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Foreword 

-._ -. rr s -,- 
ww--- ics~lityandgmwthcanbee;lh~if~RIlaland;~-tinge 
popufations are adequately ser43d with non-pblluted water supplies. 

An adequGe watet supply is one of the bzsic needs of Me, but is often lashing in 
developing countries. Not only has the rate of ccmstruction of improved water supply systems 
bsen slower than tha target of compfete coverage originally sat under the International 
Drinking Water Supply and Saniition Dacade, but also many of the schemes already 
cqrr~pleted are not in satisfactory operating condition. A sound investment strategy in this 
~e;allsfwlowcostandmafntainaMesolutionstoa~ievewide-scalecoveregeof~~ 
rum! and urban fringe communitiss in developing countdes. 

Among the most promising low-cost options are systems based cm groundwater and 
handpumps. Unpolluted gmundwater in sufficient quantities for manual extraction can ba 
found in most areas of the world; a handpump is usually the most affordable and hygienic 
means of lifting tha groundwater to the surface. The modem handpump can be maintained by 
the cammunitias served and manufactured in the developing countries. In the dry regions of 
thawodd, handpumps can also be used for livestock watering and micro-irrigation. 

This ctmclusion should not prevent the more prosperous communities from acquiring 
hither tevels of service, provided thsy are institmionaily and financially able to provide the 
necessary operation and maintenance services. For example, they may wish to have a 
mechaniiad pumping system, a pips network or a household yardtap system, all of whii 
rsducs the time to fetch water. In executing a community water supply project, these factors 
must be carefully examined on a case-by-case basis to determine the appropriate type of 
supply for a particular community. 

The report summarizes the findings of a project on the tasting, and technical and 
managerial development of handpurnpbased systems. The project has bean carried out 
jointly by the Worfd Bank and tha United Nations Development Programme, and supported by 
ten donors active in the sector. The rspotl pmvides guidalinas for the selectian of the water 
supply technology and systam that bast meet ths needs of a given community, and gives a 
detailadassessment&hediierenttypesofhandpumpskstedbytheprogram.Itismyhope 
that thii report will be a useful amtribution to achieving sustainable and rspkable community 
watsrsuppiffthmughouttheworld. 

S. Shahid Husain 
Vi Preskkwt, opsrations Policy staff 
7718 WnrMBank 
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“Lasting health and economic benefits for the rural and 
urban-fringe populations of Africa can be achieved through 

increased community maudagement of water supply and 
sanitation systems based on proven low-cost 

technologies...” 

AMfk.aSemitwoniowwstRuralandLthmFtfnge Watersupply, Abi@n, Coted’hdm, October 1986. 

Preface 
The Abdjan statement quoted above reftscts a growing 
consensus among African countries of the political 
commitment and implementation strategies needed to 
meet that continenfs urgent community water suppty 
(CWS) needs. In Africa, as in the rest of the developing 
world, the great majority of the rural and urban-fringe 
population lack safe water and proper sanitation. Many 
CWS systems built with foreign aid lie abandoned 
because they cannot be maintained. Scarcity of capital 
resources, a shortage of skilled people, and poorly 
developed organizational structures hinder progress. 
Fundamental changes of approach are vital if future 
programs are to result in sustainable and replicable 
Poieets. 

The International Drinking Water Supply and Sani- 
tation Decade (IDWSSD) brought attention to the plight 
of the iural poor. As part of globa; efforts to bring 
improvements, UNDP, the World Bank, and a number of 
major donors have collaborated in projects designed to 
develop and promote low-cost simple technologies which 
communities could afford and maintain with their own 
resources. 

Cbmmunity Wafer supply: The Handpump option is 
the outcome of one such project. Project INT/61/026 - 
Laboratory and Field Testing and Technological 
Development of Community Water Supply Handpumps 
((The Project) - has now completed five years of testing 
and monitoring in 17 countries, involving some 2,700 
individual pumps of 70 differenf models. This unique data 
bsse, along with data from many more CWS projects, is 
the basis for the recommendations in this document, 
wfliimundsoffthefirstphaseoftheProject. 

The wide experience gained and the breadth of data 
collected have justified extension of the findings and 
recommendations beyond spec.ifH: guidelines for hand- 
pump selection. It is clear .that successful CWS prog 
rams need to be planned as a package of measures 
designed to make best use of available resources and to 
ensure that maximum benefits are achieved from 
completed projects. The package includes economic, 
financfal. social and institutional elements as well as 
technology choice. Above all, success depends on the 
sustainabilii of the CWS system. 

The Project recommendations are aimed at a wide 
audience, beyond those actively involved in buying, 

designing or making handpumps. Policy makers and 
CWS program planners will find guidelines in Chapters 1 
and 2 for selecting the type of water supply system most 
appropriate for the financial, technical and institutional 
resources available to the beneffling community. 

Global analysis of needs and resources suggests 
that wells equipped with handpumps will be an appro- 
priate choice for the majority of the 1,600 million low- 
income people in need of improved supplies in the 
remainder of this century. However, case-by-case 
evaluation is needed to ensure that communities with the 
resources to sustain mechanized pumping schemes offe- 
ring higher service levels are encouraged to obtain them. 

Evidence from the Project’s first five years allows a 
measure of confidence that CWS programs designed for 
community management of maintenance can be 
sustainable and widely replicable, and that handpump 
projects can readily form the first step in a progressive 
improvement of service levels. 

Even in five years of intensive testing, not 
everything can be measured. To make this document as 
complete as possible in its advice and recommen- 
dations, there have inevitably been points at which data 
analysis has had to be supplemented by “best judgment” 
of experienced Project staff. Wherever possible, such 
judgments have been drawn to the reader’s attention 
and the basis of the judgment has been explained. 

Throughout its first phase, the Project has been 
guided by an Advisory Panel drawn from UN Agencies 
and collaborating donors. In October 1966, the Advisory 
Panel endorsed a program for the next phase (1987- 
1991). The emphasis will now be on promoting the 
implementation of CWS projects incorporating the 
principles established during the first phase. Data from 
new projects will be used to continue the analysis of 
outstanding key issues, such as drilling cost variations, 
well design and construction, appropriate community 
management structures, water quality problems, health 
benefits, and government support systems for training 
and spare parts distribution. 

Meanwhile, it is clear that the momentum generated 
by the Project will continue to influence governments, 
donors and manufacturers in the selection and provision 
of appropriate low-cost community water supply 
systems. 

IX 
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xecutive Summary 

An estimated 1.800 million people need improved water 
supplies in the fifteen years to the end of the century, if 
developing countries are to reach the target of full 
coverage. The first half of the International Drinking 
Water Supply and Sanitation Decade (1981-l 990) has 
seen increases in the percentages of the rural population 
with access to safe water supplies, but only in Asia has 
the pace been quick enough to envisage a target of 
essentially full coverage by the end of the century (ten 
years later than the original Decade goals). In Africa, 
present progress rates would leave half of the rural 
population still without safe water in the year 2000, while 
in Latin America. it may be ten years into the next 
century before full coverage is achieved unless progress 
improvesdramatically. 

Accelerated progress is hampered by financial and 
technical resource constraints faced by many 
developing countries, and the problem is aggravated by 
the gmwing number of completed projects which are 
broken down and abandoned, or functioning much below 
capacity. Attempts to increase the pace of providing 
improved community water supplies have often been 
frustrated because the technology used has proved 
impossible to sustain in village conditions. 

To maka a lasting impact on the urgent needs, 
community water supply (CWS) strategies must be 
based on sustainable and replicable programs, and 
must take account of the pace at which resource 
constraints can be overcome. Human resource 
development programs take time to produce results, and 
institutional changes can only be accomplished 
!mJ~ly. 

The Integrated Approach 

Successful CWS programs involve a combination of 
hardw;rre and software - technology and 
institutionaWorganbational support elements - matched 
in such a way that each community recognizes the 
benefti of the improved supply, can afford at least the 
costs of operating and maintaining it, and has the skills, 
spare parts, materials and tools available to sustain it. 
To maximize heakh benefits, parallel investments in 
health education and sanitation programs should be 
planned alongside CWS improvements. 

This “integrated approach” to CWS planning involves 
consideration of a number of key issues, each 

individually important, and together forming a complete 
package for achieving dependable services: 

Effective involvement of the community in the 
design, implementation, maintenance and financing 
of planned improvements, with promoting agencies 
providing technical assistance and support services 
as needed. The community’s needs and wishes 
have to be reconciled with its capacity and 
willingness to pay for the level of service planned. 

Provision for full recurrent cost recovery, with 
support of capital (construction) costs for poorer 
communities offset by full recovery where higher 
service levels are provided. 

Maximum involvement of in-country industry in the 
supply of services and materials for project 
construction and maintenance (e.g. supply of 
pumps and spare parts, servicing and repairs), with 
the important proviso that quality control and 
reliability should be assured and that costs are 
competitive. 

Technology chosen to match the resources 
available to sustain it. 

Institutional and manpower development programs 
matching the needs of the planned water supply 
system. 

Parallel programs in health education and sanitation 
improvements. 

Service Level and Technology Choice 

The decision about the level of service (i.e. the amount 
of water provided per capita and the convenience of 
obtaining it) that a particular community or district should 
have involves consideration of many of the issues listed 
above. The aim is that the techno3gy chosen should 
give the community the highest service level that it is 
willing to pay for, will benefit from, and has the 
institutional capacity to sustain. 

Choices may have to be made between surface 
water and groundwater as the principal source 
(sometimes supplemented with rainwater) and then from 

1 



harxipumps, pubk standpipes, or Yardtaps, as the 
method of distributing the water to the beneficiaries. 
Costs and beneftts wilt both be linked to the number of 
water points provided, with improved convenience of 
water collection ranking hiih in the consumers’ 
evakdon of potential benefits. 

Gmundwater has many advantages over surface 
water as a source for CWS improvements, the main one 
being that, provided wells are judiciously sited in relation 
to existing or Mure latrines, s;>fe water should generally 
be assured without the need for treatment (other 
advantages are listed in Chapter 2). The resource 
demands of water treatment plants needed to make 
supplies from surface water sources safe to drink are 
beyond the reach of most communities, and use of 
untreated surface water frequently represents an 
WBWphbkWrisk 

In cases where an upland catchment can be 
protected against contamination, a gravity-fed system 
can be reliable and safe, but only a small percentage of 
the population in need of improved sqplies live in such 
areas. lt will therefore be rare for CWS programs to be 
based on surface water as the source, and the 
technology choices analysad in this report are focussed 
targely on groundwater-based CWS systems. 

Assuming that equal system reliability can be 
achieved, the three main technology options - 
handpumps, standpipes, and yardtaps - generally 
represent progressively increasing service levels, and 
call for increasing financial and technical resources for 
their implementation and maintenance. The choice of 
approfxiate technology for a particular project or program 
can only be made when resource constraints have been 
taken into account, including the qability of the users 
to operate and maintain the alternative systems under 
amsiderauon. 

The theme of ru/&f?Nffy recurs throughout this 
document. In community water supplies, one of the most 
important influences on system reliability is the length of 
time for which pumps stand idle when they break down. 
The response times of centralized maintenance 
organizations covering dispersed communities can 
stretch to several months. Box 5.2 in Chapter 5 shows 
graphkatly how handpump maintenance carried out by 
an area mechanic within a week of breakdown makes a 
pump which breaks down on average every 8 months 
more “reliable” than one which lasts for an average of 18 
months before it breaks down. but then must wait two 
months for the mobile maintenance team to arrive. 

In considering the service level to be provided by a 
particular technology, reliability is an important para- 
meter. Thus a reliable handpump supplying 30 liters per 
head per day for 95% of the year, will be providing a 
higher level of service than yardtaps designed for 150 
liters per head per day but working for an average of only 
two hours a day because of leakage, breakdown, fuel 
shortages. or limited water available at the intake. 

Comparisons of costs, resource needs, and 
benefits of the CWS options have to be based on a 
realistic assessment of the reliability and sustainability 
of each technology. 

I 

Capital costs of the thres technologies generally range 
from US81830 per capila for wells equipped with 
handpumps to US8388k per capita for motorized 
pumping and standpipes and US5881 10 per capita or 
more for yardtap services, In global terms, that means 
that cost estimates for metlting rural water supply needs 
to the year 2000 range fmm US$50,000 million to 
US$150,000 million, depending on the choice of 
technology. 

With the obvious difficulties of mobilizing financial 
resources for this scale of Investment, rapid progress in 
meeting basic needs can be achieved only if a large 
proportion of the population in need receives services at 
the lower end of the cost range. Upgrading to a higher 
service level may then b financed by the community 
later, as benefits from the initial investment and from 
other sources increase avaiable resources. 

Analysis of data from a wide range of CWS projects 
indicates a similar divergence in the recurrent (operation 
and maintenance) costs of the three options to that 
already noted in the capital costs. With a centralized 
maintenance system, the annual per capita cost of 
maintenance of a handpumpbased CWS system can 
range from US$O.sO to US$2.00. Well planned 
community-level maintenance can bring that figure down 
as low as US$O.OS per capita per year (see Box 3.1 in 
Chapter 3). By comparison, centralized maintenance of a 
standpipe system with motorized pumping costs from 
US$2.00 to US24.00 per capita per year, and for yardtap 
maintenance the range is Uv$lr.OO to US$8.00. 

There are circumstances in which communities may 
value the time saved due to the extra convenience of 
yardtaps so highly that they are willing and able to pay 
the extra price. The analysis method outlined in Annex 3 
is designed to halp identify such communities. More 
frequently, the serious shortage of readily available cash 
resources wilt mean that recurrent costs must be kept to 
a minimum, and handpumps will be the indicated choice. 

Reeource Ws 

As with financial considerations, comparison of other 
resource demands of the different technologies also 
points to a substantial rolefor handpump-based systems 
in meeting basic human needs. The most significant 
difference between handpump projects and those based 
on standpipes or yardtaps, is the switch to motorized 
pumping, and the consequent need for dependable 
energy supplies and skilkd pump mechanics, when a 
piped distribution system is provided. 

In cases where reliable low-cost electric power is 
available from a central grid. an electric pump can be a 
relatively inexpensive and operationally simple means of 
lifting water. Communities which have the financial and 
technical means available to implement and sustain 
projects based on electric pumping should be given 
every encouragement to do so, as this frees scarce 
public sector funds and erbrnal aid for projects serving 
poorer communities. However, the number of 



curnmuntties with depemwe eleM&y suppill is 
pmsently small - well below 10% of the total rural 
population in Africa, only a little higher in most countries 
in Asia, and reaching 46509$ in China and the more 
devek+&countriesofLatinArnerka. 

In the absence of reliable electric power, the alter- 
natlve power source for motorized pumps is diisel 
engines. The logistic problems of ensuring dependable 
diesel supplies for dispersed communities have rarely 
been suocessfuliy overcome, and there are few exam- 
ples of diesel-powered rural water supply systems oper- 
sting suocessfuily in the long term. The cost of trucking 
dii fuel over hundreds of kilometers will usually prove 
prohii. Future developmsrrrs in solar technology 
may eventually make solar pumping economic for 
drinking water supplies, but at the moment such 
schemes have very hiin initial costs and require skilled 
tn&Wmme. Sitiiarconditions appiyto windmills. 

Adding the instku&al constraints and the severe 
&ortage of skilled mechanics in developing countries, it 
fs clear that systems involving motorized pumping are 
approp&te for only a minority of those in need of new 
supplies in the coming years. For the rest. it seems clear 
that drilled or dug wells equipped with handpumps will be 
the appropriate choke, This makes it vitally important 
that handpumpbassd projects are planned and imple- 
mented in ways which will ensure that they perform 
reliably and can be sustained in the long term and widely 
W- 

in 19B1, as one of the activities in support of the 
tntemational Drinking Water Supply and Sanitation 
Decade (IDWSSD), the United Nations Development 
Programme and the Wortd Sank initiated a 
global/interregionai project for the Laboratory and Field 
Testing and Technological Development of Community 
Water Supply Handpumps (the Project). The main 
objectives have been to promote the development of 
designs and implementation strategies which will improve 
the reliability of schemes based on groundwater and 
handpumps, and which will enable schemes to be 
managed by the communities and replicated on a large 
scale. 

Technology was thought to be at the root of past 
problems experienced with handpumpbased CWS 
systems. and the Project has carried out laboratory 
tests in the UK and field trials in 17 countries to measure 
the performance of a total of about 2,7OtI handpumps. 
Field trials lasted at least two years on most pumps, with 
some 70 different pump models represented in the trials. 
Test results and conclusions about the perfomiance of 
each of the pump types still on the market are included in 
the Handpump Compendium at the end of this document. 
In Chapters 5 and 6, the pumps are “rated” for different 
operating conditions. and worked examples illustrate 
different pump selection applications. 

From the beginning, the Project has promoted the 
m of VLOM (village Level Operation and 
Management of Maintenance) as a means of overcoming 

some of the major obstacles to sustainabie water supply 
systems. Now recognized as one of the fundamental 
principles of handpump design and GWS project 
planning, the VLOM concept seeks to avoid the high 
cost, tong response time, unreliable service and other 
operational difficulties in the repair of handpumps 
through central maintenance systems. 

Many past failures of CWS systems can be Mamed 
on the inadequacies of central maintenance, in which a 
water authority dispatches teams of skilled mechanics 
with motor vehicles from a base camp, often serving a 
large district, to respond to requests for repairs or to 
carry out routine maintenance. Instead, maintenance 
should be a community responsibility, and this in turn 
means that the pump design has to be suitable fcr repair 
by a trained caretaker or area mechanic with basic tools, 
and that spare parts should be affordable and readily 
available to the community. The Project strongly 
advocates that pump maintenance responsibilities 
should bs delegated to village committees, and that 
pumps should be selected with such maintenance in 
mind. 

Developing country guvernments and donor 
agencies are increasingly changing their policies to 
include these principles in projects or programs. This is a 
signifkant departure from previous practice, particularly 
in Africa, where many different types of unsuitable 
pumps have often been brought into a country through 
donor assistance. Recipient agencies have thus taken 
on unmanageable maintenance commitments, which rely 
on public-sector mobile maintenance. 

Planning and lmplementatlon 

Few handpump system failures can be blamed solely on 
the pump. Other major causes are: inadequate or 
unrealistic provisions for maintenance; poor 
management, supervision, monitoring and evaluation; 
poor well design or construction, allowing sand to enter 
and damage pumping elements; and the corrosive 
effects of groundwater, which are much more extensive 
than had previously been suspected. 

Experiences in the field trials and data from many 
other CWS projects have enabled the Project to 
formulate guidelines for the planning and implementation 
of CWS projects using wells equipped with handpumps. 
The guidelines, amplified in Chapter 3, deal with six 
critical elements - the community; the aquifer; well 
design and construction; the handpump; the 
maintenance system; and finance. 

&mmun/ty lnvohment 

The highest potential for sustainability is achieved when 
the community is involved in all phases of the project, 
starting from the planning stage. if the scheme is to 
continue to operate satisfactorily, people have to 
recognize the need for the improved service, be able and 
willing to pay for the maintenance cost (and eventually 
the construction cost), and be willing to manage its 
maintenance. 
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Competing demands for other water uses, such as 
irrigation pumping, have to be taken into account when 
evaluating aquifer potential for handpump projects. To 
&woid unnecessarily high costs, the well needs to be 
cbaep enough to allow for seasonal and long-term lowering 
of the water table, but no deeper. Legislation and 
administrative enforoement are needed in some areas to 
prevent overpumping for irrigation leading to drawdown of 
the water table and putting existing handpumps out of 
sea. 

W/i lbdgn and Constfwction 

Wherever the rock is not fully consolidated, screens and 
filter pa&s are essential to prevent sand and silt 
intrusion. Gthetwise rapid damage will occur to 
commonly-used types of seals and valves. The right 
choice of drilling equipment, backed by appropriate 
orgsnization ot drilling, can significantly reduce drilling 
costs and result in more dependable wells. 

A number of factors influence handpurnp selection, in 
addition to the cost of the pump itself. Among the most 
important are suitabiiik, for the intended maintenance 
system (e.g. can it be rq&ed by a trained pump 
caretaker?). durability, and discharge rate. Pump choice 
will depend on the required lift and the planned number of 
users per pump. Standardization on one or a few pump 
types for any one country can have a significant impact 
on maintenance and is an important selection criterion; 
and corrosion resistance has to be taken into account 
when groundwater is aggressive. 

The Project has prepared Draft Sample Bicidng 
Documents for handpump procurement, to assist 
governments and support agencies to take account of 
important pump characteristics when purchasing pumps 
through international competitive bidding. 

Community Management of Maintenance 

Under the system recommended by the Project, the 
community organizes and finances all repair and routine 
maintenance of the handpump. Work is carried out either 
by a designated community member with minimal training 
and basic tools, or by an area mechanic (usually with a 
bicycle or moped) covering a number of pumps. The 
public authority has an important role to play in the 
training of caretakers and mechanics, and the 
organization of an adequate spare parts distribution 
system, but should then hand over maintenance of the 
scheme to the beneficiaries. 

Fimnciai hianagement 

Even when the community is willing to pay for and 
manage the upkeep of its water supply system, the 
scheme may founder unless a suitable mechanism is 

found for collecting money, arranging repairs and paying 
caretakers or mechanics. initial training of selected 
water committee members in simple accounting and 
financial management has been effective in a number of 
countries. The Project is seeking evidence of practical 
community-level cost recovery and management mecha- 
nisms, to add to those described in Chapter 3. 

Today’s Handpumps 

The standard test procedures used in the laboratory and 
field trials revealed many shortcomings in existing 
handpump designs. Manufacturers responded well, by 
modifying their products and introducing new models, 
and there are now many more pumps on the market which 
are durable and which allow for substantial involvement 
of villagers in pump maintenance. 

As a result, in the vast majority of developing 
countries, it is now possible to design a handpump- 
based water supply system which can be sustained in 
reliable operation without dependence on continual 
intervention by a central authority. 

The Project has assistsd a number of firms in 
developing countries to begin handpump manufacture. 
Manufacturers from industrialized countries ars also 
being encouraged to combine with enterprises in 
developing countries to make pumps under licensing or 
joint-venture agreements. in-country manufacture, 
backed by public or private sector distribution facilities 
and retail outlets, strongly improves the likelihood that 
spare parts will be available when needed, and facilitates 
standardization of pump types in a country to simplify 
caretaker training and stocking of spare parts. 

Encouraging as these developments are, there 
remains a scarcity of handpump models which can be 
described as VLDM and are suitable for lifting from 
depths of more than about 25 meters (though the 
majority of the population in need lives in regions where 
the wa+*,r table is not so deep). The heavy weight of 
downhole components makes extraction of the complete 
assembly from deep wells difficult. An added problem is 
that handpumps deliver less water when pumping from 
greater depths. The pumps are therefore heavily used 
and so suffer rapid wear - a problem which is 
aggravated by the tendency for deep wells to serve more 
people per well, in order to spread the higher costs of the 
well and pump over a garger number of users. 

For low lifts (up to about 12 meters), direct action 
pumps, like the Tara prototype developed in Bangladesh, 
in which the operator lifts and lowers a T-bar handle 
directly attached to the pumprods, have a number of 
advantages. Elimination of the bearings that are part of 
lever or flywheel-operated pumps reduces maintenance 
needs, and the pumps can be manufactured in 
developing countries at a relatively low cost. They make 
extensive use of plastics materials, which make the 
pumps light in weight and corrosion resistant. Direct 
action pumps have the great advantages over suction 
pumps that they can lift from more than the 7-meter limit 
for sudion (important since groundwater levels are 
falling in many parts of the world) and that they do not 
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need priming and therefore avoid the risk of 
arntaminating the well by pouring in polluted water. 

For high MS (down to about 45 meters), a beiow- 
ground design which allows extraction of the piston (and 
footvalve if desired) without removal of the cylinder and 
rising main appears to be the most promising VLDM 
design. However, only a very few low-cost, durable and 
corrosion-resistant VLOM designs for below-ground 
components have been used successfully in preliminary 
tests for iii between 25 and 45 meters. Development of 
more VLDM pumps for use beyond 25 meters remains 
an important task for the next phase of the Project - 
and for manufacturers and implementing agencies. 

To take standardization further, attempts are now 
being made to develop designs in which some of the 
same components can be used for pumps designed for 
diierent depth ranges. in East African development 
work, for example. a standard 50mm-diameter cylinder 
with the same plunger. %&valve and pumprod is being 
tested with diierent Pumphead configurations for the 
whole range of lifts from 0 to 45 meters. For low lifts, the 
below-gmund components are connected to a T-bar 
handle to be operated as a direct action pump; at higher 
lifts, a lever handle is used, with the handle length 
varying (two options) depending on the lift. 

In Chapters 5 and 6. the monitoring results and 
experiences of Project staff and others have been used 
to “rate” each of the 42 handpumps tested by the Project 
which are still on the market, under a series of design 
criteria which may influence pump selection. The criteria 
will not always match precisely conditions under which 
particular pumps have been tested in the field, and in 
assessing pump performance over a range of conditions, 
Project staff have frequently had to make “best- 
judgment” decisions on the basis of their own experience 

and the available field and laboratory evidence. A 
methodology is suggested for using the ratings to 
compile a short list of acceptable pumps for a project or 
program, and some worked examples illustrate appii- 
cation of the selection procedures in specific cases. it is 
clear from the worked examples that some pumps are 
much more suited than others to conditions in developing 
countries, and that as pumping lift increases, the number 
of pumps suitable for village-level maintenance declines 
raptiM. 

Future Tasks 

implementation will bs the central emphasis of the 
Project’s second phase (1987-91). in their collaboration 
with governments and donors, Project staff will urge 
inclusion of the “systems approach” in CWS programs. 

Every opportunity will be taken to collect data, 
demonstrate successful approaches, and develop det- 
ailed implementation guidelines on the critical elements 
identified in the first phase: drilling technology and well 
design; community participation; training at all levels; in- 
country manufacture, standardization and spare parts 
distribution; corrosion and water quality; complemen- 
tarity of water supply, sanitation and health education; 
evaluation of benefits and selection of service levels; 
and non-domestic uses of groundwater. 

Governments and donors have an important part to 
play, by committing resources to the implementation of 
low-cost CWS programs and by sharing experiences, so 
that lessons can be learned and model strategies deve- 
loped for each element of the CWS package. Technical 
assistance will be made available wherever possible, to 
support activities aimed at furthering community manage- 
ment of low-cost water supply and sanitation systems. 
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Chapter 1 

Backgro 
ssctor- 
When the member governments of the United Nations 
proclaimed the 1980s to be the International Drinking 
Water Supply and Sanitation Decade (the Water 
Decade), they were responding to arr urgent need. An 
estimated 30,fMO people were dying every day, many of 
them horn diseases attrlltabie to a lack of safe water or 
adequate sanitation facilities. In 1980, the World Health 
Organization e.stimated that more than 70% of the 
world’s rural population was without access to a safe and 
adequate water supply; some 1,150 million villagers 
(China’s statistics were not then available) were drinking 
watetwhiohwasathreattotheirhealth. 

The Water Decade is more than hait over, and while 
much has been accomplished in rural water supply, the 
targe amount which still remains to be done re- 
emphasizes the urgent need to find sustainable and 
replii ways of bringing clean water to rural and urban- 
fringe communities. 

Statistics on the first three years of the Decade 
(Table 1.1) show that progress has been achieved in all 
the regions. The progress in building new rural water 
supplies has been greatest in Asia. About 70 million 
people a year obtained improved water supplies in the 
rural areas of Asia and the Pacific in the first three years 
of the Decade, while the rural population grew by 15 
million per year. if this trend were to continue, the region 
would reach essentially full coverage by the end of the 

Tabbl.l watersuppJycoverage1~1983 

century. To maintain this goal, however, the commitment 
to constructing additional wmmunity water supply 
systems must remain strong, and the systems installed 
upto now must be properly maintained. 

In Africa, the prognosis is less good. Provision of 
impfoved rural water supplies (for 10 million people per 
year) has just kept pace with the population growth rate. 
At that rate, no more than half of the rural population will 
have an adequate water supply by the end of the 
century. 

In Latin America and the Caribbean, rural water 
supply services were provided at a rate of three million 
people served per year, or twice the population growth 
rate. if the same pace was maintained, it would be well 
into the next century before the region approached full 
coverage. There is a strong need for increased efforts in 
both Africa and Latin America. 

if the Water Decade’s aim of bringing safe water to 
ail by 1990 is deferred to the end of the century, and 
account is taken of the progress made up to mid- 
Decade, the number of people to be sewed in the fifteen 
years to the year 2000 is now estimated to be 1,800 
million, including 400 million in China. 

The magnitude of the task is daunting, particularly 
when seen against the background of severe financial 
and technical resource constraints which faces so many 
developing countries. And even If such a rapid 
construction and investment schedule is possible, what 
chance is there of new systems being kept in working 

Ragion 

RURAI URBAN 
Totalpopilation PoMabbn senfed Total population Powlation sarved 

(millions) 1980 1983 (milk;onsJ 1980 1983 
la90 1983 mill. % mill. % 1980 1983 mill % mill. 96 

334 366 73 22 103 29 135 160 69 66 91 57 
1064 1109 277 26 488 44 428 493 276 66 330 67 

LafinAmerica 124 126 52 42 62 49 234 254 163 76 216 65 



An abandoned pump means wasted investment. Proper planning 
wilt ensure that adequate resources are available for main- 
tenamy and repair. before the C WS technology is chosen. 

order, when many existing installations are already 
broken down or abandoned? * 

Yet the case for providing improved water supplies 
is compelling. Improved health, increased agricultural 
production and accelerated village development bring 
economic and social benefits, to add to the powerful 
humanitarian arguments for reducing the toll of death 
and debilitating disease resulting from present insanitary 
conditions. The challenge for all developing countries, 
and for aid agencies seeking to assist them, is to devise 
a CWS strategy which matches the services provided 
with the resources available to sustain them - and to 
implement that strategy quickly and effectively. A prime 
objective of this document is to set out the essential 
elements of such a strategy. 

Technology Choice 

Capital costs of efficiently built CWS projects generally 
range from US$lO-30 per capita for groundwater 
schemes based on handpumps, US$30-60 per capita for 
standpipe supplies, and US$60-110 per capita for yard- 
tap services. In global terms, that means a difference in 
cost estimates for meeting water supply needs to the 
year 2000 of as much as US$75-100,000 million, depen- 
ding on the choice of technology. It is clear that most of 
the population in need of improved supplies will have to 
be provided initially with low-cost solutions, for financial 
reasons atone. 

Upgrading to a potentially higher service level - 
e.g. by fitting motorized pumps on high-yielding wells 
initially equipped with handpumps and adding a piped 
distribution system and standpipes - may eventually 
follow, as the community realizes the benefits of an 
improved supply and is able to finance further 
improvements from its own resources. Immediate 
implementation of higher service levels can really only 
be justified if all, or at least most, of the capital and 
recurrent costs are contributed by the community. This 
does not mean, however, that low-cost options should 
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be imposed on communities which want and can afford 
higher service levels. 

Mobilization of local cash resources may provide 
additional funds where the community has a strong 
desire kf 2 nigher level of service and the technical 
capacity is available to maintain such a service. A 
successful approach in these higher income areas 
involves creation of institutional mechanisms, often 
through the private sector, by which people can obtain 
the type of water system they want and are able and 
willing to pay for. 

In Brazil and Kenya, among other countries, credit 
banks have established revolving funds to assist 
communities in the financing of new CWS projects, using 
revenue collected from existing schemes. In some 
cases, the funds are linked to other revenue earning 
activities, such as agricultural production, and loans 
may also be used for construction of schools, health 
centers, etc. 

One important reason why CWS coverage is 
presently so low is that many newly built water supply 
systems have fallen rapidly into disrepair and been 
abandoned by communities unable to keep them 
functioning. Skills and equipment are in short supply in 
the poor areas of most developing countries, and 
technology choice has to be based on the capacity of 
the benefitting community or the implementing agency to 
operate and maintain the completed system at an 
affordable cost. 

Most communities do not have either the skills or the 
organizational capacity to maintain motorized pumps. 
Centralized maintenance, which depends on a mobile 
team of skilled mechanics traveling to repair breakdowns 
in motor vehicles, has proved to be expensive and 
unreliable on all types of water supplies, including 
handpumps. Handpump systems enable simpler main- 
tenance arrangements to be established. 

More successful projects typically involve hand- 
prmps selected to be maintainable at the village level by 
a local caretaker equipped with basic tools, or by an area 
mechanic. The operation and maintenance demands of 
motorized pumping systems are greater, and it is vital 
that the community should have access to reliable fuel 
supplies and to the necessary skills and equipment for 
upkeep of the system, before a decision is taken to 
implement a CWS project based on motorized pumps. 

For communities connected to a dependable electric 
grid, an electric submersible pump feeding standpipes or 
yardtaps from an elevated tank can give a reliable 
supply, providing that skilled pump mechanics are on 

“It is clear that most of the 
population in need of improved 

supplies will have to be 
provided initially with low-cost 
solutions, for financial reasons 

alone. ” 
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hand when repairs are needed, and an organization 
exists to collect charges and pay for repairs. Diesel 
pumps have a poor performance record in community 
water supplies, principally because of the logistical 
difficutties in many developing countries of guaranteeing 
fuel supplies to remote areas and the mechanical skills 
and spare parts needed to keep the pumps in working 
order. 

Regardless of the technology chosen, people will 
operate and maintain an improved water supply only if 
they value it. It must provide an appreciable improve- 
ment over existing traditional sources (greater conve- 
nience, better water quality); it must be well designed 
(sufficient pumps for the community population to avoid 
long queues); and water points must be sited in 
consultation wtth the community. 

The combination of financial, technical and insti- 
tutional constraints and the severe shortage of skilled 
manpower in developing countries, mean that systems 
involving motorized pumping will be beyond the reach of 
the large majority of those in need of new supplies by the 
year 2M)o. For them, wells equipped with handpumps will 
be a first step. Guidelines to identify communities for 
which handpumps will be the right option and those for 
which a higher service level is more appropriate are the 
subject of Chapter 2. 

The Handpumps Project 

Recognition of the important role that handpumps would 
have to play in meeting Water Decade objectives 
prompted UNDP and the World Bank to initiate the Inter- 
regional Project for Laboratory and Field Testing and 
Technological Development of Handpumps for 
Community Water Supply (the Project) in 1961. 
Sponsored by UNDP, executed by the World Bank, and 
co-funded by a number of other agencies, the Project 
now has a program of activities extending to 1991. 

The initial aims were focussed mainly on ha. Jware. 
Many of the handpumps then being used to supply as 
many as 500 villagers per pump in developing countries 
were little altered from the household pumps which 
sewed individual European and American families more 
than half acentury ago. 

The large majority of handpumps in U:X in 
developing countries today are suction pumps sewing 
only one or a few families. There are several million in 
use in China, over a million in Bangladesh, and hundreds 
of thousands in other Asian countries. These pumps, 
even though they have serious drawbacks, as explained 
in Box 4.1 in Chapter 4, are cheaply produced by local 
manufacturers, are durable enough for their light use, 
and can easily be maintained by the users. The Project 
has therefore addressed itself to the more serious 
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Box 1.2 Field Testing of Handpumps 

By mid-1966. the Froject had monitored the 
performance of some 2,700 handpumps in 17 
countries - eight in Africa, eight in Asia, and one in 
Latin America (see map opposite). Most field trials 
have had a minimum duration of two years, during 
wh:ch a full-time Country Monitorirrc r ;lneer (CME) 
- usually a United Nations Voluntt participated 
in the installation and maintenan Id monitored 
the performance of all pumps in eat’ : trial. 

To be included in the field !r :andpump had 
to meet one or more of three critf 

. The pump type was in :d use in devel- 
oping countries. 

. It was commonly t the country of the field 
trial. 

. It was judged by the Project to have VLOM 
potential. 

In all. some 70 different pump types were tested, 
and it was tb .~ht that a minimum of 80 units of each 
type would needed to ensure statistical validity of 
the results fact, an average of about 40 units of 
each PUIX ,pe were installed, but II turned out that 
only small numbers were needed to demonstrate the 
difficulty of repairing some pumps, while some 
performed so poorly as to be totally unacceptable to 
the users or implementmg agency and monitoring was 
drscontlnued. 

The Project prepared standard monitoring forms 
for use in all countries, to make data comparable. The 
forms record well and pump characteristics, site 
Inspection details. repair and maintenance inter,, 
ventlons, social and cultural factors, and cost data 
(copses of the forms are contained In Annex E of 
Project Report 4 - Handpumps Testing and 
Devefopment: Progress Repon on Field and 
Laboratory Testing - World Bank Technical Paper 
29). In particular, each breakdown repair report 
includes details of the reason for the breakdown, the 
type of repair needed, the amount of time taken, 
equipment used, etc, along with descriptions of parts 
replaced and their cost. 

In a few cases where the same pump type is 
produced by more than one manufacturer, each 
manufacturer’s pump has been evaluated separately, 
to cover potential differences in production quality 
control or design modifications. Any variations in per- 
formance between different manufacturers’ versions 
of the same pump model are noted in the Handpump 
Compendium at the end of this report, where the total 

of 70 pump types tested are reduced to a total of 42 
individual entries because some are no longer manu- 
factured and others have been grouped with similar 
designs by other manufacturers. 

Pumps were visited, inspected, and repaired as 
necessary, at intervals of one to three months, 
enabling the CMEs to keep track of user reaction, 
repair difficulties, robustness, and resistance to 
damage from abrasion or corrosion. The monitoring 
was not fully representative of actual operation in a 
typical community water supply, in the sense that 
maintenance and repair intewentions were coordin- 
ated by the CMEs, so that the maintenance system 
was a combination of village participation and central 
management (Maintenance Systems A and C as 
defined in Chapter 5). However, efforts were made, in 
collaboration with the implementing agsncies, to 
expand the scope and quality of village participation 
as the field trials progressed. 

Data from the forms were analyzed periodically by 
the CME and compiled in quarterly reports for the 
information and comment of the Project staff and 
agencies collaborating in the particular field trial. The 
Regional Project Officers made frequent visits to each 
field trial area in their regions, to assess progress and 
results with the CME. 

As the field trials progressed, some manufac- 
turers modified their pumps, in response to infor- 
mation from the Project about problems identified in 
the laboratory or the field. If the Project staff judged 
that the modifications had potentiai for improving the 
field performance, modified components were retro- 
fitted into the pumps being monitored, or in a few 
cases replacement pumps were installed and 
monitoring began again. 

This clearly meant that the new installations were 
monitored for a shorter period than the unmodified 
pumps, and complicated comparison of the results. In 
presenting the results in this report, Project engineers 
closely invoived in the installation and evaluation of 
the pumps have sometimes had to apply “best 
judgment” in an attempt to make all the assessments 
compatible. 

!n addition to the unique comparative data 
collected on handpump technology, Project personnel 
have been well placed to evaluate other factors which 
can affect handpump performance. As Chapters 3 and 
4 emphasize, field trial experience has amply 
demonstrated that, while a suitable pump is a critical 
ingredient for a successful water supply, other 
ingredients are also vital, among them: proper well 
design and construction; proper pump installation; 
and proper planning of operation and maintenance. 
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Some 40 types of handpumps have been tested so far in 
a specially built test tower at the CATR Laboratory in the 
UK. 

problem of pumps fur use by more than about 50 people. 
Based on the supposition that high failure rates on 

past handpump projects were caused by inadequate 
pump destgr;s. the Project set out to evaluate the major 
handpump types then on the market, to ccoperate with 
researchers and manufacturers In the development of 
destgn Improvements. and in new designs, and to 
produce guidelines to assist developing countries in the 
selection of appropriate pumps for specific applications. 

While these Initial objectives have remained at the 
core of the program, the focus has widened 
conslderably. as It became clear from the early findings 
that handpump technology, though clearly important, 
was only one of several interdependent factors 
influencing the success or failure of community water 
supply prolects. Other critical elements were identified, 
such as: the planning and orgamzation of handpump 
maintenance; the design and construction of wells; and 
the capacity and willingness of the community to pay for 
the ul;keep of the completed system. 

Crucial elements in the evolution of the Project and 
In the formulat.on of conclusions and recommendations 
have been the rapid and widespread dissemination of 
results and conclusions, and the feedback obtained 
from collaborating governments, donor agencies, and 
manufacturers. The wide scope of the Project has made 
it vital that as many people as possible were kept 
Informed abotit its activities and about the concepts 
being developed. The Project methodology therefore 
includes provision for regular contacts among those 
directly Involved in Project activities, workshops to 
exchange experiences and ideas with others involved in 
the sector, and many individual contacts with handpump 
manufacturers. 

The Project began with laboratory testing cf the 
most commonly used handpumps in a purpose-built test 
ng at the Consumers’ Association Testing and Research 
(CATR) Laboratories in Harpenden. England. CATR had 
previously tested 12 handpumps in a program sponsored 
by the Overseas Development Administration (UK). and 
these results provided a basis for the Project test 

program. In all, some 40 pump models have been 
subjected to endurance tests, designed to reveal their 
durability and the frequency of maintenance or repair 
needed. 

The laboratory trials also involved other tests, to 
assess the suitability of pumps for manufacture, 
operation and maintenance in developing countries (see 
Box 1 .l). Results were reported to the manufacturers as 
the need arose during testing, and Project Reports 1 to 
4, which include details of the CATR findings, were 
circulated to a wide audience in the CWS sector. The 
aim, achieved in many instances, was to encourage 
improvements to existing handpump models alongside 
the formulation of guidelines for new designs. 

The laboratory results provide a useful quick guide 
to a pump’s likely long-term performance, but they 
cannot fully simulate the conditions under which 
handpumps mus! operate in developing countries. The 
Project has therefore undertaken an extensive program 
of field testing of handpumps, creating a unique data 
base on the performance of most pumps in common use 
for community water supplies. A total of 2,700 individual 
handpumps have been monitored in trials covering 17 
countries and spanning over two years of actual 
operation. Again, results have been shared with 
manufacturers, participating governments and donor 
organizations, and feedback has played an important 
part in the data gathering and analysis of field trial 
results. Box 1.2 describes the methodology of the field 
trials. 

The initial intention to develop a new generation of 
handpumps specifically designed to be durable when 
used in developing countries was only part of the 
solution to performance problems on handpump 
projects. The field trials confirmed that, as Paceyl and 
others had written, maintenance difficulties often arose 
more from institutional or financial shortcomings than 
from technical difficulties with the pumps themselves. 
Pumps had been remaining idle because mechanics, 

often arose more from 
institutional or financial 
shoticomings than from 

technical difficulties with the 

tools or spare parts were not readily available, or 
because there were no funds to pay for the expensive 
central maintenance teams to travel long distances to 
carry out individual repairs. And many pumps were failing 
because of poor well construction, allowing large 

I. Pacey. Arnold. “Technology is Not Enough: The Provision 
and Maintenance of Appropriate Water SuppIles.” Aqua 1 
(1977):1-58 
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Box 1.3 The VLOM Concept 

An early conclusion of the Project waz that strong 
involvement of the user community in maintsnn;?c:o 
was essential for successful projects. The Project 
coined the term VLOM - Village Level Operation 
and Maintenance - as a means of bringing home to 
handpump manufacturers and users the key issue in 
solving widespread problems experienced with 
centralized maintenance. 

Experience in one country after another has 
shown that a central maintenance system, requiring a 
motor vehicle and crew to move out from a base 
camp, is unable to keep pumps in satisfactory 
operating condition. The large expense of such 
maintenance and the logistical and staffing needs to 
supply enough experienced and motivated teams of 
mechanics to carry out repairs promptly have proved 
very difficult to sustain. But the desirable alternative 
of village-level maintenance is only feasible if the 
pump design allows for it. 

Initially, the VLOM concept was applied only to 
the hardware, the aim being to develop pumps 
specifically designed to be: 

= Easily maintained by a villager caretaker, requ- 
iring minimal skills and few tools; 

. Manufactured in-country, primarily to ensure the 
availability of spare parts; 

be motivated. Recognizing that central maintenance 
cannot be di.sDensed with overnight, the Project has 
also encouraged manufacturers to improve the 
durability of existing pumps, to lengthen the interval 
between repairs. 

The VLOM principles were well received. 
Manufacturers quickly responded to reliability 
problems identified in laboratory and field testing, and 
worked to develop pumps which can be more easily 
repaired by handpump caretakers or local mechanics. 
At the same time, planners and promoters of hand- 
pump schemes began to pass on responsibilities for 
maintenance to the pump users, selecting pumps 
accordingly and introducing training courses for pump 
caretakers and area mechanics. As project exper- 
ience has grown, and donors and implementing 
agencies have experimented with better ways to 
design projects, alternative maintenance systems 
have been assessed, and it has become clear that 
different models work best in different circumstances. 
This has led to an extension of the VLOM concept 
into software, or organizational matters. 

A common feature of successful handpump 
projects is the emphasis on village management of 
maintenance, reducing the dependence on central 
government support of essential functions. In the 
extended VLOM concept, where MI means 
Management of maintenance, these elements have 
been added: 

. Robust and reliable under field conditions ; and 
. Community choice of when to service pumps; 

l Cost effective. 

When the Project s?arted, pumps meeting these 
needs for lifts of more than 7 meters were no! readily 
available on the market, and their development had to 

9 Community choice of who will service pumps: 
and 

l Girect payment to repairers by the community. 

quantities of sand to reach the pumping elements. 
Once these critical issues became clear, the scope 

of the project was extended. Data has been collected 
from the field trials and from as many other CWS projects 
as pcssible, which wou!d enable conclusions to be drawn 
about all the key elements of a handpump-based CWS 
system. Many of these conclusions are relevant to other 
CWS technologies as well as handpumps, as will become 
apparent in Chapter 2. 

New concepts were developed, as the defects of 
existing systems became apparent. Data from a number 
of different countries showed that a major cost element 
in pump maintenance was transport, and the Project 
began to look for ways of reducing the need for 
expensive mobile teams. It was clear that greater 
involvement of the community itself in maintenance 
would bring both lower costs and better reliability. 

This very early conclusion led to the coining of a new 

term - V’.OM - for Village Level Operation and 
Maintenance, which has been closely associated with 
the Project since 1981 and is now widely used by 
planners and manufacturers alike. The VLOM concept 
includes the development of handpumps specifically 
designed to be maintained by village caretakers, but 
also extends into the institutional arrangements needed 
to ensure that skills, tools and spare parts are available 
when needed (see Box 1.3). The term VLOM has 
therefore been expanded to mean Village Level 
Management of Maintenance (see Box 1.3). 

Promotion of the VLOM concept through 
workshops, press articles and individual or group 
discussions became another element in the Project 
program. and spawned additional activities alongside the 
monitoring of field trials. To assist the development of 
pumps suitable for village-level maintenance, Project 
staff have collaborated with existing manufacturers in 
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the formulation of new designs. In addition, the Project 
has provided technical assistance to a number of 
manufacturers in developing countries stimulating 
improvements to existing designs and developing quality 
control procedures. 

Developing country governments have been given 
technical assistance in the planning and implementation 
of handpump projects based on VLOM principles, and 
feedback from planners and designers IS being 
incorporated in modei maintenance systems developed, 
by the Project fo: future field demonstration and testing. 
As the field trials were coming to an end, results and 
preliminary conclusions were submitted to the 
collaborating agencies, and their reactions too are being 
incorporated in the Project recommendations for future 
activiies. 

In the course of the field trials, a number of issues 
have arisen which have special importance on particular 
projects, and which local Project staff hove investigated 
in some detail. Their findings will need further study 
before general conclusions can be drawn, but the data 
collected has already provided some solutions for 
pressing local probtems. Among these special studies 
are: links between water supply, sanitation, and health 
improvements (e.g. Bangladesh); corrosion and 
groundwater quality (e.g. Ghana), and well construction 
techniques (e.g. Kenya and China). 

The Reliability Issue 

In comparing the performance of different handpumps in 
the field trials, it has becorns apparent that the 
conventional interpretaion of “reliability”, based on the 
Mean Time Before Failure (MTBF). is inappropriate. The 
critical item is the period of time for which many pumps 
stand idle while waiting to be repaired. The Project has 
therefore adopted a definition of Reliability which in the 
mechanical engineering industry would refer to 
Av&tbility, i.e. 

FWabiNly 1s the probsbility that the pump is 
in operating condltlon on any one day, 
cekulelsd 83 the sum 01 the operarhg t/me 
b&m fsihuu divkfed by the total t/me. 

With this definition, it is clear, as Box 5.2 in Chapter 
5 shows graphically, that a pump which breaks down on 
average after 18 months of operation, but then stands 
idle for two months each time, waiting for the mobile 
maintenance team to arrive, is less r&b/e than one 
which breaks down after 8 months, but is repaired within 
a week by an area mechanic. 

This concept of reliability is crucial in comparing 
CWS technologies. The response time of maintenance 
organizations is critical, and reliability can only be 
assessed when the characteristics of the !echnology 
and the institutional support are taken into account. 

Project Impact 

Throughout the Project, issues brought to light by 
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laboratory field trials or by experiences on other projects 
have been brought to the attention of the Project’s wide 
audience as quickly as possible. In this way, it has been 
possible to ensure that changes in technological or 
institutional approaches could be implemented quickly, 
without waiting for detailed analyses to be published in a 
final report. It is encouraging to note ways in which 
preliminary findings from the Project have influenced 
recent developments in the CWS sector. 

l Aware of a large potential market for suitable pumps, 
manufacturers have responded quickly to test 
results, seeking to produce improved pumps, or 
even to undertake complete re-design. While some 
manufacturers withdrew pumps from the market 
after they performed poorly in laboratory or field 
trials, many chose to make changes and have been 
very willing to submit their new designs to the 
rigorous scrutiny of Project resting. One result is 
that recent projects in West Africa, using 
international procurement procedures, have 
attracted a large number of qualifying bids, a 
reflection of both increased interest in the sector 
and more pump models which meet performance and 
durability requirements. The Project has published 
Draft Sample Bidding Documents for the 
procurement of handpumps by international 
competitive bidding. 

l To accelerate the introduction of design changes 
needed to produce true VLOY pumps, Project staff 
have been collaborating with manufacturers and 
research organizations in developing countries. 
Local manufacture of handpumps is growing rapidly 
in many countries, with joint ventures and licensing 
arrangements also making some existing pumps 
more suitable for VLOM. There is still a shortage of 
pumps which meet VLOM requirements and are 
capable of pumping from depths beyond 25 meters, 
but several prototypes have performed well in 
preliminary field tests and there are grounds for 
optimism that choice will be less restricted in the 
near future. The new prototypes make substantial 
use of plastics for below-ground components and for 
long-lasting easily-replaceable plastic bearings 
which are also light and cheap (see Chapter 4). 

. By identifying weak elements in past handpump 
schemes, the Project was instrumental in creating 
an awareness among donors and implementing 
agencies that pump selection and planning of 
maintenance are critical to long-term success. This 
is beginning to lead to a tightening of pump 
specifications, and a recognition that a policy of tied 
aid involving pumps from the donor country is 
ultimately counter-productive, because failure of the 
pump jeopardizes the much larger investment in the 
well. 
Donors now increasingly monitor handpump perfor- 
mance on their own projects, and are assisting with 
in-country manufacture of the most suitable hand- 



pumps. Apart from its added development impact, 
the donors find that avoiding tied aid for handpumps 
significantly reduces the extra commitment that 
they have had to make in the past to continued 
‘inancial and manpower support for operation and 
maintenance of imported pumps. 
Probably the most significant impact of the Project 
to date, however, has been the widespread 
recognition that management of systems once they 
are installed must be a community responsibility, 
and that community participation must start at the 
planning stage. When that recognition is translated 
into establishment of village-based organizations to 
look after completed projects. dramatic Improve- 
msnis can be expected in the reliability of handpump- 
basad schemss (India has already shown what can 
be achieved in a short time, by reducing the failure 
rate of village handpumps from about 70% in the mid- 
70s to about 20% today, with further improvements 
anticipated as more design modifications are made 
to the standard India Mark II in line with VLOM 
criteria). 

l Sand pumping was found to be a major cause of 
handpump failure in the field trials - affecting even 
those pumps which had performed well in the 
laboratory tests. Damage to leather cup seals was 
th8 main cause of breakdown, and new designs of 
nitrile rubber seals are now being tested for a 
number of pumps, with encouraging results. At the 
same time, the Project has demonstrated in East 
Africa the dramatic impact on pump performance of 
improved well design and construction. The same 
techniques are now being introduced in other field 
trial areas with sand pumping problems. 

. An important result of the field trials in West Africa 
was the extent of rising main, pumprod and other 
component failures caused by corrosion (as many 
as 60% of th8 failures in th8 Southern Ghana field 
trials were directly attributed to corrosive well water, 
and galvanizing offered little protection - se8 Box 
4.3 in Chapter 4). The findings have been combined 
with data from other agencies, and revealed that 
corrosive groundwater is much more widespread and 
much more damaging than previously suspected. in 
both Africa and Asia. Further work is planned on this 
important problem. 

Future Activities 

The first phaS8 of the Project, during which primary 
emphasis was placed on th8 improvement of pump 
technology, IS drawing to a close. Worldwide experience 
with CWS projects has established the essential 
elements of sustainable and replicable CWS systems. 

The Project emphasis is now swi!ching to imple- 
mentation. Through technical assistance in project 
preparation, and collaboration in activities incorporating 
the concepts of community management and public 
agency support, the Project will be actively promoting 

The potential 01 handpumps for micro-iniganon is largely 
unexplored. 

widespread implementation of low-cost CWS programs. 
Within projects designed to take advantage of the 
present state of knowledge, studies will continue into 
issues which can be expected to lead to additional 
improvement in the effectiveness of future programs. 
Among the issues to be addressed in this second phase 
are: 

. 

. 

. 

I 

. 

. 

. 

. 

. 

. 

Community financing and management, including 
th8 rOl8 Of women. 

Cost-effective drilling, well design, construction and 
development. 

Further development of VLOM handpumps. 

Hum .n resources development at all levels in the 
public and private sectors. 

Establishment of maintenance systems, including 
selection, training ano Fayment of caretakers. 

Project design criteria, including choice of service 
level. 

In-country manufacture of pumps, including quality 
control procedures and spare parts supply and 
distribution. 

Solutions to water quality-related problems, 
especially corrosion. 

Sanitation and health education components. 

