not have the facilities for such tests, There is no
measure, except field trials, to check the accuracy of the test
certificates.

Villagers and/or water-users generally accept only handpumps with which
they are familiar and are apprehensive to accept new designs.

Turnover of well drillers and system operators is constant; hence, there
is a dire need for a regular training program on well drilling and system
operation and maintenance.
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Drilling and handpump costs continue to increase at a high rate
(25 percent annually) never experienced in the past.

CONCLUS IONS

1.

The Philippines will continue to depend largely on groundwater sources
for its drinking water supply needs, especially in the rural areas.

Standard designs of wells and handpumps will be improved upon or modified
as a result of research being conducted, with due consideration given to

field suitability (i.e., can water users easily operate and maintain the

system) and cost.

Water users accept new or improved designs of handpumps, provided an
adequate and proper information dissemination campaign (i.e., features,
benefits, previous experience) is undertaken.

Testing and evaluation of handpumps should be a continuing undertaking,
so as to develop and obtain the most suitable type at the least possible
cost.

The percussion—-type drilling machine is more extensively used than the
rotary type, essentially because the former is much cheaper. However,
portable rotary drilling rigs and semi-rotary machines are gaining in
popularity.

Institution building should be strengthened.

A longer warranty period is requested by the government from
manufacturers to guarantee quality of workmanship on handpumps being
produced.

There is a major necessity to periodically monitor (e.g. semi-annually) a
reasonable random sample of villages using handpumps in order to
establish historical data on operation and maintenance practices and
costs for inputs in planning activities. Possible improvement(s) in
operation and maintenance can likewise be instituted.

A Village Caretaker's Log Book or registry book of information on the
operation, maintenance and repair of water facilities is indispensable
and should be continuously developed.
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ANNEX 2

STANDARD WELL DESIGNS

FIGURE 1 SINGLE-PURPOSE SHALLOW-WELL HANDPUMP
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FIGURE 2 MULTI-PURPOSE SHALLOW-WELL HANDPUMP



-~ 03 -~

A

SO0

MEDIUM-DUTY DEEP-WELL HANDPUMP

FIGURE 3
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HEAVY-DUTY DEEP-WELL HANDPUMP

FIGURE 4
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ANNEX 3
COSTS OF DRILLING/CONSTRUCTING WELLS
(As of March 1984)
SHALLOW-WELL PUMPS
QUANTITY DESCRIPTION UNIT COST TOTAL
1 set Hand pumps B 477.27 2 477.27
5 bags Portland Cement 40.00 200.00
1 m3 Gravel 100.00 100.00
1/2 o’ Sand 200.00 100.00
6 pcs. 2" x 3" x 16" Form Lumber 20,00 120.00
1 pc. 4' x 8' x 1/4" Plywood 60.00 60.00
2 kg C.W. Nail (Assorted Sizes) 10.00 20.00
3 pes. 1-1/2"¢9 x 10' GI Pipe with
Coupling (Plain) 409,09 409,09
1 pc. 1-1/2" x 10" GI Pipe with
Coupling 136.36 136.36
Subtotal 1,622.,72
FREIGHT CHARGES (5% of Material Cost) 8l.14
DIRECT AND OVERHEAD
Salaries and Wages
4 men x 4 days 16 Man-days 25.0