Non-domestic water uses, such as micro-irrigation 
and cattle watering. 

Governments and aid agencies will be offered 
assistance in selecting the most suitable pumps for 
each country or region, in institutional aspects of 
system management, and in ways to introduce a policy 
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of standardization to maintain an uninterrupted supply of 
spare parts. The technical assistance already being 
provided in some countries for manufacture is to be 
extended to include advice on pre-selection of designs 
and strengthening of internal and external quality control 
procedures. From manufacture, the process will be 
taken through, as needed, to distribution, with the 
establishment of networks of spare parts outlets, 
ultimately handled by the private sector. 

The key issue of drilled-well design and construction 
is to be tackled by an investigation of the reasons for 
high well costs in Africa and guidelines on design and 
construction techniques. Wherever possible, new 
projects will serve as venues for establishing efficient 
drilling processes and bringing down costs. 

The advan!ages of handpumps for rural domestic 
water supply are now clearly established, but limited 
attention has yet been given to the potential use of 
handpumps for micro-irrigation. Small-p!ot irrigation 
offers both subsistence and cash earnings in parts of 
Africa and elsewhere, but is hampered by the unreli- 
ability and high cost of motorized pumping. Combining 
domestic water supply with micro-irrigation and livestock 
watering could have appreciable economic benefits for 
=riliage communities, especially, but not solely, in the dry 
zones. Studies are planned to assess the demand and 
cost-benefit of such multi-purpose use of handpumped 
water. 

The Project has already demonstrated that CWS 
systems perform best when the community is involved in 
each stage of project planning, construction and main- 
tenance, and when proper training has been provided for 
pump caretakers and mechanics. Future projects will 
include measures to involve the community from the 
beginning, and will give special emphasis to the potential 
role of women as pump caretakers where apprcpriate, 
and to cost recovery, contracting of maintenance staff, 
and involvemeni of the private sector. 

A crucial aspect of the Project’s next phase will be 
its collaboration with developing country institutions, to 
assist in building up their capacity to provide the 
necessary guidance and support in the long term, and to 
extend and replicate successful projects. This will 
involve the creation of action plans for institutional deve- 
lopment, training, research and testing. 

The scope of future Project activities was recently 
approved by its Advisory Panel. Core funding has been 
assured by UNDP, and several bilateral aid agencies are 
committed to cost sharing. The Panel emphasized 
however the need for other organizations, particularly 
donors and specialized agencies, to increase their 
efforts along similar lines. 

Close collaboration will therefore be sought with 
governments and donor agencies to benefit from the 
combined experience gained so far, and to work towards 
the common goal - rapid implementation of sustainable 



Table 2.1 Options for Community Water Supply 

Step Ty,x Of !%rViCe Wa~ersource ’ QuaMy prorecfion Wafer use Energy source Operation and costs Generalremarks 

LPCDB maintenance needs 
-_ __ 

Grcaood, no treatment Well-trained operator; High capital and Most desirable 
Gravity reliable fuel and o&M wsls, service level, but 

5 House Connections Surface water May need treatment 10010 150 Electric chemical supplies; except for high resource 
Diesel many spare parts; gravity schemes needs 

Spring Good. no treatment wastewater disposal 

Groundwater Good, no treatment Well trained operator; High capital and Very good axas! 
Gravity reliable fuel and O&M costs. to safe water; 

4 Yardtaps Surface water May need treatment 50t0100 Electric chemical supplies; except gravity fuel and instftu- 
Diesel many spare parts schemes tional support 

Spring Good. nc treatment critical 

Groundwater Good, no treatment Gravrty Well trained operator; Moderate capital Good access to 
Electiic reliable fuel and anclO&M costs, safe water; cost 

3 Standpipes Surface water May need treatment 1oto40 Dies4 chemical supplies; except gravity competitive with 
Wind many spare parts schemes; handpumps at 

SPnng Good, no treatment Solar ccllection Cme high pumping fit 

Low cap&l and Goodaccessto 
2 Handpumps Groundwater Goad, no treatment 1oto4cr Manual Trained repairer; O&M casts; safe water; 

few spare parts collection time sustainable by 
villagers 

Improved 
traditional Groundwater Variable Very low capital Improvement if 

1 sources Surface water Poor lot040 MElllUal General upkeep end O&M costs; traditional source 
(partially WW Variable cctlection time was badly 
protected) Hainwater Good, if protected cuntaminated 

Surface water Poor 
Traditional sources Groundwater Peer Low G&M c&s Starting point for 

0 (unprotected) SP%l Variable 1oto4Q hli3llUal General upkeep (buckets, etc); WQlY 
Rainwater Variable cotlection time improvements 

a LPCD = titers per capita per day 
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The technology choices open to planners of community 
water supply (CWS) programs are best characterized by 
the type of water points they provide: handpumps; 
statiplpes (i.e. public taps); yardtaps; and others, 
such as dug wells without pumps. Costs and potential 
benefits differ for each option, and technology choice 
cannot realistically be made on the basis of cost alone. 

Measuring benefits is difficult, involving technical, 
economic, behavioral, nutritional, and public health 
factors among others. But an estimate of benefits has 
to be made in order to compare technologies and select 
the most appropriate. The scale of benefits is influenced 
by two key technical factors - the se&ce level (i.e. 
the distance water must be hauled from the water point 
to the dwelling, queuing plus filling time for each water 
hauler, and the ease of drawing water); and the 
reliability with which water is available at the water 
point when needed. 

The low cost and simplicity of handpumps have 
proved attractive to government agencies and external 
support organizations seeking maximum impact from 
limited budgets, and have led to increasingly widespread 
implementation of handpump projects in recent years. 
But handpumps also have their limitations: though the 
haul distance will normally be shorter than from the 
original traditional sources, water must still be pumped 
by hand and carried home, with corresponding costs in 
time and effort; and maintenance needs, though simple 
when compared with motorized pumping or water 
supplies involving treatment facilities, may still be 
beyond the capabilities of the community. 

If motor pumps can be reliably operated and main- 
tained, the community may be willing to pay more for the 
improved service level. As pumping lift increases, hand- 
pumps produce less water and require more effort to 
pump. increasing comparative advantages of well-run 
motorized pumps with standpipes or yardtaps. The 
options need to be comparea in a consistent economic 
and financial framework, which also takes account of 
physical and institutional resource constraints. 

Close scrutiny of the reasons why past projects 

have failed to live up to expectations suggests that an 
important factor was the choice of a CWS technology 
which was not sustainable with the resources available 
to the community. The important message for CWS 
planners is that: 

The technology chosen should give the 
Lommunlty the highest service level thnt it is 
willing to pay for, will benefit from, and has 
the Institutional capaclty to sustain. 

In general, technologies offering higher service 
levels place correspondingly higher resource demands 
on the benefiting community. The most obvious is the 
need for more capital investment, but equally important 
are operation and maintenance costs and the demands 
for technical skills and materials (fuel, chemicals, etc.). 

Techrnology Options 

Table 2.1 shows the different CWS technology options 
as a series of steps. Provided satisfactory reliability 
can be achieved, the level of service rises with each 
step, as do the total costs, the complexity of the 
system, and the difficulty of designing, constructing and 
maintaining it. 

The step analogy of water supply improvements is 
useful, but it should not be taken too literally. When 
reliability is taken into account, the level of service 
actually provided is often much lower than planned. 
Also, the steps are not equal; progress is not 
necessarily achieved one step at a time; and not 
everyone will start at the bottom. Many communities may 
find that one of the lower steps offers a satisfactory 
option for the foreseeable future, while others will 
upgrade to a technology giving a higher service level 
when the community acquires operational experience 
and the capacity to manage a more complex system. 

The main task in planning CWS improvements is to 
select the technology which will give the highest service 
level practical with the available resources: 
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The shrlls and resources rreeded for operation and maintenance 
are lmpor?ant considerations when selecfing an appropriate 
waler supply fechnology Handpumps suitable for servicing by 
village cart?tahers stand a good chance of providing reliable 
service. 

. Financial resources (for capital and recurrent 
costs ) : 

. Physical resources (water and energy); and 

. orga/?izariona/ resources (manpower and 
institutional). 

If that selection is right, the scheme can be 
expected to provide the desired service level for many 
years, and may later be upgraded to, or replaced with, a 
technology giving a higher service level. If, on the other 
hand, any of the resources needed for the chosen 
technology are not reliably present, none of the 
anticipated benefits may materialize after construction. 
Success or failu * depends primarily on one factor: can 
the new water system be sustained? 

In terms of service level, the technology options in 
Table 2.1 can be divided into two groups, according to 
the way in which water is conveyed to the users’ homes. 
Steps 0 through 3 involve communai supplies from which 
the water is carried by the user, while in steps 4 and 5 
pipes transport It to individual homes. 

The level of service provided by communal supplies 
varies according to the amour-r: of time it takes to travel 
to and from the source. to queue. and to fill containers; it 
depends too on the reliability 01 the supply at the source. 
Standpipes are more convenient than handpumps in that 
water is drawn from a tap rather than by manual pumping, 
but, unless a gravity supply is available, they must rely 
on motorized pumps and elevated storage to maintain 
Supplies. 

depends primarily on one 
factor: can the new water 

be sustained?” 

Groundwater is usually preferred over surface water 
as a source, because it avoids the need for special, 
often unreliable, measures to safeguard water quality or 
improve it through treatment. If simple rules are followed 
about the proximity of latrines and the construction and 
management of well surrounds, groundwater should be 
safe from bacteriological contamination. 

When well water is not up to drinking standards, a 
combination of sources may be the right answer, as the 
example from Thailand in Box 2.1 shows. In many areas 
of Thailand, none of the water sources alone satisfies 
domestic needs. Dug wells, with or without covers and 
handpumps, tend to be both chemically and bacterio- 
logically polluted. Drilled wells have an unacceptab!y 
high mineral content, while rainwater storage provides 
only enough water for drinking and cooking. The program 
therefore uses a mix of sources for different purposes. 

Investment Efficiency 

When resource constraints are applied to the selection 
of an appropriate water supply technology, it may turn 
out that improvement of traditional sources (Step 1 in 
Table 2.1) is the only feasible option. In this rare case, 
no further comparison with other options is needed. In 
most situations, however, comparison is needed of 
several feasible options, in which the benefits expected 
irom the different service levels vary, as do the costs. 

A common approach is for the government, 
sometimes in collaboration with donors, to set a target 
for a desired service level, and to select the feasible 
system which gives the lowest total cost (annualized 
capital cos: plus recurrent cost) for that service level. 
This method has often been applied, in an effort to bring 
small but important improvements to as many people as 
possible. Its weakness is that it takes no account of the 
different levels of benefits provided by different levels of 
service, and does not leave room for those communities 
which are willing and able to pay for a higher service level 
to express their preference. In other cases it may lead to 
the selection of an inappropriately high service level for 
only a few people, leaving the majority of the population 
without coverage. 

In the Philippines, for example, even in relatively 
high income areas with good infrastructure, a large 
subsrdy provided for the construction of wells with 
handpumps has meant a very low demand for piped 
schemes (offered with virtually no subsidy). Another 
example comes from Thailand, where a donor-assisted 
project initially tried to put just a single well in each 
village. The strategy failed because the communities did 
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Box 2.1 Evaluatfng Technology Options: A Case study from Thailand 

Of the four basic water resources available in rural 
Thaiiand - rainwater, shallow aquifers, deep 
aquifers, and surface water - none is able alone to 
provide all the needs for community water supply. A 
typical Thai household needs about 5 liters per 
person per day of safe, palatable water for drinking, 
cooking and clear?ing teeth. Other domestic uses, 
such as washing, bathing and latrines, require about 
50 liters per person per day. On a seasonal basis, 
each rural family also needs about 4000 m3 per year 
for supplementary irrigation. 

R&W&~, collected from roof runoff and 
stored in jars and tanks, is generally of good quality, 
but barely enough to meet drinking needs. Shallow 
aquifim, tapped usually by open wells, or 
occasionally by a sealed well with a suction 
handpump, are commonly used for drinking and other 
domestic uses, though bacteriological quality from 
open wells is unacceptable for drinking, and in the 
water-short Northeast the wells often dry out during 
the dry season. m aquiik?m tapped by 
handpumps on drilled wells provide water with 
acceptable bacteriological quality, but in most areas 
the chemical q;‘ality is poor, and the taste is 
unacceptable. So, though the supply is reliable, it is 
rarely used for drinking or for agricultural needs. 
Surface water comes frcm natural lakes and 
rivers, and from man-made ponds, irrigation ditches, 
weirs and reservoirs. The water is of poor quality and 
unsuitable for drinking, but can provide domestic and 
agricultural supplies. 

Since 1966, Thailand’s National Economic and 
Social Development Board (NESDB) has been 
implementing a national project which seeks to make 

potable water available to all households throughou 
the year. One of NESDB’s projects is the 77~1 
Austrah Village Water Supplv Pmjecf, which begal 
in 1963 and has carried out studies to evaluate thr 
effectiveness and cost of different water suppl! 
options. 

Surveys showed that rainwater storage ant 
capped shallow wells are the only facilities whicl 
consistently provide safe, palatable water, and tha 
treatment to improve the quality of water from othe 
sources is not practical. Handpumps on drilled well! 
are a major source of domestic water supply. in Khor 
Kaen Province, for example, 65% of the village! 
have a government tubewell, supplying 25% o 
domestic needs in the wet season and 40% in the d? 
season. However, only 10% of the wells are used fo 
drinking. 

Cost analyses (Box Table 2.1A) show that oper 
shallow wells are by far the cheapest form o 
domestic water supply. Rainwater storage in jars i! 
more economic than in tanks, costing about the 
same per household per year as a covered shallov 
well equipped with a suction pump. Ponds and weir! 
have high capital costs, while the highest cost pe 
household is for drilled wells with handpumps. 

Quality and cost criteria together have le( 
NESDB to a strategy based on a mixture o 
technologies. Despite their higher costs, deep well! 
with handpumps are popular with villagers, because 
they provide convenient and reliable clean wate 
suitable for most domestic purposes (but no 
drinking). Because of these benefits, Tha 
communities are willing to pay more for handpumpec 
supplies. 

Box Table 2.1A Costs of Rural Water Supply Optlons In Thalland (US$) 

Type of system 

Rainwater jar 
Rainwater tank 
Shallow dugwell 

without handpump 
Shallow dugwell 

with handpump 
Drilled deepweli 

with handpump 
Pond 
Weir 

Capital Maintenance Totalannual Households Annual cost/ 
COst cost cost served household ---_ ____.-- ~-- 

19 0 2.50 0.31 8.15 
245 1.85 29.00 1.78 16.00 

93 0 15.00 20 0.75 

540 93.00 165.00 20 8.15 

2660 93.00 440.00 20 2200 
1850 3.70 305.00 20 15.25 

10000 18.50 1625.00 100 16.25 

Note: Converted from Baht at US$l .OO = Baht 27.00 
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Flairwater storage can be an effective and economic option for 
providing drinkrng water, and should be analyseci as a possible 
component of C WS programs. 

not value the improvements highly enough to contribute 
fo their maintenance. A second approach provided 
several standpipes dispersed around the villages, but 
also failed for the same reasons. Only when yardtaps 
were brought to most villagers did the scheme become 
successful. Though the yardtap plan was much more 
costly, households were willing to pay because they 
valued the extra convenience. 

costs 
Capital costs of various levels of service depend very 
much on iocal conditions, but the relative costs of the 
different groundwater-based technologies are apparent 
even though the range of costs may be quite wide. Wells 
equipped with handpumps generally cost from US$lO to 
US$30 per capita; for motorized pump schemes with 
standpipes. the range is US$30 to US$60 per capita; and 
for yardtap seeices the per capita cost can be expected 
to range from US$60 to US$l 10 per capita. With some 
1.600 million rural people in need of improved water 
supplies by the end of the century, the extra costs of 
high-level service can be justified only when benefi- 
cianes are willing and able to pay the extra costs in full. 
The Project has focused on CWS systems involving 
wells with handpumps because the large needs and 
limited resources of many developing countries mean 
that such lower cost technologies will be the only 
practical first step if as many people as possible are to 
be served in a reasonable time period. 

‘I.. high-level service can 
be justified only when 

beneficiaries are willing 
and able to pay the extra 

costs in full.” 

It would be inappropriate however to promote 
handpump-based water supplies in areas with good 
infrastructure, where people are willing and able to pay 
for the grea!er convenience of yardtaps or household 
wells, especially when a reliable electricity supply 
permits the use of electric pumps. If financial and 
institutional resources are available to support operation 
and maintenance, consideration of the higher level of 
service should be encouraged. Seemingly lower cost 
options will fail under these condifions, even when 
subsidized by government agencies, because the low 
level of service that they provide does not meet the 
users’ aspirations and will not tie accepted. 

Regardless of how the capital costs of CWS projects 
are financed, recurrent costs (for operation and 
maintenance) should be borne by the community. The 
Project has provided further evidence to support the 
view that community i;lvolvement is ii critical element in 
successful CWS maintenance, and that community 
management. including financial management, of 
system operation and upkeep is the only way to achieve 
acceptable reliability at an affordable cost. 

Besides analysing costs to the direct beneficiaries, 
it is also necessary to consider the capital and recurrent 
costs which would result from the planned investment in 
the national perspective. For national planners to be able 
to make choices on economic grounds, all quantifiable 
costs should be included and adjusted for taxes, 
subsidies, price controls and exchange rate imbalances, 
using accepted project analysis techniques. All too 
often, the rural cost structure is distorted by agricultural 
prices. and under these conditions there is little 
incentive or capacity to generate locally the necessary 
funds for rural development without government 
assistance. 

Incomes in rural areas of many developing countries 
are typically between US$50 and US$300 per person per 
year, with the distribution of cash and kind income 
varying widely. Even so, the annualized capital and 
recurrent cost of low-cost water supplies should 
constitute only a small proportion of that income. 

Table 2.2 includes low and high cost estimates for 
the different technical options, to illustrate the financial 
resources which need to be mobilized for different types 
of water supply improvements. To take account of the 
range of cost data that was obtained under similar 
conditions from a large number of projects in Africa and 
Asia, a “low” and a “high” case are given. “Low” 
represents a situation of favorable hydrogeology and 
efficient implementation and maintenance (with 
community participation); “high” is based on a 
combination of adverse conditions which exist on some 
projects. 

Estimation of capital and recurrent costs ahead of 
project implementation is difficult, especially at the 
beginning of a CWS program. Judgments may 
sometimes have to be made on the applicability of data 
from comparable programs in other countries, and 
estimates must then be refined as the program evolves. 
as in the example from Thailand described in Box 2.1. 
However, most countries have some experience of 
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Table 2.2 Community Water Supply Technology Costs (For a community of 400 people) 

Low 
Handpumps Standpipes Yardlaps 

High 
Handpumps Standpipes Yardtaps 

Wells’ 4,000 2,QOo 2,500 10,000 5,000 6000 
Pumps (hand/motor) 1,300 4,000 4,500 2,500 8,000 9000 
Distribution2 none 4,500 16,000 none 10,000 30000 
Sub-total 5,300 10,500 23,000 12,500 23,000 45000 
cost capita per 13.3 26.3 57.5 31.2 57.5 112.5 

Annualized capital3 700 
Maintenance 200 
Operation (fuel) none 

Sub-total (cash) 900 

Haul costs (labOr)4 1,400 

Total (including labor) 2,300 

v 

Cash only 2.3 

Cash + labor 5.8 

1,500 3,200 
600 1,000 
150 450 

2,250 4,650 

1.100 none 

3,350 4,650 

5.6 11.6 

8.4 11.6 

1,400 3,000 6000 
400 1,200 2000 

none 300 900 

1,800 4,700 8900 

3,000 2,200 none 

4,800 6,900 8900 

4.5 11.8 22.3 

12.0 17.3 22.3 

Notes: 
1. Pumping water level assumed to ba 20 meters. Two wells assumed tar handpump system (200 persons per handpump). 
2. Distribution sys!em includes storage, piping, and taps with soakaway pits. 
3. Capital costs with replacement of mechanical equiment after 18 years annualized at a discount rate of 10% over f 20 years. 
4. Labor costs for&king to the water point, queuing, filling the container, and carrying the water back to the house. 
Time valued at U!S$ O.l25/hour. 

several levels of CWS technology, and careful review of 
total system costs can provide a basis for estimates on 
future projects. However good the present data base 
may be, monitoring and evaluation of new projects is a 
valuable way of improving forecasting for future 
schemes. 

Seneffls 

Some benefits from CWS improvements are immediate 
and highly visible. Access to a convenient source of 
dean water brings tima savings and reduced 
drudgery for the household water carriers - commonly 
women and children, while the easy availability of w?tar 
for washing and bathing encourages greater cleanliness 
and leads !o better living conditions. Other 
benefits, of which the most important is better health, 
may be less immediately apparent, and will often depend 
on additional inputs such as sanitation improvements 
and hygiene education if maximum impact is to be 
obtained from the CWS improvements. 

Assessment of benefits is a critical element in CWS 
technology selection, as widespread implementation of 
improvements at the pace needed to meet global needs 
can only be achieved if communities are able to make a 
major contribution towards the costs. Contributions in 
cash or kind depend on the community valuing the 
benefits to be obtained, and will continue only for as long 

as the new water supply functions reliably. 
Health benefits, in terms of reduced medical 

care, improved productivity, etc., have often proved 
difficult to isolate and quantify for any single intervention 
like community water supply. Health impact studies have 
rarely been designed adequately to isolate health 
improvements due to provision of safe water from those 
brought about by other influences (nutrition, sanitation, 
health education, etc.). 

A recent review of a large number of impact studies 
does show that significant health benefits can be 
obtained from well-designed CWS programs (Box 2.2). 
What emerges is that community water supply is 
perhaps not a sufficient intervention in itself to improve 
health and quality of life, but it is an essential part of any 
intervention package. 

Protecting the source from contamination can 
reduce transmission of some diseases, but when water 
is carried from the water point to the home and stored 
there, recontamination occurs, as a number of studies 
have shown. This recontamination negates the need to 
insist on a high water quality standard at the source, as 
is the policy in the industrialized countries. Emphasis 
should instead be placed on improvements in hygiene 
through sanitation, health education and other 
interventions, so as to reduce disease transmission 
through water in the home. 

A more direct benefit of improved water supply 
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Box 2.2 Health Benefits from Water Supply 

Evaluation of health benefits resulting from an 
improved water supply is a subject of some 
controversy. A number of well-designed studies have 
produced substantial evidence that health benefits 
arise when communities receive improved water 
supplies, but the picture has been confused because 
other studies have given inconclusive results, largely 
because they were not properly designed to isolate 
compounding factors. 

There is little room for doubt that water plays a key 
role in the realization of health improvements from 
combined interventions, including promotion of such 
measures as personal hygiene. Much more difficult to 
establish is the priori!y that improved water supply 
should be given in an investment program over other 
health interventions, such as oral rehydration, 
immunization and sanitation. Recent advances in 
methodology, particularly the introduction of the case 
control method, will allow impact studies to be carried 
out retrospectively, at lower cost. 

The target group for health interventions is usually 
young children, as they are most susceptible to a 
variety of diseases, especially those causing 
diarrhea. It is estimated that nearly 5 million deaths a 
year occur in cMldren under five years of age (the 
statistics do not include China), and that each child 
under five averages 2.5 incidences of diarrhea a year 
(Snyder & Merson 1982). 

A recent review of impact studies from many 
countries shows a substantial reduction in diarrhea1 
morbidity rates (frequency of diarrhea) in young 
children attributable to water supply and sanitation 
improvements. Improvements in water availability or 
excreta disposal were shown to have more impact on 
diarrhea1 morbidity than improvements in water quality, 
while a substantial impac: (37% reduction) resuftod if 
both quality and quantity were improved. The studies 
also showed a reduction in diarrhea mortality as a 
result of improved water supply and sanitation, but the 

Box Table 2.2A Reduction in Diarrhea1 
Morbidity Rates due to Improvements 
in Water Supply and Sanitation 

Improvement in 

Water quality 
Water availability 
Both quality and availability 
Excreta disposal 

% reduction 

16 
25 
37 
22 

Source: SA Esrey. RG Feachem and JM Hughes 
“Interventions for the control of diarrhoeal diseases 
among young children. Improving water supplies and 
excreta disposal facilities.” WHO Bulletin 63(4). 1985 
pp 637-640. 

magnitude of the effect varied considerably with the 
presence of other risk factors, such as poor feeding 
practices and low literacy rates (Esrey, Feachem and 
Hughes, 1985, pp 764-768). 

Separate research on the effect of hygiene 
education shows that it may further increase the 
impact. The general conclusion to be drawn from the 
evidence is that: 

Well-designed projects comblnlng the avail- 
ability and quallty of water supply, excreta 
disposal, and hygiene education may 
achieve a reduction in diarrhea1 morbidity 
of 3640% - and more for diarrhea1 mortality 
unless oral rehydration has been success- 
fully Introduced (~768). 

As part of the Project, the International Centre for 
Dlarrhoeal Disease Research, Bangladesh (ICDDRB) 

systems is the reduction in the time and energy 
required to collect water. Once water is availabie in a 
village. the chore of collecting it will take less than an 
hour a day, compared with many hours in the frequent 
cases where traditional sources are long distances 
away. 

It is possible, using the method of analysis 
described in Annex 3. to compare the costs and 
benefits of the various CWS options, assessing benefits 
on the basis of time savings alone. 

Because people readily perceive the relationship 
between improved water supplies and time savings, both 
the Inter-American Bank and the World Bank have 
placed increasing emphasis on the time saved in 
carrying water as one way of assessing the benefits of 

improved supplies and suggesting the optimum level of 
service for given economic conditions. 

Estimating the value of the time saved can be 
difficult since, in economic theory, it will depend not only 
on alternative income-producing activities but also on 
such things as caring for children or the value of leisure. 

Some have suggested using potential income from 
handicrafts, street peddling, garden plots, etc., as a 
notional value of tims; others stress that willingness to 
pay, measured by properly designed household surveys 
(or in some cases indicated by prices paid to water 
haulers) is the only way to obtain good estimates. 

Irrespective of the precise value attributed to time, 
comparison of the estimated benefits from time savings 
with the calculated costs of proposed CWS schemes 
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is conducting an impact study on the effects on 
diarrhea1 morbidity in young children of combined 
improvements in water supply (drilled wells with 
handpumps). health education, and latrine construc- 
tion. Preliminary results from a study area in Mirzapur, 
where handpumps and health education have been 
provided, show a reduction in diarrhea cases in 
children under 5 of 31% over a period of one year, 
when compared with a control area in the same district. 
Implementation and monitoring will continue, to rein- 
force the health messages and improve utilization of 
the installed facilities, and to collect more impact data. 

For some diseases, water provides the only 
transmission route, so that improved supplies are the 
only way to reduce disease incidence. The best known 
is Guinea Won (Dranunculiasis), a debilitating 
disease. occurring in India and West Africa, and 
transmitted by drinking water containing an organism 
which is a host for the Guinea Worm larvae. Provision 
of a safe potable water supply is a highly effective 

. preventive measure, as documented in two towns in 
western Nigeria. Before the supply of piped water in 
1963 and 1965. Fiditi and Igbo-Ora (combined 
population 39,000) recorded incidences of Guinea 
Worm of 20% among schoolchildren in one town and 
60% among the total popuiation In the other. No further 
cases were reported two years afte: completion of the 
water supplies, even though the disease was endemic 
tn the surrounding areas (Source: R Muller: 
“Dracunculus and dracunculiasis”. In: B Dawes, ed. 
“Advances in parasitology, Vol 9”. New York: 
Academic Press, 1971, pp 73151). 

Water supply improvements have to be seen as 
only one of several interrelated health interventions, 
forming an integrated program of health care for a 
particular communiQ. Unlike Guinea Worm, most 
diseases have multiple routes of fecal-oral 
transmrssion. including water, person-to-person 

contact and contaminated food. The manner in which 
different risk factors interact to cause a particular 
disease incidence is not fully understood, but it is 
clear that, to realize the full health benefits from RWS 
improvements, sanitation and food hygiene must also 
be improved. 

It has at times been argued that oral rehydration 
should be given priority over water supply 
improvements for cost reasons. While oral 
rehydration, applied through a primary health care 
program, is a very effective and relatively inexpensive 
means of reducing diarrhea1 mortality, other 
interventions are needed to reduce morbidity and to 
prevent or treat chronic or dysenteric diarrhea. This 
integrated approach to health care forms the four-part 
strategy of the Diarrhea1 Disease Control Program of 
the World Health Organization: 

1. lmpraved case management, with particular 
emphasis on the early use of oral rehydration 
therapy in acute diarrhea and on appropriate 
feeding during illness and convalescence; 

2. Improved maternal and child health care, with 
particular emphasis on breast-feeding, weaning 
practices, personal and domestic hygiene, and 
maternal nutrition; 

3. Improved use and maintenance of drinking water 
and sanitation facilities, and improved food 
hygiene; and 

4. Detection and control of epidemics. 

Source: RG Feachem. RC Hogan, and MH Merson: 
“Diarrhoeal disease control: reviews of potential 
interventions”. Bulletin of the World Health 
Organization, 61(4), 1963, pp 637-640. 

can provide a useful rndicatlon of the level of service to 
be provided and the technology to be selected. Thus, for 
example, although one well per 500 persons would 
provrde a lower cost per capita than one well per 200 
persons, the addItIonal time spent queurng would be so 
great that vrllagers would simply prefer to contrnue 
collecting water from an exrstrng unimproved source. 

Some of the main conclusrons from applying cosl- 
benefit analysrs to the choice of CWS technologres are 
discussed In Annex 3. 

Resource Constraints 

Choice from the technology optrons IS not only based on 
a comparison of their beneftts and costs, but also on the 
feaslblllty of provialng the resources required to sustain 

the chosen technology: financial, physlcal and organi- 
zational. 

Financial Resources 

If CWS projects are to be implemented at the pace 
necessary and on a wide enough scale to match the 
needs of developrng countries, capital and recurrent 
costs must be considered within a framework of limited 
resources. Only ;f a sizeable proportion of total costs 
are recovered from the benefiting communities, will it be 
possible to generate funds and replicate projects on the 
scale needed. 

This does not mean that governments or donor 
agencies should stop supporting Investments in 
community water supply, but only through mobilization of 
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- 

W/age Level Operation and Mamtenance - VLOM - ot 
handpumps has a substantral effecf on reducrng recurrent 
casts. The alfernahve ol centrabzed marntenance IS the only 
opt/on for motor~zedpumps 

local cash resources is there hope for widespread rapid 
and self-sustatnlng Improvements in theglobal situation. 

An important difference between handpump 
schemes and motorized-pump systems IS the degree 
that the latter depend on support from outside the 
commumty (It will become clear in Chapter 3 that many 
present handpump projects also rely on external 
support, but the Project has shown that the VLOM 
(Village Level Operatron and Maintenance) approach can 
mrnlmrze or even eliminate this dependence, resulting in 
much higher relrability). Once that outside support is 
fully reflected in cost estimates, sizeable differences 
emerge in annual recurrent costs per capita of the CWS 
options. 

Because of the urgent need, reemphasized by the 
Water Decade, to provide all rural populations with at 
least a mmlmum level of improved supply, it WIII be 
necessary for most of the construction costs of piped 
systems. storage reservoirs. etc., associated with the 
higher levels of service in Table 2.1 to be recovered from 
the community. In evaluating an individual project or 
program, planners need to be sure that finance (sources 
of expenditure and repayments) IS avallable far the 
service level under consideratron - Including the 

infrastructure needed to keep it functioning reliably. 
Converting the high priority for water supply 

improvements felt by communities into contributions 
towards their costs is a challenge to governments, which 
can be met only by good community education and 
participation. The principle of community involvement or 
participation in CWS development has been promoted for 
many years and most agencies have accepted that 
some form of participation is a prerequisite for success. 
There is evidence from all over the world that it is the 
schemes developed by the community (with technical 
assistance from outside) which stand the greatest 
chance of being sustained in good working order. 

Constraints on available funds for capital and 
recurrent costs mean that low-cost options will be 
favored in an environment where maximum coverage is 
the goal. 

where maximum coverage 
is the goal. ” 

Physical Resources 

Water resource limitations are the first and perhaps 
easiest to assess of the physical resource constraints 
to be taken into account when comparing CWS 
technology options. Surface water sources (rivers, 
springs, etc.) need to be identified, and compared with 
groundwater in terms of availability and water quality. 

Compared with surface water, groundwater as a 
source has a number of advantages: 

. It yields safe water which rarely needs treatment. 

. It provides a substantial storage buffer to cope with 
seasonal variations in supply and demand and with 
prolonged droughts. 

. It enables a variety of relatively simple installations 
to supply water directly to the user at low cost, by 
manual, electric, diesel, wind, or solar powered 
pumps. 

. It allows for phased development without the hiyh 
“up-front” costs for storage, transmission lines, 
treatment plants, etc., needed to meet final demand 
in a surface water scheme. 

Of most importance in CWS planning is the safety 
that groundwater usually offers. Because surface 
waters are prone to serious contamination, even 
temporary failure of the treatment system can result in 
an outbreak of waterborne disease. Reliable operators, 
spare parts and uninterrupted supplies of fuel and 
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chemicals are therefore a prerequisite of systems based 
on surface water sources. 

in choosing a water source, it is far preferable to find 
one which supplies sufficient good quality water and to 
protect it, rather than to take water from a doubtful 
source and treat it. Springs, protected upland streams 
and groundwater are thus the preferred choices. There 
are however some situations in which groundwater may 
prove unsuitable. Naturally occurring salts can make the 
water unpalatable or aesthetically unacceptable (e.g. 
high iron levels impart a bitter taste and can stain food 
and laundry), and in some cases may be damaging to 
health. 

The level of groundwater and the potential yield of 
drilled wells have to be assessed. Handpumps usually 
turn out to be more economic the smaller the pumping lift 
and the lower the cost of well construction. As figure 2.1 
shows, the vast majority of rural water supply wells 
worldwide have pumping lifts of less than 25 meters, for 
which handpumps can provide very good service. 
However, as the pumping lift increases. the effort 
needed to pump water manually also rises. Below 40-50 
meters, motorized pumps should be used wherever they 
can be maintained. The quantities of water pumped from 
wells for domestic water supply are small, and will rarely 
exceed the natural recharge capacity of an aquifer. 
There are however numerous examples of lowered water 
tables caused by prolonged pumping for irrigation 
(Bangladesh, India and China among others), and this 
can have a damaging effect on nearby CWS wells. 

Hydrogeological knowledge is important in 
determining well yields. In the basement rocks of Africa 
and India for instance, it can be difficult to site wells 
even to draw the minimum acceptable flow for a 
handpump (about 0.2 literslsec), and very large 
drawdown can be expected if motorized pumps are used. 

To take advantage of the economies of scale !hat 
are possible with motorized pumps, wells are typically 
designed to provide sufficient yield to meet the total 
demand of a small community. Water use in a community 
of 400 people will be from 8 to 50 cubic meters a day, 
depending whether standpipes or yardtaps are installed, 
and that will usually mean a pump discharge rate of 1 
liter/set or more. Achieving such well yields in basement 
rocks can make wells very expensive, and success 
rates are likely to be low. 

Energy Resources include primarily human, electric, 
diesel, wind, and solar. Any CWS system which depends 
on something other than human energy for its operation 
involves an added risk of failure through supply 
interruption (electricity from the grid, diesel, wind, etc.). 
These reliability risks can be minimized by proper 
design, but often this means much higher costs and 
forces the community to rely on external resources 
outside its control. 

In most cases, water can be pumped for 
substantially less cost if an electric grid is available than 
if the pump must be driven by diesel, wind or solar power. 
Trucking diesel fuel over long distances can raise its 

Figure 2.1 Pumping Lift Frequency 
Distribution in Field Trials 

Median = I,? mctcn 

II 
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Pumping lift (mncrr) 

In the Project fiekl trials, efforts were made to site wells where 
groundwater was as deep as possible - the aim being to 
develop handpumps suitable for deepwell applications. 
However. as the diagram shows. 75% of the wells involved 
pumping lifts of less than 20 meters. and 85% were less than 25 
meters. It seems likely fhat these figures are a good ref/ecfion 
of the global sifuafion in ferms of groundwafer depth. 

price several-fold, but the actual cost of the fuel is less 
significant than its reliability. All too often, diesel fuel is 
diverted to other buyers rather than the isolated pump, 
or access is prevented by bad road conditions, or the 
delivery truck breaks down. 

Successes and failures of major pumping projects 
based on renewable energy resources (wind or solar) are 
not so well documented. Renewable energy has one 
clear advantage over diesel, in that there is no depen- 
dence on external fuel supplies. However, wind and solar 
pumping schemes have substantially higher initial costs 
and they do share diesel’s other big handicap - the need 
for more sophisticated and costlier maintenance skills 
and spare parts that are not readily available to the 
community. Some components of solar systems that 
have been introduced in developing countries cannot 
even be repaired at the country level, but have to be 
replaced with new equipment or shipped to the overseas 
manufacturer if a breakdown occurs - a logistically 
prohibitive option. Renewable energy systems also 
involve extra costs in comparison with liondpumps, 
because of the back-up water supply need& to cope 
with times when the energy source is not available. 

These constraints do not rule out motorized pumps, 
but they do mean that ways of ensuring reliable supplies 
must be worked out and costed, before the community 
takes the decision on the affordability of higher service 
levels. 

Organizational Resources 

These are perhaps the most difficult to evaluate in 
planning a CWS program, which may explain why so 
many projects founder because the right skills, materials 
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or institutional structures are not available to keep them 
functioning. The better trained the mechanics, the more 
frequent the outlets for spare parts, the closer and more 
reliable the fuel supply, the better the supervision of well 
construction, etc., the greater WIII be the reliability of the 
CWS system. 

Organization and management of available skills 
and equipment becomes more complex as the service 
level increases - a powerful argument for step-by-step 
progress. For handpump schemes, the organizational 
structure needed involves creation of a mechanism such 
as a waler committee to manage collection of charges 
from users, to initiate repair and maintenance activities, 
to pay for maintenance services, and to procure spare 
parts. Motorized pumping schemes include these 
elements and, in addition, require an operator, a reliable 
electric power or diesel fuel supply, a greater variety of 
spare parts and tools, and more advanced mechanical 
repair skills. 

If reliable electric power is available from a central 
grid, an electric pump can be a relatively inexpensive 
and operationally simple means of lifting water. However, 
if the power is irreguiar, or available for only short 
periods each day, daily water demand may not be met 
and expensive eievated storage may have to be 
increased. Whan the supply is intermittent, users tend to 
leave taps open, to fill containers when power is 
restored. Distribution is then inequitable, with only those 
closest to the storage tank being able to obtain water, 
and there is high wastage. Automatically closing taps 
and flow restrictors have sometimes been successful in 
saving water on larger, mainly urban, schemes, but they 
are expensive and unpopular with users, who quickly 
find ways to disable them. 

Diesel pumping is generally less reliable than 
electric pumping. In rural areas, it is difficult to ensure 
reliable fuel supplies; and diesel engines have more 
complex maintenance requirements. An example from 
Nigeria illustrates the resource needs. A typical 
installation consists of a 40m deep drilled well with a 
pumping lift of about 20 meters, a submersible electric 
pump, a diesel generator housed in a small building, and 
a storage tank with one day’s capacity. Watchmen are 
employed round the clock for security and to prevent 
wastage, and one or two operators run the generator and 
carry out basic maintenance. Scheduled maintenance 
and major repairs are the responsibility of mechanics 
from the government workshop. The users are 
responsible for ensuring that there is enough diesel. One 
organizational structure involves the watchmen noting 
frequent users and establishing a roster of families to 
supply the fuel for the generator (covering transport 
costs as well). The system is dependent on all the inputs 
being reliable and is somewhat fragile, as once the one 
day storage is used up, users must revert to traditional 
sources. 

Availability of skilled manpower is a critical 
consideration in technology choice, as it has a direct 
impact on the feasibility and cost of installing and 
sustaining any type of system. Developing countries 
typically have a severe shortage of trained people in the 
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water supply sector, particularly in rural areas. Lack of 
professional and semi-professional staff is one of the 
top constraints reported to the World Health 
Organization in that agency’s monitoring of progress in 
the International Drinking Water Supply and Sanitation 
Decade. Evidence is easy to find: many of the disused 
schemes in urban and rural areas are idle because the 
personnel could not be found or retained to organize and 
carry out the repairs needed. 

Assessment of organizational resources has to be 
carried out at both national and community level, and a 
decision reached on the duties for which each will take 
responsibility. Reliance on national organizations for 
regular maintenance support is not a satisfactory option, 
as it becomes an increasing logistical burden on central 
government as more and more systems are installed, 
and it is susceptible to future policy changes. Self 
reliance at the community level is the only workable 
alternative in the long run, and the community must 
assess whether it can provide the level of skills and 
equipment needed for a higher level of service, or opt for 
the lesser maintenance needs of a handpump-based 
system. 

The Right Choice 

Returning to the steps in CWS improvement presented in 
Table 2.1: 

Step 1 - Improvement of traditional sources - offers 
few benefits, either in terms of time savings or improved 
water quality. It may nevertheless be the only choice 
available for communities which have not even the 
financial or organiza!%al resources to manage the 
upkeep of a handpump. 

Step 2 - Handpumps - has clear advantages over 
Step 1, particularly in its use of groundwater without 
costly or unreliable water quality protection or treatment 
usually associated with improvement of surface water 
sources. Where groundwater is not available in adequate 
quantity or quality for handpumps, other feasible options 
WIII need to be explored. Typically, handpump-based 
schemes have often had a high proportion of pumps out 
of order at any one time, because one or more of the 
important components necessary for success has been 
lacking. Specifically, projects have suffered from: wrong 
choice of handpump (low durability, unsuitable for local 
maintenance, poor installation, lack of spare parts, 
etc.); insufficient community involvement and comm- 
unity financing; poor borehole design and completion 
(sand inflitrat%n, poor water quality, insufficient yield, 
etc.); central rather than community-managed marn- 
tenance (high cost, long delays). More recent schemes 
show a marked improvement in performance, but further 
improvements in the implementation of systems are still 
needed. The critical elements now known to be 
necessary for sustainable and widely replicable 
programs, are discussed in detail in Chapter 3. 

Steps 3 and 4 - Standpipes and Yardtaps - The step 



Goundwater and surface wafer sources need to be analysed 
dt?d compared. m terms of quanfrty and qualrty. 

from manual to motorized pumping is a big one, markedly 
IncreasIng the complexity of the system. Put stmply. the 
Increased complexity of CWS systems deslgned to 
provtde progressively higher servlce levels brings added 
nsk of failure. As a result. the level of service actually 
provided by motorized pump schemes is often much 
lower than planned, though ccsts remain high. 

Typical problems thal arise in some prnjects with 
piped distnbutlon systems Include: 

. Intermittent supply (often made worse because 
users leave buckets under open taps, resulting IIT 
uneven distribution and wasting a high proportion of 
the water when the supply IS restored); 

. Power supply failure (electric grid supplies can be 
unpredictable, while diesel trucked over long 
distances may be diverted for other purposes or 
unreliable due to transport problems); 

. Prolonged system failure because complex devices 
cannot be repatred locally (parts, tools or skills 
needed from outside); 

. lnsufficlent water avaIlable at the source for motor 
pumping (often a seascnal problem with springs, 
streams or boreholes); and 

. Drainage problems arising from the higher per capita 
consumption and increased wastage. 

The overriding message for CWS planners is that, 
for any system, reliability depends as much on the 
necessary combination of management skills and 

loglstical and technical support being available as It 
does on the selection of hardware. It means too that 
increasing dependence on mechanlcal or electrical 
equipment or on external supplies of spare parts, fu6l or 
chemicals can prevent the planned service level from 
being achieved, unless pre-planning can guarantee that 
necessary skills and supplies will be reliably available. 
Sustainability based on community resources is a vital 
design parameter, if rural water supply IS to expand 
without being a continual drain on scarce financial and 
human resources, and will determine the speed with 
which CWS programs can be implemented on a wide 
scale. 

Assessment of CWS successes and failures 
throughout the developing world leads to the conclusion 
that experience in operation of a handpump system, and 
realization of the benefits of improved water supplies, 
can greatly enhance the chances of success with higher 
service levels implemented later. In exceptional cases, 
even the resource commitments needed for a reliable 
handpump system may be too great to allow immediate 
Implementation. in which case simple improvement of 
traditional sources will be an essential first step. 

In selecting that first step, CWS planners must work 
closely with the communities to be served, to evaluate 
the resource demands of each technology option, and 
compare them with available resources. The cost-benefit 
analysis alone may suggest that a higher service level 
than handpumps is appropriate, but in many parts of the 
world, the organizational resources do not exist to 
sustain such a service level. Handpumps may then be 
seen as a first-stage development. enabling experience 
to be gained at a comparatively simple level of 
technology, while providing the opportunity for upgrading 
the system later. If water resources allow, it may be both 
practical and economic for diesel or electric pumps to be 
fitted to wells originally drilled for handpumps. once the 
community has gained experience in managing the 
handpump project and has demonstrated a desire, a 
willingness to pay and the means to pay for the higher 
service level. 

The premise for technology selection (Page 19) was 
that: “the technology chosen should grvo the communify 
the hghesl servfce /eve/ fhat it is willing to pay for, will 
benefit Irom. and has the insfifutional capacity to 
sustain.” The conditions may seem obvious, but all too 
often the caveats of sustainability, reliability and 
affordability are ignored in the desire of planners and 
donors to reach higher steps on the technology ladder. 
The result is allocation of iimited resources to far fewer 
communities than could be reached with sustainable 
services at a more moderate level. 
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Wells equipped with handpumps are among the simplest 
of community water supply technologies. Compared with 
electric or diesel pumps, handpumps require substan- 
tially less financial and institutional resources. With the 
right planning, handpump-based community water 
supplies can be adequately managed by benefitting 
communities. But. regardless of whether a handpump 
project is initiated as a first-stage water supply develop- 
ment or as the long-term solution to a community’s water 
needs, experience shows that its success depends on 
proper attention to six key elements of the whole system 
- the communify, the aquifer, the we//, the maintenance 
system, the pump, and fhe finance. 

Few failures can be blamed solely on the choice of 
handpump. Analvsis of a great many schemes which 
have failed to live up to expectations reveals one 
predominant cause - inadequate arrangements for 
routine operation and maintenance. Along with the 
choice of inappropriate pump technology, other prom- 
inent causes of failure are: badly constructed wells; lack 
of community involvement in project selection and 
implementation; designing for the wrong service level; 
siting pumps in the wrong place or at the wrong depth; 
failure to ensure an adequate spare parts supply; 
disregard of water quality implications (taste or 
corrosion); and failure to ensure funds for equipment or 
spares. 

It is not sufficient to ensure that most of these prob- 
lems are avoided. Failure to deal with any one of the key 
elements can jeopardize the success of the whole 
scheme. Long-term success in fact depends on a 
complete package of hardware and software elements 
designed to ensure that the completed scheme can be 
reliably sustained by the benefitting community. 

Whatever manufacturers’ literature may claim, the 
maintenance-free handpump does not exist. The Project 
has tested most of the internationally recognized hand- 
pumps which were on the market when tt e field trials got 
under way in 1982. more than 70 pump models in all. To 
date, the average period between essentia! inter- 
ventions (actions necessary to repair breakdowns or 

correct poor pump performance) over all the field trials 
is six months, with a wide range of values for the 
different pump models, depending on the water level, the 
number of people served, the type of pump, etc. Sturdy 
construction and durable materials may increase the 
interval between essential repairs - usually with added 
cost and difficulty when the repair actually is needed. 
But any handpump will need attention eventually. 

Too many projects fail because the maintenance 
needs cannot be met. It follows that a key objective of 
any community water strategy should be to create 
projects which can be kept in proper working order with 
the resources known to be available. The fact that this 
apparently simple goal has proved so difficult to achieve 
in the past has called for a detailed analysis of the 
individual elements involved in water project planning 
and operation. The result is a series of guidelines for 
improving the chances of providing reliable and sustain- 
able community water supplies based on handpumps. 
The guidelines cover the six interdependent parts of any 
handpump project - the community, the aquifer, the 
well, the maintenance system, the pump, and the 
finance. These key elements are discussed in detail in 
the remainder of this Chapter, beginning with the issue 
which has been shown to be central to overall success: 

The Maintenance System 

Maintenance is an inevitable requirement of any system 
which depends on mechanical equipment, however 
simple that equipment may be. Historically, handpump 
maintenance has been managed in many different ways, 
though, with few exceptions, the principle has been to 
repair the pump once it has broken down rather than to 
carry out scheduled preventive maintenance. 

In most projects, a centralized mobile maintenance 
team run by national or regional government or a donor 
organization is responsible for maintenance of large 
numbers of widely dispersed handpumps. The central 
organizations, with few spares for the pumps and 
vehicles, few operational vehicles, and long response 

HANDPUMP PROJECT PLANNING AND IMPLEMENTATION 31 



Women’ are increasingly becoming involved in handpump main- 
fenance. w/fh benelioal eflecrs on the rebabilrty of completed 
schemes. Here, Bangladesh; women caretakers are replacing a 
plunger sea/. Carefakers need to be traIned In basrc lechrucal 
shrlls. and must have ready access to regularly needed spare 
PXtS. 

ttmes. are often unable to provide this service satisfac- 
torily. Their budgets are too low, management is inad. 
equate. and there are few incentives for staff to perform 
well. In the few cases where centralized maintenance is 
highly effective. usually with donor support, it is 
expensive. 

In recent years, backed by strong promotion from 
the Project. developing country governments have 
recognized the st.ortcomings of centralized mainte- 
nance and the need for greater community involvement. 
The concept of village-level operation and maintenance 
(VLOM - see Box 1.3 in Chapter 1) spread quickly 
among handpump specialists and was adopted as a goal 
by a number of manufacturers (though not always with 
the same Interpretation as the Project intended). VLOM 
designs were consciously developed from 1981 
onwards. and a number have featured in the Project field 
trials and received technical and financial support for 
further development. 

Possible handpump maintenance systems cover a 
wide spectrum, from total community management with 
no external intervention to complete control by the 
government water agency or other external organization 
with no Involvement of the community at all. In discus- 
sing the merits of individual handpumps and their 
maintenance needs in the remainder of this report, it is 
useful to define two categories of maintenance, accor- 
ding to whether the decision making rests with the water 
authority or the community, recognizing that each cate- 
gory can only be an approximatio.1 to the actual situation 
on any particular project or program. 

7. Community Management of 
Maintenance 

The key element in this type of management is comm- 
unity choice. The water committee or other community 

organization finances and organizes all handpump main- 
tenance and repair. Success is related to a sense of 
community ownership of the well and pump and can only 
be achieved when the organizational capacity of the 
community is adequate. 

For community management to be feasible, the 
selected pumps must be suitable for simple routine main- 
tenance with basic tools and minimal skills. Common 
spare parts must be readily available in or near the comm- 
unity, which will usually mean that they are manufac- 
tured localiy; and there mast be a suitable community 
structure for recovering the costs of main!enance and 
repair operations. 

The public sector has a crucial role to play in estab- 
lishing the framework for community maintenance by: 

. Ensuring the availability of handpump spares, by 
encouraging standardization, facilitating manufac- 
ture through appropriate incentives, and enforcing 
quality control; 

. Providing extension support for handpump main- 
tenance through initial training of community leaders 
in financial management and Dump caretakers in 
basic technical skills, and periodic monitoring and 
refresher courses to maintain standards. 

After an initial period of heavy involvement in 
construction and the initiation of community main- 
tenance, the role of the public authority will greatly 
diminish. A backup service may be needed for extra- 
ordinary repair (e.g. in case of clogging of the drilled 
well), or intervention in the event that community man- 
agement collapses. Periodic monitoring and refresher 
courses for caretakers and mechanics will also help to 
assure reliable operation, and should form part of long- 
term extension support to community development. In 
addition, the government has a responsibility for 
ensuring that quality standards are established, and to 
monitor compliance with such standards through 
periodic visits and testing procedures. 

Under community management, maintenance and 
repair is in practice carried out either by one or more 
caretakers, or by an area mechanic servicing 
several pumps in the vicinity. 

IA. Village Caretaker 
Preventive maintenance and pump repair is carried out 
by one or more designated community members after a 
minimum of training. Procurement and storage of 
essential spare parts and provision of necessary tools 
and equipment for pump maintenance is a community 
responsibility and any external help is initiated and paid 
for by the community. 

Costs are very low: transport is not required, except 
possibly to buy spare parts from the nearest outlet; 
breakdowns are infrequent because of preventive 
maintenance, and response times when breakdowns do 
occur are usually short; and full control of the water 
supply is in the hands of the community. The community 
collects money to create a maintenance fund, which is 
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Box 3.a Village-level Maintenance In Burkina Faso 

Village-level management of handpump-based comm- point committees with seven members, including two 
unity water supplies is a key feature of a rural water women and two pump caretakers, and the members 
supply project covering two provinces in Burkina were given training appropriate to their respon- 
Faso (Yatenga in the north and Comoe in the south- sibilities. 
west). Cost estimates from Yatenga indicate main- At the provincial level, enough area mechanics 
tenance costs of about US$O.O5 per capita per year, were trained to service the pumps on the basis of one 
and monitoring by the Handpumps Project for two mechanic to every ten pumps. The mechanics them- 
years showed that 65% of the pumps were working at selves were nominated by the villagers, and were 

generally already involved in some type of mechanical 
The maintenance cost of the handpumps work (bicycle/motorcycle repair, etc). The project also 

compares with an estimate of US$O.65 per capita per helped to set up a distribution network for pump spare 
year for the cost of fetching water by traditional parts. 
means (bucket and rope) from Yatenga’s typical well Responsibility for project execution was given to 
depth of 20 meters. national staff, and local well drillers were contracted 

Financed by the European Development Fund to rehabilitate and deepen old dug wells using hand- 
(EDF). the rural water supply project in Burkina Faso operated cable-tool rigs. 
has been modelled on principles developed by Pump selection too was made with village-level 
experts from African, Caribbean and Pacific maintenance in mind, and after competitive tender the 
countries and the European Economic Community at foot-operated Vergnet pump was selected and 465 
a consultative meeting in Bamako, Mali, in 1979. A pumps were installed in the first phase. The Vergnet is 
major objective of the meeting’s recommendations relatively light; the pump cylinder can be pulled from 
was that responsibility for operation and maintenance the well without lifting equipment; and wearing parts 
of water points should be transferred to the users. In can easily be replaced by trained area mechanics. 
the case of the EDF project in Burkina Faso, the aim Under the management of the water committees, 
has been to set up a system which is entirely routine maintenance is carried out by the pump 
independent of outside support (from government or caretakers, and the area mechanics perform major 

repairs. Spare parts prices are controlled, while the 
Motivation cf villagers to participate in main- area mechanics negotiate fees for their services with 

tenance of the completed project began early. The the water committees. The caretakers are generally 
communities were directly involved in the decision unpaid, though in some instances they may receive 
making processes - choosing between dug wells cash or labor assistance in cultivating their fields. 
without handpumps and drilled or dug wells with The water point committees collect money for 
handpumps, and taking part in selection of well sites. handpump maintenance and typically have a reserve 
Contributions were collected towards financing of the of about US$lOO held in a cash box. The system is 
well superstructures, and villagers met the cost of working well. and costs are affordable by the comm- 
handpump installation and maintenance. unity. The handpumps are accepted and valued, and 

Before any well construction started, the vill- all the people directly involved (caretakers, area 
agers were told about the technical aspects of mechanics, local spare parts traders) are ready and 
potential water supply improvements, the advan- able to take on the necessary responsibilities. 
tages and disadvantages of water points equipped Paradoxically, the most fragile point of the main- 
with handpumps, and the commitments they would be tenance system on the EDF project is not the village- 
expected to fulfii in terms of financial contributions managed repair operations, but the supply, 
and maintenance duties. distribution and cost of the imported spare parts. 

The project helped in the organization of water 

used to buy necessary spare parts readily available on A comparatively recent development has been the 
the market, and to pay the caretaker(s) if necessary. substantial involvement of women in handpump 
Caretakers may sometimes be volunteers, but an maintenance. Concerns that training women in 
arrangement whereby they receive payment is strongly maintenance skills would be Inappropriate to their role in 
recommended, as it helps to provide lasting motivation rural society have proved unfounded in a number of 
to stay on the job. This type of maintenance was the countries. On the contrary, women caretakers have 
original VLOM concept and it remains a long-term goal, demonstrated interest, enthusiasm and ability to keep 
offering the most effective way of maintaining new the water system working, because of their traditional 
systems. role as providers of water for the family. 
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Box 3.2 Handpump Maintenance: The Three-tier System in India 

In support of India’s extensive rural water supply 
program, a “three-tier” system has been developed 
for maintenance of the India Mark II handpump. By 
the end of 1982, there were some 150,000 Mark Ils in 
operation in 14 Indian States (the figure is now 
approaching one million), and the Government of 
India, with support from UNICEF, sponsored a survey 
on the effectiveness of maintenance in four states - 
Orissa, Madhya Pradesh, Tamil Nadu and Rajasthan. 

The results, published in 1984, showed distinct 
variations from one state to another, and provided 
valuable information about the targets which were 
feasible in operation of the three-tier system. 

The aim is that a village pump caretaker should 
be responsible for routine maintenance of a single 
handpump (Tier 1): a “block mechanic” (in India a 
“block” refers to a large area with several villages) 
with specialist skills and tools should be responsible 
for more complex maintenance and most repairs, with 
responsibility for 50-60 pumps (Tier 2); and a mobile 
team at the district level should be on hand for major 
repairs calling for transport of heavy parts or lifting 
gear. The mobile teams should cover about 500 
pumps (Tier 3). The system was developed following 
surveys In the early 1970s. which had revealed that 
as many as 75% of handpumps installed in India were 
out of operation at any given time. 

The 1984 results were much more encouraging 
(60x Table 3.2A). with the number of Dumps out of 
commission in the sample ranging from 25% in 
Rajasthan to just 2% in Madhya Pradesh. 
Unfortunately, cost information is sparse, particularly 
in relation to transport - usually the most expensive 

Box Table 3.2A Cost Data on 
Handpurnp Maintenance 

Madhya Tamil 
Orissa Pradhesh Nadu Rajasfhan 

Pump cost 
(ilS$) 270 280 379 N.A. 

Maintenance Motorized Block Block Private 
system mobile mechal;ic mechanic mechanic 

team + mobile + mobile + block 
team team mechanic 

Percent of pumps 
working 95 98 78 75 

Annual recurrent 
cost (US$. 19&p 

Labor local I2 43 21 19 
Transport 6 13 11 
Pump spares 21 9 5 5b 
Other costs 1 2 

Total 40 67 37 - 
Cost per capitaC 0.20 0.34 0.19 

mmsz:i hT_m*-~a~ m- I __-.~-~-.,-~--ll_S-_O--_ja~~~~-. 

Notes: a. Overheads not included. b. Amount allo- 
cated by PHED to Rural Development and Panchayat. 
c. Based on 200 people per pump. 

IS Area Mechanic 
The commumty may contract a mechamc from nearby to 
frx the pump. paymg for the service through a 
maintenance fund. A typical example involves the 
employment of a repalrman with a bicycle who lives 
locally and services handpumps in a number of 
surrounding communltles. This system reduces the need 
for slmpliclty of the pump to some degree (the repairman 
can be expected to carry a tool kit and to have better 
mechanical skills). but lightness and ready availability of 
spares are still tmportant requirements of handpump 
design. 

While maintenance carned out by a village caretaker 
IS still relatively rare, area-mechanic matntenance has 
gamed rapid popuianty In recent years. and constitutes 
a substantial improvement both in cost and in the 
reliabrlity of the service provided. In some projects. such 

as the one in West Africa described in Box 3.1, repairs 
are effectively organized under community 
management. In other projects, the area mechanic is 
responsible to the government water authority, as in 
Malawi (Box 3.3). A similar arrangement exists in India 
(Box 3.2). though in some States local government units 
mvolving groups of communities are beginning to 
assume responsibility for maintenance with a continued 
subsidy from State or central government. 

2. Central Management of Maintenance 

A governmental or other agency maintains the 
handpumps. with mobile teams travelling from base 
camps to carry out repairs. The:e are two types of such 
maintenance, depending on whether the community 
participates in maintenance activities. 
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element of any system which depends on mobile 
teams. However, the data provide illustrative 
comparisons of different versions of the planned 
maintenance system (see Box Table 3.2A). 

In Orissa, Mayurbhanj District was the first to 
introduce the three-tier system and it was not fully 
bperational at the time of the survey. The 2,700 
pumps were being maintained by three mobile units 
(900 pumps per unit) under the control of the Public 
Health Engineering and Municipal Works Department 
(PHED). Block mechanics had not been established 
and pump caretakers had been appointed in less than 
half of the blocks surveyed. The survey found that 
95% of the pumps were working, but noted that 80% 
were less than four years old. 

In the Jabhua District of Madhya Pradesh, 36 
block mechanics and three mobile units looked after 
2,130 pumps. No pump caretakers had been app- 
ointed in the survey area. Again, a high proportion of 
the pumps (85%) were less than four years old, and in 
this case 98% of the pumps were working. In Tamil 
Nadu, the survey was conducted in Tirunevelli 
District, where over 95% of the maintenance on 3,210 
pumps was carried out by 31 block mechanics (104 
pumps per mechanic). There were four mobile teams, 
each responsible for 800 pumps and pump 
caretakers had been appointed for three-quarters of 
the pumps, but their duties were limited to reporting 
breakdowns. Half of the pumps were more than 4 
years old and the survey found that 78% were 
operating. Since 1982, responsibility for maintenance 
has been transferred from the PHED to the Govern- 
ment’s local administrative units (Panchayat Unions). 

The fourth survey area was Amjer District in 
Rajasthan, where a single level “one-tier system” had 
been implemented by training a number of private 
sector mechanics to carry out pump maintenance and 
repairs, on the basis of about 30 pumps per mechanic. 
At the time of the survey, about half of the repairs 
were actually being carried out by the private pump 
repair mechanics paid by the Panchayat with funds 
transferred from the PHED. Not all of the mechanics 
were being paid and several had left their jobs for 
other occupations. PHED block mechanics were carr- 
ying out most of the repairs on the remaining pumps, 
with a few being repaired privately. Overall, 75% of the 
pumps surveyed were working satisfactorily, but the 
average downtime of one month was considered by 
the investigators to be too long a response time. 

One important conclusion from the survey is that 
local block mechanics can maintain India Mark II 
handpumps, while depending on mobile teams only for 
extraordinary repairs. By basing the maintenance sys- 
tem on local mechanics, vehicle costs can be consid- 
erably reduced, and the overall recurrent costs 
brought down to affordable levels. Pump caretakers 
were not found to be effective for carrying out main- 
tenance. Lacking tools, grease, materials, etc, and 
with no financial incentives, they had little interest in 
the upkeep of their pumps, though their role remains 
important as a means of contacting the mechanics 
when breakdowns occur. Indeed, the survey noted a 
lack of any commitment by local communities towards 
pump maintenance, and attributed this in part to the 
absence of any financial contribution being required 
from the community towards pump maintenance. 

2A Central Maintenance with 
Community Involvement 
Responsibility for carrying out and financing operation 
and maintenance is divided between the community and 
an external agency - IJsJaliy the government water 
authority. but sometimes a parastatal, donor or non- 
governmental organization. This division of 
responsibilities is specified in an agreement settled in 
discussions with community leaders in the planning 
phase of the project. Pump maintenance is managed by 
the external agency, with the community accepting 
certain responsibilities as part of its contribution to the 
scheme. 

The arrangement will typically involve a designated 
handpdmp caretaker within the community undertaking 
some preventive maintenance and probably simple 
repairs, commonly llmited to the pumphead and 

surrounds. As with System 1. the Project recommends 
that such caretakers should be paid, and that the 
community has an organization (e.g. a water committee) 
responsible for funds collection and other management 
activities. Major repairs are usually the responsibility of 
the external agency, which pays the repair teams and 
provides the spare parts. 

A degree of community participation has also made 
it possible in some projects to dispense with, or 
considerably reduce, the use of motor vehicles. Instead, 
government mechanics are located in areas where each 
can service a number of pumps (from 15 to 100 or more). 
These mechanics, together with village caretakers, have 
been able to repair pumps in countries such as India and 
Malawi (Boxes 3.2 and 3.3), using only a bicycle to travel 
between pumps and to transport tools and spares. 

This form of maintenance has been coming into 
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Box 3.3 Community Involvement in Malawi’s Integrated Rural Water Supply 

The Livulezi Rural Water Supply Project in Malawi has 
a number of interesting features, which have helped 
to keepdown costs and promote reliable functioning: 

l Wells were only drilled if hand-dug wells could not 
be constructed at the particular location. 
Wherever feasible, existing wells were rehabili- 
tated and, in the case of dug wells, protected. 

l Drilling extended only far enough to obtain a flow 
into the well to support the discharge for a hand- 
pump. This usually meant that depths were 
restricted to 20-30 meters, most of it through 
weathered rock; little penetration was needed 
into basement rock. 

. The cable tool rigs which were used had belonged 
to the government for more than 15 years, and 
their costs were fully depreciated. 

. Drilling and dug-well construction were integrated 
in clearly defined projects, allowing greater prod- 
uction, effective supervision, and lower costs. 

. Most wells were equipped with handpumps 
produced in Malawi to alleviate the problems 
associated with imported spare parts; the pumps 
were designed for village-level maintenance. 

l Maintenance of the handpumps is decentralized. 
A village caretaker was appointed for each pump 
and is responsible for simple maintenance. Break- 
downs are reported to one of two government- 
trained mechanics, each equipped with a bicycle 
and living in the project area. The villagers 
themselves assist in transporting the tools to the 
pump and help the local mechanic with repairs. 

. Costs of construction and maintenance have 
been recorded throughout the project. 

Drilled wells were constructed by the Department of 
Lands, Valuation and Water (DLVW). The community 
participated in site location as well as construction. 
Design criteria were: 27 liters per head per day; a 
maximum walking distance of 500 meters; and a 
maximum of 125 people served by 3 dug well and 250 
people served by a drilled well. The completed 
Livulezi Integrated Project consists of 200 wells 
(including rehabilitated wells), which serve almost 
50,000 people. Its success led to similar integrated 
projects in other parts of Malawi, and in other 
countries. 

At present, logistical support fcr the supply of 
spare parts depends in large measure on the United 
Nations Volunteer, an engineer employed by the 
Handpumps Project, whose main job is recording the 
performance of pumps being monitored in the field 
irials. Having a pick-up truck at his disposal, he has 
also been transporting spare parts and restocking 

the stores held by the two mechanics. When mon 
toring ends, other arrangements will have to be foun 
for supplying spare parts to the Livulezi project are: 
Another problem, already becoming apparent, i 
funding for centralized procurement of spare part: 
The Malawi government does hot presently seek an 
payments from villagers for recurrent costs. 

Assuming that the wells have a life of 20 year 
and the pumps a life of 10 years, and with interest i 
lo%, the annualized cost of handpumps and drille 
wells at Livulezi is aboui $207 per pump, includin 
capital and maintenance. This amounts to $0.83 pc 
capita per year for the 250 users per pump. 

Box Table 3.3A Capital Costs of 
Llvulezi Wells (US$) 
UI_Y_UDN-Y-.~=_-“-‘...I.-^~-I-.-”I 

Drilled well Dug well 
plus pump plus pump 

Drecf cosls 
Materials 300 280 
Labor 70 20 
Sub total 370 300 
indirect costs 

a Camp 160 150 
Transport 260 210 
Other 130 60 
Sub total 570 420 

Total well cosis 940 720 
Pump and Apron (estimate) 450 a 
Total Cost 1,390 720 

No. of people served 250 125 
Cost per person $5.56 $5.75 
,__,._..._ _ .-.-_,. ..- _~ .-,,._ “.Y._...* _I,. .*u/.e- .II1l,wl..i- __ja_m.v 
Note: Costs are averaged over 96 drilled wells and 42 
dug wells They are based on 1962 prices In Malawi 
Kwatcha converted to US$ and adjusted to 1965 

1 values. a. Included In Materials costs above. 

Box Table 3.38 Maintenance 
Costs of Wells 

Direct cosrs 
Spare parts 
Maintenance staff 
Sub total 
hdirecl cos:s 
Share of overhead staff 
Transport 
Sub total 

Annualcost 
per pump 

2.64 
4.64 
7.48 

10.20 
6.22 

16.42 

perperson 

0.04 
0.03 
0.07 

I Total $23.90 $0.10 



popular use since the beginning of the 1980% and there 
are many encouraging success stories. Costs are lower 
than those of System 28, where all maintenance is 
carried out by the external authority. It is also more 
readily achievable in political terms in many developing 
countries than immediate village-level management of 
maintenance, and can serve as a transitional form of 
maintenance until the community can assume full 
responsibility under System 1 A or 1 B. 

The distinction between this arrangement and 
System 18 is that these area mechanics are managed 
and funded by the agency, with little chance of full 
recovery of maintenance costs from the community. The 
long-term sustainability of such an arrangement is 
therefore questionable. A major disadvantage too is that 
policy changes or budgetary restrictions could reduce 
the effectiveness of maintenance activities, even when 
the community is paying in full, if control of the funds 
rests with the government. 

28 Central Maintenance 
This remains the most common form of handpump 
maintenance and will continue to be needed for the more 
complex and heavy handpump !ypes and for deep pump 
settings. The usual form consists of a public sector 
organization managing mobile (district) maintenance 
teams strategically located across the region. The 
teams report to a regional or national headquarters which 
handles overall budgets and spare parts procurement 
and distribution. Each team includes skilled workers 
equipped with special tools and a motor vehicle (some- 
times a large truck with a crane). Handpumps are visited 
when the community reports a breakdown or, in excep- 
tional cases, according to a regular maintenance 
schedule. 

High cost and poor service are generally associated 
with the sys?sm, because: 

. direct costs of vehicles are typically 50% or more of 
the total costs of mobile maintenance teams; 

l vehicle breakdowns result in long delays in respon- 
ding to reported handpump maintenance needs; 

. transport management in the public sector is 
difficult, and the use of vehicles for other purposes 
than handpump maintenance may further increase 
costs and downtime. 

In many countries where it has been introduced, 
central maintenance has a poor record, with response 
time between reported breakdown and actual repair 
sometimes stretching to several months. At the comm- 

“In many countries where it has 
been introduced, central 
maintenance has a poor 

record . . . ” 

unity level, the fact that control is in the hands of an 
outside agency means that there is no sense of owner- 
ship of rile handpump system. Misuse and vandalism of 
pumps occasionally occur, leading to a vicious circle of 
failure and unreliability. 

Matntenance Stmtegies 

Until recently, the heavy construction and complex main- 
tenance routines of most handpumps demanded skilled 
mechanics, numerous tools and lifting equipment, so 
central maintenance was the only practical option. 
Development of lighter, simpler handpumps has made it 
easier to pass some responsibility to the community, 
and to move towards area-mechanic maintenance, with 
significant reductions in cost and improvements in 
reliability. 

Whichever maintenance system is in operation, 
several possible maintenance strategies are available. 
Breakdown repair remains the most common approach 
where central maintenance applies; limited preventive 
maintenance is frequently adopted alongside breakdown 
repair when the community is involved in maintenance 
activi!ies, and some central maintenance systems 
include routine inspections and preventive maintenance; 
there is virtually no evidence of scheduled servicing of 
handpumps under any of the maintenance systems. 

A strategy based solely on response to breakdowns 
or serious drop in performance may &ad to unnecessary 
damage to other parts of the equipment, and more 
expense in the end. A good example in the case of hand- 
pumps is bearing wear, a progressive effect leading to 
gradual reduction in performance. Left to deteriorate 
until the pump becomes unusable, the resulting play in 
the pump handle can cause serious, sometimes irrep- 
arable pumphead damage. Even the limited preventive 
maintenance in which community members lubricate 
moving parts and tighten loose bolts can have a 
significant impact, by reducing the number of break- 
downs and spotting the need for repair in good time. 

The Community 

Most communities in developing countries need assis- 
tance with the construction and maintenance of wells 
with handpumps, but they must be encouraged to 
participate to the maximum extent possible. Too often, 
an improved water supply has been seen as a free 
service that the government must provide to improve the 
life of its citizens. While many communities may need 
financial help, relegation of their role to that of recipients 
without significant participation has often resulted in an 
inappropriate choice of technology and service level, 
wrong location of the water point, unnecessarily high 
cost, inability to keep the scheme operating, and 
ultimately user rejection. Community participation that is 
limited to contribution of free labor results in nothing 
more than a small cost saving, without addressing other 
crucial issues. Strong community initiative is essential 
for the successful long-term maintenance of hand- 
pumps, and to achieve it. community members must be 
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intimately involved right from the planning stage. 
In some countries (e.g. China and Guatemala), this 

has been standard practice: others b-we recognized the 
need for community involvement anLi are experimenting 
with ways of increasing it. The following recommen- 
dations are based on experience gained in the course of 
the Project field trials, and on a wealth of information 
gleaned from other projects. Much of what is said is 
geared primarily to African conditions, as the need to 
promote stronger community involvement is generally 
greatest there, but the principles apply to all developing 
countries. 

How then should one go about establishing comm- 
unity management of a village water supply system? 

a) The instituiionel cape&y of the community 
must be evaluated. Organizational experience may be 
apparent from the existence of self-help groups, coop- 
eratives. etc., but the strength of the leadership must be 
assessed, along with the level of education and skill. For 
many communities, an improved water supply will be the 
first time that social structures have had to adapt to the 
management of a service that combines organizational, 
technical and financial skills. 

Handpumped water supplies lend themselves to 
maintenance by user communities with very limited tech- 
nical knowledge. Nevertheless, the needs are real and 
must be defined and catered for if the scheme is to be 
reliably maintained. 

A water committee may grow to form a focus within 
the community for other development activities - 
including an eventual upgrading of the water supply. 

b) The demand for water supplies has to be estab- 
lished. Here, demand is taken to mean the amount of 
water households want to obtain each day, once they 
are aware of the price, including any cash amount that 
has to be paid and the time which will be taken up by 
queuing and hauling. It is still common for an external 
agency or government planner to determine in advance 
what water demand will be and to set the numbsr of water 
points according to some predetermined formula. Such 
projects have limited chance of success. Unless the 
community is aware in advance of the alternatives avail- 
able and the costs and benefits of each, there will be 
hardly any sense of ownership and little prospect of the 
community assuming the responsibility to manage the 
new system. 

Demand for water from ha::drji;mps may be low if 
alternative sources are easily accessible, and if these 
existing sources are unprotected, health education may 
be needed to convince community members of the value 
of safe water. There may also be demand for water for 
other than household uses, such as livestock watering 
and small-plot irrigation. It is important that the 
community should take the decision itself on how much 
water is needed. 

c) Closely linked to the demand for water is the 
SWV~CS level to be provided by the new system. Part 
of the community’s evaluation of the costs and benefits 
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Llsers have lined up some 150 water jugs while waiting to use 
lhis Volanta pump in Burkina Faso. Long queues are common in 
areas such as the Sahel in Africa. where drilling mc?Is are high, 
and user groups must be large to spread the costs. But service 
level has to be assessed carefully, as intensive/y used pumps 
will break down mnr? frequently and be rejected by users. 

of different service levels will be the value of time spent 
queuing and hauling water. Thus the service level for a 
handpump project relates to the number of people 
served from each pump and the walking distance to the 
pump. As will be apparent in the discussion of pump 
technology later, the daily output is conlrolled by ssvsral 
factors, the most significant being the pumping lift. 
There are thus practical limits to the number of people 
who can obtain water from one pump, which vary with the 
depth of the water table. 

The more people served by each pump, the longer 
will be the queues and the greater the risk that people will 
return to alternative traditional sources. Pump break- 
down frequencies are also directly related to hours of 
pumping, so that greater intensity of pump use will mean 
more frequent needs for maintenance or repair. On the 
other hand, particlrlh:l~ where drilling costs are high, it 
will be ilecessary to spread the cost of each installation 
among as many users as possible. In the end, the 
number of wells to be provided and their location has to 
reflect the community’s needs and desires, and this 
decision will have to be based on financial and technical 
information prepared by specialists from the sponsoring 
government agency. 

The availability of alternative water sources will 
have a major influence on the number of handpumps that 
must be installed to provide an acceptable improved 
level of service. In Yangladesh, for example, where 
surface water is often readily available near the home, it 
has been found that a typical handpurr? should serve PO 
more than about 75 people, or many will choose to use 
nearer, polluted sources. By contrast, in southwest 
Sudan and in northern Nigeria, where during the dry 
season people must often walk several kilometers to 
obtain water and must then wait in long queues at the 
source, one well and handpump can be located to serve 
as many as 250-300 people. 

The smaller user group per handpump is affordable 
in Bangladesh because wells can be sunk by the 
“sludger” method a: a cost of US$lOO-200 per well (exc- 



luding the price of the pump). In India, where wells cost 
about US$2,000. service levals of about 125 persons 
per pump are practical, but in West Africa, much larger 
user groups are typically necessary to spread the high 
drilling costs (US$4.000-20,000) over more users and so 
reduce the per capita cost. 

d) The willingness of the community to make a finan- 
cial contribution - in line with its &/Ry to pay - has 
to be assessed. One promising mechanism increasingly 
being used is for the community to be asked to make a 
material commitment (e.g. to collect cfnough money to 
cover the first year’s maintenance), before any decision 
is taken to start drilling. When deciding on the number of 
pumps to be installed, a balance must be struck between 
what the sponsoring agency pays and what the comm- 
unity pays. As a minimum, the community should pay 
operation and maintenance costs in full for a level of 
service that offers a basic improvement (such as a well 
with a handpump). and should also be responsible for the 
full incremental cost of any higher service level. 

e) Defining the boundary behveen activities for which 
the community can reasonably assume responsibility 
and those which should be part of the public sector’s 
no/e is difficult but important. The government water 
agency is almost inevitably stretched to provide support 
services at the community level, while the range of skills 
and equipment available to pump caretakers is likely to 
be small. Difficulties arise when the community depends 
on outside help for all maintenance and repair work, 
because centralized maintenance is expensive and at 
times difficult to manage. If the community takes full 
responsibility, the danger is that spares, tools or skilled 
people may be absent when major breakdowns occur. 

Increasingly, private mechanics are providing the 
critical bridge between the limits of the water agency’s 
management capabilities, and the community’s skills. 
Box 3.1 demonstrates well how the mutual interests of 
community members and private sector mechanics keep 
the water flowing at affordable cost. 

Improved water supplies are necessary but not 
sufficient to bring health benefits. It is the complemen- 
t8fify of safe water, proper sanitation and good hygiene 
practice that is the basis of the International Drinking 
Water Supply and Sanitation Decade action plans. 
Health educators must ensure that communities benefit- 
ting from new water schemes understand the principles 
of disease transmission and are encouraged to improve 
sanitation practices and construct latrines where 
necessary. 

The government water agency may have an impor- 
tant role in health education and Wairting specifi- 
cally directed at water supply and sanitation system 
management. Commitments in these fields should be 
recognized at the planning stage and instituted before 
construction starts. If missing community skills can be 
created through training programs implemented before 
and during construction, the goal of community manage- 
ment will be much easier to achieve. After responsibility 
has been handed over to the community, the govern- 

ment can improve the chances of the scheme being 
properly maintained by organizing refresher courses for 
caretakers, and by encouraging the community to pro- 
vide incentives to repairers. 

The period of project construction provides an 
excellent opportunity for training in the skills necessary 
for the subsequent upkeep of the system. Qualified 
trainers from the implementing agency, supported if 
necessary by representatives of the pump supplier, can 
take advantage of the community interest in project acti- 
vities to organize demonstrations of pump installation 
and maintenance, particularly for those selected by the 
community to care for the pump. 

The Aquifer’ 

Accessible groundwater exists under more than three- 
quaners of the earth’s surface, but knowledge of its 
local characteristics (hydrogeology) is often sparse. 
Some engineers have preferred to develop surface water 
resources because they have a better understanding of 
the hydrology. For the reasons outlined in Chapter 2, 
analysis will normally lead to selection of groundwater 
rather than surface water development, and planners are 
urged to undertake the necessary studies and surveys 
to gather full information about aquifer potsntial before 
embarking on community water supply programs. 

Though handpumps draw comparatively small 
amounts of water from the aquifer, their effectiveness 
and reliability can be significantly influenced by proper 
consideration of local groundwater conditions. Problems 
typically arise when designers fail to recognize sea- 
sonal movements in the water table or competing 
demands from irrigation pumps, or when low-yielding 
aquifers are developed without allowance being made for 
the drawdown which will arise during pumping, or when 
the chemical quality of the waler makes it unpala- 
table or corrosive. 

Any large scale national or regional community water 
supply program should include preparatory groundwater 
studies and continuous monitoring and record keeping. 
Much knowledge can be gained from existing well const- 
ruction projects, if data on water depth and pumping 
rates is kept sys!ematically. Increasing knowledge of 
hydrogeology will pay back the initial investment very 
quickly through more effective projects and avoidance 
of misguided developments. 

The amount of information about groundwater nee- 
ded to ensure reliable designs for handpump schemes 
varies considerably from region to region. No extensive 
studies are needed to show that the vast groundwater 
reservoirs of the lndus and Ganges basins can support 
community water supplies. In contrast, detailed geophy- 
sical exploration may be necessary before effective 
schemss can be designed for many areas of Africa and 

1. An aquifer is a stratum or zope below the earth’s surface 
which yields groundwater to a well in sufficient quantities for the 
required use (water supply, irrigation, etc.). 
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In an uncun~~ed aquifer, the sfafic wafer level in the well 
(without pumping) is fhe level of fhe groundwafer fable. After the 
pump has been used for some time. the wafer level in the well will 
srnk to the pumping (or dynamic) water level. The difference 
bertieen the two ;evels depends mainly on the rate of pumping. 
the length of time the pump has been used, and the permeability 
of the aqurfer (fhe rafe at which the porous medium fransm!fs 
wafer). The pumping lift IS the distance between the dynamic 
wafer /eve/ and the discharge point, though for convenience if is 
norms//y regarded as the depth of the dynamic wafer level below 
the ground surface. 

India. where suitable aquifers can exist as small isolated 
weathered pockets in crystalline basement rocks such 
as gneisses and granites. 

A full groundwater management strategy involves 
surveys to locate the water-bearing strata, use of 
special techniques to define the aquifer geometry 
(area and depth) and determine its capacity (reliable 
yield) and water quality, development of measures to 
regulate its exploitation and ensure its protection 
from contamination, and design of suitable methods of 
groundwater withdrawal. 

For handpump projects, knowledge of the aquifer 
geometry and its capacity may limit the degree to which 
the community can participate in the selection of well 
sites, but will have the compensating benefit of reducing 
the number of costly or non-productive wells. Yields 
greater than 0.2 liters/set are enough for handpumps, 
which rneans that many areas of the worid underlain by 
relatively impermeable rocks not generally regarded as 
potential groundwater sources can be suitable if the right 
service level is chosen. 

CJne crucial constraint on the use of handpumps is 
the pumping lift or head. While some handpumps are 
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advertised as suitable for pumping lifts as high as 100 
meters, experiences during the Project confirm that 
handpumps should not be installed at heads greater than 
60 meters, because their performance and reliability at 
those depths have not been established. Any pumping 
head over 45 meters must be considered to be very high, 
as, even at that depth, discharge will be low for an accep- 
table pumping effort and maintenance will be difficult. In 
permeable aquifers the pumping water level will be little 
different from the static water level, but in low-yielding 
aquifers drawdown of many meters may occur, resulting 
in high pumping heads and consequently lower delivery 
rates. 

Handpump withdrawals alone will rarely lead to 
depletion of groundwater resources. Even in low rainfall 
areas, natural groundwater recharge is almost invariably 
enough to replenish the aquifer. But there are other dan- 
gers. Motorized pumps providing irrigation supplies may 
cause nearby wells with handpumps to run dry because 
of big drawdown effects in the vicinity of the well. In the 
longer term, widespread and indiscriminate motorized 
pumping may lead to “mining” of the groundwater and a 
progressive lowering of the water table. As well as 
causing environmental damage (e.g. land subsidence, 
loss of trees and vegetation, saline intrusion), such over- 
exploitation of groundwatet may render low-lift hand- 
pump systems useless if the water falls below their 
operating limits (Box 3.4 quotes an example from 
Bangladesh, where suction pumps were put out of use 
by widespread withdrawals for irrigation). 

Community water supply programs may involve the 
drilling of tens of thousands of wells (hundreds of 
thousands in the case of India or China). We have seen 
in Chapter 2 that handpump projects are easily upgraded 
and that movement to an affordable higher service level 
is to be encouraged. How then can one prevent future 
developments from undermining the widespreaa benefits 
brought by the Initial handpump projects? 

Regulation of groundwater exploitation is important 
to any country, and legislation to control groundwater 
withorawals adds strength to community water supply 
strategies Licensing of wells and approval of pump 
types and discharges may be administratively difficult, 
but uncontrolled exploitation of aquifers is an expensive 
price to pay for inaction. 

In planning handpump programs, the potential for 
upgrading should be an important consideration. If early 
upgrading seems practical. deeper or larger diameter 
drilling in the handpump phase will normally be more 
economic than further drilling to accommodate motor 
pumps later. Well testing during construction of early 
projects and groundwater monitoring over time will 
provide data for long-term planning and may indicate that 
limits have to be imposed on future service levels and 
irrigation supplies if the resource is to be used equitably. 
Regular groundwater monitoring has been introduced 
on several projects in West Africa and is a simple and 
effective operatio!: which should be implemented for all 
important aquifers. 

As well as protecting the aquifer from excessive 
withdrawals. legislation may be needed to safeguard 
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Etox 3.4 Bangladesh: Motorized Pumping Threatens Suction Handpumps 

In many ways, Bangladesh is the ideal location for ex- 
tensive groundwater development. The vast deltaic 
plain consists of fertile alluvial sails overlying a 
groundwater resource replenished each year by an 
average of 2,OOOmm of rainfall and the widespread 
annual flooding of the Ganges and Brahmaputra 
rivers. The geology makes it easy to drill wells quickly 
and cheaply, while the shallow water table has encou- 
raged a proliferation of suction handpLmps to. provide 
millions of rural people with low-cost clean water 
supplies for domestic use and small irrigation. 

However, in recent years, unreguiated motortted 
pumping for irrigation is thought to be a major factor in 
the lowering of the gmundwater table, which is neces- 
sitating a new approach. Since the 19iOs, the Depart- 
ment of Public Heatth Engineering (DPHE), with 
substantial support from UNICEF, has promoted and 
implemented a village water supply program based on 
the use of I~~lly manufactured sucticn handpumps. 
The program was very successful aid by the mid 
1980s there were more than 800,000 such hand- 
pumps in use, all capable of lifting from a water table 
no more than 7 meters below ground. 

Irrigation development has also been rapid, with 
an early emphasis on deep, high-production pumps 
(200 cu m/hour), giving way in the late 1970s to so- 
called “shallow tubewetts” from which centrifugal 
pumps with surface-mounted diesel engines deliver 
25-30 cu m/hour. There are estimated to be more than 
100.000 of these in operation throughout Bangla- 
desh. About 300,000 privately-owned handpumps are 
also thought to be in use for both drinking water and 
irrigation pupses. 

The heavy irrigation pumping in the dry season 
undoubtedly contributes to the rapid towering of the 
groundwater table during that season. The ground- 
water is then replenished in the rainy season and the 
water table rises again. Groundwater monitoring from 

1970 to 1983 reveals that water tables dropped tempo- 
rarity below 8 meters at some time during that period 
over 10% of the area in which groundwater is used for 
irrigation. That means that between 50,000 and 
100,000 village handpumpa are at risk of drying up for 
as much as 3 months of the pre-monsoon season 
each year. And a similar proportion of farmers using 
shallow tubewetts are in the same position. 

For the farmers, the problem can be rectifisd by 
digging a 2-3 meter deep pit and towering the portable 
motorized pump. Villagers depending on suction hand- 
pumps for clean water have no such option, as the 
pumps are not designed for forcing the water the 
additional distance to the surface. They may be able 
to obtain supplies from the nearby Irrigation pump, or, 
more likely, return to the previous unsafe surface 
sources, in an environment where the risk of contrac- 
ting cholera or other diarrheat diseases is high. 

Future handpump projects in areas of Bangladesh 
where the groundwater level is fatting have a new 
technological option in the form of the Tara pump. This 
direct action handpump (Box 4.7 in Chapter 4) has 
been specially developed for tocat manufacture and 
viltage-tevet maintenance, and can lift water from 12 to 
15 meter depths. 

In Bangladesh, the technical solution is probably 
preferable to the legislative one, as regulations 
controlling groundwater withdrawals for irrigation 
would be difficult to implement in an equitable way and 
would interfere with the important goal of increasing 
agricultural production. 

Few, if any, countries have such immense ground- 
water resources as Bangladesh, and the experience 
there with suction pumps is an important warning to att 
designers contemplating the use of such pumps. Full 
account must be taken of competing demands on 
local groundwater resources when estimating draw- 
down and therefore maximum seasonal pumptng lift. 

groundwater quality. Industrial na* ons provide 
ample evidence of damage to preciou groundwater. 
Industrial effluent. landfill waste dispo :I, accidental 
chemical spillage, excessive applicatior. of fertilizers, 
and use of pesticides. are all inexorably reducing the 
quality of groundwater and threatening present and 
future drinking water supplies. In most developing coun- 
tries. the risks are presently not so great, but the 
warnings should be noted in time. In particular, sanit- 
ation program planning must ensure that latrines are 
sited in such a way that they do not endanger shallow 
aquifers. 

Groundwater quality is important for several 
reasons. Some naturally occurring salts. like fluorides. 
can make the water injurious to health. Other salts may 

affect taste or color, making the water unpalatable or 
aesthetically unacceptable (high iron levels are not 
uncommon and will impart a bitter taste and stain food 
and laundry; sulfates can give an unpleasant smell and 
have a mildly laxative effect; and salinity levels may 
sometimes be too high for palatability). Groundwater 
may also be corrosive, and this can have a considerable 
impact on pump breakdown rates, when corrodible 
components like mild steel pumprods and rising mains 
are attacked (corrosion problems are discussed in more 
detail in Chapter 4). 

Water quality problems such as high iron or fluoride 
levels can be overcome through treatment, but this will 
be costly and demand greater institutional strength 
because of the more complex management involved. 
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Box 3.5 Some Drilling Methods for Handpurnp Wells 

The largest single cost item in a handpump-based under consideration. Box Table 3.5A lists some of 
community water supply (CWS) program is almost the more commonly used drilling rig types, indicating 
invariably the well drilling. Correct choice of drilling their cost ranges and operational needs, as well as 
method can have a considerable impact on overall their drilling capabilities. 
costs and thus on the service level (number of Though the waterwell drilling market is large, few 
pumps) which can be provided. drilling rigs have been specially designed for the 

Available drilling equipment covers a wide range. application. The range available is mainly dictated by 
The drilling rig itself may ccst as much as the needs of mineral exploration or mining. For 
US$500,000 for a large multipurpose rotary rig, or as handpump projects, drilling demands are 
little as US$l,OOO for a simple hand-operated device comparatively light. Simplicity, durability and 
capable of drilling shallow wells in soft ground. As well maneuvrability are often important criteria, alongside 
as varying in prii and capabilities, different drilling cost. 
rigs call for widely varying skills and backup support if The driiling duties specified in Box Table 3.5A 
they are to perform eff icientfy. cover most situations likely to arise on CWS programs 

Selection of the right equipment depends very in deve!oping countries. Many schemes involve only 
much on local geology and anticipated drilling depths, shallow wells (15 meters deep or less) in 
but it is also important to recognize the constraints unconsolidated ground: few require drilling beyond 80 
imposed by operational requirements for the rigs meters. In hard consolidated rock, the well diameter 

Box Table 3.5A Cost Comparisons for Different Technologies 

Hand digging Hand-operated Cable-fool Smallair-Hush Multi-purpose 
rig rig rofary fig rotary fig --. -__--- __- 

Approx. capital cost 
range in US% 

Running cost 

Training needs for 
operation 

Repair skills 

Sack-up support 

Approx. range of 
penetration rates in 
meters per 8-hr day 

200mm’ holes to 15m in 
unconsolidated formation 

200mm’ holes to 50m in 
unconsolidated formation 

200mm’ holes to 15/50m 
in semi-consolidated 
formation 

1 OOmm holes tu 15/50m 
tn consolidated (hard) 
fomlation (not gravel 
packed). 

$1,000 

very low 

very low 

very low 

very low 

0.1.2.0m 

- 

- 

- 

- 

$1 ,ooo-5.000 

low 

low 

low 

low 

l-15m 

fast 

slow and difficult 

impossible 

$20,000-100,000 $lOO,OOO-250,000 $200,000-500,000 

low medium very high 

low-medium medium very high 

low-medium medium very high 

low-medium medium very high 

1-15m 

fast 

fairly fast 

20-l OOm 

impossible 

impossible 

20-l OOm 

very iastt 

very fastf 

fairly fast impossible very fastt 

very slow very fastf very fastt 

* 200mm holes to give 1OOmm diameter finrshed well after screening and gravel packing. T Constrained by logistical support 



can be restricted to the 1OOmm needed to accom- 
modate a handpump cylinder, while in unconsolidated 
formatrons. allowance for casing and gravel pack will 
mean a diameter of 200-250mm. 

The Ideal drilling rig would therefore perform 
qurckly and efficiently drilling 200-250mm diameter 
holes in soft rock and 100mm diameter holes in hard 
rock - sometimes in the same well - to a maximum 

depth of 80 meters. An; capabilities beyond those 
minimum requirements which make the rig more 
costly, more cumbersome, or more difficult to operate 
are undesirable. 

In the absence of a purpose-designed rig for CWS 
work, the choice is inevitably a compromise. As an 
approximate guide to selection, the following notes 
amplify remarks in Box Table 35A. 

Hand-operated drilling equipment 
Sample. tnexpensrve and highly maneuvrable, hand 
dnllrng may be the most approprrate choice for 
shallow wells down to 1520 meters. Beyond 20 
meters, hand drillrng becomes very difficult, and 
progress IS rnevrtably slow. One apparent advantage 
- the lack of any mechanical equipment which 
requrres setvrcrng - IS less srgmfrcant than It first 
appears If the equipment has to be carned from well 
to well by motor veh!c!e. as !he servicing needs of a 
light cable-tool rig are usually less than those of a 
motor vehicle. 

Cable-tool rigs 
An old and sample design which has changed little 
over the years Cable-tool rigs are generally durable 
and easy to servrce. requrring only mrnrmally trained 

operators. Effectrve in unconsolidated or semi- 
consolidated formations down to about 50 meters. 
they can offer considerable cost savings and other 
benefits when compared with rotary rigs. However, 
cable-tool rigs are not suitable for hard-rock drilling. 

Small air-flush rotary rigs 
Specifically designed for drilling small diameter holes 
quickly in hard rock, small rotary rigs are restricted to 
wells which will not require gravel packing. Even then, 
the need for a mechanically complex compressor can 
be a handicap for CWS work. In the hands of a 
capable drilling contractor, these rigs can, however, 
be very effective. 

Multipurpose rotary rigs 
Massively over-designed for CWS work and 
correspondingly expensive and complex to operate 
and maintain, large ngs are often provided by donors 
on the basis of rated performance which canno? be 
reproduced under field conditions. Limited 
maneuvrability means that they are regularly bogged 
down on rural roads, and manning and servicing the 
sophisticated ngs often proves difficult for water 
agencies in developing countries. Though res!ncted 
choice may point to selection of these expensive 
machines. a smaller rotary rig for hard-rock drilling, 
a cable-tool rig for semi-consolidated rock dnlling. or 
hand-operated equipment for shallow-well drilling in 
soft formations, are all likely to be more appropriate. 
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The Well 

The long-term reliability of a handpump project depends 
to a great extent on the wells through which the pumps 
draw the groundwater. Analysis of breakdowns during 
the Project field trials demonstrates beyond doubt that 
even a well-designed and carefully selected handpump 
may not perform satisfactorily if it is installed on a badly 
constructed well. Sand entering pumping elements leads 
to rapid deterioration of valves and seals, calling for 
frequent repair and replacement and disenchantment 
among users. 

Usually the most costly part of a community water 
scheme, wells can be designed to protect the hand- 
pumps from damage and to ensure that the potential of 
the aquifer is fully realized. Too often, however, prom- 
oters presume that any hole in the ground will suffice for 
a handpump. with the result that digging or drilling costs 
are wasted because the pump will perform poorly on the 
resulting well. 

Water wells divide into two categories: dug wells; 
and drilled we/Is. and each category may then be 
subdivided according to whether the well is constructed 
by hand or by machine. For definition purposes, a dug 
well IS a well that a person can enter to clean or deepen 
and will rarely be less than 600mm in diameter. 

Handpumps can be installed in dug wells or drilled 
wells of any depth and diameter, subject only to the 
practical limit that the pumping water level should 
normally not be more than 45 meters down (60 meters in 
exceptional cases, if other pumping options are not 
feasib!e). Detailed discussion of actual construction 
methods for water wells is beyond the scope of this 
report. though the merits of alternative digging and 
drilling techniques are referred to briefly in this chapter 
and some examples are given in Box 3.5. 

Aspects of well design and construction which can 
influence handpump system performance are: siting. 
depth, screen design. development, and apron design. 

Well siting is a good example of the way that the 
advisers and the community need to share knowledge 
and oprnrons. Too often, a drilled well is sited purely on 
the basis of a geophysical survey, irrespective of the 
community’s wishes. A common result is that few people 
make use of the new facility, regarding it as inconvenient 
and imposed from outside. 

There are many cases in alluvial plains, where the 
community can have full freedom of choice in locating its 
wells. In Bangladesh, for instance, groundwater is ubi- 
quitous and plentiful. and hand drilling to sandy horizons 
protected from pollution by overlying clays offers an 
almost guaranteed success. In these circumstances, 
householders generally choose to site welts in their bari 
(hamlet), next to their homes and the ideal hydrogeology 
of the region means that costs are low and risks are few 
(unless the well is directly adjacent to a latrine). 

Technical advice becomes necessary in situations 
like the deeply weathered basement areas of central 
Africa, where adequate quantities of groundwater can be 
expected almost everywhere, but excessively high 
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ground should be avoided to reduce pumping heads, and 
sites should preferably be chosen away from (ideally up- 
gradient of) pollution threats such as latrines or cattle 
stockades. Here, the advisers must explain the prin- 
ciples of selection to the water committee, including if 
necessary making strong recommendations against 
certain sites on technical grounds. Ideally, it is the 
committee which must make the final decision, and only 
if the scheme is technically or economically impossible, 
should the community’s wishes be overruled. 

The most difficult situation arises in some of the 
semi-arid areas of Africa and elsewhere, where the 
weathered profile is thin and groundwater is found in 
fractures within the unweathered rock. Geophysical 
surveys may be the only way to locate adequate 
resources, and a distance of only 10 me!ers might make 
the difference between a productive well and a dry one. 
Here, the selection procedure is different, with the 
community first identifying desirable and undesirable 
areas and the technologists then finding the optimum 
drilling points within the chosen areas. 

The next important consideration will be well depth. 
Wells must be deep enough to ensure reliable supplies 
even during prolonged droughts. The Project encoun- 
tersd very serious problems due to wells drying up in the 
long dry periods of the early 1960s in Africa. Over half of 
the wells in one large community water supply program 
became unreliable during the driest spells, when water 
levels fell 5 meters or more below their seasonal average 
levels. 

Ensuring that drilled well depths are adequate is rela- 
tively simple, as drilling commonly proceeds 15 meters 
or more below static water levels to achieve sufficient 
flow of water into the well. Dug wells are a bigger prob- 
lem. Dewatering during construction is difficult, and dug 
wells usually penetrate only a short way below the static 
water table, relying on well storage fed by percolation 
during the night to meet daily needs. Such wells are of 
course the first to dry out when the water table drops. 

With traditional open wells, the answer is simply to 
dig deeper when the need arises. The same principle 
should be applied to dug wells fitted with handpumps. 
Covered access openings must be provided into the 
well, and must include an adequate seal against surface 
contamination. There is a double benefit, as the access 
openings provide a backup means of drawing water by 
bucket if the handpump breaks down and cannot be 
repaired quickly. 

Particularly with drilled wells, there is a balance to be 
struck between extra reliability and cost. Drilling is an 
expensive operation in many parts of the world, and 
making excessive allowance for drawdown of the water 
table may lead to waste of resources. Again, knowledge 
of the local hydrogeology and planned irrigation develop- 
ments can lead to substantial savings, and the value of 
record keeping on all projects cannot be stressed too 
highly. 

Preventing sand entry into the well is the next task of 
the well designer. The problem relates mainly to drilled 



wells; lining and support of a dug well is often important 
to prevent infill or even collapse, but it is less common 
for sand movement to be a threat to water quality or 
pump components in large diameter wells. It is, however, 
as has already been mentioned, a major cause of hand- 
pump breakdown in poorly designed and developed 
drilled wells. 

It is frustrating for handpump specialists to witness 
the waste of time and effort resulting from sand damage, 
when relatively simple measures incorporated in the 
design of wells could practically eliminate the problem. It 
is a fundamental principle of well design that a well 
screen and filter pack are provided to prevent sand 
incursion, except in consolidated rock where there is no 
danger of formation movement and the designer can 
consider leaving the hole uncasad for the rock section. 
Even in this type of well, the soil overlaying the rock 
section must be cased and grouted, to prevent abrasive 
particles from cascading down the hole and being drawn 
into the pumping elements. 

The right combination of pack material and slot size 
can ensure that formation sand cannot move into the 
well to cause blockage or pump damage. In a low-cost 
community water supply project, there is rarely any need 
for individual designs for each well; knowing the aquifer 
type, a safe design can be chosen. Planners, consul- 
tants and contractors involved in community water 
supply programs in developing countries must recognize 
that proper design requires screens and filter packs in 
unconsolidated and semi-consolidated formations. 
Adequate supervision is needed during well construc- 
tion, to ensure that installation is carried out correctly. 

Malawi’s Livulezi project (Box 3.3) provides a good 
example of the impact that good well design can have on 
pump reliability. Before the project began, seals were 
replaced on average every six months on each of over 
4,000 handpumps. The project brought improved control 
of well quality, as a result of which 85 of the 106 pumps 
needed no seal replacement after an average operating 
period of two years. 

Long-term performance of drilled wells can also be 
Improved considerably by proper well development. 
Extensive sand pumping before the well is brought into 
commission, boosts the water flow into the well, avoids 
clogging later by removing fine material from around the 
screen. and reduces the amount of sand which might 
otherwise be working its way towards the pumping 
elements. The Project has found that well development 
is often neglected or poorly carried out, partly because 
there is a belief that for a handpump well it does not 
matter. A properly constructed well will outlast even the 
best handpump by many years. 

The only visible part of the completed well, apart from the 
pump itself, is the surrounding apron. In simple design 
terms, the apron serves to protect the well from pollution 
caused by contaminated water flowing back into it and 
prevents muddy pools of standing water from forming 
around the pump. The pump apron also provides an 
opportunity to promote improved health and hygiene. 

Frequently the new pump becomes a focus of community 
life. Its amenity value can be enhanced by adding 
clothes washing and bathing facilities. Many villages, en- 
couraged and helped by government extension workers, 
divert drainage water from the apron to irrigate a small 
vegetable plot. The appearance of the pump and its 
surrounding apron can be a useful guide to a comm- 
unity’s organizational strength and to its capacity to 
manage its own water supply system. 

The Handpump 

Chapter 4 deals with the different factors which can 
affect handpump performance, and the remainder of this 
document is devoted to analysis of handpumps which 
have been tested by the Project. If proper attention has 
been given to the establishment of appropriate comm- 
unity management; if the capacity and limitations of the 
aquifer have been recognized; if the well has been 
soundly designed and constructed; and if the main- 
tenance capabilities of the community and the support 
facilities available have been critically assessed and 
matched to the level of skill required to maintain a 
chosen handpump, then conditions are right for a 
successful community water supply project. 

Selection of the most appropriate pump for specific 
site conditions involves a detailed appraisal of those 
conditions and of the attributes of the different pumps on 
offer. Chapter 4 has the details. 

Finance 

In the years leading up to the International Drinking 
Water Supply and Sanitation Decade (IDWSSD), rural 
water supply was a badly neg!ected sector. Low invest- 
ment, poor achievements and a weak political lobby led 
to the sorry coverage statistics quoted at the beginning 
of Chapter 1. 

That situation is changing. In the course of the 
IDWSSD, governments have increasingly recognized 
the potential benefits of community water supply invest- 
ments, and the pace at which improvements can be 
accomplished if appropriate low-cost solutions are 
adopted. Donors too have committed themselves to the 
integrated approach, and have taken initiatives to coor- 
dinate their activities in support of programs based on 
low-cost technologias. 

The mood is now right for accelerated progress, but 
the needs are enormous. Continuing efforts are needed 
to bring down costs, and to ensure that health and 
economic benefits are maximized. 

Well construction will normally be the biggest 
c@ta/ cost item in a handpump-based water supply 
program. At present, well costs can range from less than 
US$200 for a 50m deep hand-drilled well in alluvial plains 
in South Asia to US$20,000 or more for a machine-drilled 
well of the same depth in the harder formations in West 
Africa. Geology has a big effect on drilling costs, but 
even in very simrlar geological conditions, the Project 
has found that there can be a 5-10 fold difference in 
costs for the same kind of well in different regions. 
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In India, a 50 meter well drilled by a local contractor 
using a locally-made do-wn-the-hole-hammer drilling rig 
will range in cost from about US$1,500 to US$2,000 - 
very similar to costs in the USA and other industrialized 
nations. In Africa, it is rare to get a 50m well for less than 
$5,000 and not uncommon for the cost to exceed 
$15,000. 

The difference comes from the organization of weil 
drilling and the equipment used, and can be substantially 
iniluenced by unrealistic currency exchange rates. In 
the paa. donors have often supplied sophisticated 
drilling rigs, theoretically capable of drilling perhaps a 
well a day, but in practice achieving as little as two or 
three holes a month. Drilling equipment should be 
chosen so as to be operable and maintainable within the 
existing capacity of the public sector or contracting 
industry, and should be standardized for any one 
country. 

The scale of water supply development needed 
(70% of Africa’s rural population lack access to safe 
water) demands lower costs. Otherwise, the cost of 
providing sufficient wells with handpumps to give a level 
of service which people value will be prohibitive. There is 
no evident reason why costs of well drilling in Africa 
should not come down close to those in Asia. Achieve- 
ment of reasonable well costs should be a high priority of 
governments and donors alike. Both must recognize the 
need to build up a national drilling capability, preferably 
in the private sector, and create a competitive climate by 
encouraging local contractors to purchase appropriate 
equipment and submit bids for drilling projects. 

Part of the solution lies in using the right drilling 
equipment. Box 3.5 shows a few of the many different 
drilling technologies in use in various parts of the world. 
Too often though, the choice available is dictated by 
donor preference and the market in the industrial 
countries, where there is little demand for the shallow, 
srrall-diameter holes in remote places which charac- 
terize handpump programs in developing countries. 
Selection is usually a compromise involving cost, speed, 
maneuvrability and technical sophistication. 

The growth of indigenous rig manufacturing 
industries in India and Brazil is leading to innovative 
designs specifically for rural water supplies. Thera are 
positive signs too that, partly because of Project initia- 
tives, major ng manufacturers from industrial countries 
have recognized the large market for drilling rigs 
designed specifically for rural water supply work. 

Evaluation of drilling methods and management will 
be an important component of the Project’s second 
phase, with the aim of focussing the same concentrated 
attention on this major cost element as has been 
devoted to handpump development in the first phase. 

Well costs tend to dominate community water supply 
economics, at least in terms of capital investments. That 
does not mean that handpump costs should be neglec- 
ted. The large competitive market now opening up, and 
the increasing scope for in-country manufacture of 
proven handpump designs, should lead to a progressive 
lowering of pump prices. This trend will be given added 
impetus If developing countries and donors use their 
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purchasing power effectively. Removing import duties on 
raw materials and other taxes for locally-manufactured 
handpumps will not only stimulate national industry, but 
also encourage potential importers to cut profit margins 
in order to compete. Standardization policies should also 
increase the competition for initial orders. 

The Handpump Compendium includes indicative 
prices for many of the handpumps presently available on 
the market. The range is quite wide, with a clear price 
advantage in favor of pumps manufactured in developing 
countries. With a few notable exceptions, pumps suit- 
able for low-lift applications should be available for less 
than US$200 per unit, including rods and rising main. As 
pumping lift increases, prices of both the pumping unit 
and the rods and rising main rise, and so does the range 
of prices. So, for a pumping lift of 30 meters, the total 
cost of pump, rods and rising maip can be as low as 
US$500, or as high as US$2,500. 

Handpump prices csn have an impact on the capital 
cost of projects, particularly when wells are shallow and 
drilling/digging costs are low. However, the right choice 
of handpump is even more critical in relation to 
recurrent costs. Though handpump maintenance 
costs vary greatly in different parts of the world, and few 
individual countries have examples of each type of 
system, the extensive data collected during the Project 
clearly demonstrate the general rule that the greater the 
involvement in maintenance activities of agencies out- 
side the community, the higher the maintenance cost. 

Malawi’s Livulezi project offers a good example (Box 
3.3). With 200 pumps maintained by village caretakers 
and repairs carried out by two trained government main- 
tenance workers, the average annual cost of maintaining 
each pump during 1984 and 1985 amounted to US$24, or 
US$O.lO for each of the 250 users per pump. 
Significantly, two-thirds of the costs relate to overheads 
and transport costs for the government maintenance 
activities. Once pumps have been installed which are 
VLOM in both the above and below-ground compo- 
nents, the indications are that the resulting savings 
when full village-level maintenance is introduced will 
bring annual maintenance costs in Malawi down to 5 or 6 
cents per user 

At the other end of the scale, a centralized main- 
tenance example from another African country shows 
the prohibitively high transport costs (US$135 per year) 
and administrative charges (US$30) involved in main- 
taining each handpump. Added to a direct labor cost of 
US$19 and spare parts cost of US$9, these result in a 
total maintenance cost of US$193 per pump per year. 
Even with the comparatively large user groups (about 
400) commonly served by one handpump in that region, 
centralized maintenance is costing almost 50 cents per 
user per year. 

For logistical and financiai reasons, centralized 
maintenance is not a viable economic option for most 
countries. To replaco a piston cupseal costing as little 
as US$2. a truck with 3-4 people has to be sent out from 
the base camp, travelling perhaps 1l;Okm to the pump. 
The whole operation can end up costing US$200-300. 



The economic argument in favor of community-man- 
aged maintenance is decisive and is reinforced even 
further by the improved reliability of handpumps serviced 
at the village level. Dependable pumps are valued by 
users, who will be willing and able to pay the compa- 
ratively low costs involved in maintaining them. What is 
needed is a suitable mechanism within the community for 
collecting and administering maintenance funds. 

Attempts to initiate simple accounting practices for 
the upkeep of CWS systems have not always met with 
success. If agricultural credit banks, post offices or 
farmers’ cooperatives already exist in the vicinity, water 
committee members can be trained to take responsibility 
for a maintenancs fund, under the guidance of such an 
organization. However, many communities are out of 
reach of convenient banking facilities, and must rely on 
a cash box kept by a designated community member. 

Despite the risks, the Burkina Faso example in Box 
3.1 shows how such a system can work successfully, 
while also stimulating private mechanics to spread their 
influence over a wider region, because of the mutual 
benefits. Maintenance costs are extremely low - only 
US$O.O5 per user per year, compared with an estimated 
US$O.65 per user per year replacement costs for the 
alternative rope and bucket systems - yet the mech- 
anics find the earnings attractive, and provide prompt 
service when there is a breakdown. 

Other examples exist of workable community 
financing of handpump systems, but there is a need for 
more data. During the second phase, the Project will 
further analyse different maintenance arrangements and 
offer guidance for governments and donors. 

Summary of planning Guidelines 

Analysis of the six key elements in community water 
supply projects using handpumps points to a series of 
guidelines. which, with the supporting evidence outlined 
in this report, may lead CWS planners towards estab- 
lishing the conditions for optimum performance and reli- 
ability in a handpump-based community water system: 

The Maintenance System 

. The trend towards increasing community manage- 
ment of handpump systems is soundly based, 
keeping down costs and improving reliability. 
Contracting of nearby area mechanics (or 
privatization of the service) will prove to be the 
optimum solution in many cases. 

. Every element of system design should be directed 
towards simplifying the upkeep of the completed 
scheme and ensuring that skills, tools and materials 
will be available when needed. Spare parts and tools 
should be distributed to each community as part of 
project execution. 

l Scheduled servicing, involving periodic replacement 
of wearing parts. should be evaluated in the project 
planning stage, as it is likely to reduce breakdowns, 

save money, and make community management 
easier to achieve. 

The Community 

. Community participation should include involvement 
of a water committee in the selection of service 
level, well location and technology choice, as well as 
project construction. 

. Financial and technical commitments must be shown 
to be within the community’s capabilities, and any 
operational links needed between the local manage- 
ment and external agencies must be established 
before the scheme is implemented. Private sector 
mechanics have been shown to be an effective 
bridge between the central authority and the 
community. 

. Government extension workers should be respon- 
sible for training village pump attendants and 
management in operation and maintenance needs 
and cost recovery procedures, and this should be 
backed up by refresher courses and project moni- 
toring and evaluation. 

. Though full community management is the ideal, 
transitional stages in which community members 
take on limited responsibilities, to reduce the load on 
the central agency, can have a significant impact on 
costs and reliability. The important criterion is that 
institutional, technical and financial resources 
match the needs of the selected system. 

. The ultimate objective should be full community res- 
ponsibility for management of point source supplies. 

The Aquifer 

. National and regional data collection on groundwater 
resources provides valuable information for hand- 
pump project planning and design. Existing and new 
wells should be monitored, to build up as complete a 
picture as possible of aquifer geometry, water 
quality and potential yields. Governments should 
exploit the effectiveness of available computers, as 
a means of establishing a groundwater data base 
which can be continually updated. 

. Knowledge of seasonal groundwater level fluctu- 
ations and carefully executed pumping tests are 
especially important in low-yielding aquifers, to 
ensure that well depth is adequate to provide suffi- 
cient dry season yields. Selection of the right 
handpump and cylinder setting depend on accurate 
assessment of maximum drawdown (and thus maxi- 
mum pumping lift). Drawdowns of tens of meters 
have been recorded in handpumped wells located in 
low-yielding aquifers. 

. Regulation of aquifer development through legis- 
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lation is the best way to prevent handpump wells 
from being undermined by later developments 
involving motorized pumps. Legislation should also 
be considered as a means of protecting groundwater 
resources from pollution due to surface activities. 

7he Well 

l Sand and silt ingress into pumping elements is a 
major cause of handpump breakdown. Properly 
designed screens and filter packs have been shown 
to reduce damage to seals and valves dramatically, 
and should be seen as an essential element in drilled 
weli design for unconsolidated or semi-consolidated 
formations. Proper well development will also 
improve the long-term performance of wells and 
pumps. 

. Though hydrogeological conditions influence the 
choice of well location, community preferences 
should be taken into account when possible sites 
are selected. 

. Full advantage should be taken of the amenity value 
of the well apron, to promote improved health and 
hygiene. Clothes washing, bathing and small-plot 
irrigation can be encouraged by good apron design. 

. The right drilling equipment and management can 
substantially reduce the well costs - commonly the 
largest cost element in the whole CWS system. 

The Handpump 

. The above guidelines are intended to establish the 
optimum conditions for operation and maintenance 
of the handpump. Final selection involves detailed 
consideration of the attributes of individual pumps in 
the particular conditions for which they are being 
chosen. That is the subject of Chapters 4 and 5. 

Finance 

l The International Drinking Water Supply and Sani- 
tation Decade has seen a marked switch in favor of 
CWS strategies based on community management 
of low-cost technologies. Unit costs are coming 

down as a result, but further reductions are 
necessary if needs are to be met. 

Drilling is the most significant capital cost item in a 
handpump project, and drilling costs remain much 
too high in several parts of the world, and parti- 
cularly in Africa. New strategies are needed, to 
encourage private sector initiatives, and to develop 
drilling techniques appropriate for CWS programs. 
This will be a key element of phase 2 of the Project. 

Encouragement of handpump manufacture in devel- 
oping countries can stimuiate competition and bring 
down costs, in addition to the benefits for operation 
and maintenance. 

The economic argument in favor of community- 
managed maintenance is decisive, and the resulting 
improvement in system reliability increases the 
community’s willingness to pay for the upkeep. 

Simple financing and administrative arrangements 
for community management of handpump-based 
CWS systems are proving successful in several 
countries, and further analysis of these arrange- 
ments will be included in the second phase of the 
Project. 

Handpump-based community water supplies have to be 
seen as a package of elements, each important in its 
own right, but with the balance of the elements also vital 
to long-term success. Inadequacies in pump design or 
installation will lead to unsatisfactory performance, even 
on properly constructed wells, just as good pumps 
cannot be expected to function reliably on badly 
constructed wells. Even the best pumps need repairs 
sooner or later, so appropriate organization of comm.. 
unity management of maintenance is essential; ineffec- 
tive and expensive centralized or regional maintenance 
does not provide the needed service. The central 
authority does have a role to play in the setting and 
monitoring of standards, training of community care- 
takers and area mechanics, and in the organization of 
adequate outlets for spare parts (preferably within a 
bicycle ride of the village) when VLOM pumps are being 
used. 



Handpump failure rates in India dropped from about 70% 
in the mid-1970s to about 20% less than a decade later. 
This transformation came after an intensive program by 
Indian central and state governments and UNICEF to 
develop appropriate pumps and maintenance systems. It 
is a good demonstration of the influence that pump 
selection and system design can have on handpump 
performance. Recent and continuing handpump improve- 
ments mean that much higher success rates are 
achievable if enough emphasis is placed on the critical 
issues: choice of suitable pumps: maintenance 
arrangements; well construction; spares availability; and 
training. Progress made during the last few years has 
provided answers to many of the earlier problems, 
though a number remain to be solved. 

Working conditions for handpumps in developing 
countries are severe. Many hours a day of pumping, 
rough handling, corrosive groundwater, and inadequate 
maintenance are among the challenges t’lat face 
manufacturers attempting to offer reliable products. 

Problems highlighted in India and elsewhere in the 
late 1970s in preparation for the Water Decade, pro- 
vided the impetus for the Project. Since 1981, field trials 
and laboratory tests have amassed unique comparative 
evidence on the performance of handpumps under widely 
differing conditions, enabling the Project to offer 
informed advice on how to choose pumps which will give 
the best performance. For manufacturers, the message 
is that the key elements of future designs should be: 
robustness of fixed components; easily-replaced, low- 
cost and readily available wearing parts; and corrosion- 
resistant materials. 

History of Handpumps 

The history of handpumps goes back a long way; 
McJunkint reports the use of positive displacement 
reciprocating pumps in Ancient Rome as early as 275 
BC. One of the best documented early examples of a 
wooden pump using metal flap valves, from Saxony, was 
recorded by Agricola in the 16th Century. 

But most of the reciprocating handpumps in common 
use in developing countries today have their origins in 
designs developed during the late 19th and early 20th 

Centuries in Europe and the United States. The Industrial 
Revolution brought mass production techniques for cast 
iron and meant that thousands of manufacturers were 
able to turn out handpumps to meet the huge demand for 
convenient water supplies at that time. It has been 
estimated that some 42 million handpumps were made in 
the USA, mostly in the period up to 1920, when elec!ric 
pumps began to replace them.2 

If the basic design of the reciprocating handpump 
has not changed much in the 20th Century, its use 
certainly has. European village pumps were huge 
structures, serving as much a monumental as a 
functional role, while the big market was for smaller 
backyard pumps used for lo-30 minutes a day by 
individual families or farmers. Tod;ry in the developing 
countries, a single pump may have to supply up to 500 
villagers and be in continuous operation for 10 or more 
hours a day. 

Though the potential market for such pumps is vast, 
littie development work went into designing handpumps 
specifically for rural water supply applications in 
developing countries until quite recently. Manufacturers 
continued to supply the old backyard pumps, and rarely 
received any feedback about how their pumps were 
performing under the totally different operating 
conditions. 

During the 1970s other types of positive displace- 
ment pumps, commonly used for industrial applications 
(the diaphragm pump and the progressing cavity pump), 
were adapted for rural water supply use and installed in a 
number of developing countries. At the same time, 
UNICEF sponsored a great deal of research and develop- 
ment work in India, culminating in the first production 
models of the India Mark II handpump in 1978. The first 
Indian national standard for this pump appeared in 1979. 

Box 4.1 overleaf describes the operating principles 
and the merits and shortcomings of the five principal 

1. F.E. McJunkin, Hand Pumps, The International Reference 
Centre for Community Water Supply, The Hague, The Nether- 
lands, 1977. 
2. Bernard Ewbanks,The Story of the Pump and Ifs Relarives, 
1971, Salem, Oregon, USA (private printing of 400 copies), page 
171. 
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ox 4.1 Handpump Types and OpeMing Prlncfples 

1 the 42 pumps featured in the Hand- 
Imp Compendium (i.e. all pumps which 
tve been subjected to laboratory 
t&or field tests during the Project), 38 
8 reciprocating pumps; 2 (Mono and 
oyno) are progressing cavity pumps; 
td 2 (Vergnet and Abi-ASM) are diaph- 
gm pumps, both using the same down- 
rle components. The laboratory and 
IId trial results do not indicate major 
rrformance differences related to mode 
operation. The most useful classifi- 

rtion for pump evaluation and selection 
the depth from which particular pumps 
In draw water - i.e. the pumping lift. 

uction Pumps 

Jction pumps draw water from shallow 
?pths by creating a partial vacuum in 
e suction pipe. Depending as they do 
i atmospheric pressure to drive water 
I to the surface, their use is restricted 
regions with water tables no more than 
meters below the surface. but in those 
eas they have been very popular for 
asons of both economy and conve- 
ence. There are more suction pumps in 
in in the worfd than any other type; 
fer one million are known to be installed 

Bangladesh and there are several 
illion in China, mainly serving individual 

families or small groups. 
All the moving parts of a suction 

pump are located above ground. and 
only the suction pipe extends down into 
the well. On the upstroke (illustrated) 
water above the plunger is forced out 
through the discharge spout and more is 
drawn into the cylinder through the open 
check valve. On the downstroke, the 
check valve closes, the plunger valve 
opens and water passes through the 
plunger to be lifted in the next cycle. 

The operating limit is set by baro- 
metric pressure (equivalent at sea level 
to a 10.4 meter head of water) and the 
effectiveness of the seals, which make 
the practical limit only about two-thirds 
of full barometric pressure. This 7 meter 
limit on pumping lift is the biggest 
drawback of suction pumps. With water 
tables falling below that level In many 
parts of the world where such pumps 
have been installed, the pumps are 
becoming inoperab!e and must be 
replaced with deepwell pumps. 

Another serious disadvantage of 
suction pumps is that they must be 
primed by pouring water into the space 
above the plunger each time that 
pumping recommences. Use of contami- 
nated water for priming is an obvious 
health hazard, which is difficult to avoid. 

In their major application as family 
pumps, suction pumps do not need to be 
as sturdy as handpumps used by larger 
communities, and the low lifts also 
subject components to less stress and 
reduced wear. When typical suction 
pump models have been subjected to 
community use, they have generally 
shown rapid wear and poor durability. In 
the Project trials, heavy use caused fre- 
quent problems with the Lucky, Jetmatic 
and New No 6 pumps. Only the SKI-1 00 
in China proved reasonably robust in 
community use. 

Direct Action Pumps 

Suitable for pumping lifts of up to about 
12 meters, direct action handpumps are 
reciprocating pumps which can continue 
to operate when the waler table has 
fallen below the reach of suction pumps. 

There is no need for priming, which is 
also an advantage over suction pumps. 
They differ from suction and deepwell 
pumps in that the operator’s effort is 
applied directly to the plunger, without 
the mechanical advantage achieved 
through a lever or flywheel. This 
elimination of the mechanical advantage 
restricts application of direct action 
pumps to the depth from which an indivi- 
dual can physically lift the column of 
water. On.the other hand, the mecha- 
nical simpljcity of the pumps and the 

L . : . . . . . . 
AR; ._. Pump rod 

potential for low-cost, Ilghtweight const- 
ruction, makes them well equipped to 
meet VLOM objectives. 

Use of large diameter lightweight 
pumprods can hslp to balance the effort 
needed on the upstroke and downstroke, 
and reduce the stresses on the rods and 
linkages. This element of drrect action 
pump design is being studied as part of 
ths Project, and is discussed in the 
section on Pumprods in the main text. 

Though some direct action pumps 
are still in the development stage, there 
has been extensive experience in a 
number of countries over the past 16 
years tc justify the Projects optimism 
that such pumps can have widespread 
application for community water sup 
plies, offering considerable advantages 
over suction pumps for low-lift appli- 
cations. 



Deeptdl Reciprocating 
pumps 

In deepwell pumps, the cylinder is 
immersed below the water level. They 
are suitable for ils down to 45 meters or 
more, depending on the effort that users 
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are willing to apply for progressively less 
water as depth increases. The sub- 
merged cylinder eliminates the need for 
priming, but means that repairs or main- 
tenance involve removal of components 
from down the well. 

Deepwell reciprocating pumps exist 
in a number of forms, with the operating 
mechanism available as a lever, a fly- 
wheel or a pedal, and a variety of ways 
of converting the operator’s action into a 
reciprocating motion of the plunger. With 
economy and ease of maintenance as 
important selection criteria. a consi- 
derable amount of Project time has been 
devoted to monitoring the performance 
of different deepwefl pump designs. 

Diaphragm Pumps 

The illustration shows the Vergnet foot- 
pump, but the same downhole compo- 
nents are used in the Abi-ASM, which 
has a conventional lever handle. In each 
case. the operators applied force is 

turned into a pumping action through 
alternate stretching and relaxing of the 
elastic membrane (diaphragm), which is 
filled with water in a closed system. 
Expansion of the diaphragm inside the 
rigid cylinder closes the suction valve 
and opens the delivery valve, driving 
water to the surface through a flexible 
hose rising main. When the diaphragm 
contracts, water is drawn in through the 
suction valve, as in a convantlonal 
reciprocating pump on the upstroke.The 
principle of the pump is attractive, 
because it allows the use of flexible 
tube for the pilot hose and rising main 
and is therefore easy to install or remove 
without the need for special tools or 
equipment. Diaphragm life is compara- 
tively short, and replacement may cost 
as much as US$200 in the field, beyond 
many villagers’ capacity to pay. 

Pump 
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Progressing Cavity Pumps 

A rotary motion provides the lifting 
energy in progressing cavity pumps. An 
accurately machined helical rotor turns 
in a fixed rubber stator and progres 
sively pushes the water upwards conti- 
nuously. The meshing surfaces provide 
their own moving seal. A gearbox 
transmits the operator’s rotation in the 

Pump rod 
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vertical plane into a horizontal plane 
rotation of the pumprod (a direct-drive 
version with the handle rotating in a 
horizontal plane is also available). One 
advantage of rotary pumps is that they 
are simply converted to motorized or 
animal power. On the other hand, the 
rods and rotor assembly need special 
lifting equipment when installed in or 
removed from deep wells 

These five categories cover all the 
pump types tested during the 
Handpumps Project. Pumps with 
other operating principles are being 
used for community water supplies, 
though the Project has not tested 
them. Among the options available 
are air or water jet pumps and 
pulsating (inertia) pumps. 
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pump types: suction pumps; deepwell reciprocating 
pumps; direct action piston pumps; diaphragm pumps: 
and progressing cavity pumps. These categories cover 
the majority of pumps presently on the market, and all of 
those tested by the Project. Other interesting designs do 
exist, such as air or water jet pumps, and pulsating 
(inertia) pumps, but models based on these operating 
principles have not been tested by the Project. 

As UNICEF’s involvement in village water supply and 
sanitation programs built up during the 1970s the 
agency undertook monitoring exercises in a number of 
countries and, for the first time, a picture began to 
emerge of r&t how many handpumps were out of order. 
India, which had been investing heavily in rural water 
supplies based on handpumps from the beginning of the 
1970s was found to be suffering badly from breakdowns. 
In 1975, UNICEF reported that at any given time 70 to 
80% of the handpumps were out of order. 

Cther countries too were finding it impossible to keep 
pumps in operation. A 1977 US Peace Corps survey 
found that only 40% of the handpumps in Sierra Leone 
were working. In 1982. the International Development 
Research Centre (Canada) reported that in Sri Lanka 
only 60% of recently installed handpumps were still 
functioning. Few countries seemed able to keep more 
than 2550% of their pumps in service at any one time. 

factors Affecting Handpump 
Performance 

The Project field trials have produced considerable new 
evidence about the way that handpumps function and 
the factors influencing their performance and reliability. 
Chapter 3 dealt with the elements of the water supply 
system which have to be considered if the pump is to 
have a chance of achieving optimum reliability. In 
selecting the handpump itself, the designer can take 
advantage of Project experiences by comparing the 
ratmgs given to pumps in the Pump Selection Guide, 
Chapter 5 of this document, First it will be useful to 
examine the effects of various operating conditions on 
the breakdown rates and downtime of different types of 
pumps. 

Operating Conditions 

1. Pumping lift 
One of the key design criteria for any handpump is the 
depth from which water must be lifted to the surface. In 
the case of suction pumps, there is a physical limit fixed 
by the height at which the water column can no longer be 
supported by atmospheric pressure. In practice that 
means that. at sea level, suction pumps should not be 
used if the pumping level will be more than 7 meters 
below the surface, and at higher altitudes the limit is less 
(down to 4.5m at 3.500 meters, the elevation of much of 
the Andean plateau of South America). Lift limi!s for 
other pump types are less precise, though the Project 
has found it convenient to categorize pumps according 
to their performance at maximum depths of 12m (the 
approximate limit for present designs of direct action 
pumps), 25m (beyond which lifting gear is necessary to 

remove conventional downhole components), and 45m 
(considerabie effort is needed below that depth to 
produce acceptable discharge rates). 

A critical factor to be taken into account is the 
drawdown of the water table which will be caused by 
pumping of water from the well (in addition to any 
seasonal drawdown and general lowering of the water 
table caused by nearby motorized pumps). For high- 
yielding wells in permeable formations, the discharge 
from a handpump will cause minimal drawdown. However, 
where the maximum yield of the well is in the same order 
as the pump discharge rate, excessive drawdowns can 
result (drawdowns in excess of 20m have been 
recorded). Figure 4.2A in Box 4.2 shows the variation in 
drawdown over a few hours pumping in some typical low- 
yield wells in Southern Ghana. Average static water level 
in this region is 10 to 12 meters below ground, but 
pumping can lower it significantly, as the graph shows. 

In low-permeability rocks, such as the basement 
rocks of Africa, high seasonal fluctuations combined 
with high drawdown often bring pumping water levels 
down to the level of the cylinder intake. When that 
happens, air pumping may occur, possibly accompanied 
by sand movement, seal damage and heavy shock loads 
on the pump. 

Pumping tests will give an indication of likely well 
yields and drawdown for different pumpinrj rates. 
Selection should then be restricted to pumps capable of 
delivering enough water at the increased pumping lift, but 
it may also be prudent to eliminate high discharge pumps 
if these would draw the water down excessively. 

2. f&i/y outpu! 
Daily output is a convenient way to express the demand 
from an individual pump, as it combines domestic water 
consumption calculated on a per capita basis with other 
supplies for small-plot irrigation, animal watering, etc. 
Chapters 2 and 3 have dealt with the choice of service 
levels and the compromise which must be made on deep 
wells between the economic number of users per pump 
and the time and effort needed to raise large quantities of 
water from great depth. 

In comparing handpumps for a specific lift and daily 
output, the important parameter will be the pump’s actual 
discharge rate at the given head (in other words the 
number of pumping hours needed to achieve the required 
daily output). Project observations clearly show that, 
whenever there is a choice, handpump users will favor 
the pump which fills their containers more quickly, even 
if, within limits, it is heavier to operate than alternatives. 
Provided therefore that a high discharge pump will not 
cause air pumping as a result of excessive drawdown, 
and/or sand-flow problems in the well, its choice is the 
one most likely to be accepted by users. 

Maintenance System 

The practical and economic arguments in favor of 
community management of handpump-based water 
systems were given in Chapter 3. This principle will have 
an important influence on handpump selection, and it is 
imperative that project planners (and manufacturers) 
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Box 4.2 Drawdown In Low-Yield Wells: Examples from West Africa 

Basement rocks, which occur across large areas of 
upland Africa and Asia, are essentially impermeable 
crystalline rocks and will transmit water only when 
fractured or weathered. Deep weathering is common 
in tropical wet areas, such as the forest belts of 
west, central and east Afrfca, and these rocks, 
though their permeability is low, provide an adequate 
aquifer for widespread development of handpump 
based rural water supplies. In dry zones, like the 
Sahel, often only minimal weathering has occurred 
and groundwater is limited to fractures in the 
ctystalline rock. 

Figure 4.2A Drawdown and Recovery 
of Five Handpumpad Wells in 
Southern Ghana 

Low permeabilities can cause problems due to 
very high drawdown of the water level in the well 
during continuous pumping. Yields from wells are 
generally low; analysis of data from 1 IO positive 
bomholes drilled in the Liptako area of Niger shows 
that 14% yielded less than 1 cu mih and another 
29% produced 1-2 cu m/h. This is by no means 
unusual in the Sahel region, and is reasonably 
indicative of the situation in other dry zones. 

Caution is needed when determining maximum 
pumping lift and selecting handpumps for low-yiel- 
ding wells, because excessive drawdown can lead to 
sand pumping and damage to both the well and the 
pump. Figure 4.2A plots the drawdown and recovery 
of five wells with different permeabilities in Southern 
Ghana. Each well was pumped continuously for three 
hours, at the rates shown, then allowed to recover. 
In each case, the static water level was IO-1 5 
meters below the surface when pumping started. The 
figure shows’ that drawdown can easily exceed 10 
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such as permeability am often more important than 
the pumping rate in determining drawdown, as 
evidenced by Curve 1, where the well with the 
highest pumping rate has the least drawdown. 

To prevent air pumping and well and pump 
damage, the well depth and cyl!nder setting must be 
deep enough to cater for anticipated drawdown, and 
in low-yielding wells the pump chosen should have a 

meters where permeabilities are low, even when 
pumping rates are low (curves 3, 4 and 5). Factors 

design discharge reasonably matched with the well 
recharge rate. 

recognize the elements of handpump design which make 
a pump suitable for village-level maintenance. While it is 
certainly true that handpump reliability suffers 
dramatically when the community depends on fallible 
external support. many projects also fail because village 
utilities take on maintenance commitments that are 
beyond their capabilities. 

Much of the Project field study work has been 
concerned with identifying the causes of breakdown or 
poor performance of different handpump types in 
different operating conditions. In the Handpump 
Compendium, readers will find details of the frequency 
with which each field trial pump needed repair or 
maintenance Interventions, and the pump components 
which caused breakdown or poor performance to occur. 
From this information, and knowledge of the skills and 
equipment needed to carry out repairs, the Project has 
rated pumps according to thair suitability for satisfactory 
maintenance under each of Zhe three typical 
maintenance structures - i.e. A - ‘Village-level, 6 - Area- 

mechanic, C - Centralized maintenance. 
These classifications are chosen to represent 

different levels of skills, tools and equipment available 
for pump maintenance, as these are the ruling criteria in 
handpump selection. Pump performance may also be 
influenced by the way that the maintenance is managed 
(by the community or a central agency), as discussehin 
Chapter 3 but the choice of the pump itself will not be 
affected by the management system adopted but by the 
maintenance structure available. 

Typically, a pump which needs a mechanic to remove 
and replace handle bearings, plunger seals, or other 
wearing parts will not be classified as suitable for 
maintenance under a Level A system, and any pump 
which requires heavy lifting tackle to remove the cylinder 
and rising main, and motorized transport to carry 
essential spare parts, demands a Level C system. 

Pump reliability (availability) depends on both the 
frequency of breakdowns and the length of time for which 
the pump is out of service each time it needs 
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Box 4.3 Corrosion of Downhok Components and The Effects on Water Quality 

Hiih failure rates of galvanized rods and rising mains 
in the corm&e groundwaters found particularly in 
the West African field trials were surprising and 
worrying. Concern has prompted study of the ?actors 
affecting corrosion, and the effects on the taste of 
water drawn from affected wells. 

The issue of taste is important. Overnight build- 
up of iron concentrations in wells with corroding rods 
Jr rising mains can be very high. Figure 4.3A shows 
the result of pumping tests on wells in southern 
Ghana where the galvanized pumprods of the Moyno 

Figure 4.3A Variations in Iron Concent- 
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handpump were being attacked by corrosive 
groundwater. Natural groundwaier iron content 
measured in wells equipped with corrosion-resistant 
handpumps in the West African field trial areas has 
generally been found to be less than 1 mgll. The very 
high initial iron concentrations in the illustrated wells 
fell away rapidly as pumping progressed, reaching 
stable low levels within two hours in most cases. 
However, measurements in one well just three dzys 
after the test revealed that the initial iron 
concentration was as high as before the test, 
proving that accumulation of corrosion products from 
the pump was the major cause of high iron content. 

LigMly used pumps lead to greater accumulation 
of corrosion products, unless they are made from 
corrosion resistant materials. Experience shows that 
the problem intensifies as the daily pumping rate 
drops below about 2-3 cu m/d. 

Changing some Moyno pumps for Vergnet 
Dumps, which have plastic hoses and stainless steel 
cylinders. pmduced the dramatic drop in iron 

concentrations shown in Figure 4.38, and meant that 
the pumps were no longer rejected by users because 
of unacceptable water quality. 

Selection of corrosion resistant materials is 
thorefore very important If groundwater is aggres- 

Figure 4.38 Changes in Iron Concen- 
trations in Well Water due to Substl- 
tution of Corroslotr-Reslstant Pumps 
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sive. But, how do we recognize aggressive ground- 
water? Unfortunately there is no simple answer to 
this question. The first obvious step is to inspect any 
existing installations in the project area for evidence 
of corrosion. 

Analytical evidence can also help if there are 
existing wells in the area. If dug or drilled wells equip 
ped with non-corrosion resistant handpumps show 
higher iron concentrations than wells without such 
pumps, corrosion Is the most likely cause Measure- 
ments of electrical conductivity and pH are impo- 
rtant, to indicate whether water from different wells 
originates from the same aquifer. It is also important 
that iron analyses are performed in-situ or the water 
samples are carefully preserved before testing. 

Assessment cf the corrosivity of water is a 
complex matter, involving a number of inter-related 
water quality indicators. The pH is a valuable 
indicator of aggressivity and thus corrosion 
potential. As a rough guide, water with a pH value 
below 6 is likely to be highly aggressive; while above 
pH 7 there should be little or no corrosion. It must be 
stressed however that these are only guideline 
figures, as other factors, such as conductivity, CO,, 
chloride and sulfate content, as well as the presence 
of bacteria, also influence corrosivity. 



attention. Village-level maintenance is preferred 
because of its potential for a rapid response, and the 
fact that VLOM handpumps will usually be repaired very 
quickly, as no special tools or equipment are needed. 

The presence of monitoring engineers and regular 
visits from Project staff inevitably means that hand- 
pumps in the field trials received prompt attention when 
poor performance occurred, and that all the expertise 
and equipment normally associated only with Level C 
maintenance was on hand. It is not possible therefore to 
use field trial results as a measure of response times for 
the different levels of maintenance. On th+ o!her hand, 
data collected during the Project from m. ‘y countries, 
and documented case studies elsewhere, ,,Jvide ample 
evidence that centralized maintenance neans long 
delays when breakdown occurs, and that fuii village-level 
maintenance is very much quicker than any system 
depending on outside intervention. 

In comparison with response time, the actual time 
taken to carry out repairs to the pump has much less inf- 
luence on total downtime. It ib however a useful indicator 
of the complexity of pump maintenance, and therefore 
the scope for villagers to carry out the work. 

In West African trials on pumps set at depths of 
about 35 meters, for example, servicing of the cylinder 
on a Volanta pump was achieved in less than 30 minutes, 
whereas a similar operation with the India Mark II and 
Moyno pumps took more than five times as long, even 
when all the necessary equipment and staff were on 
hand. Recent experiments with the Afridev prototypes in 
East Africa have shown that it is possible for two people 
to change the plunger and footvalve in about half an 
hour. 

Corrosion Resistance 

Of the 150 breakdowns experienced in the first two years 
by a total of 175 India Mark I! and Moyno handpumps 
equrpped wrth galvanized rods and rising mains in the 
southern Ghana field trial, more than 60% were related to 
corrosion - an extreme, but by no means isolated case. 
Box 4.3 shows the effects of corrosion on various pump 
components in the Ghana field triais, and demonstrates 
the dramatic changes in drinking water quality when 
pumps wtth galvanized rods and rising mains (Moyno) 
were replaced with pumps using plastic hoses and stain- 
less steel cylinders (Vergnet). 

The incidence and extent of corrosion damage 
depends mainly on three factors - pump component 
materials, groundwater quality, and (often overlooked) 
the pumping regime. The last point is especially impor- 
tant in connection with a secondary effect of corrosion 
- Its impact on the quality and taste of the water. 
Corrosion of steel rods and nsing main leads to a buildup 
of total iron content and results in an unpleasant bitter 
taste and to discolonng of food cooked in the water and 
staintng of laundry. 

Such ptlmps may weii be rejected, or used only 
rarsly. and It follows that use of corrosron-resistant 
below ground components should be considered even if 
the groundwater is only mildly aggressive, as overnight 
accumulatron of corrosron products may put off potential 
users. 

Mobile maintenance teams (Level C) may be the only way to 
service some of the heavier handpump types, or those installed 
on deep we//s. Most such systems are expensive and unreliable. 
and pump seleclron should seek to achieve simpler maintenance 
wherever possible. 

It is important to stress that galvanized steel is not 
immune to corrosion. Field tests have shown that galva- 
nizing defers the onset of corrosion damage to rods and 
rising mains, but does not stop it, or slow its pace once 
the coating has gone. Typically, the use of pipe 
wrenches to ccmnect galvanized rods and rising mains is 
enough to damage the zinc coating and initiata 
corrosion. When handpumps which do not use corrosion- 
resistant components are also non-VLOM pumps, 
corrosion has a major impact on maintenance costs 
because of the need for ou!side repair teams to replace 
damaged components. 

Mild steel, even when galvanized, should be avoided 
if water is thought to be aggressive. Many manufacturers 
who supply galvanized rods as a siandard also offer 
stainless steel at extra cost, so that pumps need not 
necessarily be rejected until this option has been 
explored. 

Of present reciprocating handpump designs, the 
best corrosion resistance is provided by those using 
plastic rising mains, stainless steel, brass or plastic cyl- 
inders, and stainless steel, wooden, or fiber glass rods. 

Ratings ;;I the Pump Selection Guide take into 
account standard pump designs. Manufacturers should 
be contacted directly for information about availability of 
special corrosion-resistant options, though where the 
Project is aware that a particular pump can be supplied 
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If pumps can be manufactured in the developing countfy. 
avajlabrlity of spare parts IS great/y rmproved. The photograph 
shows a pumphead made in Cafe d’lvorre. whrch is to be joined 
to a downhole assembly made In France. 

with resistant components, this is noted in the 
Handpump Compendium. 

Abrasion Resistance 

The best way to combat abrasion damage to pumping 
elements IS to prevent sand and silt from entering the 
well by mcorporating carefully designed screens and 
filter packs (see Chapter 3). Unfortunately, experience 
shows that many handpumps are installed on old wells or 
wells which have not been adequately protected against 
sand ingress. 

No handpump is totally Immune to the accelerated 
wear caused by sand-laden water, but some design 
features will reduce the damage. Cup seals and valves 
are most at risk, with leather cup seals particularly prone 
to rapld wear. Sand becoming embedded in the seals will 
also abrade the cylinder wall. Best resistance to 
abrasion IS provided by rubber or plastic seals and 
valves (nttnle rubber seals have performed particularly 
well In lab and field trials arid their use may lead to 
substantially better handpump performance in sandy 
wells. which tiould be a major step forward in handpump 
technology) and stalnless sleel cylinders, or by designs 
Incorporating ceal49ss plungers (or no plungers, as in 
progressing cav;!y pumps). 

Sard can damage pumps In other ways too. In West 
Africa. for Instance. accumulation of sand deposits. 
mostly entering from above ground, has led to 
breakdown of some Vergnet pumps, by partially filling the 
diaphragm and so :estncting iis movement that it bursts 
or becomes ineffective. 

Manufacttirers are being urged to make abrasion 
resistance an rmponant criterion in future designs, but 
Project field observaiions show that this problem is most 
effectively tackled first by proper well design and 
development (see Chapter 3). 

Manufacture 

F?eadily avallable spare parts are a prerequisite for 
reliable pump maintenance. In-country rnanufacttire 
improves the chances of parts being on hand when 

needed, and saves on foreign exchange. One of the 
requirements for a pump to be described as VLOM, is its 
suitability for local manufacture, though this does not 
exclude importation of some parts (e.g. bearings). 

Producing the entire pump, rather than just 
frequently used spare parts, in the country where it will 
be used, has the further advantage that parts which may 
need replacement less frequently, such as the handle or 
piston, will be more readily available when needed. 
Economic viability is an important factor in the decision 
about whether to undertake in-country manufacture of 
handpumps. 

In-country manufacture has been the accepted 
practice in Asia for many years. Pumps such as the India 
Mark II, Bangladesh New No. 6, and Korat (Thailand) 
have been ins?alled in such numbers that the marketing 
of spare parts has become a commercially attractive 
activity at the retail level, greatly facilitating prompt 
repair of pumps. In Africa, a number of pumps are now 
being successfully and economically manufactured. 

A few examples illustrate the possibilities: a Ca:holic 
Mission workshop in Burkina Faso is currently producing 
about 35 Volanth pumps a month; about 10,000 pumps 
have been manufactured in Cole d’lvoire, including some 
for export; Mali produces the standard Mark II pump from 
India: new manufacturers in Ghana and Niger are making 
handpump prototypes; several hundred Maldev (Malawi) 
pumps have been manufactured in Malawi; Kenyan 
companies have started production of the Afridev; and 
discussions are under way for a joint-venture comps: my in 
Tanzania to prod)Jce a direct action pump. A cautionary 
note should hol$ ,:ver be added. It is vital to avoid the 
creation of a mc:!lopoly in one country, except possibly 
during a brief inltlal phase. Otherwise, the result may be 
higher prices and poor manufacturing quality. 
Manufacturers from the industrialized countries are 
starting to !,P& joint ventures and licensing 
arrangements, ci 3 way to retain their involvement in the 
handpump mar”& and improve distribution and 
maintenance support. 

India Mark /I handpumps presently serve more than ZOO million 
people. The standard desjgn requires both Sk/// and effort when 
downhole componel;ts need mamtenance. Modiiied desjgns 
almed at simplifyng maintenance are bemg tested fn the 
Handpumps Pro/et,. 
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Countries vary greatly in their manufacturing 
capabilities. and a pump requiring. for example, skilled 
welding. iron casting or press work may be suitable for 
manufacture in some countries but not others. This has 
been taken into account in the Pump Selectton Guide by 
rating each pump under three separate headings related 
to the industrial base of the country in which it is to be 
used. 

Manufacturing capability is one aspect to be 
considered when deciding whether to opt for local manu- 
facture of handpumps. Quality control is another - the 
Project has good evidence that inspection procedures 
and quality testing are essential if premature break- 
downs are to be avoided with current pump designs. An 
important VLOM objective is to design pumps in such a 
way that the need for extensive and stringent quality 
control is reduced to a level which can be achieved in 
most developing countries. 

Early prototype models of Malawi’s Maldev pump 
suffered rapid ball-bearing failure. By the time that full 
production commenced, improved jigs and fixtures and 
tight quality control ilt pumphead manufacture had 
doubled bearing Iire. However, this quality control is not 
easy to sustain. hnd field trial data shows that field-fitted 
bearings have a shorter life than those fitted in the 
factory. The Afridev pump was designed to overcome 
these problems, by using plastic bearings which require 
less precision tn pumphead manufacture and are easy to 
replace in the field (see Boxes 4.5 and 4.6). 

Government policies on import licenses, duties and 
taxation can also have an impact on the decision about 
local manufacture of handpumps. The ex-factory prices 
of many pumps made in Africa include a sizeable cost 
component for duties on imported raw materials used in 
their manufacture, and sometimes also a sales tax. On 
the other hand, imported pumps are usually exempt from 
all import duty and tax, which gives foreign 
manufacturers an unfair advantage. Though duty and tax 
concessions to local handpump manufacturers may be 
difficult to administer. changes in national legislation are 
needed to permit local manufacturers to compete on 
level terms tith importers. 

User Reaction 

Though pumps cannot be rated under this heading on a 
g!obal basis, because much depends on local culture, 
religion, etc., a number of aspects of pump design can 
affect a community’s reaction to a particular handpump. 
In extreme cases. villagers, especially women, may be 
unwilling to use pumps which require postures or 
movements which they regard as strenuous or 
undignified. Footpumps, flywheel-operated pumps and 
even direct action pumps have been reported as being 
unacceptable in isolated cases, though the Project has 
been unable to corroborate such reports. 

If there IS any doubt, pictures. films or demon- 
stration models of proposed pumps should be used 
during the pump selection process, so that villagers are 
aware in advance of the operating procedure for each 
pump under consideration. Public education in the use of 
handpumps sometimes helps to overcome lniilal rests- 
tance to a newly-introduced pump. 

flywheel operafion of handpumps has its critics, but the Volanta 
pump, seen here operating in West Africa, has proved popular 
throughout that region. 

Handpump Design and Development 

A glance at the Pump Selection Tables and worked 
examples in Chapters 5 and 6 will show how restricted a 
choice is available to system designers seeking to follow 
the Project advice on pump selection. Past emphasis on 
weight and strength as the criteria ior pump reliability has 
meant a preponderance of handpump models which are 
not suitable for village-level, or even area-mechanic main- 
tenance. 

The problem is particularly severe when pumping lift 
increases, as one of the chief impediments to local 
maintenance of handpumps is the difficulty of removing 
pistons, cylinders and foot valves from deep wells. 
Wherever the rising main has to be withdrawn in order to 
gain access to the cylinder for repair, the need for 
special lifting tackle will almost inevitably mean that a 
centralized maintenance system will have to be adopted. 
After many years experience with some 500,000 India 
Mark II pumps, Indian manufacturers have devised a 
system for removing long lengths of galvanized iron 
rising main without lifting tackle. However, the method 
still calls for skill and effort on the part of the mechanics 
and helpers involved. 

A simple gantry and pulley permanently installed on 
the pump platform has been used to ease maintenance in 
at least one handpump program and may offer another 
kind of solution. 

Most presently available pumps have essential 
components which require special skills or processes to 
produce them, or are protected by proprietary restric- 
tions, so that local manufacture is inhibited. Finally, of 
the few pumps which do offer simple maintenance and 
readily available spare parts, not all offer resistance to 
corrosive or sand-laden water. 

Considerable progress has been made in handpump 
design and development since the start of the Project. 
and research has been promoted into a number of prom- 
ising and novel ideas. The remainder of this Chapter 
contains specific recommendations for handpump 
manufacturers and industrial researchers about the 
direction in which future applied research and technology 
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Box 4.4 Effects of Handle Desfgn and Cylinder Size on Pumprod Stresses 

PUMP B 

, 

Field triat obsetvations have shown that users of 
lever-action handpumps tend to move the handle end 
by the same amount irrespective of the to!al stroke 
length available. This constant travel distance (usu- 
ally in the range of 300 to 400mm) is maiMned 
as long as the operating force is within acceptabie 
limits. This finding has considerable significance for 
handpump designers. 

The diagrams show two possible designs for 
handpumps to raise water from a depth of 25 meters. 
On the left (Pump A), the pump has a handle ratlo 
(mechanical advantage) of 3:l and a cylinder 
diameter of 50mm. On the right (Pump B), the handle 
ratio is 5:l and the cylinder diameter 84Smm. 

The 25 meter head of water on the 50mm dia- 
meter cylinder results in a required lifting force of 
49.1 kg-f in addition to the weight of pumprods and 
plunger. For the 84Smm cylinder, the required lifting 
force is 81.7 kg-f, again plus pumprods and plunger. 
After taking account of the different handle ratios, 
the force to be applied by the user (assuming that 
the pumprod weight is balanced by an appropriately 
counterbalanced handle) is l&4 kg-f in each case. 

For the same handle movement of 300mm, Pump 
A will produce a plunger movement of 1OOmm and a 
discharge of 0.2 liters from the 50mm cylinder, while 
Pump B’s 60mm plunger movement will result in the 
same discharge from the 84.5mm cyiinder. 

To the user therefore Pumps A and 6 are iderk 
tical: the same operating force moving the handle 

through the same distance produces the same dis- 
charge. However, the Dumps are subject to quite 
different forces, as the diagrams show. The different 
lifting forces mean that for a given rod diameter, the 
stresses in the pumprods of Pump A would be 40% 
!ess than those in Pump B, 

Aliernatively, the stress could be kept constant, 
in which case a rod of 40% less cross-sectional 
area, or 23% smaller diameter, could be used for the 
50mm diameter pump. Such a rod would be lighter 
and cheaper and induce less inertia. 

There are also substantial differkces in the 
forces acting on the bearings. The hanger bearings 
will be subject to the same forces as the rods, with 
Pump A’s Ming 40% less load than Pump B’s, while 
the fulcrum bearing carries the total downward force 
of handle effort and pumprod force and is 33% less 
for Pump A,. 

Use of a 50mm diameter cylinder compared with 
one of 84.5mm diameter has therefore considerably 
reduced all the forces acting on the key wearing 
parts of the pump, providing the opportunity to use 
smaller and lighter materials without affecting either 
the pump performance or the operating action. 

This Is an important conclusion, which has 
guided Project research towards adoption of the 
smallest cylinder size needed to cope with the range 
of lifts for which a parlicular pump is designed - a 
reversal of the commonly held view that larger 
cylinders offer advantages. 

development should be directed, to providr the most 
reliable pumps for a range of pumping applica,,dns. There 
is great scope for improvements to existing pumps as 
well as evolution of new designs. 

The recommendations are based on principles which 
are now firmly established as the most effective way to 
achieve sustainable and replicable large-scale rural 
water supplles. 

fJun7p Types 

The handpump market is dominated by reciprocating 
pumps. and much of the research and development work 

initiated by the Project has focused on improvements to 
the performance and serviceability of such pumps. The 
field trials showed that reciprocating pumps cover a 
wider range of discharge and head ratings than 
alternative designs, and their inherent simplicity makes 
them more amenable to local manufacture and village- 
level maintenance. Many of the issues discussed in this 
section of the report will therefore relate primariiy to recip- 
rocating pumps. 

This should not discoutage development of hand- 
pumps based on other pumping concepts. The Project 
has recognized great merits in, for instance, the Vergnet 
diaphragm pump, which avoids the use of pumprods, 
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uses flexible plastic pipes and has its plunger readily 
accessible at ground level. The Mono and Moyno prog- 
ressing cavity pumps also have particular strengths, in 
that they eliminate the need for plungers and seals and 
are able to pump water with a significant sand loading. 
Further development of these and other designs (oscil- 
lating water column, water or air jet, etc.) may have 
considerable potential and manufacturers and resear- 
chers are encouraged to study the concepts guiding 
development work on reciprocating pumps, outlined in 
the following pages, and adapt them to their own fields of 
interest. The Project will be interested to hear of any 
promising new designs, and is willing to offer comments 
and suggestions in amplification of findings summarized 
WI this Report. 

Of the 42 pumps in the Handpump Compendium, 32 
are lever operated, 5 are direct action (Malawi Mark V, 
Ethiopia BP50. Nira AF85. Blair, Tara), 3 are flywheel 
operated (Climax, Volanta. Duba Tropic 7). 2 are foot- 
pumps (Kangaroo, Vergnet), and 2 are rotary (Mono, 
Moyno). 

Direct action pumps (see @ox 4.1) are 
comparatively inexpensive and simple to manufacture 
and to maintain, and the Project is advocating wide- 
spread use of this type of pump for shallow pumping lifts 
(certarnly to 12 meters, and possibly to 15 meters). 

Flywheel operation of handpumps is a contro- 
versial topic. Advocates point to the substantial reduc- 
tion in shock loading on the pump system from the 
progressive acceleration and deceleration of the 
flywheel in comparison with the rapid stress reversals 
which can be induced by lever-action pumping. A 
properly counteweighted flywheel can also build up 
considerable rotation speed - particularly when oper- 
ated by two people - and so achieve comparatively high 
discharges, even when the pumping lift is high. It is this 
high delivery at great depth which has made the Tropic 7 
popular in Niger. where its discharge from 45 meters is 
three times that of the India Mark II. 

Critics say that the rapidly spinning heavy wheel 
with its protruding handles is a hazard to children and old 
people, though the Project has found little evidence of 
injuriss from this source, which seem to occur only when 
flywheel pumps are newly introduced into a region. 
Another criticism is that flywheel-operatod pumps are 
more difficult and more costly to make than lever- 
operated pumps, because they are heavy and need 
correspondingly strong (and therefore expensive) pump- 
heads and bearing assemblies. Average cost of the four 
flywheel pumps tested is more than double that of lever 
action pumps for the same pumping lifts. 

There is a large potential use for flywheel pumps in 
regions where water levels are deep and high discharge 
is needed (pastoral applications in the Sahel are an 
example), but the lower cost and reduced complexity of 
lever operated pumps make them more appropriate for 
most regions. 

Footpumps have sometimes been criticised on the 
grounds of supposed cultural objections to the posture 
adopted by a female operator. The Project sought evi- 
dence for this assertion, but none has come to light. In 
fact, the foot pumping action of the Vergnet is praised by 
some users, particularly where the pumping lift is less 

This boy has jumped in the air to bring his full weight down on the 
pump handle. Better designs are available. but the photograph 
demonstrates that users will be prepared to apply considerable 
effort, if the water supply is convenient and reliable. 

than 20 meters. There would seems to be no reason to 
discourage further development of foot powered pumps, 
though it is prudent to check local cultural traditions 
before installing pumps of this type. 

A simple development of lever action which has 
much to recommend it is the use of a T-bar. A big 
advantage is that it encourages proper use of the 
handle, because users stand behind the handle and 
move it in a verticz plane. This contrasts with the 

‘characteristic operation of a straight lever, where users 
tend to stand alongside and exert lateral forces on the 
pumphead and bearings. T-bars make two-person 
operation easy and provide counterweight for the pump- 
rods at the optimum position. 

A counterbalanced handle is a useful way of 
optimizing the forces needed on the upstroke and 
downstroke. Taking account of the lever mechanical 
advantage, a heavier handle, or one with countennreights 
attached near the end, will decrease the force which the 
user must apply on the downstroke, adding an equal 
increment to the upstroke. 

As a minimum, counterweights should balance the 
pull of the pumprods and plunger, which would otherwise 
return the handle unassisted (the India Mark II relies on 
this gravity return, as it uses a chain and quadrant link 
between handle and pumprods). In some cases, extra 
counterweight, forcing a positive upstroke, can make 
pumping very much easier at high lifts. 

Discharge Rate versus Pumping Effort 

An important observation from all the field trials is that 
when users are able to compare different pumps under 
the same operating conditions, they almost invariably 
favor the ones with the highest discharge rate, even 
though the force required may be relatively high (it must 
not. of course, be excessive). In extreme cases, the 
community may reject pumps which produce low 
discharges irrespective of the effort applied. 

A useful general principle for future designs, 
therefore, is that handpumps for community water supply 
should give high yields, even if that means compara- 
tively high handle forces (as a rough guide, the Project 
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box a5 Devdopment G. *restld’Bear@gs for Lever Action Handpumpb . 

For the light use normally associated with the original factory. ’ % 
European and US backyard pumps,, mitd steel pins in ’ The, Project selected b&ring development as a- 
cast iron journals were an adequate bearing arrange- key research’ is$e’snd, has-sponsored and carried 
ment at the fulcrum and rod hanger. Heavy pump use out considarable laboratory and field work to produce 
in developing countries, however, “results in very new designs. The’target was to. achieve a reasonable 
rapid pin wear quickfy followed by wear of the handle and predictable bearing ‘life (I-2 years) from both 
and pumphead. ,,’ factory-fitted and replticement bearings. As with all 

The India Mark II design in the mid 1970s intro- the Project develppment ‘work, -overall objectives 
duced two standard replaceable ball races at the included simplicity and low cost in manufacture ‘of 
fulcmm (the Mark II has a chain and quadrant bearings and pumpheads, as well as ease of replace- 
arrangement as the rod hanger). The ball bearings ment, to allow village-level maintenance. 
resulted in a greatly extended life (typically 2-4 Tests started in 1982 on dry bearings using a 
years) and, with some difficulty, could be replaced range of engineering plastics running on diierent 
when worn, avoiding damage to the pumphead. Other metal counter surfaces. Low wear rates, acceptable 
manufacturers followed suit, and many handpumps life and easy replacement of plastic bushes were 
now have standard, off-the-shelf ball bearings at the readily achieved, but a big problem was that the 
fulcrum and rod hanger. metal (mostly stainless steel) counter surface wore 

Though the improvement was substantial, ball as well and eventually had to be replaced. 
beatings have several disadvantages for handpump In early 1965, collaboration With plastics 
af@cations. Designed for high-speed unidirectional 
rotation, they are less suited to the slow rocking 

specialists fmm Du Pont in peneva, Switzerland, led 
to a design concept lnvolvmg one polyacetal bush 

action of a hanctpump lever; bearing housings have 
to be very precisely machined, calling for good 
quality control in manufacture; field replacement 
needs a special tool and some skill, and poor fitting 
leads to bearing damage; “sealed for life” bearings 
are not water or dust proof, while conventional 
bearings need regular lubrication. Also, failure to 
recognize or respond to the symptoms of bearing 
wear (lateral handle movement is the first sign) can 
still lead to pumphead damage. In the Sudan field 
trials, irreparable damage was done to Mark II pump- 
heads because of failure to replace worn bearings. 

In the Maldev design (Box 4.6) an attempt was 
made to ease field replacement by increasing toler- 
ances, but reduced precision led to shorter bearing 
life, and there was an impression, to be verified as 
monitoring proceeds, that wear is more rapid on the 
replacement bearings than on those fitted in the 

running on a. second pQlyamlde bush. The combfn- 
ation exhibited barely detectable wear in laboratory 
and field trials and’has now been developed into a 
design in which the two bushes snap together to-form 
one self-contained unit that can be fitted into the 
pump without special tools. The injection molding 
process has to be closely controlled, but plastic 
bearing production has recently begun in Kenya. 

This is an early attempt to produce plastic 
bearing designs specifically for handpump appli- 
cations, and the results are encouraging. Mass 
produced;the bearings are very cheap and therefore 
relatively easy to hold in stock; simplicity of 
replacement makes scheduled servicing viable; and 
the Kenyan experience suggests that local 
manufacture is a feasible option for countries 
wishing to follow this route. Field trials will continue in 
Kenya and elsewhere. 

recommends that a handle force of 20 kg-f should only uncomfortably heavy to use. So, pump users are willing 
be exceed& at very high pumping lifts). to apply quite high forces, but prefer limited movement. 

Pumping Actions 

The field trials have demonstrated that lever-action pump 
users tend to use roughly the same handle movement 
irrespective of the total available stroke. The movement 
is usually about 300-400mm and represents a 
comfortable operating action. Different users operate in 
different parts of the available handle arc, and handle 
design should therefore allow for comfortable use of a 
300-400mm movement at various positions to suit the 
stature of different users. 

Only a few manufacturers allow alteration of the 
handle mechanical advantage (in practice this can be 
accomplished by varying the handle length) as an option. 
Yet the right combination of mechanical advantage and 
cylinder size can significantly reduce the forces and 
therefore the stresses on pumprods and bearings. As 
Box 4.4 demonstrates, a 3:i handle ratio and 50mm 
cylinder diameter results in the same discharge per 
300mm handle stroke for the same operator effort as a 
5:l handle ratio and 64.5rlirI, cylinder diameter, yet the 
pumprod and bearing loads in the former case are 40% 
and 33% lower respectively. 

The handle movement is more or less independent of 
the handle operating force, until the pump becomes 

These observations tend to counter the commonly 
held view that the largest practical cylinder size should 
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be used for any particular pumping lift. This policy in the 
past has led many manufacturers to offer a range of cylin- 
der sizes and multiplied the needs for stocks of spare 
parts. Other manufacturers make only one cylinder size, 
but specify their pumps for only a lin,ited range of lifts. 

The Project staff believe that, as far as practical, a 
single cylinder diameter should be adopted and that this 
should be the smallest size needed to cope with the 
range of pumping heads met. Discharge, and the 
corresponding handle force required at different pumping 
lifts, can then be controlled by mechanical advantage - 
i.e. the highest discharge is achieved by the longest 
stroke, using the minimum handle mechanical advantage 
needed to keep the force within acceptable limits. 

For example, a 50mm diameter long-stroke cylinder 
can be used for the full range of lifts up to 50 meters, as 
follows: 

. With direct action (1:l mechanical advantage), the 
handle force can be kept below 20 kg-f for lifts up to 
about 12 meters by using a large diameter low-mass 
pumprod to distribute force and discharge between 
the upstroke and downstroke. 

. With a suitably counterbalanced lever handle with a 
3:l mechanical advantage, the same 50mm cylinder 
can be used at lifts of 12 to 30 meters. 

. Lengthening the handle to give a 4.5:: mechanical 
advantage makes the pump suitable for lifts in the 
30-50 meter range. 

The Afridev pump range uses this concept (see Box 
4.6). In contrast, the standard India Mark II employs a 
635mm cylinder and a handle with a fixed mechanical 
advantage of 61 (some manufacturers of this pump offer 
variations for lifts outside the normal specified range). 

Role of Plastics 

Until very recently. handpump designs had benefited 
little from modern materials technology. While market 
forces have prompted big investments in the develop- 
ment of mass production items like the plastic clips for 
the trim panels of a motor car, the large market for hand- 
pump components has not attracted the same attention. 

The Project, along with other organizations such as 
IDRC in Canada and the British ODA, has promoted and 
sponsored testing and development of handpump compo- 
nents made from different plastics, and sees scope for 
numerous beneficial applications. 

The potential use of commodity plastics, like 
polyvinyl chloride (PVC), high-density polyethylene 
(HDPE). and others, for rising mains is discussed later. 
Engineering plastics, designed for specific purposes, 
are being used more and more in industrial applications, 
to replace metals, and should be well suited for a similar 
role in handpump designs. Their attractions include 
corrosion resistance, toughness, and guaranteed 
uniformity of complex parts through controlled injection 
molding and long-lasting dies. If demand is high, costs 
can be very low, as raw materials are comparatively 
inexpensive. 

The principal wearing parts in ?he pumphead are the 
bearings, and these have proved to be the weak link in 
many pump designs. The Project has promoted a great 
deal of research and development into bearing design 
specifically for handpump applications (see Box 4.5 
overleaf), and has concluded that engineering plastics 
may offer a viable solution. Bearing assemblies have 
been designed that are easy to fit, have a fairly long life, 
can cope with some dimensional variation in pumphead 
manufacture (compared with the tight tolerances needed 
in ball races), and can be mass produced at low cost. 
Some promising designs are under test in the field trials 
and early results are very encouraging. 

For bearings, plungers, footvalves, rod connectors, 
seals, and possibly other components too, it is certain 
that properly designed plastic components (as opposed 
to plastic copies of metal components) will have a big 
impact on future handpump designs. 

The Afridev design (Box 4.6) already incorporates 
engineering plastics in bearings and many below ground 
components. Research and development work for this 
application is being undertaken by plastics specialists 
from industrialized countries alongside the young but 
enthusiastic engineering plastics industry in East Africa. 

Pumprods 

Pumprod breakage has been a common cause of failure 
during the field trials, most frequently occurring at the 
threads where the rod is linked to the handle in the 
pumphead. In most lever action pumps, !he rod hanger 
link is a fixed one, through which the lever force may be 
transmitted through a bearing to the rods to give a 
“positive downstroke” during rapid pumping. The India 
Mark II is an important exception, in which the rod hanger 
is a chain and quadrant. In this “gravity return” 
arrangement, the weight of pumprods and plunger 
effects the downstroke, and movement of the handle 
does not push the rod down. 

Opinions differ as to the merits of gravity return. 
Some say that it reduces pumprod fatigue by avoiding 
buckling on the downstroke, while others argue that it 
induces greater stresses because of “snatch” in the 
gravity return arrangement. To help resolve this issue, 
the Project is conducting a laboratory-based study, 
which will compare pumprod stresses for gravity return 
and positive downstroke systems. 

Conventionally, most pumprods have been made of 
galvanized cold-drawn mild steel rod. Galvanized pipes 
and wooden rods have also been used successfully, 
proving beneficial for lowering the starting torque of 
windmills, for example. The Duba Tropic handpumps use 
wooden pumprods, and the few tested in the field trials 
have operated satisfactorily, though the test period is 
still quite short. 

Galvanized mild steel rods usually perform satis- 
factorily in non-aggressive groundwaters, but rapid 
corrosion where water is aggressive has led to 
widespread use of stainless steel rods in such situ- 
ations. Rods normally have threaded connections with 
sockets and this feature, often but not necessarily 
coupled with corrosion, is the prime cause of rod failure. 

HANDPUMP TECHNOLOGY 61 



Box 4.6 Case Study of Handpump Development in East Africa 

The name Afridev has been given to a family of hand- 
pumps, still being developed under the sponsorship of 
the Project by a group of mechanical engineers 
working for governments and donors in severai East 
African countries. Design concepts have evolved from 
experience during the Project field trials, and experi- 
mental components are being blended with proven 
designs in an attempt to address each of the design 
issues discussed in this chapter. 

The main objective is to produce a family of 
designs which will be available in the public domain and 
which can be adapted for manufacture in many devel- 
oping countries. 

The principles guiding research and development 
are that pumps should be: 

modular in design, so that the same cylinder, 
rising mains and standard wearing parts can be 
used for direct action pumps to 15 meters and 
deepwell pumps to 50m. 

as simple as possible to install and maintain with 
minimal tools, skills and effort, including an extrac- 
table piston and footvalve. 

relatively simple to manufacture in medium-sized 
well-managed workshops in East Africa, requiring 
straightforward production engineering and min- 
imal quality control. Designs make maximum use 
of stock size materials, to minimize the amount of 
machining required. 

designed so that scheduled servicing should 
result in the virtual elimination of breakdowns and 
that such servicing involves only routine and 
simple replacement of easily accessible low-cost 
wearing parts, such as bearings, seals and 
valves. 

suitable for use in aggressive groundwaters 
through the use of corrosion resistant materials 
below ground; and capable of resisting sand 
abrasion through proven seal and cylinder wall 
combinations and intake configurations. 

. designed to minimize forces, allowing the use of 
lighter components which can incorporate a larger 
design safety factor. This can give improved 
fatigue life for relatively highly stressed compo- 
nents, such as pumprods and rising mains. 

. low cost, so that user communities can generally 
afford to purchase the pump (perhaps with credit) 
and can always afford to maintain it. Target 
figures are: US$400 for a complete pump set at 
25m depth, with full recurrent costs of less than 
US$30 per year. 

In effect, the Afridev is a continuation of develop- 
ment work which began in Malawi early in 1981 and 
resulted in the first production models of the Maldev in 
mid-1932. The original Maldev pumphead uses ball 
races the same size as the India Mark II (two in the 
handle fulcrum and one in the rod hanger) and was 
designed for use with uPVC rising mains and 
extractable plastic plungers and footvalves. 

Problems were experienced from the start of 
Maldev production, mostly connected with the tight 
manufacturing tolerances demanded by the use of ball 
races. Life of the bearings was unacceptably short 
and field replacement unduly difficult. Though tigh- 
tened quality controls overcame the initial problems to 
some extent, the requirement for simple field fitting 
meant that larger toierances had to be allowed, and 
failures were still too frequent. This particular issue is 
explained in more detail in Box 4.5, and it led to the 
conclusion that further development should include 
alternatives to ball races in the pumphead assembly. 

The new prototype, renamed the Afridev and 
including a fulcrum and rod hanger assembly with engi- 
neering plastic bushes in place of the ball races, was 
manufactured and installed in Malawi in late 1982. A 
year’s trial was enough to confirm the merits of the 
plastic bearing system, and Afridev development 
accelerated, with Kenya becoming the center of 
activities. 

The first machined prototypes of plastic downhole 
components were produced for field testing in Kwaie 
District, on the Kenyan coast, late in 1983. Further 

Rolled threads and box and pin joints go some way 
towards resolvmg IhIs problem. but, esperrally for village- 
level matntenance. the use of threaded connecttons has 
to be questroned. It makes rnstallatton and removal 
rnherently complex and there is a risk of damage through 
cross-threading or over-tightenrng. Also. rods with 
threaded connecttons cannot readily be cut to length In 
the field. 

The Volanta has an rnnovative arrangement of 
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hooked stainless steel rods. which makes removal and 
replacement quack and easy. The Afndev system (Box 
4.6) is testing prototype hooked connectors designed to 
elrminate lateral or vertical play and using a plastic guide 
to align the rods and centralize the link in the rising main. 

An important development, linked with increasing 
use of direct action handpumps. is the use of high 
displacement, low mass pump rods. Lightweight rods 
with relatively large diameters zan be formed from hollow 



development work and field experiences led to second- 
stage, injection-molded plungers, footvalves and rod 
connectors, which were distributed for field testing 
early in 1985. 

Meanwhile, an informal handpump design meeting 
held in Kenya, towards the end of 1984, had set design 
objectives for the Afridev. The fifteen participants of 
ten nationalities included representatives from 5 East 
African countries. They stressed the need for users to 
be able to obtain and pay for spare parts and to repair 
the pump themselves. The emphasis was to be on 
regular replacement of low-cost wearing parts rather 
than longer periods between more difficult and costly 
repairs. A general target was set of one year between 
spare parts replacement. 

A significant breakthrough came soon afterwards, 
with the finalizing of dry bearing designs suitable for 
mass production by injection molding. That completed 
the pumphead design, which had altered considerably 
since 1982. as new ways were found of simplifying 
maintenance. The first substantial production run of 
the Afridev pumphead started towards the end of 
1985. 

Tests on the downhole components led to further 
developments, and production designs emerged from 
a second design meeting in Kenya early in 1986, which 
evaluated the full potential of engineering plastics in 
handpump design. Plastic bearings are now being 
molded in Kenya using long-run dies (also made in the 
country); dies for molding plungers and footvalves are 
being designed in Switzerland ready for mass produc- 
tion of cylinders in Kenya. 

In the discussion of &chzrrge Rate versus 
Pumping Effort in the main text, reference is made 
to the advantages of standard long-stroke, small- 
drameter cylinders, to reduce forces, ease 
maintenance and simplify spares procurement. A 
de&on has been taken that, for all pumping lifts, the 
Afridev will use a standard 50mm diameter cylinder. 
The operator force needed to pump from different 
depths will be varied by offering different mechanical 
advantages in the handle. For lifts up to 12 meters, a 
direct action handle will be recommended with high- 
displacement pumprods. From 12 to 30 meters, a 3:i 

mechanical advantage lever is offered, and for 
applications involving lifts from 30 to 50 meters, the 
mechanical advantage is raised to 4.5:1. 

At the start of the Afridev development, 
conventional pumprods with threaded connections 
were used. Problems with cut threads are well known, 
and these are only partly overcome by using rolled 
threads (see Pumprod discussion in main text). 
During 1985, the Project started experimenting with 
pumprods joined by a system of hooks and eyes, 
which allow the rods to be joined quickly and easily 
without the need for any tools. The hooks and eyes 
form hinges, and a plastic component was designed to 
fasten over each hinge and prevent buckling of the 
joint under compressive loads. The same component 
serves as a pumprod centralizer, preventing contact 
of the rods with the rising main. In three field test 
sites, use of the prototype system has dramatically 
reduced the time needed to remove and replace 
downhole components: a large scale field trial is now 
being implemented. 

So far, uPVC rising mains have been used in 
about 50 prototype pumps, almost without failure for 
up to four years at pumping lifts up to 30 meters, and 
most recently at iifts up to 50 meters. Research is 
continuing into simple methods of joining uPVC pipes, 
which will permit easy dismantling. Solvent cement 
jointing, as currently used, is not considered an 
adequate solution. 

Although the research and development program 
is incomplete and the field trials are continuing, the 
Afridev pump is achieving many of the targets set for 
it. Replacement of all wearing parts (bearings, plunger 
seals, valve bobbins) can be undertaken from a 40 
meter setting (say a 30 meter water level) in sub- 
stantially less than one hour by minimally trained 
villagers, using a simple spanner and fishing tool, and 
without removing a single nut from a bolt. 

The pumphead is being manufactured by four 
companies in Kenya and prices are on target. 

A Production Manual is under preparation for the 
Afridev, which it is hoped will make it possible for other 
countries to adapt design and production techniques 
to suit their own circumstances. 

tubes of materials such as PVC or aluminum, or by 
surroundrng a steel bar wrth a very low-density sub- 
stance lrke closed-cell foam. or simply by using a uniform 

. low-density material of which wood IS the most obvious. 
By drsplactng a big proportion of the water column in 

the nslng marn. lrgntweight pumprods transfer a 
substantial part of the total effort required from the 
upstroke to the downstroke. Reducing the effort on the 
upstroke makes the pump signlflcantly easier to use, 

and lowers the load on the rods during that stroke. There 
are also advantages for installation and removal of 
downhole components, if the rods are easy to lift. 

High-displacement low-mass rods are being 
manufactured from standard off-the-shelf PVC pipe 
(though other materials can also be used), with the 
added advantages of economy and corrosion resi- 
stance. Tests of PVC tubes as pumprods on direct 
action pumps such as the Ethiopia BP50, IDRC-UM, 
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Blair, and Tara prototype have given mixed results. 
Breakages and excessive abrasion observed in some 
cases were probably caused by low quality of the 
material, wrong connector designs, insufficient pipe wall 
thickr,ess, and weaknesses introduced by careless 
solvent cement jointing. Rods made from high-quality 
materials, well manufactured and epoxy cemented (e.g. 
the Blair and the Wavin prototype) have performed well. 

The Tara development (Box 4.7) demonstrates that 
care is needed in balancing the advantages of high water 
displacement with potential wear problems if the annular 
space between pumprods and rising main is reduced so 
much that deformation or poor alignment can cause 
contact between the two during pumping 

A direct action system imposes special needs on 
the pumprod. In addition to the balancing of upstroke and 
downstroke forces, rods generally move at higher 
speeds than those in conventional lever pumps, and will 
be subjected to higher compressive forces. The threat of 
buckling may call for the use of rod guides, further 
reducing the flow space between pumprod and rising 
main. There would be considerable benefit if the rod 
could be a single section, strong enough and flexible 
enough to be bent over and laid out on the ground during 
installation and removal, though flexibility is in conflict 
with the stiffness needed to prevent buckling. 
Connectors, on the other hand, usually presuppose tools 
and . may also be vulnerable to uncoupling during 
operation or fatigue failure. 

Finding the best direct a&Ion pumprod involves a 
compromise among a list of desirable characteristics: 
low mass, high volume, high stiffness, high tensile 
stren&. low elasticity, and high abrasion resistance. 

Rising Mains 

Galvanized mild steel pipes have been the conventional 
material for rising mains with reciprocating and prog- 
ressing cavity handpumps. As with pumprods. galva- 
nized rising main performs well if groundwater is non- 
aggressive. but has a short life in corrosive water. This 
problem is aggravated by the poor quality of rolled and 
galvanized pipes made in many developing countries 
(rising mains are often ordered locally for use with impor- 
ted pumpheads. cylinders and pumprods), poor thread 
cutting, and poor quality pipe connectors. The heavy 
weight of steel pipe is another disadvantage, especially 
where the rising main has to be removed for routine 
maintenance of the cylinder. 

There is therefore a need to identify satisfactory 
alternatives to galvanized pipes for handpump rising 
mains. Stainless steel has the advantage that it is 
corrosion resistant, but it is much more expensive. 
Recent quotations for large orders of 11/d inch nominal 
(42mm O.D.) stainless steel pipe for use with India Mark 
II handpumps in West Africa amounted to about $10 per 
meter FOB Europe. That is a competitive price for 
stainless steel pipe, but would mean that 30 meters of 
rising main would cost almost twice as much as the FOB 
cost of the pumphead. cylinder and 30m of pumprod. 
Though stainless steel may turn out to be the only option 
for aggressive groundwaters. the Project and other 
concerned groups are actively seeking alternatives 
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(bearing in mind also that, if VLOY pumps with extrac- 
table downhole components are developed, rising main 
diameters will have to be much iarger than 42mm). 

Plastics are an obvious option and a number of 
pump designs are now using plastic rising mains, with 
varying degrees of success. Preliminary results seem to 
Indicate that smaller diameter (up to 50mm I.D.) high- 
specification uPVC pipe may be sufficiently durable and 
inelastic to serve as a rising main at high heads. The only 
known success with larger diameter PVC is the Volanta, 
where the flywheel operation means a steady acce- 
leration and deceleration of the rod-piston assembly. 
Rising mains are subjected to repeated stress reversals, 
and there are reservations about possible fatigue 
failures in plastic pipes. High longitudinal elasticity and 
creep are other problems, as lengthening of the rising 
main in relation to the pump rods would impair pumping 
performance and could reduce the available stroke to 
such an extent that damage to the plunger or upper 
cylinder would result. Finally, there is the “notch 
sensitivity” of certain plastics, a measure of the 
susceptibility to high stress concentrations and potential 
cracking if the uniform wall thickness is interrupted by 
threading or accidental scratching or impact. 

The most common plastic rising main in use at 
present is uPVC, which is used in the Kardia, Volanla. 
SWN and Afridev deepwell pumps, as well as many 
shallow lift and some direct action pumps. Exceptions 
are the Nira AF85 direct action pump which uses high 
density polyethylene (HDPE) rising main (and pumprods) 
and the Pek direct action pump which uses a polypro- 
pylene/polyethylene mix. 

PVC pipe suffers less creep than many other plas- 
tics, but is highly notch sensitive. It can also be quickly 
damaged by exposure to sunlight, unless additives are 
used to increase its resistance to ultraviolet light. HDPE 
is less notch sensitive and more resistant to UV attack, 
but has much higher creep than PVC. Polypropylene 
(PP) pipe has creep properties between PVC and HDPE, 
and an HDPE/PP mixture is said to combine the reduced 
creep of PP and the high notch resistance of HDPE. 

Down to about 20 meters, there is enough expe- 
rience of successful use of high-quality plastic rising 
mains to regard them as an acceptable solution. For 
deeper wells, critical issues remain of how to support the 
rising main in the well, the type of jointing used, and 
creep. As a simple precaution, the Afridev has nylon 
safety lines attached to its cylinder, in case the PVC 
rising main slips or breaks - a potentially disastrous 
breakdown, as “fishing” for the pipe in a deep well is 
extremely difficult, even for a skilled repair team. 

Some designers maintain that long rising mains must 
be supported at the bottom, others use compressed 
rubber rings to grip the pioe from the top. Jointing is 
difficult. Threads cut directly into the pipe have led to 
pipes breaking. If threading is used, wall thickness must 
be inreased (e.g. by a bonded sleeve), so that in the 
threaded section the minimum thickness is more than the 
standard pipe thickness, not less. 

In general, threaded joints are not a good solution, 
because of the difficulty of making them and tightening 
them properly in field conditions and the nature of the 
materials themselves. 



Solvent or epoxy cement joints are an alternative 
(used, for example, on the Volanta). but also have their 
problems, largely because of the need to follow strict 
procedures and use fresh solvent cement. There is also 
the disadvantage that if the the rising main has to be 
removed from the well. it must be cut then re-cemented 
with spare sockets when it is replaced. The Project is 
sponsoring development and testing of new concepts for 
simple connection and disconnection of plastic rising 
mains which avoid the need for tools or special materials. 
As VLOM reciprocating pumps seem likely to have an 
open top cylinder to allow extraction of rods, plunger and 
footvalve without removing the cylinder. rising main 
removal should be a rare event, needed only if repairs 
have to be carried out to the cylinder itself or to the well. 

Glass-fiber reinforced plastics (GRP) may be 
another option for rising ma% though at present they 
are manufactured primarily for the oil industry and are 
almost as expensive as stainless steel pipes. 

Concern about the rising main issue has prompted 
rnclusion of a laboratory research and development 
program on this subject in the next phase of the Project 
(1987 - 1991). The aim will be to determine whether large 
diameter PVC tubes (at least as large as the cylinder 
diameter) can be used as rising mains at !ifts of 45 
meters, and if so, what design features and operating 
conditions make it feasible. Laboratory tests will first 
evaluate how the stress/strain relationship in PVC rising 
mains is affected by changes in design and conditions of 
use. Based on these results, recommended systems for 
conventional “positive-downstroke” pumps and for 
gravity-return pumps like the India Mark II will be 
endurance tested. 

Cylinders 

Deepwell reciprocating pump cylinders have changed 
little in design for 50 years. Cylinders are still commonly 
manufactured using brass walls and end caps, cast 
brass plungers and footvalves and leather cup seals. 
Even the comparatively modern development of the Inciia 
Mark II is modelled on the much older cylinder design, 
and has a brass sleeve inside a cast-iron casing. Of the 
plastic materials in use, uPVC is the most common, with 
glass-fiber reinforced plastic (GRP) also used. 

Stainless steel cylinders with highly polished 
inner surfaces used with rubber hydraulic seals give 
good resistance to sand abrasion and long seal life. 
Softtr brass cylinders are less resistant to the effects 
of abrasive particles in the pumped water. Scoring and 
wear of the cylinder wall occurs, particularly when leather 
bucket-type seals are used, which tend to trap sand 
particles. 

uPVC cylinders have been used particularly on 
direct action pumps. It has the advantage of being 
comparatively inexpensive and widely available. As a 
relatively soft material, it can wear rapidly as a result of 
sand abrasion, though seal material and design can have 
an important influence on wear rate. 

GAP cylinders are becoming more common and 
the inner surface is sometimes coated to reduce friction. 
The Project has no firm data yet on wear rates of GRP 
cylinders. 

Rrpnin by Part Type 

25% pumphrad components 
25 ‘5% b&w-ground tomponcnrs 
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Pump seals were the most commonly replaced components in 
the Project field trials. representing 25% of a// parts replaced. 
Below ground components accounted for 75% of repairs carried 
out. the remaming 25% being pumphead components. 

The Handpump Compendium compares repair frequency by 
pat-f fype for individual pumps and demonstrates how variafions 
in seal types and materials can have a significant impact on the 
number of maintenance interventions needed. 

Plunger seal replacement is the single most common 
maintenance need on conventional handpumps, yet it is 
also usually the most difficult task. To change a pair of 
seals worth US$2 each on the standard India Mark II, the 
pumphead must be disconnected from the pedestal and 
removed: rising main and pump rods have to be lifted 
from the well in 3 meter lengths and disconnected. The 
cylinder then has to be opened and the piunger dis- 
mantled before the leather seais can be removed and 
replaced. The whole process must then be repeated in 
reverse. A typical repair involves several trained people 
and may take several hours. In the process, there are 
numerous opportunities for damage to occur to unrelated 
components. Galvanizing is sure to be damaged by 
wrenches coupling and uncoupling pipes and pumprods, 
and any abrasive dirt entering the open cylinder will mean 
an early repeat of the seal replacement. 

Village-level maintenance is only practical if wearing 
parts can be replaced essiiy and quickly, with minimum 
risk of damage to other pump components. A first require- 
ment is that the plunger and footvalve, if needed, should 
be removable without removing the rising main. 

The Volanta handpump is unique in that the cylinder 
is located in a taper at the oottom of the rising main and it 
can be relatively easily extracted through the rising 
main. Whilst this has some advantages, such as allowing 
inspection and cleaning of the entire cylinder assembly, 
it also has the major disadvantage that it requires a large 
diameter rising main. In fact, the 50mm diameter Volanta 
cylinder needs a rising main with a diameter across the 
sockets of more than lOOmm, which precludes its use in 
the economically attractive 100rnm drilled wells. A modi- 
fied version of the Volanta suitable for use in 1OOmm 
diameter wells is now being tested. 

Open-top cylinders allow the plunger and footvalve 
to be withdrawn through a rising main only slightly larger 
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in I.D. than the cylinder itself. Such cylinders have been 
in production for many years and their ease of main- 
tenance has long been recognized. Again the drawback 
is the need for a comparatively large qiameter rising 
main, and this problem is aggravated if a range of cylin- 
der sizes is offered. Use of a standard small-diameter 
cylinder, as recommended for other reasons in Box 4.4, 
has the advantage of allowing the use of standard-sized 
rising main, also of relatively smail diameter. 

Considerable work has been carried out in recent 
years on the hydraulic design of plungers and foot- 
valves. The designer has choices to make about the 
valve type, with, for example, flap valves, plate valves 
and poppet valves each offering different benefiis. 

Among the issues still remaining to be resolved on 
the subject of detailed valve design are: whether the 
valve should be light or heavy; what the valve port area 
should be as a proportion of the cylinder cross-sectional 
area; and what the valve lift should be. These and other 
questions are the subject of research under way by the 
Project. IDRC and others. 

Sea/S 

Easy seal replacement is an important factor affecting 
pump serviceability and has become a prime objective of 
VLOM dasigns. At the same time, the Project is evalu- 
ating a number of different seal designs. to determine 
which last longest in different circumstances, the aim 
being to reduce the frequency with which seals have to 
be replaced. 

Worn or damaged seals allow pumped water to leak 
back past the plunger and so lead to reducad pump 
performance and ultimately failure. Some leakage is toler- 
able in handpump applications, so the watertightness of 
the sealing mechanism is not critical. The important point 
is that the seal should be able to withstand the recipro- 
cating pumping action through millions of cycles without 
excessive deterioration in performance and without 
damaging the walls of the cylinder (for instance through 
abrasion caused by sand). 

The laboratory and field trials have contributed a 
great deal of data about the behavior of most present 
seal designs, and have also pointed the way to further 
research, some of which is already showing promise. 

Leather cup seals have been used for many cen- 
turies and remain the commonest form of plunger seal in 
today’s handpumps. Leather types and shapes have 
evolved empirically over the years and, though there is 
some conflicting evidence about the op?imum tanning 
process for handpump applications, Swedish lab tests 
and field trials in India favor stiffer leather tanned using 
chromium oxide, and little further progress is likely to be 
made in improving the performance of leather cup seals. 

Leather has a limited shelf life. It deteriorates rapidly 
when subjected to extremes of humidity in storage, or to 
cyclical wetting and drying during operation, or to 
abrasion. As the field trial results for the India Mark II, 
among others, make clear, seal life can vary greatly 
depending on water quality, and particularly the amount 
of sand in the water. In the laboratory tests, seal life has 
varied from as few as 1,500 cycles to more than 10 
million. 

In the search for an alternative materiai for piston 
seals, nitrile rubber has shown the most promise so fa:. 
More definitive tests are under way, but first results from 
field trials in India indicate that nitrile cup seals are more 
abrasion resistant than leather seals tested under the 
same conditions. Nitrile rubber is sensitive to oxidation 
by ozone, weathering and sunlight, but otherwise is a 
reasonably stable material, whir% is not &tacked by oil 
or by micro-organisms. An important advantage of nitrile 
rubber (and other elasiomers) over leather is that its 
physical characteristics are more uniform and 
predictable, allowing detailed quality specifications to be 
drawn up. 

Ring seals first appeared in handpumps in research 
sponsored by IDRC. Typically two split rings of a 
polymeric material are compressed into grooves in :he 
plunger and fill the space between it and the cylinder 
wall. Polyethylene was tried, but tended to collect and 
retain abrasive materials. PVC filled with copper oxide 
was more satisfactory, and ring seals are seen as 
suitable for low-lift pumping, especially for direct action 
pumps, where moderate leakage rates are tolerable. To 
date, the Project is not aware of ring seals having been 
used at high heads. 

A promising new concept in handpump design is the 
replacement of mechanical seals with labyrinth or diodic 
seals. In the latter case, the analogy is with a diode’s 
characteristic of resisting flow (current) in one direction, 
while offering little resistance in the opposite direction. A 
similar principle can be applied to the problem of 
inhibiting leakage past a plunger. 

Instead of a mechanical seal filling the space 
between the plunger and the cylinder wall, the plunger 
geometry is designed to induce turbulence around it as it 
is moved upward. Turbulent flow impedes leakage, but 
involves little or no mechanical friction to cause wear 011 
the plunger. 

One method is to use a long plunger which fits into 
the cylinder with a very small annular gap. The long 
restricted flow past the plunger when the plunger valve is 
closed on the upstroke generates enough pressure to 
operate the pump. The Blair and Volanta pumps have 
cylinders which work on this principle. 

A variation is to add a convoluted wall profile (also 
close fitting) to increase turbulence even further. The 
designs are attractive in that they eliminate the rubbing 
seal. The concept is especially applicable ;or direct 
action pumps which have high plunger : :, -+2; and 
generate ccrrespondingly high pressures. 

Diodic seals have not yet $ 8~ ; ST LI~I~.AII~ 
developed for handpumps, but appear 10 &-. ‘. . :. r?.~l. 
They are “solid state” devices, with no t’*I I !’ the 
design of which allows virtually unimpr,:j*+f. ::‘si .. one 
direction but high resistance in the other I,- ‘# J, ‘c-1 :A one 
example). 

Standardization 

Two of the greatest difficulties that developing countries 
face in keeping their rural water supply systems in 
working order are a scarcity of skilled mechanics and a 
lack of readily available correct spare parts. The 
problem is exacerbated in the rural water supply sector 
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Box 4.7 Case Study of Handpump Deveiopmeni in Eangiadesh 

irrigation from pumped wells is increasingly inter- 
fering with suction handpumps in Bangladesh, by 
drawing down the water table below the barometric 
limit of about 7 meters during the dry season. It may 
be assumed that planners will continue to give higher 
priority to increased food production than to pro- 
tection of existmg suction handpumps, currently 
estimated to number more than one million. There is 
therefore a need for a cheap, reliable non-suction 
pump to subsiitute for those pumps which will be 
made inoperative and to be used in future rural water 
supply programs. 

This prompted research and development work, 
suppcrted by the Project, to develop an appropriate 
direct action handpump. Long-term engineering 
objectives of the Tara pump development include the 
establishment of a iocal!y manufactured pump-and- 
tubewell system which is functionally adequate, 
acceptable to users, reliable, inexpensive, and 
maintainable by the users with a minimum of external 
assistance. To meet these objectives, strategic 
decisions were taken at the beginning: 

a. Extensive use of finished or semi-finished 
mass produced items, such as standard PVC pipe, 
steel pipe and standard fasteners for the majority of 
tubewell and pump components, the aim being to 
reduce the complexity of manufacturing to a 
minimum set of processes and to use mainly off-the- 
shelf, locally-avallable items. 

b. Ensuring that the tubewell module is 
compatible with the indigenous “sludger” drilling 
technique, which enables Bangladesh to construct 
many thousands of small-diameter tubewells each 
year very economically. 

c. Provision of adequate pumping capacity per 
cycle, while keeping the required pumping effort 
within a range which could be accomplished by all 
users, including childre;l. 

d. Elimination of the need for hand tools to ser- 
vice the pumping elements (valves and seals), so as 
to maxinriza the potential for caretaker maintenance. 

e. Protection of moving parts from damage due 
to abrasion or corrosion. 

The Tara plunger, which has recently been fitted with 
a nitrile rubber cupseal, operates directly in the 
54.3nm PVC rising main, which in Bangladesh also 
forms the well casing. The pumprod consists of 
42.2mm OD PVC pipe, leaving only a small annular 
gap inside the rising main. The pumprod is sealed 
and solvent jointed to form a captive air chamber 
(see main text for a discussion of low-mass high- 
displacement pumprods). Steel pipe is used for the 
discharge head and for the T-bar handle. 

The footvalve is seated at the lower tapered end 
of the cylinder, and can be captured for removal by 
means of a bayonet grapple on the end of the piston. 
Valves in the piston and footvalve assemblies are 
stamped from automobile tire inner tubes. 

Development of the Tara is still going on. Though 
the basic design concept is sound, several proble.ns 
remain to be solved: 

1. Abrasion between the pumprod and upper well 
casing is beginning to cause system failures. This 
problem is caused by bends in both the PVC 
pumprod and the casing resulting in contact during 
operation. Even if perfect!y straight pipe could be 
extruded, it is doubtful whether casing alignment 
could be maintained after installation, because of 
differential soil pressures. Two possibilities for 
overcoming !he problem are being investigated - 
increasing the annular space between the pumprod 
and casing; and p:oviding rod guides of a sacrificial 
material, such as nitrile rubber, spaced at suitable 
intervals. 

More annular space can be obtained with a 
slightly smaller pumprod diameter (40 x 34mm) and 
slightly larger casing diameter (63 x 57mm), without 
compromising either the sludger drilling technique or 
the tensile strength of the pumprod. However, 
changing to a smaller diameter cylinder (50mm) 
compensates for the smaller displacement of the 
40mm diameter rod, and the operating charac- 
teristics of the pump are marginally improved. 

2. Footvalve location and seating are not yet 
positive enough to guarantee trouble free operation, 
especially if the assembly is removed frequently for 
inspection. A molded snap-fit design is under inves- 
tigation. 

3. A variety of piston seal types is under 
investigation: diodic seals, including seal-less types 
and ring seals; elastomer cupseals; and improved 
leather cupseals. 

Future research will also focus on ways of eliminating 
metal threaded pumprod connectors and replace- 
ment of the present friction seals with seal-less 
plungers. To date, primary emphasis in development 
of the Tara has been on minimizing costs, and each 
prototype has been based on use of relatively simple 
materials and processes. It has to be recognized 
that solving the remaining problems may well involve 
increases in production costs. 

The Bangladesh-made unit currently costs 
about US$lOO for pump, rods and rising main for an 
11 meter setting. 
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by the variety of skills needed to cope with all the diff- 
erent pump types, often supplied by donor agencies. It 
can be much improved by standardizing on only one or a 
limited number of pump types, depending on the physical 
conditions. Training programs can then have a sharper 
focus, and the potential for &country manufacture of 
essential pump components is very much increased. 

Pumps divide conveniently into three groups, 
categorized by the maximum pumping lift : 

l Low /& pumps. For lifts of up to about !2 meters, 
high discharges are a must, as users generally favor a 
dumb which fills their containers quickly, and there is a 
variety of pumps on the market which can do so. If the lift 
is less than 7 meters (after allowing for any seasonal 
drawdown or lowering of the water table by adjacent 
motorized pumping), suction pumps can be considered, 
though the risk of contamination through priming with 
polluted water has to be taken into account. A cost 
competitive alternative. also well suited to village-level 
maintenance, is provided by direct action pumps. Light 
and easy to install and maintain, direc! action hand- 
pumps also dispense with the pumphead bearings which 
form one of the more difficult wearing parts to replace. 
Even without the mechanical advantage provided by the 
lever handle of a conventiof?al handpump, direct action 
pumps can be operated comfortably down to 12 meters, 
and may in future be suitable down to 15 meters. 

l Inlemrediate lift pumps. For lifts of up to about 25 
meters, there is a wide choice of pumps available, with 
increasing numbers being modified to make them more 
suitable for village-level maintenance. Recipient govern- 
ments should resist the temptation to accept “free” 
pumps through grants from donors, if this will mean prolif- 
erating the number of pump types or installing unsuitable 
ones, and so straining maintenance capabilities. The 
cost of the pump itself is only a small part of any rural 
water supply program, but tt?e wrong selection can have 
a crucial impact on the total cbst and the sustainability of 
the system. Final choice will depend on evaluation of 
groundwater characteristics, the maintenance capabi- 
lities of the benefiting communities, in-country manufac- 
turing potential, and the number of people to be served 
from each pump, but a key consideration for CWS plan- 
ners should be to minimize the number of pump types for 
which adequate and correct spares have to be stocked 
and sR111eU mechanics trained. Intermediate lift pump 
design has progressed considerably in recent years, 
with the introduction of open-top cylinders offering 
increased scope for village-level maintenance. Some 
VLOM designs are now ava!lable for this range of lifts. 

l H&h lifl pumps. A large majority of the rural people 
in need of improved water supplies live in areas where 
the groundwater table is less than 25 meters below 
ground level, but appropriate pumps are also needed for 
the remainder, who live where there are deeper aquifers. 
Handpumps can be reliably used at lifts of 45 meters 
(and are used at much greater depths), but the discharge 
drops markedly with increasing depth and maintenance 
becomes more and more difficult. More expensive drilled 
wells call for more users per well, to spread the costs, 
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and the lower discharges then mean that queues 
lengthen. Keeping a balance between per capita cost 
a;7d service level (quantity per capita and queue time) 
becomes more and more difficult as depth increases. 
The list of available pumps, particularly those suitable for 
village-level maintenance, gets progressively shorter as 
the pumping lift stretches from 25 meters to 45 meters. 

Even when planned pumping applications would 
involve more than one of the above categories, standard- 
ization on one pump type may still be practical. The 
majority of intermediate lift pumps will function adequ- 
ately at lower lifts, and a compromise on design objec- 
tives may well result in overall economies when operation 
and maintenance costs are taken into account. If the 
range of lifts is very high, different pumping actions may 
be needed, but this need not necessarily preclude use of 
standard downhole components. As Boxes 4.4 and 4.6 
show, a standard 50mm diameter cylinder with the same 
component parts can b6 used with different handle ratios 
(mechanical advantage) to cover the full range of lifts 
from 0 to 50 meters. 

Manufacturers too have an important part to play in 
standardization of pump component:.:. The Project is col- 
laborating with a number of manufacturers in an attempt 
to establish standard sizes for cylinders, va!ves, 
bearings, etc, so that common spare parts can become 
off-the-shelf items widely available in developing coun- 
tries (so far efforts have focused mainly on Africa). 

The Project has prepared Draft Sample Bidding Docu- 
ments for the procurement of handpumps, which may 
assist governments and support agencies in ensuring 
that the important pump characteristics are taken into 
consideration when procuring pumps through inter- 
national competitive bidding. 

Guidelines for VLOM Design 

Following five years of intensive study of handpump 
performance in laboratory and field conditions and based 
on information collected from rural water supply projects 
throughout the developing world, it is possible to set 
clear objectives for designers and manufacturers of 
handpumps intended for community water supply use. 
Combined with the recommendations for planning and 
implementation of handpump-based programs developed 
in Chapter 3, these technology-related guidelines form a 
package which it is believed can make a dramatic impact 
on the reliability of future community water supplies. 
Manufacturers, researchers, government agencies, 
consultants and contractors are urged to adopt these 
guidelines, with the background evidence contained in 
the earlier part of this Chapter, as a strategy for iheir 
design and planning activities to the end of the century. 

1. Ease of Maintenance 
Handpumps should be designed in such a way that 
scheduled replacement of all wearing parts can be 
carried out by a village caretaker after a minimum of 
training and with only a few basic tools. There should be 
no requirement for heavy lifting gear to remove pistons or 
foot valves and no need for any vehicle (other than 



perhaps a bicycle, public bus, or transport animal) to 
carry tools or pump components. 

2. Robustness 
Non-wearing parts should be robust and durable. Within 
reason, they should be able to resist abuse, vandalism, 
the attentions of animals, climatic conditions in deve- 
loping countries, and corrosive or sand-laden water. 

3. Locd Manufacture 
Availability of spare parts, and hence handpump 
reliability, is substantially improved if pump components 
can be manufactured in the country of use. It is therefore 
desirable that pump components should be designed to 
be simple to manufacture from widely available materials. 
Specific and sustained attention must also be paid to the 
quality of manufacturing, through adequate quality 
control in the p!ace of manufacture and regular external 
quality assurance by the purchaser. 

The move towards in-country manufacture can be 
stimulated if developing countries ensure that import 
license arrangements and tax policies do not inhibit 
investments by local industry. Joint ventures with estab- 
lished manufacturers from the industrialized countries 
can also be encouraged by appropriate incentives. 

4. Stonderdiretion 
Training of caretakers and pump mechanics is compli- 
cated by the wide variety of pump types that are often 
used in rural water supply programs. Establishment of 
local manufacturing, enforcement of quality control, and 
effective distribution of spare parts to retail outlets are 
all also hampered. There are clear benefits to be gained 
by standardization on one or a few pumps. The issue of 
standardization is complex. Manufacturing monopolies 
may arise, bringing their own problems of quality and 
pricing. However, without some standardization, the 
difficulties of sustaining water supplies to vulnerable low- 
income groups in rural arena are likely to be insuperable. 

The Project recommends that governments settle on 
a limited number of pumps for their water programs, and 
that, when different pumps are in use, efforts should be 
made to standardize dimensions, and even spare parts. 

The benefits of such a policy are apparent in India. 

The India Mark II is the standard deepwell pump adopted 
by the Indian government for its rural water supply 
program, and the pump is fully specified by the Indian 
Standards Insti+ution. Th6 resulting economies of scale 
mean low prices; quality control is facilitated; and spares 
availability is enhanced. Another example comes from 
Tanzania, where the government has established a 
Bureau of Standards subcommittee for standardization 
of handpump dimensions. By standardizing sizes such 
as those of the pump baseplate, different pump types 
can be readily interchanged. 

5. costs 
VLOM pumps should be low in capital and recurrent 
costs. Target costs are US$300-400 for a pump, 
complete with rods and rising main, to lift from 25 meters, 
and operation and maintenance costs should be kept 
below USfiO.25 per capita per year. Low-lift pumps 
should cost appreciably !ess, so that, for the same per 
capita cost, more frequent wells with handpumps can 
bring safe water nearer to people’s houses, and dis- 
courage the use of alternative, polluted sources. 

6. Discharge Rates 
Pump models should be designed for specific ranges of 
pumping lift, with discharge rates selected accordingly. 
For low-lift applications, a high discharge must be 
achieved, or the pump will not be accepted by users. For 
high lifts, discharge will necessarily be lower, to ensure 
that the pump can be operated without excessive effort 
(Box 5.1 in Chapter 5 offers guidance on appropriate 
discharge rates). Two-person operation is increasingly 
advantageous as pumping lift increases. 

Rapid progress should now be possible in ihe deve- 
lopment of an increasing number of handpumps which 
can be described as VLOM. The Project will monitor 
these developments closely, and is willing to offer advice 
and comment at any time to those pursuing the 
objectives outlined in this Chapter. Meanwhile, selection 
of appropriate handpumps for rural water supply prog- 
rams must be made from currently available designs. 

Chapter 5 describes a methodology for pump 
selection making use of ratings based on each pump’s 
performance during laboratory and field trials. 
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In the course c i the Project, some 70 handpump models 
have been evaluated (see Annex 2 for a full list). Some 
are no longer in production; others proved inadequate 
and were eliminated from further consideration; and 
some are included as derivatives of the “parent” pump 
type (e.g. only one entry is included for the Blatr pump, 
thcugh four variatiuns of the original pump have been 
tested in different countries). The result is detailed 
analysis of a total of 42 pump types in this Selection 
Guide. The Pump Selection Tables include all the pumps 
for which the Project has collected sufficient data to 
enable judgments to be made on their suitability for the 
specified cperating conditions, and which are still in 
production. Extra space is allowed at the bottom of each 
table for the assessment of unlisted pumps which the 
Analyst* may wish to consider. The Handpump Compen- 
dium, which follows Chapter 6, illustrates the way that 
ratings have been assigned to the tested pumps, and 
may help the Analyst to rate the extra pumps on the 
basis of local experience or information published by reli- 
able sources. Some information is provided in Annex 1 
on a further 17 pumps which have come to the attention 
of the Project during the course of the trials, but which 
have not been subjected to the full test procedures. 

Testing under the Project has involved a combi- 
nation of field irials and laboratory tests (the test 
procedures are described in Boxes 1.1 and 1.2 in 
Chapter 1). and has yielded extensive data on which to 
base assessments of the capabilities of each type of 
pump under a variety of operating conditions. 7he aim of 
this Selection Guide is to assist water supply planners 
and designers in deveioping countries to select app’o- 
pnate handpumps for their own specific circumstances. 
These circumstances will not always match precisely 
conditions under which particular pumps have been 
tested in the field - it would clearly be quite impractical to 
test all pumps under all possible cperating conditions. 

In assessing likely pump performance over a range 

1. Throughou! Chapters 5 and 6. the term “Analyst” is used to 
indicate the individual applying the selection procedures. 

of conditions, therefore, Project staff have frequently 
had to make “best-judgment” decisions on the basis of 
their own experience and the available field and labo- 
ratory evidence. Those judgments have been made in 
the confidence that they will be of value to many 
decision makers in developing countries who do not 
have access to the same amount of evidence. The data 
source for each pump has been given in the ratings 
tables, as an indication of fhe degree of confidence 
which can be attached to the individual ratings. 

How to Use the Pump 
Selection Tables 

In the four Pump Selection Tables at the end of this 
Chapter, pumps are rated according to the Project’s 
assessment of their capability to perform satisfactorily 
in a range of conditions. The combinations of pumping lift 
and daily output have been chosen to cover most circum- 
stances likely to arise in community water supplies in 
developing countries. 

Possible applications of the Pump Selection Tables 
include: 

Seleciion of a single pump to meet rile specified 
duties and operating conditions of a particular 
project or program. 

Preparation of a national or regional list of approved 
pump& based on more generalized operating con- 
ditions, as a guide to pump standardization. 

Compilation of a lisi of acceptable pumps as part of 
the procedure for identifying potential suppliers for 
limited competitive bidding. 

Assistance with preparation of bidding documents 
and with bid evaluation. 

Worked examples in Chapter 6 demonstrate typical 
applications. 
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Final selection combines the attributes of the hand- 
pump itself and the specific conditions of the project or 
program in which it will be used. Conditions may vary app- 
reciably from one location to another, and handpumps 
can only be evaluated for a particular set of conditions. 

Form 5.1 is a convenient way of listing the con- 
ditions and should be completed by the Analyst before 
using the selection tables. Note that some conditions 
are fixed by the planned pump location (e.g. pumping lift, 
corrosivity of groundwater). while others may be deter- 
mined by project or country policies (e.g. maintenance 
system), or by international competitive bidding proce- 
dures. Guidelines for completion of Form 5.1 follow; a 
more detailed discussion can be found under the same 
sub-headings in Chapter 4. 

Operating Conditions 

The appropriate table for pump selection is determined 
by the anticipated maximum pumping lift. Figure 5.1 
illustra?es how evaluation of “pumping lift” should allow 
for any drawdown which may occur as pumping 
proceeds. In assessing maximum pumping lift, the 
Analyst must also take account of possible seasonal or 
longer term fluctuations in the water table (note that the 
pumping lift is the distance from the surface to the 
pumping water level; it is not necessarily related to the 
cylinder setting or the depth of the well). 

Though static water levels may be known, pumping 
water levels will probably have to be estimated. Draw- 
down can be calculated with reasonabla accuracy if 
aquifer permeabilities are known, or determined by 
pumping tests. In most geological formations, the 
drawdown caused by handpump discharge rates will 
commonly be less than 5 meters and will rarely exceed 
10 meters. However, in very low permeability rocks such 
as granites or gneisses drawdown can be very high (see 
Figure 4.2A in Chapter 4). and pumping test data will be 
important. 

The pump groupings in the tables - i.e. 7 meters, 12 
meters, 25 meters and 45 meters - give an approximate 
guide to the maximum lifts for which manufacturers have 
indicated that their pumps may be applicable. 

As pumping lift increases. so doas the effort needed 
to lift water to the surface. For some pumps, the oper- 
ating force raquired soon reaches practical limits and 
such pumps cannot be considered for high lift appli- 
cations. There are also pumps which will only provide a 
reliable service when pumping relatively small amounts 
of water each day. 

The Analyst must consider the number of people to 
be served from 8aCh handpump and the level of 
consumption likely to result (including any potential for 
small-plot irrigation, animal watering. etc, and taking 
account of any seasonal variations in demand). 

Though the increased costs associated with greater 
depth encourage designers to plan for larger user groups 
when deep wells are needed, physical laws limit the 
amount of water which can he lifted with acceptable 
effort. Per capita consumption is also a critical factor 
affecting the population to be served. By relating the 
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Figure 5.1 Drawdown and Pumping Lift 

Pumping water hcl (PWL) 
----. _ 

IU Well depth 

Note: In an unconfined aquifer, the static water level in the well 
(without pumping) is the water level of the aquifer. After the 
pump has been used for some time, the water level in the well will 
sink to the pumping (or dynamic) water level. The difference 
between the two levels depends mainly on the rate of pumping, 
the length of time the pump has been used, and the permeability 
of the aquifer (the rate at which the porous rhedium transmits 
water). For precision. the pumping lift should be the distance 
below the discharge level of the pump, but, for convenience, it is 
usually approximated as the distance below the ground surface. 

“R8liability” ratings (Column 5 of the selection tables) to 
“maximum daily output”, the tables allow scope for other 
demands in addition to dOm8StiC drinking water supply to 
be taken into account. If a per capita consumption of 20 
liters/day is assumed, the thr88 output categories 
correspond to the following number of users: 

1.5mVd: equivalent to 75 users per pump 
4.0mVd: equivalent to 200 users per pump 
8.0mVd: equivalent to 400 users per pump. 

(allowances for uses such as irrigation pumping or cattle 
watering will influence the actual number of users). It 
must be emphasized that the Project does not recom- 
mend a daily output of 8m?d as a design criterion, bec- 
aus the pump would be operating for many hours each 
day, resulting in a low level of service because of long 
queue times and frequent breakdowns. Ratings have 
been included for the higher output, because the 
demand for such installations is high, and beCalJSe 
analysis using these ratings can help to identify the 
most durable pumps. 



Box 5.1 lb $Watb~ship between Handpump Discharge and Pumping Lift 

The amount of water which can be obtained from a 
given handpump depends, theoretically, on three 
factors: the pumping iii the mechanical efficiency of 
the pump at that iii; and the power input or degree of 
effort applied by the pump user. in mathematical 
terms, the relationship is: 

Discharge = P0wer ‘wans’ ’ Bfficlenfv ’ 6Q Lift (meters) x 9.81 

If power and efficiency remained constant, discharge 
would decrease in proportion to increasing lift. This 
does not happen in practice, as, for most pumps, 
mechanical efficiency improves with increasing 
depth, and users typically apply more effort at higher 
Iii. 

Fgure 5.lA shows the range of discharge rates 
which can be expected from 9 typical range of 
pumps, as the pumping Iii varies from 7 meters to 60 
meters. “Adequate” discharge rates are based on 
normal power inputs ranging from about 50 watts at a 

(00 rating in the selection tables) discharge rates are 
50% greater than those defined as “adequate” (o 
rating in the selection tables). The better discharge 
can be achieved by higher mechanical efficiency 
and/or better ergonomics encouraging application of 
more power. 

The lower discharge rates for higher lifts are an 
important consideration in the rating of pumps for 
different operating conditions. Field trial experiences 
show that pump users put a high premium on the 
speed with which they can fill their containers, and, 
given the choice, will favor a pump giving the highest 
discharge, even though it may require more effort than 
alternatives. The Project’s assessment of a pump’s 
delivery rate at the specified head is therefore a ruling 
factor in the ratings given for discharge adequacy in 
the Pump Selection Tables S.l to S.4. 

The right hand axis of the graph in Box Figure 
5.iA shows the discharge rates in cubic meters per 
hour associated with the typical pu.np range, as 
pumping lift varies. From this scale, it is simple to cal- 
culate the number of pumping hours per day needed to 

Box Figure 5.1A Variations in Pump 
Discharge Rate with Pumping Lift 

achieve the daily output figure for each operating con: 
dition. The curves are the basis of ratings assigned to 
the pumps under the d&charge rate heading. 

For a 7 meter lift (Table S.l), pumps which cannot 
achieve a pumping rate of 19 liters per minute are 
deemed unacceptable, even though that implies that 
the pumps could deliver the lowest rated daily output 
of 1.5mJ/d in only 1.3 hours. This is a true reflection of 
user choice. Given that most suction pumps and 
direct action pumps can readily accomplish the requ- 
ired output, pumps with lower discharge rates will be 
rejected by the users. For greater lifts, the number of 
hours for which the pump may be expected to work to 
deliver the specified daily output grows significantly. 
Thus a pump achieving the “adequate” discharge of 7 
liters per minute at 45 meters head, would require a 

. 

Iii of 7 meters and increasing to 75 watts at a lift of 45 
meters or more. Adults will usually apply over 100 
watts ( and sometimes over 150 watts) at high lifts in 
order to increase the discharge rate. A representative 
range of mechanical efficiencies has been used - 
from 45% at 7 meters to 70% at 45 meters. “Good 

total of 9.5 pumping hours to deliver 4ma. 
Under the heading of dkchatge mte, the 

Project has rated only capacity to achieve the speci- 
fied delivery rate. This alone is not a judgment of the 
pump’s suitability for use under these conditions. 
Subsequent evaluation of m/~abMty may show that 
high daily output would result in an unacceptably high 
frequency of essential repairs. 

Clearly. tne amount of warer that a pump can deliver 
:n one day relates to the number of hours of pumping and 
the effort used. This issue is discussed in Box 5.1 and in 
the later section on Discharge Rate. and Analysts 
who are in doubt about the daily demand criteria for their 
particular application should read these discussions 
before selecting the appropriate table. 

Having selected the maximum pumping lift, the 

Analyst consults the table which most closely corres- 
ponds to those operating conditions. 

Each table contains a list of the pumps tested by the 
Project which, according to the manufacturer, should be 
capable of achieving the specified pumping lift. For 
convenience, the pumps are listed alphabetically in 
groups which give an indication of the maximum pumping 
lift recommended by the manufacturer. The same sequ- 
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ence is used in presenting individual pump information in 
the Handpump Compendium. 

Entries in each column of the Pump Selection Tables 
indicate the Project’s assessment of the pump’s suit- 
ability under the specific heading. Three ratings are used 
and the interpretation varies according to the parameter 
concerned, but, as a general guide: 

oo indicates that the pump is considered well suited to 
this application; 

o means that it has been judged adequate; and 

- shows that it does not meet the minimum require- 
ments. 

A more detailed description of each individual pump, 
including a summary of its performance in laboratory and 
field tests, can be found in the Handpump Compendium, 
where each pump entry also contains an explanation of 
the assessments made by the Project staff. 

Data Source 

Column 2 of the Selection Tables -- Data Source - 
contains ‘L’ if the pump has been tested through the 
Project in the Laboratory (pumps tested under a 
previous program funded by the British Overseas Deve- 
lopment Administration are also included) and ‘F’ if it has 
been subjected to Project field trials. All possible ope- 
rating conditions could not be replicated for every pump 
and so the amount of data available varies from pump to 
pump. In those cases where no data was collected on a 
particular pump under the specified operating condi- 
tions. Project experiences have been extrapolated to 
reach the rating indicated. In cases where the ‘F’ is in 
parentheses, ratings are based partly on limited field 
information (only a few pumps or extrapolated from diffe- 
rent operating conditions) and partly on “best judgment”. 
Inevitably, there is some subjectivity in the assignmont 
of some pump ratings, but the Project has concluded 
that presentation of its findings as “best-judgment” 
ratings is more helpful than providing no advice at all. 
Details of the scope of the tests carried out on individual 
pumps can be found in the Handpump C.ompenc!um. 

Analysts with prperience of specific pumps may 
wish to modify the ratings, after comparing their data 
with the data in the Compendium. As with any other 
instances of individual experiences leading to different 
conclusions from those set out in this Report, the 
Project wouid welcome details of the changes suggested 
and the data on which they are based. 

Discharge Rate 

Under this heading, ratings are based on the delivery 
rate that can be achieved at the given head by typical 
users, who will commonly include young children. 

Box 5.1 shows graphically how the discharge rate of 
typical pumps falls off as pumping lift increases. For this 
reason. the basis of the discharge adequacy ratings is 
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different for each lift and is noted at the head of each 
Pump Selection Table. The comparatively high discharge 
rates deemed adequate for lifts of 7 and 12 meters ref- 
lect the clear evidence from Project field trials that users 
will always favor high-discharge pumps and that there 
are many pumps capable of achieving the specified 
output at these heads. 

Though many pumps designed for single person 
operation are often operated by two or more, especially 
when the liri IS greater than 25 meters, the discharge 
rate ratings are based on one person operation, unless 
the pump has been specifically designed for use by more 
than one person. 

Ratings in this column are confined to the adequacy 
of the pump design to achieve the specified discharge 
rate. They should not be interpreted alone as an 
indication that use of the pump under these operating 
conditions is advisable. That judgment can only be made 
after considering the “Reliabili~ of the pump and its 
ratings under the other headings in the table. 

The discharge adequacy ratings snould be inter- 
preted as: 

oo The stated discharge rate can be readily achieved 
by typical users, and the pump’s discharge is “good” 
as shown in Box Figure 5.1 A. 

o The stated discharge rate is achievable by typical 
users, and the pump’s discharge is “adequate” as 
shown in Box Figure 5.1 A. 

- The pump cannot produce the stated delivery rate, 
or could only do so with very high power input. 

Ease of Maintenance 

Chapter 3 explains why village-level management of 
handpump maintenance is more effective and less 
costly than systems which depend on external inter- 
ventions. However, many of the handpumps from which 
selection must presently be made need tools, equipment 
or skills which are not readily available in rural areas. If 
no VLOM pump is found to be suitable for the proposed 
application, it may be necessary to involve the public 
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regional mobile teams. 
The three columns under this heading are an indi- 

cation of the serviceability of the pumps - i.e. the ease 
with which they can be repaired or serviced by: 

A. Village-level maintenance 
All routine inspection and adjustment, and replacement 
of wearing parts, is carried out by a village repairer 
having minimal training and simple tools. Common spare 
parts are available to the village. This system has low 
costs and can operate with minimal support from out- 
side. With control in the hands of the community, Sys- 
tem A maintenance operates under village management 
(System 1A in Chapter 3). Assistance may however be 
required for cataifrophic failure (e.g. dropped rising 
main/rods/cylinder, clogged screen or infilled well). 



B. Area-mechanic maintenance 
A locally-based trained mechanic equipped with special 
tools and a bicycle, moped, or other simple transpor- 
tation, carries out the repair and maintenance of hand- 
pumps with the assistance of vrllagers. The mechanic 
has access to special spare parts and typically services 
several pumps in the area. Like System A, this type of 
maintenance can operate with a minimum of support from 
oc*tside the village, except for training of the mechanics 
and s,?tting up of the system. It may be implemented in 
the context of village-level management in which the 
village has responsibility for ensuring that maintenance 
IS fur -Ied and carried out, though the mechanic may live 
locally outside the village (System 1B in Chapter 3). In 
some cases, possibly as part of a transition from 
centralized maintenance to village-level maintenance, 
area mechanics may be under the responsibility of a 
water authority or other agency outside the village 
(System 2A in Chapter 3). 

C. Centf8lized maintenance 
A team of trained technicians equipped, as a minimum, 
with a four-wheel motorized vehicle. special tools and 
workshop facilities attends breakdowns and sometimes 
undertakes scheduled maintenance. Administration and 
operatrng costs are significantly higher than for System 
A or System 8. and a well-organized institutional struc- 
ture is needed. The community has no involvement; all 
control is in We hands of the central agency (System 28 
in Chapter 3). 

It IS important to recognize that, while any pump 
which can be satisfactonly maintained under System A 
or E? can clearly also be maintarned,under System C, the 
hrgh costs of transporting a centralized team to carry out 
simple repairs IS unlikeiy to be the best solution. The 
Project recommends strongly that all promoters of hand- 
pump projects consider the possrbility of establishing 
System A or B maintenance and selecting handpumps 
accordingly. It IS however vital, as Chapter 3 makes 
clear. that the maintenance system is backed by the 
right management structure. Pumps rated as suitable for 
marntenance under System B can be very economically 
sustarned In operation under the management of a 
L’iiiage ‘Waier Committee. which would contract external 
mechanics for major repairs. 

The Analyst should select from the three categories, 
the maintenance system which best suits the combi- 
nation of cost and institutional commitments thought to 
be desirable for the project or program concerned. 

The ratings in columns 4A, B and C indicate the 
Project’s assessment of the ease of carrying out repair 
or scheduled maintenance with the corresponding main- 
tenance system. Interpretation of the ratings is: 

00 The pump can be readily maintained using this main- 
tenance system. In addition, under maintenance 
system A. this rating indicates that all parts which 
are expected to wear (e.g. seals and beanngs) are 
replaceable in less than two hours by the village 
repairer(s), no individual replacement part costs 

more than 5% of the total cost of the pump, 
and the annual cost of spare parts should not 
exceed 10% of the cost of the pump under the 
specified opera!ing conditions. 

a The pump can be maintained using this maintenance 
system, though difficulties may arise and there is a 
risk of some failures. For maintenance levels A and 
B, this rating indicates that some repairs will require 
assistance at the next level (i.e. B and C res- 
pectively). 

- It is unliksly that the pump can be maintained 
satisfactorily under this maintenance system. 

Reliability 

In assessing the reliability of a handpump, the critical 
consideration is the amount of time that it can be 
expected to be functioning satisfactorily. As Box 5.2 
overleaf demonstrates, it is not just the length of time 
before faiiure which is important. The time taken by the 
maintenance organization to respond to breakdowns and 
carry out repairs (downtime) is at least as significant. 

To combine time before failure and downtime into a 
single rating, the Project has established criteria linked 
to the type of maintenance system judged most suitable 
for the pump concerned. Reliability ratings have been 
based on the simplest maintenance system for which the 
pump scores a 00 (“good”) rating in Column 4 of the table 
concerned. So, in Table S.l, for- example, the Column 4 
ratings would mean that Pump 1 (Abi-ASM) is judged on 
the basis of Maintenance System B, Pump 2 (Afridev) on 
the basis of Maintenance System A, and Pump 5 
(Climax) on the basis of Maintenance System C. 

Most pump breakdowns result from wear, and the fre- 
quency of breakdown is therefore related to the intensity 
of pump use. In the tables, Reliability ratings are giver, 
fur different daily outputs which may be applicable for 
each of the pumping lifts. So, in Table S.l, ratings are 
given for daily outputs of 1.5,4.0. and E.Om?d. 

Interpretation of the ratings is: 

oo Output should be sustained for at least 6 months 
between necessary repair or maintenance inter- 
ventions where Maintenance System A is most 
appropriate; for at least 12 months under 
Maintenance System B; or for at least 24 months if 
Maintenance System C is necessary. 

o Output should be sustained for at least 3 months 
between necessary repair or maintenance inter- 
ventions where Maintenance System A is most 
appropriate; ior at least 6 months under Main- 
tenance System B; or for at least 12 months if 
Maintenance System C is necessary. 

- Not recommended. The frequency of necessary 
repair or maintenance interventions is excessive 
(greater than for the o rating above). 
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lox 5.2 Definitions of Reliability 

Total bme (months) 

Pump A 
MTEF = 18 months 
Repair time = 2 months 
Reliability’ = 90% 

Pump B 
MTBF = 8 months 
Repair time = 1 week 
Reliability’ = 97% 

* RehabMy Functioning time 
71 

Total elapsed time 
Pump functioning m Pump broken down 

he “relkrbi~ of mechanical equipment is 
ommonly measured in terms of the “mean time 
efore failure” (MTBF). Thus, Pump A which has a 
lTBF of 18 months would be judged to be more 
*eliable” than Pump B for which the MTBF is 8 
ionths. 

In community water supplies however, MTBF is 
arely the most important indicator of reliability. The 
wan down time - i.e. the average period for 
thich the pump is out of service when it does break 
own is at least as significant as the MTBF. So, in the 
xample above, if Pump “A” needs a mobile team to 
any out repairs, and stands idle for an average of 
HO months each time it breaks down, pump users will 
ot regard it as more reliable than Pump “B” which can 
e put right in one week, by an area mechanic. 

A better indicator, adopted as a definition of 
?e&?bWy for the Project, is what the mechanical 
ngineering profession terms “Availability” - i.e. fhe 
robability that equipment will be in operating condi- 
on on any one day, calculated as the operating time 
s a percentage of total time. On this basis, Pump “B 
as a higher reliability (97%) than Pump “A” (90%). 

- 

In rating handpumps under the heading of 
Reliability, the Project has estimated MTBF from the 
frequency of repairs recorded in the field trials for 
each pump (shown in the bar graphs in the Handpump 
Compendium), or from the laboratory results if no field 
data is available. However, in the field trials and 
laboratory tests, pump downtime was kept to a mini- 
mum, as the repairs were carried out promptly, under 
the guidance of the Project, and by a skilled team. 

To give a more realistic appraisal of likely down- 
time under unsupervised conditions, the ratings have 
been calculated according to the pump’s suitability for 
village-level, area-mechanic, or central maintenance. 
For pumps which can be satisfactorily maintained by a 
village caretaker, for example, two or less break- 
downs per year (MTBF at least 6 months) earn a 
“good” (00) rating, whereas a pump requiring the 
services of a mobile team should break down only 
once in two years (MTBF at least 24 months) to 
achieve the same rating. If area-mechanic niain- 
tenance is the most appropriate, one breakdown per 
year (MTBF at least 12 months) is the maximum 
allowed for the pump to earn a oo rating. 

each maintenance system, the ratings imply that down- 
In giving comparable reliability assessments for 

time is twice as long if dn area mechanic must be called, 
and twice as long again if a central team is needed. It is 
worth noting that this underestimates the delays comm- 
only noted with mobile maintenance teams. 

Analysts should note that the repair frequencies 
specified in these ratings apply specifically to the first l- 
2 years of operation (older pumps may have a different 
repair frequency). Also, the reliability ratings do not take 
account of possible breakdowns due to corrosion or 
abrasion. which are covered by the following ratings. 

corrosion of handpump components, see Box 4.3 in 
the groundwater is aggressive. For a full discussion of 

Chapter 4. If expert interpretation of water quality data 
leads the Analyst to conclude that corrosion is not a 
threat, then the pump ratings for corrosion resistance 
will not need to be considered. However, it should be 
noted that the Project has encountered aggressive 
groundwater and associated corrosion problems far 
more frequently than was anticipated. 

Corrosion Resistance 

Ratings in this column will be relevant in situations where 

In assessing pumps under this heading, attention 
has focussed mainly on downhole components, but 
some pumps have been downgraded where experience 
has shown that the pumphead is susceptible to corr- 
osion damage. Note that several pump manufacturers 
offer the option of alternative downhole components with 
higher corrosion resistance, so that low-rated pumps 
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may function satisfactorily under aggressive ground- 
water conditions if alternative materials are chosen. 
Interpretation of the ratings is: 

00 All downhole components are manufactured from 
non-corroding materials (e.g. stainless steel rods; 
plastic rising mains; rubber, brass, stainless steel or 
plastic cylinder) and no material combinations will 
generally induce galvanic action. The pumphead has 
proved resistant to corrosion damage. 

o Most downhole components are corrosion resistant, 
but some small, inexpensive and easily replaced 
components may corrode. This rating may also be 
given to pumps which have suffered corrosion 
damage only of the pumphead. Such pumps are not 
recommended for use in highly corrosive ground- 
water. 

- Downhole components and/or pumphead are suscep- 
tible to corrosion (e.g. mild steel or galvanized rods, 
rising mains or fasteners). 

Note th :! corrosion resistance ratings are not related to 
pumping lift and therefore remain the came on each of 
the selection tables. 

Abrasion Resistance 

The best protection against abrasion is provided by a 
well design which ensures that sand cannot enter the 
pumping elements. However, many handpumps ope- 
rating at moderate or high daily outputs suffer frequent 
breakdowns because of sand ingress. In these circum- 
stances, unless the Analyst can be confident that 
adequate well design and construction will be achieved, 
he should select a handpump which has resistance to 
abrasion. 

Interpretation of the ratings is: 

00 The pump design minimizes the damage from 
abrasion (e.g. rubber seals and valves, stainless 
c)nn, ,.2:---l,- * . _-., “Vs.1 Incaa *“IYIIyzIJ; 
out pluigers). 

or &sigl-& tiiih- 

0 Abrasion resistance is adequate, but some key 
components such as valves and seals will need 
regular replacement. The pump may be suitable for 
trace sand pumping. 

- Regular failure of key components is likely at 
moderate or high daily outputs (> 4m-‘/d). The pump 
cannot be recommetlded for use under such oper- 
ating anditions where sand ingress is probable. 

Note that only one rating is given, regardless of the 
intended daily output of the pump. While a - rating 
may be acceptable when pumps are only lightly used and 
only trace sand pumping is anticipated, Analysts may 
prefer to select pumps with at least a o rating for 
moderate outputs (1.5 to 4mYd). and look for a oo 

rating if heavy use is anticipated and replacement of 
worn components may therefore be more frequent. 

The abrasion resistance ratings are not related to 
pumping lift and therefore remain the same in each 
selection table. 

Manufacturing Needs 

There can be substantial cost savings and maintenance 
benefits where pumps and spares can be manufactured 
in the country in which they will be used, and Analysts 
are urged to consider the advantages of in-country 
manufacture when evaluating their handpump programs. 
Under this heading, the ratings indicate the pump’s 
potential for local manufacture for three different levels 
of national industrial development. 

If local manufacture is considered desirable, the 
Analyst selects the category of industrial base which 
most closely matches that in the country or region 
concerned. Only pumps with acceptable ratings in the 
appropriate column 1, 2 or 3 should then be considered 
suitable. 

The categories 1,2 and 3 represent: 

1. Low industrial base. Manufacturing industry is 
operating on a small scale, with only basic manu- 
facturing processes available. Skill levels are generally 
low. Material availability is restricted and depends al- 
most entirely on imports. Mass production is limited. No 
formal quality control procedures are in use. Many lower 
income African countries are examples of this type of 
industrial base. 

2. Moderate/y developed industrial base. 
Manufacturing industry uses a wide range of materials 
and processes. Skill levels are comparatively high and 
skilled management is available. Most engineering mate- 
rials are imported. Some processing of raw materials is 
available, such as rolling mills, foundries, etc. Limited 
quality control is employed. Some better off African coun- 
tries and many Asian and Latin American countries are 
examples of a moderately developed industrial base. 

3. We// developed Indust&/ &se. All commonly 
used manufacturing processes are available within the 
country, except for highly specialized ones. A wide 
range of good quality materials is available. Attention to 
quality control is the norm in major manufacturing estab- 
lishments. Only special finished items or those with 
proprietary restrictions would need to be imported. 

The ratings indicate how easy it would be to under- 
take manufacture of the particular pump in a country with 
the degree of industrial development denoted by the 
column 1,2 or 3. 

Analysts should note that the presence of foundry 
and processing skills in the country is not in itself 
enough to ensure that handpumps can be satisfactorily 
manufactured locally. Local industry must be willing to 
undertake the work and to impose the necessary degree 
of quality control. 
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Interpretation of the ratings is: 

oo The pump can be manufactured to a consistently 
high quality in a country with the specified level of 
industrial development (1,2 or 3). 

o It should be possible to manufacture the pump in the 
country, with some external technical assistance to 
ensure satisfactory quality control, and with impor- 
tation of some special materials or components. 

- Local manufacture of acceptable quality is likely to 
be impossible to sustain. 

Fuller details of the manufacturing needs for ;qdivi- 
dual pumps can t?s focd in the Handpump Compendium. 

Short List 

This column is provided for the Analyst to develop a 
primary selection of pumps which meet the minimum 
requirements of the project or program under analysis. 
The selection procedure is to trace each listed pump 

from left to right across the appropriate Table, checking 
the rating in each column that the Analyst has judged to 
be relevant. If an unsatisfactory rating appears, the 
pump is rejected and the next pump examined. Only 
those which match the Analyst’s chosen minimum 
criteria in every column receive a check mark in the 
Short List column. 

Further analysis of the shortlisted pumps depends 
upon the purpose of the selection procedure, and is 
described in Chapter 6. 

Prices 

Indicative ex-factory prices were requested from 
manufacturers in February 1985. The prices quoted in 
the Handpump Compendium should be taken only as a 
rough guide to relative capital costs: they cannot be 
used for estimating purposes. When selecting pumps, 
up-to-date quotations must be obtained from the 
manufacturers or distributors, including packing, freight 
and insurance for the complete pump assembly, with 
rods and rising mains to the required depth, and with 
spare parts if desired. 
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The ratings in the following tables represent the “best judgment” of the 
Project staff. They are based in large part on laboratory and/or field data, 

which are summarized for each pump in the Handpump Compendium 
which follows Chapter 6. 
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Ratings In the Pump Selection Tables are based on evaluation of pump 
performance In the laboratory and field trials. Three ratings are used: 

00 = Good 
0 = Adequate 

- = Does not meet minimum requirements 
A more detailed Interpretation of the ratings for specific headings can be 
found in the earlier part of this Chapter. 

The pumps are ltsted alphabetically in four sections, according to the 
maximum pumping lift recommended by the manufacturer. The reference 
numbe! which precedes each pump name indicates the order of the 
pumps rn the Handpump Compendium. 

L = The pump has been tested in the laboratory 
F = The pump has had a minimum of 2 years’ field trials 

(F) = The pump has had limlted field trials 

The discharge rate deemed “adequate” for each pumping lift IS noted at 
the top of the appropriate table. The rate reduces as depth increases, 
for the reasons explamed m Box 5.1. Some deepwell pumps thus 
achieve lower ratmgs fcr low-lift applications, where users will opt for 
pumps giving greater discharges. A special note IS made where a pump 
IS avallable with a range of cylrnder sizes or adjustable stroke length, to 
suit difterent depths. 

Ratings indicate the ez~e with which maintenance can be carried out by: 
A - A village caretaker 
I3 - Anareamechanic 
C - A mobile maintenance team 

Rellablllty ratmgs are an indication of the proportlon of the time that the 
pump IS likely to be functlonmg properly. Separate ratings are given for 
different dally outputs. The ratings combme judgments of the “mean ttme 
before failure” (MTBF) and the probable “downtime” when the pump is 

waiting to be repaired. They thus take account of the fact that pump: 
which are suitable for village maintenance and can be repalred quckl) 
may be more “reliable” than those which require more cornpIe> 
maintenance, even if the latter breakdown less frequently. 

Ratings are based primarily on the materials of the downhole cornpa 
nents. Galvanized steel pumprods and rising mains are not corroslor 
resistant in aggressive water and earn a - rating. 

Ratings indicate the pump’s capability to pump sand-laden water 
Performance in laboratory and field trials is combined with assessmenl 
of the seal and valve types. For non-suction pumps, leather cupsea!s 
are rated - though the extent of abrasion damage WIII be related tc 
the daily output of the pump. Analysts may therefore accepl lower ratec 
pumps for light duty applications. 

Ratings indicate the ease with which a pump couid be manufactured in a 
developrng country with the specified level of industrial development. 

1 - Low industrial base, limited quality con;rol 
2 - Medium-level industry, no special processes 
3 - Advanced industry, good quality control 

The Analyst develops a short list by entering a check mark againsl 
those pumps meeting his selection criteria 

Analysts should obtain current prices for sf- .?rt-listed pumps. 

Special features of mdividual pumps are noted in this column. 
Ampllflcatron of the notes IS given below. 

The nofes relate to pumps wfh the same reference number - ~.e. Nate 
14 refers to Pump 14. the Maldev. In fhe tables. ratings lo whrch the note 
refers are hghhghfed ~~i$~~] 

Note 1. The oo corrosion rating for the Abl-ASM IS based on current 
models. Earlier models did suffer from corrosion. 
Note 2. The o corrosion rating for the Afndev IS based on the use of 
stainless steel pumprods. offered as an option. 
Note 7. The Duba Tropic 7 IS 3 high-discharge pump designed for two- 
person operahon. 
Notes 9 and 10. The India Mark II uses a gravity return on the 
plunger, and requires a mmimum cylinder sen:ng of 24 meters (one 
manufacturer offers a fixed-link system for shallower settings). 

Note 14. The Maldev is a pumphead only. All ratings are based on the 
use of conventional downhole components. 
Note 16. Reliability ratings for the Monolift are based on pumps with 
metal gears. Plastic gears were less reliable. 
Note 21. The oo corrosion ratmg for the Vergnet is based on current 
models. Earlier models drd suffer from corrosion. 
Note 23. The oo discharge rating for the Wanta takes account of the 
pump’s adjustable stroke length. Present designs require a nimimum Well 
diameter of 110mm. 
Note 30. Downhole components of the Kangaroo are corrosion resis- 
tant. Theo ratmg relates to the pedal return spring. 
Note 40. The Rower IS designed as an irrigation pump, and has a high 
discharge. It is widely used for domestic water supply in Bangladesh. 



lable S.1 Uaximum pumping lift - 7 meters 
“Adequate” discharge rate - 19 liters/minute 

HIGH LiFl PUMPS (O-45 mete 

6 Draoon2 --_ ---- 

A.-.- 

..-_-. --Le. 

INTERMEDtATE LIFT PUMPS (O-25 meters) 
-- -. .-~ .~--~ ~. 

24 Consallen LD6 --..--~...--.- -_.-._.---- 

26 NiraAR6 I_--.~-_- ~. .~_. ~_.~_ 

LOW LIR PUMPS (O-12 meters) 

32 Nira AF85 -.---- -.- ..~..~. - .~ 
33 Tara -.._ -.---.-. ..-.-. .- 

42 Wasp 

--_1.- 

’ Indicates that discharge ratings are based on choice of the correct cylinder sze from a range offered by the manufacturer. 

PUMP SELECTION GUIDE 81 



Ratings In the Pump SelectIon Tables are based on evaluation ot pump 
performance In the laboratory and lield trials. Three ratings are used: 

oo = Good 
0 = Adequate 

- = Does not meet mmlmum requirements 
A more detatled mterpretatlon of the ratmgs for specific headings can be 
found in the earlier part of thts Chapter. 

The pumps are Wed alphabebcalty In four sections. according to the 
maxlmum pumping loft recommended by the manufacturer. The reference 
number which precedes each pump name indicates the order of the 
pumps m the Handpump Compendium. 

L = The pump has been tested In the laboratory 
F = The pump has had a mtnlmum of 2 years’ field trials 

(F) = The pump has had lImIted held trials 

The dtscharge rate deemed “adequate” for each pumping lift is noted at 
the lop of the appropriate table The rate reduces as depth increases. 
for Ihe reasons explamed In Box 5 1. Some deepwell pumps thus 
achieve lower ratings for low-110 appllcabons, where users WIII opt for 
pumps giving greater discharges A special note IS made where a pump 
IS available with a range of cylinder sizes or adjustable stroke length. to 
suit dllferent depths. 

Rattngs indicate the ease with which maintenance can be carned out by: 
A - A vtllage caretaker 
B - An area mechamc 
C -- A moblle maintenance team 

Rellabllity ratings are an lndtcatlon of the proportIon of the time that lbe 
pump IS likely to be functiomng properly. Separate ratings are given for 
different dally outputs The ratings combme ludgments OI the ‘mean time 
before tallurr- !MTElF) and !he p<Jbable “downttme* wfien i:le punip is 

waiting to be repaired. They thus take account of the fact that pumps 
which are sultable for village maintenance and can be repaired quickly 
may be more “reliable” than those which require more complex 
maintenance, even If the latter break down less frequently. 

Rabngs are based primarily on the materials of the downhole compo- 
nents. Galvanized steel pumprods and rising mains are not co:roslon 
resistant in aggressive water and eam a - rating. 

Ratings indrcate the pump’s capability to pump sand-laden water. 
Performance in laboratory and field trials IS combined with assessment 
of the seal and valve types. Leather cupseals are rated - , though the 
extent of abrasion damage will be related to the dally output of the pump. 
Analysts may therefore accept lower rated pumps for light duty 
applications. 

Ratmgs mdtcate the ease with which a pump could be manufactured tin a 
developing country with the specified level of industrial development. 

1 - Low lndustnal base. limited quality control 
2 - Medium-level industry. no special processes 
3 -- Advanced Industry. good qualtly control 

The Analyst develops a short list by entering a check mark agalnsl 
those pumps meeting his selection criteria. 

Analysts should obtain current prices for short-listed pumps. 

Special features of individual pumps are noted in this column. 
Ampllflcatton of the notes IS given below. 

The notes relate to pumps wth the same reference number -- I e. Note 
13 refers fo Pump 14. C-E Mafdev. In the tables. rafmgs lo whxh the note 

referrare h!ghhghfed - 0~ : ..1 

Note 1. The oo corrosion ratmg for the Abl-ASM IS based on current 
models Earlier modeis dtd suffer from corrosion 
Note 2. The a corroson ratmg for the Afndev IS based on the use of 
statnless cteel pumprods. offered as an option. 
Note 7. The Duba Troprc 7 IS a high-discharge pump deslgned for two- 
person operation. 
Notes 9 and IO. The lndla Mark II uses a gravtty return on the 
plunger. and requires a mmlmum cylinder setting of 24 meters (one 
manufacturer offers a fixed-link system for shallower settmgs). 

Note 14. The Maldev is a pumphead only. All ratings are based on the 
use of conventional downhole components. 
Note 16. Reliability ratings for the Monollfi are based on pumps with 
metal gears. Plastic gears were less reliable. 
Note 21. The oo corrosion rating for the Vergnet IS based on currenl 
models Earlier mcrdels did suffer from corrosion. 
Note 23. The oo discharge rating for the Vo!anta takes account of ths 
pump’s adjustable stroke length. Present designs require a minimum wel 
diameter of 11 Omm 
Note 30. Downhole components of the Kangaroo are corrosion resls- 
tant. Theo rating relates to the pedal return spring. 
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able S.2 Maximum pumping lift - 12 meters 
“Adequate” discharge rate - 16 liters/min*ute 

HIGH LIFT PUMP5 (Cl-45 

INTERMEDIATE LlfT PUMPS (O-25 meters) 

LOW LIFT PUMPS (O-l 2 meters) 

29 IDRC-UM 
30 Kangaroo 
31 Malawl Mark V 
32 Ntra AFf35 
33 Tara 

lndroates that discharge ratings are based on choice of the correct cylmder we from a range offered by the manufacturer 
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Ratings in the Pump Selection Tables are based on evaluation of pump 
performance in the laboratory and field trials. Three ratings are used: 

00 = Good 
0 = Adequate 

- = Does not meet mimmum requirements 
A mare detailed interpretation of the ratings for specific headings can be 
found In the earlier part of this Chapter. 

The pumps are listed alphabetically in four sections, according to the 
maximum pumping llfr recommended by the manufacturer. The reference 
number whtch precedes each pump name indicates the order of the 
pumps rn the Handpump Compendium. 

L = The pump has been tested in the laboratory 
F = The pump has had a minimum of 2 years’ field trials 

(F) = The pump has had lImited field trials 

The discharge rate deemed “adequate” for each pumping loft IS noted at 
the top of the appropriate table. The rate reduces as depth increases. 
for the reasons explamed trI Box 5.1. Some deepwell pumps !hus 
achfeve lower ratmgs for low-Ill1 applicattons, where users will opt for 
pumps givtng greater discharges. A special nott IS made where a pump 
IS avaIlable with a range of cylinder sizes or adjustable stroke length, to 
suit different depths. 

Ratings Indicate the ease with which maintenance can be carried out by: 
A - A village caretaker 
B - Anareamechamc 
C - A moblle maintenance team 

Reltabillty ratings are an lndlcatlon of the proportion of the trme that the 
pump IS ltkely to be functioning properly Separate ratmgs are given for 
ditferent dally outputs The ratings combine judgments of the “mean time 
before failure” (MTBF) and the probable “downtime” when the pump is 

waiting to be repaired. They thus take account of the fact that pump 
which are suitable for village maintenance and can be repaired quick1 
may be more “reliable” lhan tnuso which require more comple 
maintenance, even if the latter break down less frequently. 

Ratings are based primarily on the materials of the downhole compc 
nents. Galvanized steel pumprods and rising mains are not corrosio 
resistant in aggressive water and earn a - rating. 

Ra!ings indicate the pump’s capability to pump sand-laden water 
Performance in laboratory and field trials is combined with assessmer 
of the seal and valve types. Lea!her cupseals are rated - , though th 
extent of abrasion damage will be related to the dally output of the pump 
Analysts may therefore accept lower rated pumps for light dut 
applications. 

Ratings indaa!e the ease with which a pump could be manu!actured in, 
developing country with the specified level of industrial development. 

1 - Low industnal base, lirnited quality control 
2 - Medium-level industry, no special processes 
3 - Advanced industry, good quality control 

The Analyst develops a short list by entering a check mark agaIn: 
those pumps meeting his selection criteria. 

Analysts should obtain current prices for short-listed pumps. 

Special features of individual pumps are noted in this columr 
Amplification of the notes is given below. 

The nures relate lo pumps wrfh Ihe same reterence number - 1.e. Nofe 
14 refers to Pump 14. the Maldev. In fhe labies. rafmgs lo wh~h the note 
refers are hrgh//gghled : o ; 

Hale 1. The oo corrosion rating for the Abl-ASM IS based on current 
models Earlier models did suffer from corrosion 
Note 2. The o corrosion ratmg for the Afndev IS based on the use of 
stainless steel pumprods. offered as an optton 
Note 7. The Duba Tropic 7 IS a high-discharge pump designed for rwo- 

person operation. 
Note 14. The Maldev IS a pumphead only. All ratmgs are based on thm 
use of conventional duwnhole components. 
Note 16. Reliability ratings for the Monolift are based on pumps wit 
metal gears. Plasttc gears were less reliable. 
Note 21. Tp:e oo corrosion rating for tne Vergnet IS based on currer 
models. Earlier models did suffer from corrosion. 
Note 23. The oo discharge rating for the Volanta takes account of th’ 
ptimp’s adjustable stroke length. Present designs require a minimum we 
diameter of ; 1 Omm. 



Table S.3 Maximum pumping lift - 25 meters 
“Adequate” discharge rate - 10 liters/minute 

INTERMEDIATE LIFT PUMPS (&25 meters) 

’ Indsates that dkscharge ratings ale based on choice of the correct cylinder sire from a range offered by the manufacturer. 
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Ratings in the Pump Selection Tables are based on evaluation of pump 
performance tn the laboratory and field trials. Three ratings are used: 

00 = Good 
0 = Adequate 

- = Does not meet minimum requirements 
A more detailed interpretation of the ratings for specific headings can be 
found In the earlier part of this Chapter. 

The pumps are listed alphabetically in four sections, according to the 
maximum pumping lift recommended by the manufacturer. The reference 
number whrch precedes each pump name indicates the order of the 
pumps in the Handpump Compendium. 

L = The pump bar Jeen tested in the laboratory 
F = The pump has had a minimum of 2 years’ field trials 

(F) = The pump has had limited field trials 

The drscharge rate deemed “adequate” for each pumping lift IS noted at 
the top of the appropriate table. The rate reduces as depth Increases, 
for the reasons explatned in Box 5.1. Some deepwell pumps thus 
achieve lower ratings for low-k11 applrcations. where users WIII opt for 
pumps gtvrng greater drscharges. A special note IS made where a pump 
1s avarlable wrth a range of cylinder sizes or adjustable stroke length. to 
SUII different depths. 

Ratrngs Indicate the ease with which maintenance can be carried out by: 
A - A vrllage caretaker 
B - Anarea mechanrc 
C -. A mobile maintenanretezm 

Re:rabrlrfy ralrngs are an tndrcatron of the propomon of the We that the 
pump IS likely to be lunctronrng properly. Separate rahngs are given for 
differen! daily outputs The ratings comb:nt! judgments of the ‘.mean trme 
before farlure” (MTBF) and the probable “downtime” when the pump IS 

waiting to be repaired. They thus take account of the fact that pump: 
which are suitable for village maintenance and can be repaired quick11 
may be more “reliable” than those which require more comple) 
maintenance, even if the latter break down less frequently. 

Ratings are based primarily on the materials of the dolnrnhole compo 
nents. Galvanized steel pumprods and rising mains are not corrosior 
resistant in aggressive water and earn a - rating. 

Ratings indicate the pump’s capability to pump sand-laden water 
Performance in laboratory and field trials is combined with assessmen 
of the seal and valve types. Leather cupseals are rated - , though tht 
extent of abrasion damage will be related to the daily output of the pump 
Analysts may therefore accept lower rated pumps for light duo 
applications. 

Ratings indicate the ease with which a pump could be manufactured in i 
developing country with the specified level of industrial development. 

1 - Low industrial base, limited quality control 
2 - Medium-level industry, no special processes 
3 - Advanced industry, good quality control 

The Analyst develops a short list by entering a check mark agains 
those pumps meeting his selectron criteria. 

Analysts should obtain current prices for short-listed pumps. 

Special features of mdividual pumps are noted in this column 
Amplification of the notes IS given below. 

The notes relate lo pumps wth the same reference number - i.e. /Vote 
73 refers fo Pump 74. the Maldev In the fables. raflngs IO whtch the nofe 
refers are hrghbghled i -- a--: _--- .-J 

Note 1. The oo corrosion rating for the Abr-AS! I IS based on current 
models Earlier models dtd suffer from corrosron 
Note 2. The o corrosron rating for the Afrrdev IS based on the use of 
stainless steel pumprods. offered as an option. 
Note 7. The Duba Troprc 7 IS a high-drscharge pump designed for two- 
person operaflon 

Note 12. The manufacturer recommends a maximum depth of 4f 
meters for the Kardia 
Note 14. The Maldev is a pumphead only. All ratings are based on thf 

use 01 conventional downhole components. 
Note 16. Relrabrlrtv rahnas for the Monolrft are based on pumps wrtf 
metal gears. Plastrc gears were less relrable. A 2:l gear ratrd is supplier 
for deepwel! applcations. 
Note 21. The oo corrosion rating for the Vergnet is based on curren 
models. Earlier models did suffer from corrosion. 
Note 23. The oo discharge rating for the Volanta takes account of thr 
pump’s adjustah:e stroke length Present designs requrre a minimum we 
diameter of 1101: n 
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stable S.4 Maximum pumping lift - 45 meters 
“Adequate” discharge rate - 7 liters/minute 

H LIFT PUMPS 

ADDITIONAL PUMPS 

g Indicates that discharge ratings are based on choice of the correct cylinder size from a range offered by the manufacturer. 
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The Pump Selection Tables in Chapter 5 can be used to 
make a short list of pumps which meet minimum require- 
ments. Together with the Handpump Compendium, they 
provide a means of selecting a pump for one particular 
application. 

The tabies can also be used as an aid to preparation 
of bidding documents or to evaluation of bids for the 
procurement of handpumps. Draft Sample Bidding 
Wments for the Procurement of Handpumps’, desig- 
ned for international competitive bidding, may also be 
used and are available from the World Bank. They 
include methods for weighting key pump attributes, SO 
that the benefits of exceeding minimum requirements 
(better reliabilitv. easier maintenance, etc.) can be taken 
into account alongside price. 

Final selection of one or more pumps will depend on 
the operating conditions under which the pumps will be 
used, the relative importance placed on different 
selection criteria, and up-to-date prices. In selecting 
handpumps for a particular application, the important 
first step is a clear definition of the operating 
wndltions (i.e. the range of pumping lifts, the amount 
of water to be pumped each day, the corrosivity of the 
water and the potential for sand pumping), the 
maintenance system !ha! wi!! be employed, and the 
Importance placed on local manufacture. 

Form 5.1 at the beginning of Chapter 5 is a 
convenrent way of establishing these pump selection 
criteria. These minimum requirements then permit the 
Analyst to identify the appropriate Pump Selection 

Pumps. Information in the Compendium should be 
supplemented by up-to-date information on pump prices, 
including freight and insurance, and, where appropriate 
by inspection of working pumps and manufacturing 
facilities, or by review of working drawings of non- 
Proprietary pumps with potential local manufacturers. 

The examples which follow demonstrate how the 
Pump Selection Tables can be used to develop a short 
list of pumps. They are followed by a brief description of 
the merit point method of pump evaluation used in the 
sample bidding documents. 

worked Example No 1: Low Lift 

This example is typical of an alluvial plain in Asia, with a 
Permeable aquifer and a high groundwater level. A 
maximum user group of 75 people per handpump is 
desired, with a demand of 20 liters per person per day 
(i.e. each pump must supply 1.5 cubic meters of water a 
day). Very little drawdown is expected during pumping, 
but nearby motorized pumps may lower the water table 
locally in some areas to 10 meters btllow the surface. 
Th e groundwater is not corrosive, and only trace 
amounts of sand may enter the wells during pumping. 
Village-level maintenance is to be introduced, as is in- 
country manufacture of handpumps, in a country with a 
n%dium level industrial base. Two pumps are already 
widely used in the country - The India Mark II (imported) 
and the New No 6 (locally made). 

The first step in selecting a short list of pumps for this 
application is to complete Form 5.1 with the specific 
Selection Criteria. Figure 6.1 includes a copy of the form 
completed according to the criteria identified by the 
Analyst. Note that there is no Pump Selection Table 
Precisely matching the operating condition of 10 meters 
maximum pumpina lift, so the Analyst opts for Table S.2 
it2 meters), ensiring that the most severe conditions 
are met. 

From the criteria listed on Form 5.1, the Analyst 
determines that for a pump to meet his minimum 

Table. and then to eliminate. from further consideration 
those pumps which would be unsuitable. The resulting 
Short Lis? of pumps may then be evaluated in more 
detail. 

The Handpump Compendium is provided as a 
reference for more detailed analysis of shortlisted 

1. App!ied Ftesearci! and Technology - Note No. 1, Dfaff 

Sample Bidding Documents for the Procurement of Handpumps. 
World Bank. 1996. 
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Figure 6.1 Handpump Selection Criteria for Worked Example No. 1 

HANDPUMP SELECTION CRITERIA 

NAME OF PROJECT 

MAXIMUM PUMPING LIFT 
Selection Table for this lift’ 

Worked ExamDie NgJ 

1p meters 

DAILY OUTPUT PER PUMP 

MAINTENANCE SYSTEM TO BE USED (A, B, or C) 
Where A = Village-level maintenance 

B = Area-mechanic maintenance 
C = Centralized maintenance 

1.5 mJ/d 

A 

MINIMUM RATING NEEDED FOR CORROSION RESISTANCE 
Where - = Corrosion resistance is not required 

o = Resistance to mildly corrosive water is required 
00 = Resistance to aggressive water is required 

- 

MINIMUM RATING NEEDED FOR ABRASION RESISTANCE 
Where - = Either there is no sand pumping anticipated, or there is a 

possibility of trace sand pumping and the daily output 
will not be greater than 1.5mj 

o = There is a possibility of trace sand pumping and the daily 
output will be greater than 1.5mJ 

oo = There is a possibility of significant sand pumping 

MANUFACTURING ENVIRONMENT (1.2, or 3) 
Where 1 = The pump is to be made in the country, 

and there is a low-level industrial base 
2 = The pump is to be made in the country, and there is a 

medium-level industrial base 
3 = The pump may be imported or made in a country where 

there is a high level industrial base 

- 

-2- 

PUMPS ALREADY PERFORMING SATISFACTORILY IN THE New No.6’ 
COUNTRY (’ IF ALSO MANUFACTURED IN THE CCUNTRY) India Mark II 



reouirements it must achieve ratings in Table S.2 as 

Column No. 
inTaMS 

3 

4 (4 

5 (1.5) 

6 

7 

6 (2) 

Criterion Minimum 
Rating 

Discharge rate 0 

Ease of maintenance 
at villago level 0 

Reliability for output 
of 1.5mYday 0 

Corrosion resistance - 

Abrasion resistance - 

Manufacturing needs in 
medium-level industrial base 0 

Each of the pumps in Table S.2 is evaluated, to 
check whether it achieves these minimum ratings. Figure 
6.2 shows the completed Table 5.2. revealing that just 
six pumps met the minimum requirements (the desire for 
village-level maintenance and local manufacture elimi- 
nates many on the list). Neither of the pumps currently In 
use in the country make the Short List . the New No. 6 
is a suction pump and so cannot be considered for lifts 
of more than 7 meters, and the India Mark II is not 
appropriate for village-level maintenance. The six shott- 
listed pumps therefore are: the Afrldev, Blair, IDRC- 
UM, Nira AF85, Tara and Volanta. 

This narrowing of !he choice is a very important step 
in the selection process, as it produces a manageable 
list for detailed analysis in the final selection stage. In 
this particular example, further reduction of the short list 
will depend on the priority given to individual attributes, 
and on prices. For example, the Blab has a lower rating 
(0) than the others (00) for discharge, the IDRC-UM 
and Volanta iower ratings for ease of maintenance, and 
the lara a lower rating for reliability. Five of the pumps 
rank equally too) for local manufacture, which in this 
case is an important criterion. Consequently, potential 
manufacturers in the country should be contacted to 
obtain assessments of their capacities for manufac- 
turing the six pumps under consideration, and the prices 
for doing so with adequate quality control. 

Worked Examples Nos. 2 & 3: 
Intermediate and High Lift 

A handpump program is being prepared for a region 
where maximum pumping lift, including drawdown during 
the pumping day, is expected to be 25 meters for the 
majority of the wells (Example No. 2)* ‘though lifts in 
areas near to the project may be as much as 40 meters 
(Example No. 3). Each pump is to supply 200 people with 
20 liters a day - giving a total daily output of 4mJ*. The 
pump must be suitable for maintenance by area 

mechanics, perhaps travelling on mopeds or bicycles. 
Good quality control of drilling and well construction can 
be assured, to prevent sand pumping, and the ground- 
water is not corrosive. In-country manufacture is not an 
immediate objective. 

In completing the Selection Criteria Form for this 
application (Figure 6.3 Examples 2 and 3), it is prudent 
to consider two separate cases - one for the 25 meter lift 
specified for the project ;’ :-?lf, and the other covering 
anticipated conditions in tt+ nearby area, where pumps 
may be needed in the future, and standardization would 
be of benefit. The Analyst will perform his evaluation 
using Table S.3 for the project area and Table S.4 for the 
proximate area. Figure 6.3 (Examples 2 and 3) shows 
the completed Forms, resulting in two Short Lists. 

Sixteen pumps make the short list in Example 2 
(25m pumping lift) while only 5 make it in Example 3 (40m 
lift). The large list ,for Example 2 reflects the fact that 
trained area mechanics can successfully remove the 
pumping element of most conventional handpumps at 
pumping lifts down to 25 meters with no external assis- 
tance. However, at higher pumping lifts, this is not the 
case, and reliability becomes unacceptable for most 
pumps. The short list for Example 3 is therefore more 
limited. 

When selecting a pump for this region, special 
consideration should be given to those pump.r+,,which are 
on both lists, so as to choose a single high-lift pump 
model for the region. 

Worked ErampZe No. 4: VLOM Pumps 
for Intermediate and High Lifts 

Example No. 4 identifies those intermediate (12-25m) 
and high (25-45) lift pumps (Afridev and Volanta) that 
are most likely to be able to be maintained by village- 
based repairers, and that can be manufactured in 
countries with a low industrial base. Both the short list 
pumps have limitations: the Afridev has only limited 
field performance data (as indicated by (F) under Data 
Source in the rating tables), and is still undergoing 
development, as the Compendium entry (Pump 02) 
makes clear; the Volanta requires a 1lOmm I.D. well 
casing, ruling out its use in IOOmm wells. A small 
diameter version of the Volanta is now being tested 
(See Note 23 in the rating tables). The requirements of 
village-based maintenance and local manufacture used 
in this example lead to a very limited short list, an 
indication of the importance of present and future 
development of VLOM pumps for medium and high lift 
applications. 

Merit Point Evaluation 

Whether or not full competitive bidding procedures and 

* In this example, the only water use will be domestic. but tne 
Analyst is cautioned that in some other cases allowance must 
also be made for animal watering or irrigation. 
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Figure 6.2 Compilation of Short List for Worked Example No.1 

Table S.2 Maximum pumping lift - 12 meters 
“Adequate” discharge rate - 16 liters/minute 

: 24 !%opla!X!5Q 
: 29. IDRC-UM 

33 Tara 
r-.----- __-.- 

l Indicates that discharge ratings are based on choice of the correct cylinder size from a range offered by the manufacturer, 
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Figure 6.3 Selection Criteria and Shortlisted Pumps for Worked Examples Nos. l-4 

HANOPUMP SELECTION CRITERIA 

NAME OF PROJECT !!l.Q&aE;r-~ tJ0. I 

MAXIMUM PUMPING LIFT 19 meter: 
S&ICIIO~ Table lor thls Mt 62.2 

DAILY OUTPUT PER PUMP u rnjid 

MAINTENANCE SYSTEM TO BE USED (A, 8. or C) _B 
Where A = Village-level mamtenance 

B = Area-mechanc maintenance 
C = C?nrraked mamtenance 

MINIMUM RATING NEEDED TOR CORROSION RESISTANCE -=- 
Where - = Corrosion resistance IS not requred 

0 = Resistance lo mildly corrosive water 1s required 
00 = Res~sfance to aggressrve water IS required 

MINIMUM RATING NEEGED FOR ABRASION RESISTANCE _r_ 
Where - = Esther lhere is no sand pumping anDapated. or 

them IS a possibility o! trace sand pumpng and 
the dally outpul WIII not be greater Man 1 5rnj 

o = There IS a posstb~lrty of trace sand pumpng ano 
the dally output WIII be greater than 1 Srn; 

MI = Thare IS a posstbil~ty of stgniflcant sand pumpng 

MANUFACTURING ENVIRONMENT (1.2. or 3) 1 
Where 1 = The pump IS to be made I” the country dlld there 

IS a low-level mdustnal base 
2 = The pump 1s to be made In the country. and there 

IS a m&urn-level mdustnal base 
3 .: The pump may bs tmported or made m a country 

where there IS a high level industnal base 

t’UMPS ALREPDY PtRFORMlNG SATISFACTORILY IN THE Newt406 . 

COUNTRY 1’ IF ALSO MANUFACTURED IN THE COCNTRY) l!ltwG 

:llON CRITERIA 

ANCE 
?d 
:er IS requred 
required 

ICE 
itupated. or 
nd pumpng and 
lter than 1 5m3 
puwng and 
than 1 5m3 
sand oumrnno 

Intry. and there 

intry. and there 
se 
de in a country 
lstrral base 

THE 
‘RY) 

N CRITERIA 

q.md 
red 

ated. or 
lmpmg and 
an lSm3 

xng and 
I .5m3 
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and there 

end there 

a country 
base 

4p meters 
EL!! 

4 ml/d 

.CTlON CRITERIA 

No.4 

25 meters 

TANCE 
red 
ater IS requred 
s requrred 

iNCE 
and pumping and 
!ater than 1.9713 
d pumpng and 
rlhanlSm3 
It sand pumpng 

wnby. and there 

xmby. and there 
lase 
lade In a country 
lcstnal base 

CRITERIA FOR 
WORKED 
EXAMPLES 

PUMPS WHICH MEETTHE 
ItLUSTRATED SELECTION 
CRITERIA 

Pumping liii: 
Mainteiiarrce system: 
Industrial base: 

512 meters 
VLOM 

Medium 

125 meters 
Area Mechanic 

Advanced 

-<45 meters 
Area Mechanic 

Advanced 

Q5m orG5m 
VLOM 

Low 

Afrider, Blair, 
IDHC-UM, Nira AFL%, 

Tara, Volank 

Abi-ASM. Afridev, Bestobell, 
Duba Tropic 7, GSW, India 

Mark II (std. 8 mod.), Kardia, 
Karat, Maldev. Monarcil P3, 

Nira AF84. Philippines 
Deepset. SWN 806931, 

Vergnet, Vobta 

Alridev, 
India Mark II (mod.), 
Nira AF84, Vergnet, 

voklta 
Afrfdev 

Volarlla 



Figure 6.3 Selection Criteria and Shortlisted Pwnps for Worked Examples Nos. 1-S 

NAME OF PROJECT 

MAXIMUM PUMPING LIFT 
Solechon Table lorlhrs IJI 

Workfd Examnle No. 1 
Worked Fxamale No. 2 

2 meters 

DAILY OUTPUT PER PUMP 

MAINTENANCE SYSTEM TO BE USED (A, 8. or C) 
Where A = Vrllage-level marnlenance 

Lt = Area-mechanrc marnlerrance 
C = Centraked marntenance 

MINIMUM RATING NEEDED FOR CORROSION RESISTANCE 
Where - = Corrosion resrstance 1s not required 

o = Resrstance to mrldly corrosrve water 6 requrred 
DO = Resistance to aggressrve waler IS requrred 

MINIMUM RATING NEEDED FOR ABRASION RESISTANCF 
Where - = Errher there IS no sand pumprng anlrcrpated, or 

there IS a possrbrlrty of trace sand pumpmg and 
the dally output wrll not be greater than 1 .5mi 

o = There IS a possrbrlrty of trace sand pumping and 
lhe dally output will be greater than 1 5mi 

00 = There IS a possrblrty of srgnrlrcant sand pumprng 

MANUFACTURING ENVIRONMENT (1.2, or 3) 
Where 1 = The pl;mp IS to be made rn the country and there 

IS a row-leve! rndustnal base 
2 = The pump IS to be made rn the country and mere 

rs a medrumlevel rndustnal base 
3 = The pump may be rmported or made rn a country 

where there IS a high level rndustnal base 

PUMPS ALREADY PERFORMING SATISFACTORILY IN THE 
COUNTRY (’ IF ALSO MANUFACTURED IN THE COUNTRY) 

New t4o.s 
India Mark II 

4 CRlTERlA 

rked Examole No. 3 
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54 

4 m%d 
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CRITERIA FOR 
WORKED 
EXAMPLES 

Pumping lift: 
Maintenance system: 
Industrial base: 

112 meters 125 meters 
VLOM Area Mechanic 

Medium Advanced 

545 meters 
Area Mechanic 

Advanced 

r25m or .45m 
VLOM 

Low 

PUMPS WHICH MEETTHE 
lLLUSTFtATED SELECTION 
CRITERIA 

Afridev, Blair, 
IDRC-UM, Nira AF85, 

Tara, Voianta 

AbwSM, Afridev, Bestobell, 
Duba Tropic 7. GSW, India 

Mark II (std. 8 mod.), Kardia, 
Korat, Malde~, Monarch P3. 

Nira AF84, Philippines 
Deepset. SWN 80&81 I 

Vergnet, Volanta 

Afridev, 
India Mark II (mod.), 
Nira AF84. Vergnet, 

Volanta 
Afridev 

Volanta 



merit point evaluation are tc he used for final pump 
selection, up-to-date prices are essential. The prices 
quoted in this document cannot be used for final stage 
comparisons; they are indicative of ex-factory prices 
only and they were obtained in 1985 2nd 1986. For pump 
selection, the Analyst must have current prices, 
including shipping and insurance costs for the quantities 
needed, and must take account of the anticipated cost 
of spare parts over a reasonable period of operation (say 
three years). The Handptimp Compendium offers 
guidance on likely frequency of repairs, and experiences 
from other projects may also provide data for assessing 
pump performance and spares requirements. 

Sorrle Analysts may have decided to select the 
least expensive pump which meets the minimum 
requirements. Others may be using a procedure similar 

to that outlined in the World Bank’s sample bidding 
documents, where minimum requirements are specified 
and merit points are then awarded to those pumps which 
exceed the minimum requirements (ease of maintenance 
and availability of spare parts are examples of attnbutes 
which may be awarded additional merit points). 

The full procedures of Merit Point Evaluation require 
lengthy explanation, and Analysts wishing to apply this 
method are advised to obtain a copy of the World Bank’s 
Sample Bidding Documents for the Procurement of 
Handpumps. Table 6.1 shows the outcome of such an 
evaluation comparing four pumps which met all minimum 
requirements. From this evaluation, Pump “D” would be 
selected, because it has the highest total merit point 
score among the short-listed pumps, though it was not 
the lowest priced pump (that was Pump”C”). 

Table 6.1 Merit Point Evaluation of Four Short-Listed Pumps 

Maximum Pump reference - 
Cnlerion score A B C D 

__--___ __-. 

Price of pump 50 32 42 50 34 
Pnce of spare parts 10 6 8 9 10 
Discharge rate’ 5 0 5 3 0 
Reliability’ 10 5 7 5 5 
Ease of maintenance and repair’ 10 8 8 4 4 
Service and spare parts availability” 5 0 3 0 0 
Abrasion resstance’ 5 0 3 0 3 
Standardization 5 0 5 0 0 

Total Scores 100 51 81 71 56 

’ Denotes categories for which merit points may be awarded if a pump exceeds the mmimum 
requirement. A zero entry means that a pump just meets !he minimum requirement. 
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The Compendium contains details of the following pumps: 

Pump 01 
Pump 02 
Pump 03 
Pump 04 
Pump 05 
Pump 06 
Pump Of 
Pump 08 
Pump 09 
Pump 10 
Pump 11 
Pump 12 
Pump 13 
Pump 14 
Pump 15 
Pump 16 
Pump 17 
Pump 18 
Pump 19 
Pump 20 
Pump 21 

Abi-ASM 
Afridev 
AID Derivative Deepwell 
Bestobell 
Climax 
Dragon 2 
Duba Tropic 7 
GSW 
lndla Mark II (standard) 
India Mark II (modlfled) 
Jetmatic Deepwell 
Kardia 
Korat 
Maldev 
Monarch P3 
Monollfl 
Moyno 
Nira AF 84 
Philippines Deepset 
SWN80&81 
Vergnet 

Pump 22 
Pump 23 
Pump 24 
Pump 25 
Pump 26 
Pump 27 
Pump 28 
Pump 29 
Pump 30 
Pump 31 
Pump 32 
Pump 33 
Pump 34 
Pump 35 
Pump 36 
Pump 37 
Pump 38 
Pump 39 
Pump 40 
Pump 41 
Pump 42 

VEW Al8 
Volanta 
Consallen LD6 
DMR (Dempster Derivatlve) 
Nlra AF76 
Blair 
Ethiopia BP50 
IDRC-UM 
Kangaroo 
Malawi Mark V 
Nlra AF85 
Tara 
A!D Suction 
Bandung 
lnalsa Suction 
Jetmatlc Suction 
Lucky 
New No.6 
Rower 
SYB-100 
Wasp 



The Compendium contains details of the following pumps: 

Pump 01 
Pump 02 
Pump 03 
Pump 84 
Pump 05 
Pump 06 
Pump 07 
Pump 08 
Pump 09 
Pump 10 
Pump 11 
Pump 12 
Pump 13 
Pump 14 
Pump 15 
Pump 16 
Pump 17 
Pump 18 
Pump 19 
Pump 20 
Pump 21 

Abi-ASM 
Afrldev 
AID Derivative DeepWell 
Bestobell 
Climax 
Dragon 2 
Duba Tropic 7 
GSW 
India Mark II (standard) 
lndla Mark II (modified) 
Jetmatic Deepwell 
Kardia 
Korat 
Maldev 
Monarch P3 
Monolltt 
Moyno 
Nlra AF 84 
Phillppines Deepset 
SWN80&81 
Vergnet 

Pump 22 
Pump 23 
Pump 24 
Pump 25 
Pump 26 
Pump 27 
Pump 28 
Pump 29 
Pump 30 
Pump 31 
Pump 32 
Pump 33 
Pump 34 
Pump 35 
Pump 36 
Pump 37 
Pump 38 
Pump 39 
Pump 40 
Pump 41 
Pump 42 

VEW Al8 
Volanta 
Consallen LD6 
DMR (Dempster Derivative) 
Nlra AF76 
Blair 
Ethiopia BP50 
IDRC-UM 
Kangaroo 
Malawi Mark V 
Nira AF85 
Tara 
A!D Suction 
Bandung 
lnalsa Suction 
Jetmatlc Suction 
Lucky 
New No.6 
Rower 
SYB-100 
Wasp 



General Description 

The AM-ASM is a hybrid pump using a 
pumpstand manufactured in the Cote 
d’lvoire and the hydraulically operated 
Vegnef pumping element made in France 
(Pump 21). There are no mechanical links 
between the above and below ground 
units. A primary cylinder in the pumpstand 
is connected by plastic hose to a stain- 
less steel casing, in which a flexible 
rubber membrane contracts and expands 
to force water through a second hose to 
the surface. 

The pumpstand is partly cast iron 
and partly fabricated mild steel. Fulcrum 
bearings are split and injection molded in 
nylon. Brass or stainless steel is used for 
the primary drive cylinder and the brass 
plungsr has leather ring seals. 

hlanufacture 
The pumpstand is suitable for manufac- 
ture in developing countries with foundry, 
fabrication and machining skills, and could 
be modified for all-fabricated manufacture. 
The below-ground pumping element 
requires specialized techniques, high skill 
levels and high quality control. 

SllppliKS 
Abid~an Industrie, 01 BP 343, Abidjan. 01 
Cote d’lvoire. 

Indicative prices - Feb 1985 

Per unit 
Twin hose (per meter) 

US690 
us5 3 

Laboratorv Tests 

Date lesled: 7!?62 Reported: Handpumps Pmject Report No. 3 

Perfomnce data (typlcal valuea) 

Head (meters) 7 25 45 
Pumping rata (cycWmin) 39 40 42 
Volumelmin (liters) 

AZ 
10 10 

Input NW 129 175 
M8chanloaleffldency(%) 14 43 
Maximum handle force (k@) 20 ii 45 
Fi3otvalve leakage (mt/mln) No signiffcarlt leakage 

The vdmm discharged per s?n?ke ranged from 0.25 liters at 45 meters /ifl to 0.27 
liters at 7metws lift, 

Evaluation 
The two test pumps were well packed, but 
had suffered some damage. Threads on 
the pumphead base were damaged on one 
of the samples, and the baseplates were 
distorted on both. Handle components 
were not correctly aligned on either pump. 

Comprehensive and well illustrated 
installation and maintenance lnstruc- 
tlons were supplied in French. Insta- 
llation is straightforward and does net 
require lifting tackle. Lightweight poly- 
ethylene hoses connect the pumpstand 
with the pumping element. 

Maintenance too is simple. 
Primary cylinder piston seals are likely to 
need frequent replacement, but the task is 
straightforward and quick. The lightweight 
hoses mean that the pumping element can 
be extracted by hand, without lifting 
tackle, and the element itself is easy to 
dismantle provided the appropriate hexa- 
gon keys are available. However, if the 
diaphragm fails, a full replacement unit is 
needed, at comparatively high cost. 

The 4000 hour endurance test 
was carried out at 40 cycles per minute, 
with a simulated head of 45 meters, 
subsequently reduced to 20 meters. The 
original leather seals on the primary cyl- 
inder plunger wore out very early in the 
test. They were replaced with seals of 
different materials but continued to wear 
out rapidly. The fulcrum in the handle wore 
out after about a third of the test period 
and the bolt securing the drive piston rod 
to the fulcrum broke at about the same 
time. About half way through the endu- 
rance test, the rubber buffer in the plunger 
was found to have collapsed and was 
replaced. 

In contrast with the problems experi- 

enced with the above ground e-inliponents, 
the below grout Id pumpir,g element suff- 
ered no breakdowns arld was still in good 
working order at the end of the 4000 
hours. 

Repeated failure of the primary cyl- 
inder plunger seals was attributed to sharp 
edges detected on the replenishing hole in 
the cylinder. The hole had not been 
properly deburred during manufacture-a 
difficult operation because of the position 
of the hole. 

The manufacturer has changed the 
design of the fulcrum and the pumprod 
fixing since the laboratory tests. 

Corrosion was detected on the 
plunger rod and the pumping element end 
caps, and inside the pumpstand. 

Both the pumpstand and the handle 
were undamaged in the impact tests, and 
the pump completed the allotted 96,000 
cycles of handle shock tests without 
failure. 

Users quickly became accustomed 
to the rhythm required to operate the 
pump, but found it tiring to use because of 
the comparatively low discharge rate and 
high efforts needed. 

The overall conclusion of the labor- 
atory trials was that there is a marked 
contrast between the reliability of the 
pumpstand and above ground works and 
that of the below-ground pumping element. 
While the pumping element proved very 
reliable, the pumpstand was judged to be 
unsuitable for community water supply. 
Modifications have since been made to 
the pumpstand. If the problems can bt 
overcome, the Abi-ASM is seen as a 
potential VLOM pump because of its 
simple installation and maintenance 
requirements. 
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Field Trials 

lest conditions 

NiJmber Head Data 
of range avail&,- 

Counlty pumps (mete@ (months) __- 

Cole d’lvoire 6 1 O-30 13 

The basic design concept of the Abi-ASM 
pump has been to ,ombine the positive 
features of the Aoi-MN and Vergnet 
pumps. The Vergnet below-ground compo- 
nents are easy to rnstali and extract and 
have good corrosion resistance. The lever 
operation ot the Abi is generally preferred 
to the foot-operated Vergnet by West 
Afr’can users. 

The ASM pump is still being 
developed and Improvements are needed 
in the pumpstand design (bearings, 
handle, piston/cylinder assemblyj. Imp- 
rovements are also being sought in the 
diaphragm, to bnng greater reliability and 
lower prices. 

In Cote d’lvorre. the pump has 
prove0 easy to rnstali. requinng no hoavy 
equipment or specral toois. 

Mantenance too is quack and easy. 
The seals of the primary cylmder plunger 
had to be replaced at intervals of about six 
months and the plastic fulcrum bearings at 
a srmrlar irequency 

The diaphragm proved gene. I ,:ly 
rekable. though when farlure did occur it 
was necessary to replace it, at a cost of 
about US$200. 

The pump’s discharge r?te ranged 
from 0.5 to 1 .O cu m/h, which was judged 
to be adequate by most users. There is a 
notable difference between discharges 
measured in the field and those in the 
laboratory. Dtscharge depends not only on 
the number of strokes per minute. but also 
on the rhythm appiied. Villagers operate 
the ASM at 20-35 strokes per mirute at 50- 
75% of full stroke. The measured 
discharge rates at 10. 20. 30 and 40 
strokes per minute were respectively 3.2, 
6.5, 15.6. and 26 liters per minute at lifts 
between 1 Om and 20m. 

No problems were encounte:ed with 
corrosion, and the pump does not suffer 
from abrasion. However, sand, silt or clay 
in the water do enter the diaphragm and 
were responsible for ruptures in several 
cases. 

Users found the ASM’s pumping 
action quite acceptable, and the pump has 
high VLOM potential 

Assessment 

Ratings are based on both 
laboratory and field tests. 
Mscharge Rate 
From the field trial results, the pump 
is Cli3Qrly capable of achteving 
reasonable discharges when used 
with the right rhythm. It earns an 
“adequaie” (0) rating for lifts of 12. 
25 and 45 meters, but is below the 
minimum for a 7m lift. 
Ea8e of Maintenance 
The above ground components of 
the Abi-ASM are easily maintained 
by village caretakers, but the need 
for skilled mechanics to dismantle 
the pumping element means that 
the pump Is rated “unsuitable” (-) 
for Level A maintenance. Absence 
of rods and rising mains earns the 
pump a “good” (00) rating fur Level 
B maintenance at all pumping lifts. 
Rellablllty 
Field evidence of breakdowns and 
repair interventions earns the pump 
a oo ratlng for reliabrlity at a dally 
output of 1.5 ma/d, o for 4ms/d at 7, 
12 and 25m lifts and - for &f/d 
and for 4ms/d at 45m. 
Corroeion Resistance 
Below ground component8 of the 
pump are made from corrosion 
resistant materials.. Though some 
corrosion was experienced with 
earlier models. and the pumpstand, 
primary drive piston rod and 
dlaphragm end caps are slightly 
vulnerable to corrosion, the pump 
now earns a 00 rating. 
Abrasion Fteslstance 
The ASM pump I8 little affected by 
abrasion. as the pumping element 
has no seals. However, the 
diaphragm can rupture if sand or silt 
fills ihe element. The rating is 
therefore reduced too. 
Manufacturing Needs 
This is a hybrid pump. The below 
ground components require special 
skills. but the pumpstand is 
suitable for manufacture in 
countries with foundry, fabrication 
and machining skills. Ratings for 
manufacturing environments 1,2 
and 3 are therefore -, o and a 
respectively. 
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Laboratorv Tests 

THE AFRIDEV PUMP HAS NOT BEEN TESTED IN THE 
CATR LABORATORY 

Germal Description 

The Alridev is a pump design developed 
during the course of the Project with sup- 
port from donors, research organizations 
and private companies. Available in the 
public domain, the design has aimed to 
demonstrate the VLOM concepts of 
easy, low-cost maintenance and suitab- 
ility for manufacture in developing 
countries. 

The present design. i%c1? began 
limited production in Kenya towards the 
end of 1965. is being modified further as a 
result of field experiences. Production of 
the pumphead has also started in small 
numbers in Malawi, as a second gene- 
ration of its forerunner the Maldev (Pump 
14). 

The Afridev pumpstand is an all-steel 
fabrication consisting largely of stock 
sections, and involves a minimum of close- 
tolerance machining. The T-tar handle 
comes in two versions: a 31 mechanical 
advantage for lo-30 meters lift; and a 
4.51 mechanical advantage for 30-45m 
lift. A direct action version is under 

development for lower lifts. The different 
handles mean that the same 50mm 
diameter long-stroke cylinder can be used 
for all lifts (see Box 4.6 in Chapter 4). 
Handle boarings are twin bushes of 
propric?tary plastics which snap together. 

Hrsing main is 63mm OD solvent 
welded uPVC pipe suspended from the 
pumpstand using a compressed rubber 
cone. Standard pumprods are 1Omm 
galvanized mild steel with spec;al hooked 
joints which eliminate threads and need no 
tools for assembly or dismantling. Stain- 
less steel pumprods are available at extra 
cost for corrosive groundwater. 

The standard 50mm cylinder is a long 
stainless steel tube sleeved into uPVC 
pipe. Plunger and footvalve are idenlical 
components comprising two plastic mol- 
dings permanently spin-welded together 
(prototypes in the field were machined). A 
molded rubber valve bobbin snaps into the 
valve housing by hand. The plunger seal is 
also a snap fitting, which can be installed 
by hand and removed with the help of a 
household knife. A fishing tool, consisting 

of a small grappling device at the end of a 
length of rope grips the footvalve to 
remove it for maintenance. 

This fishing tool and a forged socket 
spanner are the only tcols required for 
installation and maintenance. 

Manufactum 
Though “modern” materials are used in the 
Afridev, all components can be locally 
manufactured in Kenya, with the excep- 
tion of the stainless steel cylinder liners 
which are imported. 

Suppliers 
The Afridev design is available in the 
public domain. Information on individual 
manufacturers is available from The 
Regional Project Officer, Rural Water 
Supply Handpumps Project, The World 
Bank, PO Box 3057: Nairobi, Kenya. 

Indicative prices - Targets 

Complete pump to 
30 meters 

Spares pack 
lJS$450 

US$lZ 
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Field Trials 

Test conditions 

Number Head 
of range 

Country pumps (meters) 

Oata 
available 
(months/ 

Kenya 37 1 o-49 8 

Malawi 3 1 o-25 12 

As the Afridev design has developed. 
different prototypes have been tested 
during field trials in Kenya and Malawi, 
though the progressive nature of the 
desrgn means that the monitoring time for 
newly developed components is neces- 
sarily restncted. 

An important aspect of the design 
has been the extensive research and 
specialist advice on plastic components, 
pafilcularly bearings. 

Developments have concenirated on 
simpliftcation of maintenance and meas- 
ures to maximize local manufacturing 
potential. 

lnstallatlon is simple; even at depths 
of 45 meters, there IS no need for lifting 
equipment. Two skilled people can camp 
leto lnstallatlon in about hro hour: (mainly 
taken up In maklng the solvent-cement 
founts in the nsmg malns). 

In Kenya, the Afndevs were Installed 
on wells with pumping heads of lo-50 
meters, averagmg 25-30 meters. These 
arduous test -ondltions led to very few 
breakdowns. Some early prototype plastic 
bearings seized due to poor dimenslonlng, 
but snce the present bearings were 
Installed at the begInnIng of 1986. there 
has been little wear, though corroson of 
beanng housings has resulted In some 

damage to the bearings. 
Users like the Afridev. The variable 

handle mechanical advantage maintains a 
high discharge with easy operation over a 
range from 10 to 50 meters. Corrosion is 
not a problem, if stainless steel rods are 
used when water is aggressive. Nitrile 
rubber seals in the polished stainless 
steel cylinder lining qive abrasion rests- 
tanra whiiZ ic fu,+he: improved by the 
use of a large diameter suction pipe. This 
minimizes sand incrass ‘I) aedccing water 
velocities at the cy!ir.der intake 

The hooked c;ri,i<,tlons on the 
pumprods have proved successful, enab- 
ling two people to remove and replace a 
plunger and footvalve rrom a depth of 30m 
in about 30 minutes without the need for lif- 
ting tackle or special tools. Some plJmprOd 

breakages have occurred, and these hdVe 

been attributed to shortcomings in the 
production of the hooked connec?ions. 
The push-fit bearings also make village 
maintenance very easy. 

Overall, the Afridev design is now 
demonstrating that deepwell handpumps 
can be maintaIned by villagers. effectively 
and economically. and that local manufac- 
ture can produce reliable pumps at an 
affordable cost. 

CAUSES OF ESSENTIAL INTERVEEiflONS 

v 
RH OT 
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Assessment 

Field testing has been carrid out 
on pfe-production models of the 
Afridev. Design modifications are 
being made continuously, most 
recently to overcome problems 
identified with bearing housing 
corrosion and hooked pumprod 
manufxtun. The ratings reflect 
field trial peiformaxe SC far, but 
the limited nature of these trials 
means thet the ratings are not 
well substantiated at this stage. 
Dis6hLwge Rate 
The variable handle mechanical 
advantage ensures a high dis- 
charge for heads from 10 to 50m, 
but the “good” (00) rating reduces 
to *adequate” (0) for 7m lifts, 
where even the shortest practical 
handle could not compete with 
discharges from direct action 
pumps (a direct action version of 
the Afridev is being developed). 
Ease of Mdntenance 
The Afridev is a VLOM pump, and 
trials h%e confirmed its easy 
maintenance. Justifying the oo 
rating & air d+ths for all mainten- 
ance systems. 
Reliability 
The combination of simple repairs 
and low frequency of breakdowns 
earns the pump a 00 ra9ng for 
most operating conditions, redu- 
cing to o for Nts of 45m or a daily 
output of 8mA/d. 
Corrosion Resistance 
All downhole components are 
corrosion reslstant (if stainless 
steel pumprods are selected). 
However, corrosion of the pump 
head bearing housing reduces the 
rating to 0. 
Abrasion Resistance 
The nitrile seal in the polished 
stainless steel cylinder lining 
handles sand-laden water reason- 
ably well, earning the pump a 
rating of “adequate” (a). 
Manufacturing Needs 
The Aftidev uses a number of 
modem materials, the majority of 
which could be reliably processed 
In most developing countries. The 
neeci to import stainless steel 
cylinder linings and the quality 
control needed in plastics manu- 
facture reduce the oo rating for 
Categories 2 and 3 to o fol 
Category 1 countries. 
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General Description 

This is a deepwell version of a pump 
derived from a basic design developed by 
the Battelle Memorial Institute and Georgia 
Institute of Technology on behalf of 
USAID. The pumpstand co’lsists of a cast 
iron drive head assembk and cast iron 
base joined by a steel tuoe. The fulcrum 
stand is pinned to the pumpstand below 
and the handle above, so that the fulcrum 
moves in an arc as the handle is operated. 

The cylinder is conventional but uses 
uPVC tube instead of brass. The plunger 
is fitted with two leather cupseals and 
there are two footvalves - cne fitted to an 
extension pipe below the cylinder. 

Manufi9ctum 
Basic skills in foundry work, machining 
and leather crafting are needed to manu- 
facture the pump and careful quality 
control is needed to ensure interchange- 
ability of parts. 

SllppkWS 
The field test pumps were supplied by 
Diason Pumps Ltd, 112 lsipathana 
Mawatha, Colombo 5, Sri Lanka. 

The laboratory tests were carried out 
on pumps from Honduras (the Funymaq) 
and Indonesia (the Sumber Banyu). 

Prices - Not available 

The AID Derivative pumps are specifically 
designed to be manufactured in the deve- 
loping country in which they will be used. 
Local prices should be obtained. 

Laboratorv i ests 

The AID Derivative manufactured in Sri Lanka has not been tested in the CATR 
Laboratory. This evaluation is related to the testing of pumps based on the same design 
manufactured in Honduras (the Funymaq) and Indonesia (the Sumber Banyu). The 
pumps were tested in 19W84 and separate reports are included i;l Handpumps Project 
Reporl No. 3. 

Perforrwnw data (typical velues) 

Head (meters) 7 25 45 
Pump’ SB I Fiii SB a SB t%$ 
Pumpins rate (cycWmin) 40 
Volumelmin (titers~ 34 g 

30 29 30 30 
25 20 24 21 

Input (watts)‘ ’ 145 $34 229 230 
Mechanical eflidency !%) Z : 69 61 
Maximumhandleforce(kg-f) 10 IQ 30 30 ii ii 
Footvaiveleakage (mUmin) NS NS 0.4 NS 2.4 NS 

*SE P Sumber Banyu;, 78mm cyhder; FM = Funymeq, 7’Omm cylinder; NS = No 
signitkanf leakage. 

Evaluation 
Though the basic design of the two pumps 
is the same, the Funymaq performed much 
better in the endurance tests than the 
Sumber Banyu. It would therefore be 
unwise to draw general conclusions about 
all AID Derivatives on the basis of these 
tes::, though they do indicate pointers to 
be taken into consideration when evalu- 
ating the pumps. 

For example, both pumps demand a 
substantial complement of tools and equip- 
ment for Installation and malnte 
nance and there was difficulty in 
assembling the pumps from the compo 
nents supplied. In the case of the Sumber 
Banyu. components of the two sample 
pumps were not interchangeable, and the 
spares supplied did not fit either pump. 
The Funymaq pllmp tops did not fit !he 
bodies (holes were drilled in the wrong 
positions) and the handles were stiff !o 
operate. Clearly, good quality control is 
needed if pumps are to be serviceable. 

The design is such that frequent 
lubrication of the handle and fulcrum link 
pivots is needed for satisfactory pump 
operation. Below ground maintenance inv- 
olves removal of the complete assembly 
and therefore needs heavy lifting equip- 
ment, and frequent attention is likely to be 
needed to the leather cupseals and foot- 
valves. 

Initially. the 4000 hour endurance 
test on the Sumber Ranyu was 
conducted at 40 cycles per minute with a 
simulated head of 45 meters. Rapid wear 
of linkages in the pumpstand. broken rods 
and worn footvalves led to five failures in 

the first 1000 hours, and the head was 
reduced to 30 meters for the remainder of 
the tests. 

Pumprod failures continued to occur, 
including two failures of the plunger rod 
when the footvalve leather rotted away 
and allowed the cast iron weight to foul the 
plunger. At the end of the test. the cyl- 
inder end caps were heavily rusted, the 
plunger and cupseals were still in good 
condition and the cylinder bore was pol- 
ished but otherwise showing few signs of 
wear. All other parts had been replaced at 
;;, ,;c. ;:;lge. 

The Funymaq was tested at 30 
meters simulated head from the starl and 
performed very much better than the 
Sumber Bonyu. Only ono failure occurred 
during the 4000 hours, when the leather 
footvalve broke away and caused severe 
damage to the plunger and the cylinder 
bore. There was considerable wear in the 
handle bearings and guide blocks by the 
end of the 4000 hours, though they 
remained serviceable. The Funymaq was 
badly corroded at the end of the test. 

The Sumber Banyu base casting 
broke at 400 Joules in the impact test 

but the heavier casting of the Funymaq 
survived without damage. 

The overall conclusion of the 
laboratory tests was that the AID design 
has some shortcomings. In particular, the 
second footvalve is redundant and can 
actually cause worse damage than would 
occur without it. Good quality control is 
needed if the pump is to be used for 
community water supply, and this was not 
achieved on the pumps tested. 
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Test conditions 

Number l-fez. 
ot range 

Country pumps (meters) 

Data 
evailable 
(months) 

&Lanka 9 2.6’.5.2 :1 

. Average head 
In the Sn Lankan field trials, the deepwell 
pumps operated at only small pumping lifts 
and with comparatively low outputs. The 
field trials therefore yield little evidence of 
the pump’s likely performance In high lift 
applications. 

No instruction manual was supplled 
WI:~ the pumps. Skilled workers are 
needed for Installation and they must be 
equipped with tools and lifting equipment. 
On average. It took four workers about two 
hours to Install each pump. A concrete 
pedestal IS desirable, to lift the operator to 
a comfortable position. 

The exposed dnve head means that 
frequent lubncation is needed of the 
pumphead moving parts (at least once a 
month) The whole pump assembly has to 
be removed for any repalr to the plunge; or 
valve assembly, and this means that a 
pump mechamc and two trarned workers 
must be available with special tools and 
skills. Great care IS needed in handling the 
cast Iron parts. A new gasket is needed 
each time that the pumpstand IS removed, 
and care IS needed when dismantling the 
threaded cylinder cap from the uPVi 
cylinder 

All tes! pumps performed wlthout 
major Iallure. but leather cupseals were 
replaced on three pumps Piungers and 

check valves remained in good condition 
and there were few signs of wear on the 
cylinders. Crosshead guides and blocks 
were worn but still serviceable and little 
wear occurred on the fulcrum and 
rodhanger pins, which were well lubncated 
during the trials. 

The pumping actlon and relatively 
high delivery (24 liters per minute at 30 
strokes per minute) were popular with the 
users, and the pumps proved well suited 
to this comparatively light duty. It was 
clear however that maintenance commit- 
ments will be quite high and call tar 
significant resources in terms of 
manpower and equipmen!. 

Laboratory problems over the 
interchangeability of components were not 
encountered in the field trials on Sri 
Lankan manufactured pumps. 

In concludmg that the pump IS 

adequate for very low lifts and relatively 
light use, II must be recognized that a 
suction version of the pump (Pump No 34) 
IS available for lifts up to 7 meters, and 
has the advantage that the cylinder does 
nor have to be lifted out lor maintenance. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

Because all AID Deepwell field 
trial pumps were installed in 
shallow wells, ihe laboratory tests 
have been especially important in 
rating this pump. 
Wscherge Rate 
The pump delivers a high 
discharge for moderate effort at 
shallow lifts, and earns a “good” 
(00) rating for lifts ot 7 and 12 
meters. The high handle force 
needed at higher heads reduces 
the rating to “adequate” (0) at 25 
and 45 meters. 
Ease of Maintenance 
The need for lifting gear and 
special tools means that the 
pump is rated “unsuitable” (-) for 
Level A maintenance. At 7m and 
12m, area mechanics can readily 
carry out maintenance, earning a 
oo rating for Level 6, but this 
drops to o at 25m and 45m. where 
lifting gear becomes essential. 
Reliability 
Laboratory tests showed that the 
AID Deepwell pump would need 
excessive maintenance for 
anything other than low lift and 
low output applications. It is 
therefore rated - for lifts higher 
than 12 meters and for high 
output app!ications at all lifts. 
Corrosion Resistance 
Heavy corrosion occurred in the 
laboratory tests and some rusting 
was apparent in the field trials. 
The rating is therefore -. 
Abraslon Resistance 
Leather cupseals are known to be 
a problem when sand is present in 
the water, and the pump is 
therefore rated - for abrasion 
resistance. 
Manufacturing Needs 
Although intended for 
manufacture in developing 
countries, the AID Deepwell 
needs careful quality control of 
castirig and machining. It 
therefore rates -- for 
manufacturing environmsn! 1 (low 
industrial development), but oo 
for environments 2 and 3. 
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eneral Description 

1t3 Beslobell IS a conventional lever- 
‘t~on deepwell force pump. designed and 
anutactured In Zambia The pumpstand 
Id T-shaped handle are fabncafed from 
Id steel. Handle bearings are ball races. 
smgle spanner fits all the fastenmgs In 
e pumpstand. The pump IS desgned to 
,e uPVC nslng main. With 2 inch nslng 
am. the piston may be withdrawn without 
moving the main Footvalve mainte- 
lnce does require extractlon of the full 
flow ground assembly. Pumprods are 
‘mm steel wtth threaded connectors. 

The cylinder IS heavy duty uPVC 
se Early models ased leather ring seals. 
II the current design has a molded 
bber seal fitted to the uPVC piston body. 
ston components are also used tn the 
ztvalve. or a Socla valve IS supplled as 
I optton 

k3nufacture 
move and below ground components are 
[table for manufacture in many devel- 
“ng countries. with care needed in alig- 
ig and assembling handle bearings and 
cutting threads In the cylinder barrel. 

ifppliers 
!stobell Zambia Ltd. @75 Zambia Road. 
I Box 230003. Ndola. Zambia. 

Laboratorv Tests 

Dafe tested: 7966 Reported: Report not yet published 

Performance data (typical values) 

Head (meters) 
Pumping rate (cycles/min) 
Volume/min (liters) 
hut (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvalve leakage (mllmin) 

7 
43 
12 
29 
49 

6 

25 
40 
11 
71 
63 
15 

No significant leakage 

45 
40 
11 

111 
71 
26 

Evaluation 

Comprehensive and helpful instruc- 

The two test pumps were securely packed 
In a wooden case. Bearings in one handle 

tions were supplied in English. Instal- 

assembly were in poor condition, possibly 
as a result of damage during assembly. 

lation is relatively easy, with no need for 

Otherwise. both pumps were received in 
good condition. 

lifting tackle. provided that uPVC rising 
main IS used (the pump can also be used 
with galvantzed steel rising main). 

Maintenance is also straight- 
forward, as the plunger can be withdrawn 
without removtng the rising main (though 
the whole below-ground assembly must be 
removed to servlce the footvalve. One 
spanner fits all the pumpstand fastenmgs, 
but care WIII be needed when new handle 
bearings have to be fitted. 

The 4000 hour endurance lest 
was carried out at 40 cycles per minute. 
with a simulated head of 45 meters. At the 
beglnnmg 01 the test, the pump was fitted 
with a piston of the early design, with 
leather nng seals. There were no failures 
in the flrst 2000 hours, when pumping 
clean water. However. when the cylinder 
was dismantled for inspectjon, the piston 
body was found to have broken between 
the two leather seals. 

The piston was replaced. but failed 
soon after the start of the second phase 
of the test, when sand and Kieselguhr had 
been added to the water. Sand embedded 
In the leather seals had caused severe 
wear of the cylinder bore. The footvalve 
had also developed a serious leak, agaln 

due to sand contamination. A new piston. 
machined from uPVC and with a molded 
rubber seal, was fitted, along with a Socla 
footvalve. In this form, the pump 
completed the remainder of the endurance 
test. Both piston and footvalve were in 
good working order at the final inspection. 

Following these tests, the manufac- 
turer has adopted a piston design similar 
to that introduced in the laboratory, and 
intends to use the same components in 
the footvalve. The Socla valve will be avail- 
able as an alternative. 

Corrosion was detected InsIde the 
pumpstand and on the center spindle of 
the original piston, which was not stain- 
less steel. 

In the impact tests, the baseplate 
was distorted by a heavy impact on the 
pumpstand. and a small crack appeared at 
the weld. The handle fulcrum bracket 
broke during the handle shock test. 

The pump was generally well rec- 
eived by users, who liked the T-handle 
and the relatively low efforts required. 
However, some adults considered that the 
rate of delivery was rather low. 

The overall conclusion of the 
laboratory tests was that the Bestobell 
was a design with good potential for 
manufacture, maintenance and repair In 
developing countries, but requiring some 
additional development before it could be 
considered for large scale application. 

The manufacturer has been 
hampered by the limited availability of 
suitable materials in Zambia, but has 
nevertheless demonstrated a receptive 
and flexible attitude. 

dicative orices - 1986 

!r unit. exclnldlng 
mprod and nsng matn 

uss 225 
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Field Trials 

THE BESTOBELL PUMP HAS NOT BEEN TESTED IN 

THE PRCJECT FIELD TRIALS 

PUMP 04 

Assessment 

The Bestobell ratings are based 
on its perfomrance in laboratory 
trials and on judgments of the 
Project staff using comparisons 
with pumps of similar design. 
Discharge Rate 
Though the pump is easy to use, 
it is difficult to sustain a very high 
output. With acceptable work 
inputs, it scores an “adequate” (0) 
rating for al! lifts. 
Ease of Melntenance 
Even at shallow settings, the 
pump is not suitable for main- 
tenance by a village caretaker 
(Level A), though area mechanics 
will find it easy to service. Lifting 
gear is likely to be needed for lifts 
of 25 meters or more. The pump 
therefore earns a “good” (oo) 
rating for Level B maintenance at 
7m and 12m, reducing to 
“adequate” (0) at 25m and 45m. 
Rellablllty 
Replacement of the original piston 
with a new design improved the 
pump’s performance in the 
laboratory trials. In its new form, 
reliability is rated as oo for an 
output of 1.5ms/d, and o for 4ms/d 
at lifts up to 25 meters. It is not 
considered suitable for a dally 
output of 8ms/d and with presently 
avai!able data, it is considered 
prudent to rate it “unsuitable” (-) 
for 4m?d at a lfft of 45m. 
Corrosion Resistance 
With stainless steel pumprods, 
and piston spindle, no corrosion 
of downhole components 
occurred In the laboratory trials. 
Spots of rust inside the 
pumpstand reduce the rating too. 
Abrasion Resistance 
After replacement of the leather 
seals with molded rubber, a little 
abrasion occurred in the 
laboratory tests, but the pump 
remained in good working order. It 
therefore earns a o rating. 
Manufacturing Needs 
Though tho Bestobell has been 
designed for manufacture in a 
developing country, a degree of 
quality control Is needed. This 
reduces the oo rating to o for 
manufacturing environment 1 (low 
level of industrial development). 



Laboratow Tests 

Date tested : 1979 Reported : 0. D.A. Report 7981 

Perhmanca data (typlcal values) - 2.25 Inch cylinder 

Head (meters) 7 25 45 
Pumplngrate(cycles/min) 29 60 29 60 29 60 

Volumelmin (liters) 9.3 165 a7 bput (watts) 
Mechankaieffidew(%) g 

ifi 2 Ii0 is 4 
32 58 56 73 73 

Maximum handle to& (kg-f) 15 25 
Footvalve leakage (mf/min) Not significant 

16 20 
-r 

Note: The maximorn handle farce is very operator dependent and is higher when 
startho from rest. 

General Description 

The Climax is a rotary-drive reciprocating 
force pump of long-standing design. The 
pumpstand is predominantly cast iron and 
has a large counterbalanced flywheel 
driving the pumprod via a crank and conn- 
ecting rod. Twin flywheels are available as 
an op!ion. Internal mechanical parts are 
splash lubricated from an oil bath. A 
moving pumprod seal in a cylinder below 
the crank provides a double-acting effect 
to smooth the flow of water. 

A range of cylinder diameters is avail- 
able to suit different depths. The cylinder 
is a brass tube with a gunmetal plunger 
fitted with two leather seals. An alternative 
model is available with extractable piston 
and footvalve. Wooden pumprods are 
supplied with the extractable valve 
cylinder and galvanized steel rods with the 
non-extractable cylinder. 

&WWf8CtUtW 
Seth pumpstand and cylinder require good 
iron and gunmetal foundry and machinery 
skills with high quality control. 

Suppliers 
Wildon Engineering (Worcester) Ltd. White- 
ladies Close. Little London, Worcester. 
WR I 1 PZ. UK. 

Indicative prices - Jul 1965 

Single flywheel pump USB 480 
50mm rising main (per meter) USS7.50 
Pumprods and connectors (m) US$3.10 
Non-extractable cylinder US$90 
Extractable cylinder uss105 

106 

Ewahation 
A very heavy pump (185 kg in all for the 
pumpstand), which though complicated is 
deslgned to have a long life. Its weight 
means that lnstallatlon and mainte- 
nance involve the use of heavy lifting 
equipment. Though the optional extrac- 
table cylinder avoids the need for rising 
main removal during maintenance, the 
pumpstand still has to be removed before 
the piston and valve can be extracted. The 
crank case oil needs periodic replen- 
ishment. 

The design of the pump proved 
popular with most users. Use of a very 
heavy flywheel makes the pump smooth 
and easy to operate, even on deep wells, 
though the starting and stopping handle 
load can be as high as 35kg-1. Also, the 
continuing flywheel rotation after the user 
has stopped pumping is a hazsrd to any 
children who may stray near to the fast 
moving handle. The pumpstand design 
makes it difficult to achieve a satisfactory 
sanitary seal, as it is relatively easy for 
contaminated water to seep under the 
base and down inside the well casing. 

There are many external fixings on 
the pump, mainly nuts and bolts without 
locking washers, which are easy to 
remove. The pump is not therefore resis- 
tant to vandalism or pilferage. 

Leathers supplied with the sample 
pumps were too thick (5mm instead of 
4.2mm). When the pump was installed the 
operation was just satisfactory, but after a 
few days the leathers swelled and jammed 
in the cylinder.. 

Second and third sets of leathers 
purchased from the manufacturer expe- 
rienced the same problem, so leathers 
from a different source were substituted 
and used in all the tests. These were 

satisfactory, and mechanical efficiencies 
up to 74% were recorded. 

The endurance test was 
conducted at 40 cycles per minute with a 
simulated head of 45 meters. The Climax 
proved very reliable. There were no break- 
downs during the 4000 hours of pumping 
and no significant wear of key compo- 
nents. Some leakage through the pump- 
stand inspection cover was easily rectified 
and did not recur. 

The high handle loads during starting 
and stopping did cause fatigue failare of 
the handle at the threaded connection with 
the flywheel, where maximum bending load 
occurs. Repeat tests on a fatigue testing 
machine revealed that loads as low as 
ZOkg-f could cause failure within a million 
revolutions. 

Use of a brass cylinder with galva- 
nized rising main and pumprods causes 
corrosion problems in acidic waters, an& 
severe pitting occurred in both the pipe 
and the rod near the cylinder when pum- 
ping water with a high dissolved oxygen 
content. The pumpstand withstood the 
Impact tests satisfactorily. 

In comparison with other deepwell 
pumps, the Climax’s performance was 
liked by users. The flywheel action gives 
an even discharge from the spout. and 
most buckets could be filled without 
splashing, though the relatively low spout 
(375mm) may mean that some containers 
would have to be tilted. 

The overall conclusion of the 
laboratory trials was that the Climax is a 
well-made, easy to use and reliable pump, 
liked by users, but with some minor 
problems with the handle and leathers 
needing to be overcome. Its heavy 
construction makes it unsuitable for 
village-level maintenance. 
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Field Trials 

THE CLIMAX PUMP WAS NOT FIELD TESTED 
BY THE HANDPUMPS PROJECT 

Assessment 

In the absence of field trials, 
ratings for the Climax pump are 
based mainly on performance in 
the laboratory tests. 
Discharge Rate 
A range of cylinders to suit 
diffarent lifts allows the Climax to 
achieve “good” (00) ratings for all 
pumping lifts. 
Ease at Maintenance 
The pump is difficult to service 
and requires a mobile mainte- 
nance team for installations at all 
depths. It is therefore rated 
unsuitable (-) for maintenance 
systems A and El. 
Reliability 
The pump performed relatively 
well in the laboratory endurance 
test and achieves a 00 rating for 
reliability for depths up to 25 
ineters and daily outputs up to 
4m?d. The rating reduces to o for 
an output of Ems/d at all lifts and 
for 4mJ/d at 45m lift, where the 
operating effort and wear of 
moving parts is greater. 
Corroslon Fiesistance 
Corrosion occurred in the 
laboratory, and the Climax’s 
downhole components are not 
corrosion resistant. It is ?herefore 
rated unsuitable under this 
heading. 
Abrasion Resistance 
The pump survived without 
breakdown in the laboratory sand- 
pumping tests, but use of leather 
cupseals means a - rating for 
abrasion resistance. 
Manufacturing Needs 
The manufacturing facilities and 
skills required to make the 
Climax, and tho degree of quality 
control needed, mean that it is 
unsuitable for manufacture in 
countries with low or moderate 
ind;lstrial development (cate- 
gories 1 and 2). However, as 
specialist facilities are not 
required, the pump is rated 00 for 
manufacture under Category 3 
(high level industrial deve- 
lopment). 
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General Description 

The Dragon pump IS abaIlable either as a 
shallow we!! suction pump or as a deepwell 
force pumn T*e pump tes!ed was Ihe 
drep;veli conhgdra!;on as ai!ustrateU The 
pumos?and 6 prWlpal!y cast iron With a 
dlscnarge valve m me spout af:owmg 
eitner tree discharge or oelivery under 
pressure !hrougY a hose or pope The 
tubular s:eel hanole mobes through an 
iinusuaiiy wde arc \ 1 Xl ! 

In The deepwell pump. the cast tron 
cyt!nder body and enameiled steel lmer 01 
the snai!owweii verson !s retamed as a 
peoestai The pump needs a mountmg 
pl+ntr a! !eds! 3OCmm high to provide ade 
,quate ciearmce under the spout The 
deepwei; c~imcler IS conventionai seam- 
iess 63mm brass tube with cast iron end 
cam The piunger has two ieatber cup 
se&s and ihe footvalve has a rubber seai 

Manufacture 
Gunmeta! 2na iron tounary work and basic 
n-.achmmg are required and good qualrty 
control IS needed to ensure correct tunc- 
honing and InterchangeabMy 01 pans. 

Suppliers 
Kawamoto Puma Manufacturing Co, 11-39 
@home. Oh&. Naka-ku. Nagoya, 
Japan Slmtlar pumps made in the PhIlIp- 
pnes by Sea Commercial inc (Jetmattc) 
and Ma!anday Machmmg and Manutac- 
tunng Carp (Sea Horse) 

Prices - Not available 

Performance data (typic& values) - 63mm dia. cylinder 

Head (meters) 7 -__l___ 
Pump4ngaIc’ F P’ 
Pumping rate (qdesmi1-3) 40 40 
Volumeimin (liters) 2.2 
InW (warts) 80 2 
RAechanical effi%Rcy \%) 31 ??4 
Manmum handle force (kg-f) 8 8 
Foot vahfe leakage (mUmin) 

25 45 
F F 

iz 21 40 

188 245 
52 83 
18 30 

No significant teakage 

Evaluation 
The two sample pumps were well packed 
and were received In good condition 

No installalisn instructions 
were supplied wrth the pumps and 
nstallatlon proved dlfficuI’1 as the cyl- 
lnaer stroke length IS vlr-tually the same 
as the handle movement sn the pu~:li;‘read 
and carefu adjustment of pum?rcxY length 
IS needed to avold damage dunng 
operation A plmth fs needed lo provloe 
ad~lrzt: c-lcarance under the pump 
spout ~cftmg tackle !s required for pump 
t0stallahon 

Mamtenance demands are llhely to 
be high. mvolvmg regular l,%catlon and 
ilequent repair or replacement of 
pumpstand components Below ground 
matntenance Involves removal of the 
complete assembly. which means that 
llflmg tackle must be avaIlable 

The 40X hour endurance test 
was carned out at 40 strokes per mmute 
w!th d slmuiated head of 45 meters The 
Dragon 2 facied three times dunng the 
testing once when the handle tork broke 
aftei wear had caused It to come tn 
contact w:th the fulcrum pm retatnlng 
screw. and t\k!ce as a result o! breaks tn 
the threaded secnon o: pumprods 

After 1000 hours. the plunger had 
become dlfftcull to remove because of 
scale In the cylmder bore, the footvatve 
guide and pumprod gland were worn. the 
spout would not swivel Into the pressure 
delivery posltion and !here was some 
corrosion 01 cylinder end caps and the 
pitinger rod Inspecttor: after d turther 

1000 hours revealed :hat handle :IJkrUm 

joints were badly worn and there were 
stgqs 01 weal 0~ the plunger valve 

The three breakdowns occurred in 
the second half cl lhe tests The fmai 
lnspecllon revealed that the pumpstand. 
cy\!nder and plunger were generally ;n 
good condltlon. but the lootvalve gutde 
was badly worn and there was some wear 
on the valve stem The cyltnder end caps 
were rusty there .was conslderable 
corrcsion on tCle plunger rod. and the 
ourlet diverter valve had rusted solld 

The Dragon 2 falled the sloe Impact 
tesl on the handle. whtch began to bend 
at the lowest Impact energy 150 Jou!esj. 
At 200 Joules. !he base casting of the 
pumpsland broke 

Many users found It difficult to 
dec:de on the best operalmg actlon. 
because of the very large handle 
movemerrt Those who attempiej a full 
stroke found the exaggerated body 
movements uncomiortable 

The overall conclusion 01 ihe 
laboratory trials was :hat the Dragon 2 
seems desgned tar iamliy use. perhaps 
serving up to 15 people. and IS not suff- 
ctently robusl for communtty waler 
supply It IS mexpensve. but mtensrve 
use WIII produce rapid wear In the movlny 
parts 01 the pumpstand. and rod 
breakages are %so Ilkely. The dlvener 
bdve IS seen as an unnecessary compll- 
catron tar most appltcatlons. The arc ol 
movement is too large. oaf-tlcularly as 
there IS I;ttle piston movement at each 
end of the handle movement 
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Field Trials 

THE DRAGON 2 PUMP WAS NOT FIELD TESTED 
BY THE HANDPUMPS PROJECT 

PUMP 06 

Assesment 

In the absence of field trials, 
ratings for the Dragon 2 pump are 
based mainly on performance in 
the laboratory tests. A suction 
version of the pump is available 
for lifts up to 7 meters, but these 
ratings are based on the deepwell 
version tested in the laboratory. 
Dlscharge Rate 
The Dragon 2 should be capable 
of comparatively high discharges 
over the full range of pumping 
lifts. However, the awkward ope- 
rating action reduces the rating to 
“adequate” (0) in each table. 
Ease of Maintenance 
Though lifting tackle is not 
needed for shallow lifts (7 or 12 
meters), the relative complexity 
of servicing makes it unsuitable 
for village-level maintenance (Sys- 
tem A) even at these lifts. Area 
mechanics would need assis- 
tance for servicing at depths of 
25 meters or more so that the 
ratings for Level El maintenance 
are “good” (00) for lifts of 7m and 
12m and “adequate” (0) for lifts of 
25m and 45m. 
ReliabMy 
The laboratory tests showed that 
the Dragon is not well suited to 
intensive use, or to pumping lifts 
of 25 meters or more. For low lifts 
and light use, servicing needs 
would not be high and the pump is 
therefore rated 00 at lifts of 7m 
and 12m for a daily output of 
l.bm?d, o at the same lifts for 
4m3/d and -- for 8ms/d. At 25m 
and 45m, the rating is -. 
Corroslon Resistance 
Significant corrosion was obser- 
ved in the laboratory tests, and 
the Dragon is not suitable for use 
with corrosive water. 
Abrasion Reslstence 
Use of leather cupseals earns the 
pump a - rating for abrasion 
resistance. 
Manufacturing Needs 
The Dragon 2 is not suitable for 
manufacture in countries with a 
low level of industrial develop 
ment (category 1) because of the 
need for foundry and machining 
skills. For categories 2 and 3, the 
ratings are o and oo respectively. 
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:7-t& Latoratorv Tests 

THE TROPIC 7 PUMP WAS NOT TESTED IN THE 
CATR LABORATORY 

ion 

tlng pump operaied 
llsk flywheels tltted 
Ivy cast Iron pump 
with one or two 
unp IS commonly 
(I’ The ttywheels are 
handles are at the 

p IS at rest. and this 
mp water by rocking 
D wlthout complete 

n IS transmitted to 
mprods through a 
1g rod and Inter- 
nnmg in guides, all 
Ipstand A version 
In which the plstori 

aland and rhe pump 
water an extra 10 

, 
umprods below the 
j In the pumpstand 
?r. though statnless 
,ble as an option. 
lacer) at each rod 
r IS an open-topped 
10 leather cupseals 
alves. Five cylinder 
le. to suit dlfterent 
ston and footvalve 
iout llfttng out the 

can be galv&nlzed 
uPVC IS used, a 

lvided whereby the 
rn IS supported In a 
well casmg. 
nt IS avarlable from 

Manufacturer’s performance data 

Head (meters) 20 30 40 
Cylinder diameter [mm) 90 75 60 
Well casing diameter (mm) 150 100 90 90 
Pumping rate (cycletimin) 60 60 60 60 
Volume,‘mln (liters) 54 36 24 17 
Input (watts) 179 166 157 164 
Maximum handle force (kg-f)’ 14 13 13 13 

* Farce shmll is for one operator. With two operators. force perperson is halvcl 

the rnanutacturer to enable the Tropic 7 to 
be driven by anlrnal. diesel, or electnc 
power A stonltzer system IS also 
avallable 

The pump IS sold with a 5-year 
warranty. 

Manufacture 
The Tropic 7 Incluoes a number of 
patented design teatures and Its manufac- 
ture lnbolves several highly specialized 
processes. which call for a high level of 
skill and stringent quality controls. 

Manufaciure In a developing country 
could therefore only be undertaken tn 
collaboration with the Belgian manutac- 
turer and then only In a country with an 
advanced lndustnal base and ready 
access to the necessary materials.. 

Suppliers 
Pompes Deplechtn SA. Avenue de 
Malre 28. B~7500 Tournal. Belgium. 

Indicative prices - Feb 1985 

Tropic 3 pumpsland 
Cylinder assembly 
Galvanized steel rising main 

per meter (in 3m lengths) 
Alternative uPVC rising main 

first 15 meters 
per extra 5 meters 

Timber pbmprod and galva- 
nized connectors 
per meter (in 5m lengths) 

Alternative 12mm stainless 
steel pumprod 
per meter (in 3m lengths) 

Discount: 
50 units 
500 units 

US980 
US$230 

US$7 

US$l40 
US$36 

US$4 

US$lO 

less 10% 
less 20% 

FOBAntwerp 
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Field Trials 

Test conditions 

Number Head 
ot range 

Coimtry Felrnps (meters) 

Niger 32 8-5i 

Data 
avaflable 
(month9 

19 

Average rnstattatron depth of the Nrger 
test pumps IS 36 meters. and all but two 
are on large diameter dug wells and 
located alongstde lndra Mark II pumps. 
Depending on the statrc water level, the 
cyltnder drameter used IS 60 or 75mm. 

The operating condttrons drfler from 
those anbcfpated by the manufacturer In 
two ways on the dug wells, the pump 
nsrng mams are not foxed to the well 
Itnrngs. which means that the nsrng matni 
pumprod assembly can move laterally 
much more than m a dntled well: and the 
wells are dug only a short drstance beyond 
the water table. so that the bottom of the 
cylrnder IS generally only 0.5 to 1 .O meters 
above the sandy well bottom. 

Frequent failures of cupseals and 
valve seals can be attnbuted to sand 
drawn m by the Tropic’s hrgh deltvery rate. 
Pumprod breakages may not have occur- 
red In dntled wells. where lateral move- 
ments of the rtsng mams and pumprods 
are very Ilmrted. Heavy wear of the gurde 
rod bushrng al:;0 requtred frequent inter- 
ventrons. and thus problem seems to be 
aggravated by fine sand gettrng Into the 
bushrng. 

The high discharge achievable with 
the Troprc 7 proved hrghly popular wtlh 
users, and some vrllages asked for the 
lfldta Mark lls to be replaced with Tropics 
Typrcally. two men operatmg the Troptc 7 

at 70 revolutions per mtnute were able to 
pump 40 liters per minute from a depth of 
45 meters, whereas one man on the India 
Mark It achreved 13 lrtwrs per mrnute at 50 
strokes per minute. During the dry sea- 
son, Tropic 7 pumps with 75mm cyltnders 
were estrmated to be achieving maxrmum 
daily outputs as high as 25m-’ 

Though heavy lrftrng equipment IS 
needed for pump rnstallation. the open-top 
cylinder allows most mamtenance 01 down- 
hole components to be carned out without 
special lrttlng tackle 

In a field trial demonsfratron, a local 
mechamc. asssted by four vrllagwrs and 
using only simple tools, was able to 
extract the piston and tootvalve from a 
depth of 46 meters in 60 minutes and to 
replace them in 40 minutes 

The Niger pumps were frtted with non 
galvamred steel rising mains, and this led 
to corrosion problems in the trials 

As the timber pumprods olfer 
corrosion rwsrstance. tt would seem 
prudent to use the optronal uPVC nsrng 
matn wherever corrosrnn mrght be 
antrctoatod 

CAUSES OF ESSENTIAL INTERVENTIONS 
5 

0 
TOTAL HD F RH PR RY ti Pi 

Assessment 

Ratings are based on field trials in 
which pumping lifts ranged frcm 8 
to 57 meters in predominantly 
large diameter dug wells. 
Discharge Rate 
The Duba Tropic 7 has been 
designed for two-person oper- 
ation and achieves very high 
discharges. It therefore earns a 
“good” (00) rating for all pumping 
lifts. 
Ease of Maintenance 
The pump is not suitable for 
vil!sge-level maintenance, but the 
open-topped cylinder does make 
area-mechanic maintenance fea- 
sible for routine repairs. Ratings 
for IMaintenance systems A, R 
and C are therefore “unsuitable” 
(-), “adequate” (0). and 08 
respectively for all lifts. 
Reliability 
On the basis of the number of 
interventions needed in the field 
tnals. the Tropic 7 is rated - for a 
daily output of 8m3/d at 25 meters 
lift and for 4m3/d at 45m lift. The 
rating is o for 4m3id at 7m. 12m 
and 25m. and oo for 15m3!d at 
7m and 12m. Ratings may well 
have been better if the pump had 
been installed on drilled wells. 
Corrosion Resistance 
The standard version with mild 
steel or galvanized rising mains is 
not corrosion resistant, though 
corrosion resistant alternatives 
are available as an option. 
Abrasion Resistance 
Use of leather cupseals means a 
-rating for abrasion resistance. 
Manufacturing Needs 
The Duba Tropic 7 re .ires a high 
level of manufacturing skill and 
sophisticated facilities. It is not 
therefore suitable for manufac- 
ture in countries with low or 
medium level industrial develop- 
ment, though for a category 3 
country (high level of industrial 
development) the rating is 00. 
This would nevertheless require 
close collaboration with the 
Belgian manufacturer, because of 
patented design features. 
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General Description 

The GSW is a convenhonal recrprocating 
pump with a cast iron pumpstand suppor- 
ted on a fabricated steel pedestal. The 
intermediate pumprod slides in a guide 
bush and gland, and the handle is att- 
ached via a swinging link. All handle 
beanngs are sealed ball races. 

The conventional drawn brass tube 
cylinder has a gunmetal plunger and foot- 
valve, the plunger being fitted with two 
leather cupseals. A 2 inch diameter cyl- 
mder has replaced the 2.5 Inch cylinder 
used on earlter models. 

Very good quality control is needed to 
ensure correct functioning of the 
pumphead and interchangeability of spare 
parts. Manufacture in a developing coun- 
try would only be possible if good quality 
iron foundry work and accurate machining 
muld be guaranteed 

Su liers 
GS ep Water Products Company, 599 Hill 
Street West, Fergus. Ontario, Canada. 

Indicative prices - Apr 1985 

Pump and cyknder US$340 
Pumprod per meter US$1.65 
Risng marn per meter US$9.00 

Laboratow Tests 

Date tested: 1984-85 Repotted: World Bank Applied Technology Nofe No. 2 

Performance data (typical values) - 2 inch dia. cylinder 

Head (meters) 
Pumping rate (cycles/min) 
Volume/min (liters) 
Input (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvafve leakage (ml/min) 

7 25 45 
40 40 40 

11.7 11.7 11.6 
25 66 100 
54 72 90 
4 10 14 

One sample leaked badly 
Other sample no significant leakage 

Note: The volume Now was almost unchanged after the 4000 hour endurance 
test. but the effon had increased, lowming the efficiency by 9% at 45 meters and 
30% at Tmetefs lift. 

Evaluation 
The two sample pumps were well packed 
and arrived undamaged. However, one 
footvalve body was subsequently found to 
leak, one plunger rod had been poorly 
threaded, and the handle pivot bearings 
were not fight in one sample. 

Installation Instructions were 
supplied in English and contained cutaway 
drawings of the pumpstand and cylinder 
assembly. More illustration of installation 
procedures and less text would be more 
useful for developing countries. 

Lifting tackle is essential for instal- 
lation and skills are needed to ensure 
proper sealing of the well top. The pump- 
rod may need cutting and rethreading. 

Maintenance of the pumpstand 
demands special skills and tools, and 
replacement of worn or damaged parts will 
only be possible if manufacturing quality 
control has been high. Servicing of below- 
ground components involves extraction of 
the complete assembly, including rising 
main, so that lifting tackle is essential lor 
deepwell installations. 

The 4000 hour endurance test 
was carried out at 40 cycles per minute, 
with a simulated head of 45 meters. The 
GSW completed the test without failure. 
The pumpstand was noisy during the first 
1000 hours, when movement of the 
bearings in their housings allowed some 
metal-to-metal contact between the 
handle and the fulcrum link. The noise 
subsided after 1000 hours. 

At the end of the endurance test, the 
plunger rod was found to be severely 
corroded immediately above the plun- 
ger, and some handle bearings were loose 
in their housings. The pumprod guide 
bushes were in good condition, as 
were the plunger and footvalve. The 
cylinder bore was slightly scratched but 
showed little sign of wear. 

The pumpstand was bent by some of 
the heavier loads applied in the impact 
tests. The pump remained serviceable, 
but distortion of the pumprods could be 
expected to accelerate wear of the guide 
bushes. Two handles broke early in the 
shock test and a non-standard solid steel 
handle was fitted to enable tests to be 
completed. 

Users found the pump comfortable, 
and particularly easy to oparate. 

As a result of the testing, CATR 
suggested a number of design improve- 
ments, including strengthening of the 
handle and modifications to the fixing 
arrangements, strengthening of the 
pedestal, changes to the bearing arrange- 
ments, and a modified spout design to 
prevent it being readily blocked with the 
user’s hand (a contamination risk). 

In other respects, the overall 
conclusion of the laboratory trials was 
that the GSW was a reliable pump, easy to 
operate and efficient, but likely to suffer 
from corrosion in aggressive waters and 
not suitable for manufacture in most 
developing countries. 
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Field Trials 

THE GSW PUMP WAS NOT FIELD TESTED 
BY THE HANDPUMPS PROJECT 

Assessment 

In the absence of field trials, 
ratings for the GSW are based on 
performance in laboratory tests. 
Discharge Rate 
The GSW produces a “good” (00) 
discharge for the deeper lifts (25 
and 45 meters), but is only rated 
“adequate” (0) when compared 
with high discharge pumps avail- 
able for lower lifts (7 and 12 
meters). 
Ease of Maintenance 
The need for special tools and 
skills to service the pumpstand 
makes the GSW unsuitable for 
village-level maintenance (Sys- 
tem A) at any depth. At 7 and 12 
meters, an area mechanic could 
carry out most maintenance ope- 
rations, earning the pump a oo 
rating at these depths for System 
B maintenance. However, the 
need for lifting gear reduces the 
rating to oat 25m and 45m. 
Reliability 
More difficult maintenance at 
deeper settings, reduces the 
GSW’s reliability ratings from oo 
at 7m and 12m lift and discharges 
up to 4m3/d, to o for 4m3/d at 25m 
lift (the same as the Bm3/d rating 
for the lower lifts), and the pump 
is rated “unsuitable” (-) for 45m 
lifts or for a daily output of 8m3/d 
at 25m lift. 
Corroslon Resistance 
Severe corrosion occurred in the 
laboratory tests, and Ihe pump is 
not considered suitable for use 
with corrosive water. 
Abrasion Resistance 
Though there was little sign of 
abrasion damage during the 
laboratory tests, the use of 
lea!her cupseals narns the pump 
a - rating for abrasion resis- 
tance. 
Manufacturing Needs 
Good quality contml is essential 
in manufacture of the GSUV, which 
is not therefore suitable for manu- 
facture in countries with low indus- 
trial development (category 1). No 
specialized processes are invol- 
ved, so the sump is rated o for 
manufacture in a category 2 
environment (medium industrial 
development) and oo for category 
3 (high level of industrial develop- 
ment). 
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Laboratorv Tests 

Date tested: lndb Mark II - 1979: India-Mali - 1986 Reported: ODA Report 198 1 

General Description 

The India Mark II IS a lever-action deepwell 
pump developed with UNICEF support and 
now the subject of Indian Standard IS 
9301 (1984). The pump is widely used in 
India and is Increasmgly being installed In 
other countries. 

The pumpstand and handle are galva- 
nized steel. and the pump IS distingllished 
by the cham and quadrant link between 
the handle and pumprod, which depends 
on a gravity return to effect the down- 
stroke. Ball races are used for the handle 
bearings. The steel pedestal IS concreted 
Into the pump apron. 

The below-ground assembly is con- 
ventlonal with a brass-lined cast iron 
cylinder and a footvalve tncorporated in 
the lower ot the gunmetal endcaps. The 
standard pump has galvantred steel rising 
mam It IS recommended that the pump 
has a 24 meter mmimum setting for gravity 
return with the standard rods. Heavier rods 
are available for shallower settings. 

hfallu~ctLln? 
The pump is made in India and Mali and 
calls for skills in steel fabrication and 
foundry work with good quality control. 
Limited pumphead manufacture is carried 
out in Kenya. 

Suppliers 
A list of manufacturers maklng the pump in 
India is available from UNICEF, 73 Lodi 
Estate, New Delhi 11003. India. 
Emarna-Sikasso. BP 68 Sikasso, Mali. 

Indicative prices - Feb 1995 

Per unit for 35m depth 

Performance data (typlcal values) - 63Smm cylinder 

Head (meters) 
Pumping rate (cycleslmin) 
Volumelmin (liten) 
Input (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-t) 
Footvalve leakage (ml/min) 

7 
40 
12 
47 
30 
13 

25 
40 
12 
92 
55 
20 

No significant leakage 

45 
40 
12 

140 
65 
30 

Evaluation 
The test pumps from both India and Mali 
were securely packed in wooden crates 
and arrived In good condition. The Mali 
pumps did not have brass-lined cylinders. 
as specified in IS 9301. but Instead had 
stainless steel cylinders. Both sets of 
pumps had minor defects: fixings for the 
chain inside the pumpstand were mcom- 
patible on the Indian pumps; in one Mali 
pump the handle pivot had been 
misalligned during assembly, and one 
handle had been incorrectly machlned. 

No instructions for inslallation and 
maintenance were suppLed. but a compre- 
hensive manual IS now available lrom most 
manufacturers. Installation needs well- 
developed skills. lifting tackle, and a 
comprehenslve tool kit, ruling out village- 
level maintenance. 

The 4OGO hour endurance test 
was carried out at 40 cycles per minute 
with a simulated head of 35 meters for the 
India pump and 45m for the Mall pump. 
Both pumps completed the test with no 
failures. In the final inspections. the 
handle pivot bearings wore found to be In 
good condition. but the pumprod guides 
were worn. The Mali pump also had wear of 
the chain and of the pumpstand where the 
handle had rubbed against it. 

Below ground, both pumps suffered a 
good deal of corrosion, particularly at 

the joint oehveen the plunger and 
pumprod. The cylinder bores were poli- 
shed, but only lightly scored, and the cup 
seals were still serviceable. The footvalve 
seals were worn, but also ~1111 serviceable. 

Impact tests on the handle and 
pumpstand caused no damage, and the 
pump completed the handle shock test 
without failure. 

Most users found the required 
efforts relatively easy to apply. though 
adults commented that a longer stroke 
would make the pump more comfortable to 
use and some children tended to bang the 
handle against the stops. 

The overall conclusion of the 
laboratory tests was that the India Mark II 
is a strong. generously proportioned 
design, of which examples manufactured 
in both India and Mali proved to be robust 
and reliable. 

Its potential for widespread applic- 
ation in village water supplies is limited by 
serious drawbacks in terms of manufac- 
turing and maintenance. It is suitable for 
manufacture to a consistently high quality 
only in countries with moderately well 
developed industry and engineering skills. 
Maintenance also demands a high degree 
of skill, and lifting tackle will be required 
unless plastic rising main can be used. 

l The modified version of the India Mark II, which 
has extractable downhole components, is desc- 
ribed later (Pump 10). 
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Field Trials 

Test conditions 

Number Head Dafa 
of range avarlable 

Country pumps (mefers) (months) 

India 50 17-44 21 
Sri Lankat 10 2-9 22 
Burkina Faso3C 1 O-26 33 
Ghana 220 4.65 34 
Niger 9 15-58 15 
Sudan 75 12-38 24 
Malawi 24 7-25 40 
Kenya 15 16-31 17 
Tanzanra 22 l-25 9 
Phrlrpprnes 15 6-40 20 
China 34 9-26 10 

f Low-Ml version 

As befits a pump whfch is so wrdely used 
In India and elsewhere, the lndra Mark II 
has featured In a great many of the fteld 
tnals. and has tended to be the standard 
agarnst which other pumps are judged. 

In Indra. where a millron or more Mark 
IIs are tn use throughout the country, the 
tests were carrted out III unlfned hard rock 
wells wrth cylinder settings averaging 36 
meters. The pump IS well accepted in the 
country and can be satrsfactorily mam- 
tamed by expenenced area mechanics, 
though thus IS not the case In other 
countries. where mobile teams with lifting 
equipment are almost essential. 

Chain lubncatlon and trghtenrng of 
fasteners accounted for mosl of the 
routme marntenance operabons, and 
plunger seal replacement was the most 
common roparr needed in the lndra tnals. 
accounting for 78% of the essen:ral Inter- 
ventions. Inlerestmgly. one manufacturer 
has recently replaced the standard 
leather cupseals with nctnle rubber cup- 
seals, which are more abrasion resistant 
and do not swell (bee Pump 10). 

The expenence of India’s area 
mechanrcs means that reparrs are gene- 
rally carned out promptly and econo- 
mrcally Thus contrasts wrth the Sudan 
trials. where the India Mark lls stood up 
well to very mtensrve use, but where the 
:asources available for marntenance of 
such pumps are scarce. In one survey of 
50 pumps needing below-ground repairs In 

Sudan, trained village repairers were 
successful in only 10 cases, could have 
repaired another 9 if the parts had been 
available, failed in 15 cases, and made no 
attempt in the remaining 16. 

The pump also proved difficult for 
mechanics in West Africa to install and 
maintain. though again the durability of the 
pump was very good, and it was well liked 
by users - except for Niger. where there 
was a strong preference for the high dis- 
charge from the Duba Tropic 7 (Pump 07). 

Bearing failures accounted for a 
number of breakdowns, but the India Mark 
II’s main problem in West Africa came for 
corrosion of below-ground components. 
The galvanized steel pumprods and rising 
mains fell victfm to the regron’s corrosive 
water, to the extent that some 65% of 
breakdowns in the southern Ghana field 
trial could be put down to corrosion. 

Corroson also featured indirectly in 
the Sri Lanka trials, where the shallow 
wells were fitted with a low-lift version of 
the India Mark II, The pumps used six 
meters of 25mm diameter pumprods in 
place of tha standard 24 meters of 12mm 
rods needad to achieve gravity return. 
Complaints from users about the taste of 
the waler were almost certainly attnbu 
table to corrosion by-products. 

The test pumps were fitted with open 
top cyknders and 3-inch galvanized steel 
nsing main (three were later fitted with 
PVC risfng mains) Though seal 
replacement was easier, serviceability 
was Irmrted by the need to remove the 
large diameter nsng matn to gain access 
to the footvalve. Problems also arose from 
swelling of the leather seals, which 
Interfered wrth the plunger downstroke. 

Overall. the lndta Mark II proved to 
be a durable purlrp. but one which IS far 
from easy to service when needed. 

I lNTERVENTlON CHARTS FOR THE INDIA MARK II 
FIELD TRIALS ARE ON PAGE 116 I 

Assessment 

The ratings for the India Mark II 
pump are based on wide-ranging 
and consistent data from field 
trials and laboratory tests. 
Discharge Rate 
For deep lifts, the pump achieves 
comparatively high discharges, 
scorklg a “good” (00) rating for 
depths of 25 and 45 meters. 
However, the pump cannot com- 
pete with the high outputs of 
direct action pumps at lower lifts, 
and the rating drops to “adequate” 
(0) for lifts of 7m and 12m. 
Ease of Maintenance 
The skills and tools needed to 
service the India Nlark II preclude 
village-level maintenance, and 
the pump is rated “unsuitable” (-) 
under System A. Area mechanics 
can service the pump at shallower 
lifts (bearing In mind that the 
standard pump has a minimum 
cylinder setting of 24 meters to 
achieve gravity return), but 
beyond 25m lifts, the 00 rating for 
System B reduces to 0, as 
assistance may be needed from a 
mobile team. 
Rellablllty 
The India Mark II is durable, but 
the difficulty of maintenance at 
depth reduces the oo rating for 
reliability lo o at 25m lift and 4m% 
output, and the pump rates - for 
8ms/d at the same lift and for 
4m?d at 45m. 
Conoslon Reelstance 
Use of galvanized steel rods and 
rising main means a- rating. 
Abrasion Resistance 
Leather cupseals are known to 
give problems in sand-laden 
water, and result in a- rating. 
Manufacturing Needs 
The India Mark II is manufactured 
in India and Mali. The degree of 
quality control needed to ensure 
reliable operation makes the 
pump unsuitable for manufacture 
in a country with only low Indus- 
trial development (Category l), 
unless intensive technical assis- 
tance is provided to the manufac- 
turer (as was the case in Mali). It 
scores o and oo for Categories 2 
and 3 respectively. 
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India Mark II (standard) continued 

INDIA MARK II: CAUSES OF ESSENTIAL INTERVENTIONS 
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PART REPLACED 

HD-Handle RH-Rod hanger RM-Rising main 
F-Fulcrum 

PE-Pumping element 
PR-Pump rod PS-Piston seal R/-Foot valve OT-Other 



General Description 

The modified tiersion of the India Mark II 
differs from the standard version in that it 
has pumping elements which can tie 
removed without having to lift out the 
rising main. An open-topped cylinder is 
used in a 2-l/2 inch galvanized steel 
rising main (experiments are also going on 
with PVC rising main). 

The pump has a “quick change’ drive 
head, and versions are being tested with 
fiied or removable footvalves. Some 
expenvental pumps have also been fitted 
with nitriie rubber seals in place of the 
standard leather cupseals. 

The purpose of the modifications is 
to make maintenance easier. by reducing 
the tools needed and the time taken to 
service downhole components. Improved 
seal life is expected from the nitrile 
plunger seals. 

Field Trials 

Eleven experimental pumps have been 
monitored for approaching two years in 
the Project field trials in Coimbatore 
Dlstnct. Tamil Nadu. India. Early trials with 
PVC rising mams on three pumps did not 
come up to expectations, and galvanized 
steel main was substituted pending 
further research on PVC jointing and 
S’JppOrt. 

01 the six installations with fixed 
footvalves. two experienced no failures in 
17 months of monitoring with pumping lifts 
of 20-22 meters. Three pumps had leather 
cupseal failures, but then worked wlthout 
breakdown when nitrile seals were fitted. 
The remaming pump suifered both ball 
race and nsing main failure. There was no 
tatlure of the fixed footvalves. 

Five pumps were fitted with 
footvalves designed to be extracted 
through the cylinder and rising main. 
Though the monitoring period is short 
(oniy five months data available for this 
report), initial indictions are that the 
pumps are performing well. More 
significantlb. the moditications have had a 
substantial impact on the time needed to 
setvice downhole components. 

PUaltP 10 

In a timed experiment on the deepest 
pump (standing water level 27 meters, 
cylinder setting 33 meters and operating 
10 hours a day to serve 1000 benefi- 
ciaries), impressive times were set for 
removal and replacement of downhole 
components, as follows: 

. Removal of the pumphead took 2 
minutes 

. The plunger and footvalve were litted 
to the surface after a total of 17 
minutes 

. Replacement to water flow took 25 
minutes, including the time needed to 
fill 27 meters of rising main. 

The original nitrile seals were refitted, as 
there was virtually no sign of wear. The 
complete operation was performed by a 
team of four and needed no special lifting 
tackle. A similar operation with the 
standard Mark II would have spanned 
several hours, and required lifting gear to 
remove the rising main and cylinder. 

In this experiment, the break-out 
force needed to release the footvalve was 
very high, partly because of galvanic 
action between the brass and cast iron. 
The design has been modified and should 
result in a break-out force of about 150- 
200kg, easily achievable through the 
leverage of a standard Mark II head. 

Though the experimental Mark Ils 
have been on trial only for a short period, 
there are good grounds for confidence 
that the design can have a big impact on 
the pump’s maintenance needs. Mainte- 
nance should be possible with one trained 
mechanic and unskilled help from 
villagers. The reducea amount of tools 
needed means that a bicycle or motor 
cycle should be the only transport 
needed. 

It is still hoped that PVC rising main 
may prove suitable for use with the India 
Mark II. The initial problems involved 
failure ot both solvent-cement and 
threaded joints. PVC tension connectors 
are being tried, but fretting of the rising 
main in the unlined hard rock boreholes 
still has to be overcome. 

Assessment 

The experimental modiied ver- 
sions of the India Mark II have 
given encouraging early rest&, 
but there are llmited data (eleven 
pumps for less than two years in 
one situation). Judgments shouti 
therefore be regarded as preli- 
minary at this stage. 
Dlsollerge flete 
The modiions do not atter the 
pump’s discharge capacity, and 
ratings are the same as for the 
~;t~;!tti$urnp 09). 

Though the modifiitlons still do 
not allow the Mark II to bs 
ragatded as suitable for village- 
level maintenance, lt does now 
qualify for a “gaod” (00) rating for 
area-mechanic maintenance (sys- 
tem B) at all lifts. 
Retlabtttty 
The simpler maintenance and 
nitrile saais seem likely to 
reduce the pump’s downtime, 
improving the ratings to 00 at 25 
meters lift and a daily output of 
4m3, and to “adequate” at higher 
flows and at 45 meters head. 
cmoslon Resistance 
Galvanized pumprods and r!sing 
mains mean that the pump cannot 
be recommended where ground- 
water is corc&e, though this 
rating mav be altered if 
experiments with PVC rising main 
are successful. 
Abrasion Raslstanca 
Replacement of leather cupseals 
with nitrile rubber seals earns the 
Todiiied Mark II a o rating. 
Manufadurtng Needs 
The modiflcatlons do not affect 
the Mark II’s suitability for 
manufacture in developing 
countries, and ratings are 
therefore the same as those for 
the standard India Mark II (Pump 
09). 



General Description 

The Jetmatrc IS made rn the Phrlrpprnes to 
a desgn srmrlar to that of Kawamoto 
Pumps of Japan It IS also avarlable as a 
shallow well sucfron pump (Pump 37) The 
cast rron pumpstand IS compact and fats 
on the protrudmg end of the nsrng marn, 
whrch must protrude at least 440mm 
above ground to provent the handle 
touchrng the ground and tc provrde 
clearance for the spout A drscharge valve 
rn the spout allows erther free cfrscharge or 
pressure deltvery through a hose or pipe. 

The deepwell cylmder IS unusually 
small (46mm bore), In urder to frt msrde 2 
rnch rrsrng marn It consrsts of a brass 
tube. gunmetal plunger and leather 
cupseals Yhe plunger can be screwed on 
to the footvalve to remove 11 wtthout 
removing the cylrnder 

Manutacture 
Gumetat and Iron foundry work and basic 
machrnmg are requrred. wtth good quality 
control to ensure mterchangeabrlrty of 
spare parts 

Suppliers 
There are several. rncludmg Sea Com- 
mercial Co Inc. Cor V Cruz Street, Manila 
2806. Phrirpprnes. who supplied the 
laboratory-tested pumps 

Indicative prices - Feb 1985 

Laboratory Tests 

Date tested: 1983 Reported: Handpumps Project Repot? No. 3 

Performance data (typical values) - 46mm cylinder 

Head (meters) 
Pumping rate (cycles/min) 
Volume/min (liters) 
input (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvalve leakage (mVmin) 

7 
40 
12 
36 
36 

4 

25 45 
40 40 
11 11 
69 115 
63 72 

7 11 
No signffiiant leakage 

Evaluation 
The two test pumps were securely packed 
In a wooden case and arnved in good 
workrng order 

No mstallation and maintenance 
lnstructlons were supphed with the 
pumps. Rising main of 2 inch diameter is 
requrred and plastic pipe cannot be used 
because the pumpstand IS mounted 
directly on the protrudmg rising main 
Lifting tackle IS lrkely to be needed for 
rnslallatron. Skull IS needed to ensure that 
the cylinder IS correctly installed In the 
nsrng marn and that the pumpstand IS 

correctly mounted. Care must be taken 
not to overtrghten pumpstand fastenings, 
to avoid breaking the cast-Iron flanges. 
The bottom of the pumpstand is threaded 
1.25 Inch API and not the more common 
IS0 pipe thread. 

The pumpstand may requtre frequent 
maintenance of worn handle compo- 
nents and the gland nut. Appropriate hand 
tools and a surtable stock of spare parts 
are therefore needed Below ground, the 
cylinder IS desrgned to be extracted 
without removrng the rising marn. 

The 4000 hour endurance test 
was carried out at 40 cycles per minute 
with a simulated head of 45 meters. The 
internal clamp securing the cylinder within 
the nsing matn had to be tightened soon 
after the start of the test, but thts problem 
did not recur. Components of the handle 
mechanrsm were replaced because of 
wear during the test. The pumprod broke 

after about 3000 hours and again shortly 
before the end of the test 

In the final inspection, all the internal 
components of the cylinder were found to 
be m good condition, with few signs of 
wear. The gland nut in the pumpstand was 
badly worn however, and corrosion was 
observed on the piston rod, par-f of the 
cylinder clamp, and the pumpstand. 

Impacts on the handle were 
absorbed by the pumpstand turning on its 
mounting thread. In the test on the body of 
the pumpstand. a moderate impact bent 
the upper portion of the rising main 
sufficiently to prevent movement of the 
pumpiod. nepeated shocks on the handle 
damaged the mounting threads in the base 
casting. 

Users disliked the relatively low rate 
of delivery and found the handle action 
awkward. 1 he handle moves through an 
arc of about i&Y, but for handie 
movements near Ihe upper and lower limits 
of its travel there is little movement of the 
pumprod. 

The overall conclusion of the 
laboratory tests was that the Jetmatic 
Deepwell pump would be unsuitable for 
communfty use. The delivery rate is low 
and intensive use will be likely to produce 
rapid wear, failures in the moving parts in 
the pumpstand. and breakages of the 
pumprods. Although potentially suitable 
for manufacture in some developing 
countries, the design is by no means 
ideal. 

Pumpstand and cylrnder USf35 
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Field Trials 

; --- 

__----: 

Photo not available ( 
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THE JETMATIC DEEPWELL PUMP WAS NOT FIELD 
TESTEDBYTHEHANDPUMPSPROJECT 

Assessment 

In the absence of Project field 
trials, the Jetmatic Deepwell’s 
ratings are based on its 
performance in the laboratory and 
on the experience and judgment 
of Project staff. Ratings are for 
the Deepwell version: the 
jetmatic Suction has been rated 
separately (Pump 37). 
Discharge Rate 
The small cylinder and awkward 
operating action result in only an 
“adequate” (a) rating for all lifts. 
Ease of Maintenance 
The need for special tools and 
lifting gear make the Jetmatic 
unsuitable for village-level 
(System A) maintenance. Area 
mechanics (System E!) and mobile 
teams (System C) will find the 
pump relatively easy to maintain. 
The “good” (00) ratlng for System 
B maintenance reduces to 0 for 
depths beyond 25 meters, as the 
tests revealed that the cylinder 
retainer may not be reliable in the 
long term, so that lifting gear 
would be needed to remove the 
rising main. 
Rellablllty 
The laboratory tests suggest that 
frequent maintenance would be 
needed for lifts of 25 meters or 
more at discharges of 4mJld. and 
the pump is therefore rated 
“unsuitable” (-) in Tables S.3 and 
S.4. For 7m and 12m lifts, the 
pump earns a oo rating, reducing 
too at 8m3/d. 
Corroslon Resistance 
The pump has no special 
protectlon against corrosion and 
suffered extensively from rusting 
in the laboratory tests. It cannot 
therefore be recommended for 
situations where groundwater is 
likely to be corrosive. 
Abrasion Resistance 
Use of leather cupseals means a 
-rating for abrasion resistance. 
Manufacturing Needs 
The Jetmatic Deepwell is not 
suitable for manufacture in coun- 
tries with a low level of industrial 
development (category 1) 
because of the need for foundry 
and machining skills. For 
categories 2 and 3, the ratings 
are o and co respectively. 
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General Description 

The Kardia is a deepwell force pump with a 
conventional reciprocating action. The 
piston has a proprietary molded rubber lip 
seal acting directly on the uPVC pipe 
cylinder bore. Plunger and footvalve are 
similar in design, machined from uPVC and 
fitted with flat rubber sealing washers. Two 
plunger seals are recommended for 
depths beyond 35 meters. Recommended 
rising main is the manufacturer’s own 
special plastic pipe with threaded connec- 
tors and rubber sealing washers. The 
pumprod is stainless steel with conven- 
tional brass tube-nut couplings. 

The pumpstand is fabncated from 
sheet steel and sections and hot-dip galva- 
nized and the handle bearings are large 
proprietary ball races in flanged housings. 

hfimlfactum 
The pump could be manufactured in devel- 
oping countries with steel fabrication and 
machining expertise, but high levels of 
skill and quality control are needed to 
produce the pumpstand. Skill is also 
needed in machining the plunger and 
footvatie components. 

Suppiiars 
Preussag AG. Moorbeerenweg 1, 
Postfach 6009. D-3150 Peine, Federal 
Republii of Germany. 

Indicative prices - Mar 1995 

Per unit for 2Om depth 
Extra pipe per meter 

US$900 
us 14 

Laboratory Tests 

Reported: Hundpumps Project Report No. 4 

Pertormence data (typlcal values) - 63mm dia. cylinder 

Head (meters) 7 25 40 
mmpine Mfj (cycleslmin) 40 40 40 
Volume/mln (titers) 16 16 
~nputmw ii 80 120 
MechanicaleffIcIency 43 75 75 
Maximum handle force (kg-f) 4 11 16 
Leakage of foot valve (mVmin) Nat slgnitkant 

_Ealuation the joint was still serviceable. -.. . . . .I 
The two pumps acquired for testing were 
well protected and both arrived in working 
order, though the cases were large and 
difficult to manhandle. 

An installation manual provided 
concise and clear instructions. No lifting 
tackle is needed for installation. Rising 
main and pumprod are supplied to length, 
and tools and PTFE sealing tape are 
supplied with the pumps. Area-mechanic 
maintenance is relatively simple, as 
there is no requirement for lifting equip- 
ment, but the special tools supplied by the 
manufacturer must be retained. 

The Kardia went through the 4000 
hour endurance test without break- 
down - the test was conducted at 40 
strokes per minute, with a simulated head 
of 30 meters. Damage did occur to the 
cylinder bore and plunger seal during the 
first 1000 hours of pumping, but this was 
caused by debris from corrosion in the 
CATR head simulation valve, and 
represents a condition unlikely to arise in 
field conditions. 

At the end of the endurance test, 
send was embedded in the plunger seal 
and both the seal and the cylinder wall 
were scratched, though performance was 
not impaired. A slight step was noted in 
the cylinder bore at the top and bottom of 
the plunger stroke. Center holes of valve 
blocks in the plunger and footvalve were 
worn but still serviceable, and there was 
no corrosion. Some play was found in 
the joint between handle and pumprod, but 
again performance was unaffected and 

1 he Impact tests causea alstortion 
of the pumpstand body which was enough 
at 300 Joules to affect the alignment of 
the rising main (the manufacturer has sub- 
sequently doubled the thickness of the 
pumpstand t %e to 1 Omm. The handle too 
has been strengthened, following a failure 
in the laboratory shock test. The handle 
failed after 54,000 cycles at the welded 
joint between round and rectangular 
sections. 

The Kardia consistently delivered 
just under 0.40 liters per stroke, both 
before and after the endurance tests, equi- 
valent to a discharge of 16 liters per 
minute at the selected pumping rate of 40 
cycles per minute. 

The discharge rate remained 
constant for heads ranging from 7 meters 
to 40 meters, though the work rate clearly 
increased (from 38 watts at 7 meters to 
128 watts at 40 meters pumping lift). 

Some users thought that the 
Kardia’s delivery rate was rather low, 
though most liked the smooth action of the 
pump, and smaller users in particular liked 
the moderate operating effort. The handle 
height and movement seem to be a good 
compromise between the preferences of 
short and tall users. 

Overall, the Kardia was found to be a 
reliable handpump in which modern mate- 
rials have been used to update a conven- 
tional plunger action design. Relatively 
easy to maintain and repair, the pump is 
seen as suitable for community water 
supply use for depths down to 30 meters. 
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Assessment 

The Kardia ratings are based on 
laboratory test results and perfor- 
mance in field trials, though with a 
limited nL#mber of pumps. 
Dh3charge Rata 
At lifts of 25 meters and more, the 
Kardia achieves a “good” (00) 
discharge (note that the ratings in 
Table S.4 are for 40m lift, which is 
the maximum recommended by the 
manufacturer). For lower lifts, the 
pump is only rated “adequate” (0) 
in comparison with the high dis- 
charge pumps available for these 
lifts. 
Ease of Maintenance 
No !ifting tackle is needed for 
maintenance of the Kardia. which 
earns a 00 rating under main- 
tenance systems 5 and C for lifts 
up to 25 meters. At greater 
depths, area mechanics may need 
assistance, so the rating drops to 
o for system Bin Table 5.4. 
fteliablllty 
A combination of wear rates and 
more difficult maintenance a1 
deeper settings results in the 
reliability ratings dropping from oo 
at 7m and 12m lifls for daily 
outputs up to 4m?d, to o at 25m lifl 
and 4m3/d and “unsuitable” (-) for 
greater depths or daily outpur. 
Corrosion Fh35istance 
Use of stainless steel pumprods 
with brass connectors and a PVC 
rising main, plunger and cylinder, 
results in a 00 rating. 
Abrasion Resistance 
The pump did not break down 
during sand pumping in the 
laboratory trials, but sand embed- 
ded in the seals at the end of the 
trial, and wear in the PVC cylinder, 
mean a general rating of 0 for 
abrasion resistance. 
Manufactutfng Needs 
High levels of skill and quality 
control are needed in the manufac- 
ture of the pump, though the 
design is seen as suitable for 
many developing countries. 
Ratings are oo for a country with a 
well-developed industrial base, o 
where the industrial base is 
moderately developed, and - 
where industrial skill levels are 
low. 

Field Trials 

Test conditions 

Number Head 
Of range 

Country pumps (meters) 
-__.--~ .~.--._ 
China 12 6-25 
Burkina Faso 1 

Data 
available 
(months) 

12 

In the China field trials. the Kardia was 
very popular among the villagers, who 
rated it ?s reliable but slow (low dis- 
charge). It u’as the only pump which could 
continue to operate during the severe 
winter of 1984/85. when freezing cond- 
itions caused others to cease to function. 
ICR in the upper rising main made the 
Kardia heavy to pump and led to handle 
breakages at the welding point The prob- 
lem could be avoided by drilling a small 
hole tn the rising main a couple of meters 
below ground, to allow bleed back when 
pumping ceased. 

The Kardia’s plastic cylinder proved 
durable, but some doubts were expressed 

abotlt the long-term durability of the uPVC 
rising main, particularly in view of past 
experiences with plastic rising mains at 
depths beyond 25 meters. 

A single Kardia pump has been 
monitored in the Burkina Faso field triais, 
where it performed well, delivering a 
consistent 1.4-1.7 cu m/n at 50 strokes 
per minute. 

Further field trials are needed to 
provide conclusive data on the long-term 
performance of this pump. 

CAUSES OF ESSENTlAL INTERVENTIONS 
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General Description 

The Korat IS a deepwell force pump. The 
pumpstand IS constructed pnmanly from 
erght Iron casttngs It must be mounted on 
a pknth to provrde clearance for water 
contamers under the spout and to accom- 
modate the full movement of the long 
wooden handle Handle bearings are 
sealed ball races 

Below ground, the cylrnder 1s conven- 
tional. with a drawn brass barrel and cast 
end caps enclosrng a cdst ptston fttted 
with leather cupseals There are two foot- 
valves, one rn the base of the cylinder and 
a second at the end of a short dtptube As 
an alternabve to the cast rack and quad- 
rant mechanrsm In the pumpstand. the 
manutactu:er now otters a cha!n and 
quadrant assembly. 

Manufacfufe 
Foundry skrlls are needed 

Suppliers 
Saha Kolkarn Factory, 94-96 SOI 
Sukaprban 2. Aamintra. Sangkhen. 
Bangkok. Tharland 

Indicative prices - Sep 1985 

Pumprng unrt 
Pumprods per meter 

Laboratorv Tests 

Date tested: 1983 Reported: Haridpumps Project Repor? No. 3 

Performance data (typical values) - 3 inch dia. cylinder 

Eead (m&em) 
Pumping rate (cycles/min) 
Volumelmin (liters) 
Input (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvalve leakage (mVmin) 

7 
40 
16 
33 
53 
11 

25 
40 
-I4 

106 
53 
20 

No leakage when new 
4.6 at end of test 

45 
40 
14 

133 
76 
26 

Evaluation 
The hvo test pumps were packed in 
wooden packing cases, one contammg 
the pumpstands. the other the handles, 
rising main and pumprods. Thay were rn 
working order, but had a number of 
defects whtch could have caused poem- 
ature failure 11 not remedted before mstal- 
latton. In parttcular, it was necessary to 
seal the cylinder end caps wrth shellac, to 
overcome porosity in the gunmetal 
castings. 

NO instructions were supplied for 
rnslallation or maintenance. It galvantzed 
steel pipe IS used, liftrng tackle is needed 
for installation. A muitt-srze spanner 
was provided by the manufacturer, but 
several other tools are also necessary. 
The pump must be installed on a plinth at 
least as rirgh as the largest water con- 
tainer to be placed under the spout. 

Routine maintenance will involve 
regular lubncatron. but should be easy. If 
adequately greased. the cast tron quad- 
rant and ack should not wear out in less 
than two years. The enttro beiow-ground 
assembly must be extracted for cyknder 
maintenance. and littmg tackle IS neces- 
sary. 

The 4000 hour endurance test 
was carried out at 40 cycles per minute 
with a simula!ed head of 45 meters. The 
rack gurde roI;crs In the pumpstand setzed 
towards the end of the test, and by the 

end the rack and quadrant were comp- 
letely worn out. The plunger and cylinder 
were also worn, though still servtceable. 
and there was no reduction In pump perfor- 
mance. The leather cupseal in the foot- 
valve had compressed, allowing metal-to- 
metal contact and caustng the valve to 
leak. 

Considerable corrosion was appa- 
rent on the ferrous parts of the pump, and 
particularly on the lock nut between the 
connecttng rod and the plunger. 

In the impact tests. the pump was 
undamaged by impacts to both the handle 
and the pumpstand body. The Korat also 
completed the allotted 96,000 cycles of 
the handle shock test without failure. 

The pump was not well received by 
users. The handle was long. but the 
stroke was short. and many people comm- 
ented that the handle was uncomfortably 
htgh. As a result, mosi of the required 
effort had to be supplied by arms and 
shoulders. 

The overall conclusion of the 
laboratory tests was that the Korat is an 
unreiined but rugged design. suitable for 
manufacture In developtng countries with 
established foundry skills. Although not 
popular wrth users, it has the capacity to 
supply the needs of a community. Below 
ground maintenance is difficult, but the 
cylinder itself proved generally reliable. 
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Field Trials 

Test conditions 

Number Head Data 
of range avarlable 

Country pumps (mefers) (months) 

The Korat 608 design IS In transrbon. The 
onglnal rack and pmlon action was 
modlfted In the 6OSC senes to a chain and 
quadrant, and IS being modihed again tn 
the 608 CTS senes The Korat 608CTS IS 
expected to become a standard pump In 
Thailand’s rural water supply program, and 
the design IS Intended to be compatfble 
with below ground components bemg 
developed for the modltled lndla Mark II 
(Pump 10) 

01 the 94 &Id tnal pumps, 50 were of 
the ongmal 608Al desgn. 40 of the later 
608C design. and 4 were of the 608CTS 
design One lmpoitant change has been a 
reduction m the manufacturing accuracy 
needed to ensure mlerchangeabtllty of 
spare parts 

With Its standard 3 Inch cylinder. the 
Koraf produces a high discharge, and this 
cyltnder was used for the comparatively 
shallow Iltts of the Project field tnals. For 
MS of 25 meters or more. the 3 Inch 

cylmder would result in high pumprng 
efforts being requtred. as the laboratory 
test showed, and this would put extra 
stress on the pumphead 

For these deeper lilts. smaller 
cylmders are avaflable. wrth corres- 
pondlngly reduced discharge rates. 

The Korat 608C showed great 
potential In the fleld trials. and further 
development of the CTS series should 
Improve Its reliability still further. 

CAUSES OF ESSENTIAL INlERVENTlONS 
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Assessment 

The Korat ratings are based on 
both field and laboratory testing, 
and relate principally to the 606C 
series. 
Discharge Rate 
With the right choice of cylinder, 
the Korat is capable of achisving 
a “good” (00) discharge over the 
full range of pumping lifts. 
Ease of Maintenace 
The pump is not suitable for 
village-level maintenance (Sys- 
tem A). An area mechanic could 
readily carry out routine mainte- 
nance operations on pumps with 7 
or 12 meter lifts, but the need for 
lifting gear reduces the oo rating 
for System B at these lifts to 
“adequate” (0) at 25m and 45m. 
Rellabllity 
The frequency of maintenance 
interventions needed and the 
need for assistance from a 
central maintenance team, 
reduces the Korat’s reliability 
rating to o for a daily obtcut of 
4m%d at 25m lift, and to 
“unsuitable” (-) for 8ms/d at the 
same lift and for 4m3/d at 45m lift. 
Corrosion Aeslstance 
The pump suffered appreciable 
corrosion in tha laboratory tests, 
and is not suitable for use with 
corrosive water. 
Abrasion Resistance 
Use of leather cupseals means a 
- rating for abrasion resitance. 
Manufacturing Needs 
Successive modifications to the 
Korat have reduced the degree of 
manufacturing accuracy and 
quality control needed. The pump 
is well suited for manufacture in 
countries with medium or high 
level industrial development, 
scoring oo for categories 2 and 3. 
It requires good foundry skills, 
and so is rated - under category 
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General Description 

The Maldev IS a reclprocattng deepwell 
pumphead developed In Malawi. and 
deslgned for easy mamfenance. It was the 
torerunner of the Afndev (Pump 02). and 
was mreoded to be part 01 a modular 
system. Optrmum range of pumping llft IS 
1530 meters, though It can be operated to 
60 meters. 

Fabncated steel sheet and standard 
pipe sections are used to make the 
pumphead. Bearings are sealed ball 
races 

Elthe: steel or PVC nsng mam can be 
supported. depending on the adapter 
used. and a range of plunger drameters 
can be lltted The head design allows the 
plunger and footvalve to be exfracted 
through a simple access cover, 11 suttably 
sized nstng m&n IS used 

Manufscture 
The pumpstand requires machining and 
weldmg of steel sheet and tubing. 
Factllties are straightforward. but high 
standards of workmanship and quality 
control are necessary to achieve optimum 
beanng performance. 

Suppliers 
Petroleum Services Ltd. PO BOX 1900. 
Blantyre. Malzw~. 

Indicative prices - Feb 1985 

Laboratorv Tests 

Date tested: 1983’84 

Performance 

Reported: Handpumps Project Report No. 3 

The Maldev IS a pumphead desgned to be coupled to any suitable cylinder assembly of 
about Z-112 Inch diameter. Performance data is therefore not given. For laboratory 
testmg. the Maidev was initially attached to a prototype all-plastic cylinder and later to a 
cylinder from a Funymaq Aid-derivative pump. In both cases, high leveis of efficiency 
were measured. confirmmg that tnction in the pumpstand was relatively low. 

Evaluation 
The test pumpstands were securely 
packed In two wooden cases, and arrived 
in good condition. 

No instructions were suppl+d. but 
the techniques of installation and 
n-,aintenance had been demonstrated in 
Malawl to laboratory staff. The pumpstand 
IS straightforward to install, provided that 
care IS taken when concreting in the 
column and In assembling the handle to 
the pumpstand body. For maintenance. 
a pair of purpose-made universal 
spanners are supplied with each pump. 
The most important matntenance 
operation IS replacing the handle bearings. 
To remove worn-out ball races in the field. 
they must be driven or pressed out. If the 
same technique is used to Install the new 
ball-races. It is easy to damage the 
bearings themselves or their housings. 
Only a cover plate need be removed to 
allow the pumprod and plunger to be 
extracted. 

For the 4000 hour endurance test. 
the pump was driven at 40 cycles per 
minute, at a simulated head of 45 meters, 
usmg a 2.112 inch cylmder. Midway 
through the test. the rising mam slipped in 
the compression fittmg w:thm the 
puc,astand. It was retightened but 

persistent leaks occurred until an 
improved conlcal rubber seal was fitted. 
At the end of the test, considerable free 
play was found in the handle beanngs. but 
they were still serviceable. 

There were spots of rust inslde the 
pumpstand. but the design is such that 
corrosion is very unlikely to be a cause 
of failure of the pump. 

In the impact tests. the pump was 
undamaged by impacts to either the 
pumpstand body or the handle. The pump 
completed the allotted 96,000 cycles of 
the handle shock test without failure. 

The Maldev was generally well liked 
by users, who all stood behtnd Ihe pump 
and grasped the T-bar handle with one 
hand on each side. 

The overall conclusion of the 
laboratory tests was that the Maldev is a 
very robust pump, designed with the 
needs of VLOM and of manufacture in a 
developing country in mind. However, 
although capital-intensive manufacturing 
facilities are not required, strict quality 
control IS necessary to achieve a reliable 
product. Replacing the ball races with 
plastrc bushes could make the pump 
easier to manufacture and to maintain. 

Pumphead US% 300 
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Field Trials 

Test conditions 

Number Head 
Ol range 

Country pumps (mefeW 

Data 
available 
(months; 

Malawi 117 

Kenya 14 

Tanzania 10 

Philippines 35 

China 34 

5-27 36 

1 o-35 19 

3-16 9 

6-40 20 

9-26 10 

An Important result of field trials on the 
Maldev has been the comparison between 
beanng performance In the older proto- 
type heads. conslructed with poor quality 
jigs and fixtures and installed in 1982. and 
that In the later heads where both jigs and 
quaitty control were much Improved. The 
later productlon keads have given ball 
bearing llte some 2-3 times longer than in 
the older heads. This underlines the 
Importance ot manutactunng quality con- 
trol. even In such a sample pump as the 
Maldev. 

Although the Maldev head was 
designed for use with plastic rising mains 
and extractable, cylinder components, 
only few of the pumps on test had this 
type of assembly and all were prototypes. 
Most test pumps used conventional down- 
hole components, and In consequence 
were difficult to maintain and had 

corrosion problems. The assessment of 
the hnaldev has been based on its use with 
conventional downhole commnents. 

Most pumphead breakdowns were 
due to bail bearing failure. If allowed to 
progress, bearing wear can have serious 
consequences. There were several 
examples where collapsed bearings 
resulted in balls falling down Inside the 
rising main and damaglng the cylinders. 

The Maldev’s T-bar handle was 
popular with users, who also liked the high 
discharges made possible by selection of 
appropriate cylinder sizes and handle 
lengths. 

As a tirst dttempt at development 01 
a deepwell handpump suitable for manufac- 
ture and simple maintenance in Africa. the 
Maldev was mainly successful. Introduc- 
tion 31 plastic beanngs, as on the Afridev. 
should improve the pump’s reliability and 
ease ot manutacture. 

CAUSES OF ESSENTlAL INTERVENTIONS 
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Assessment 

The Maldev ratings are based on 
the pumphead’s performance in 
extensive field trials and in the 
laboratory. Where ratings depend 
on downhole components, the 
Maldev has been rated on the 
basis of conventional compo- 
nents, as usea in the majority of 
the field trials.Bltter ratings may 
be possible with r&em downhole 
components. 
Discharge Rate 
The choice of cylinder size and 
variable handle length mean that 
high discharges are possible ar all 
lifts, earning the pump a uniform 
“good” (00) rating. 
Ease of Maintenance 
The conventional downhole comp- 
onents result in a rating of 
“unsuitable” (-) for village-level 
maintnnance irrespective of 
depth. Area mechanics would 
need support from mobile teams 
for repairs at 25m and 45m, so 
that the rating for maintsnance 
system B drops from oo to 
“adequate” (0) for these lifts. 
Reliability 
The maintenance ratlngs also 
affect the ratings under this 
heading, giving the pump a oo 
rating at 7 and 12 meters lift and 
daily outputs up to 4m3/d, 
reducing to o for higher lifts and 
discharges, and to - for 45m lift 
and for a daily output of 8m3/d at 
25m lift. 
Corrosion Resistance 
Galvanized steel pumprods and 
rising mains mean a-rating. 
Abrasion Resistence 
Use of leather cupseals means a 
-rating for abrasion resistance. 
Manufacturing Needs 
Judging the pumphead only, 
manufacturing needs for the 
Maldev are simple, and it earns a 
00 rating for manufacture in 
countries with moderate or high 
levels of industrial development 
(Categories 2 and 3), reducing to 
o for Category 1 (low industrial 
base), because of Ihe demon- 
strated need for good quality jigs 
to ensure reasonable bearing 
performance. 
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General Description 

The Monarch IS a conventronal deepwell 
pump wth a cast iron pumpstand and 
rn!egral cast Iron pedestal A plastrc gutde 
bush and gland ensure that the upper 
pumprod moves In a strarght Irne. and the 
steel handle IS attached by a swtngrng 
IInk Handle bearings are sealed ball 
races A T bar handle IS offered for two- 
person operatron at hrgher kfts. 

The brass tube cylrnder has a gun 
metal plunger wrth two leather cupseals. A 
footvalve IS rncorporated In the lower 

cylinder end cap Jnd there IS a second 
toolvalve wlttl 0 ring seal below the 
cylrnder Several cylrnder dramoters are 
.rvarlable to surf dtfterent depth ranges, 
and pumprods can be supplied as 
galvanrzed steel. statnless steel. or glass 
tuber rerntorced plastrc (GRP) 

Manufacture 
Hugh qualrty Iron and gunmetal foundry 
work IS requrred to ensure the rnterchange- 
abrirty of spare parts and tne correct 
functronrng of the pumphead. 

Suppliers 
Monarch lndustnes Ltd. 889 Enn Street, 
Wmnrpeg. Manrtoba. Canada 

indicative Drices - Feb 1985 

Pump plus 2 25 inch cylrnder uss 300 
Pumprod rGRP) per meter US$2 60 
Ris~ns marn per meter uss 8 80 

Performance data (typical values) - 2.25 inch dia cylinder 

Head (meters) 7 25 45 
Pumping rate (cycles/min) 40 41 40 
Volume/min (liters) 14 15 14 
Input (watts) 43 92 138 
Mechanical efficiency (46) 37 66 76 
Maximum handle force (kg-f) 6 13 20 
Footvalve leakage (mf/min) No significant leakage 

Note: The volume discharged per stroke was about 0.35 liters, and was not 
affected by pumping rate. 

Evaluation 
The Monarch handpump was ongrnally 
tested by CATR tn 1979180. as part of the 
ODA program. Srnce then, the manufac- 
turer has introduced a number of modifi- 
catrons. The present samples were supp- 
lred wrth 2.25 inch Clayton Mark cylinders. 

The two samples were well packed, 
though the srngle packmg case wrth a 
werghr oi 289 kg was difficult to manhandle 
and might be damaged by rough treatment. 
Both samples had some free movement in 
the handle pivot beanngs. and the trun- 
neons for attachtng the pumprods to the 
handle lrnk were not square with the rods. 

A comprehensrve instruction 
manual is avarlahle. In Englrsh and French 
and Includes a useful checklist of posstble 
troubles and remedres For developrng 
countries, more rllustratron and less text 
may be more appropriate 

Lifting tackle IS essentral for pump 
Installation. tn addrtron to the compre- 
hensive tool kit supplied wtth the pumps 
In some rnstallatrons It may be necessary 
to cut and rethread the pumprod. 

Pumpstand maintenance generally 
should require only basrc tools, though a 
dnft may be needed to remove and replace 
handle beanngs. Below-ground main- 
tenance, such as footvalve repair or 
replacement of leather cupseals involves 
extractron of the nsrng marn and therefore 
requtres lrftmg tackle Use of two foot- 
valves can give rise to unnecessary 
problems. If the upper footvalve fails but 
the lower one continues to function, 
broken parts can damage the cylinder, 
plunger and seals 

The 4000 hour endurance test 
was carned out at 40 cycles per mmute, 
wrth a simulated head of 45 meters. No 

breakdowns occurred in the 4000 hours. 
The misalignment of the pumprod trunnion 
caused it to move sideways at each 
stroke reversal, resulting in a knocking 
noise and wear on one side of the guide 
bushes. 

In the final inspection, handle 
bearings were found to be loose in their 
recesses and the shoulder bolts were 
loose. The galvanized steel pumprod was 
severely corroded immediately above 
the plunger and the iron nipple between 
the cylinder base and the lower footvalve 
was also badly corroded. The lower leather 
cupseal was split, but otherwise the 
plunger and both footvalves were in good 
condition and there was little sign of 
cylinder wear. 

In the Impact test, the pumpstand 
broke above the baseplate at an impact of 
150 Joules (the normal maximum impact is 
500 Joules). The fracture appeared to 
originate at the inspection hole. Because 
of this farlure. no handle impact test was 
carned out, but the handle completed the 
96,000 cycles of the handle shock test 
without failure. 

Users found the pump comfortable 
and easy to use. 

The overall conclusion of the 
laboratory tests was that the Monarch is 
easier to operate at 45 meters depth than 
many other pumps. The cast iron pedestal 
needs strengthenrng to withstand acci- 
dental impact or abuse, but otherwrse the 
pump proved reliable. One footvalve would 
be sufficient. 

Corrosion can be expected to cause 
protlems in aggressive waters, though the 
availability of alternative pumprod and 
nsing main materials should alleviate 
some of them. 
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Field Trials 

Test conditions 

Number Head Data 
of range avaIlable 

Country pumps fme!efs) (months) - - 

Ghana 65 6-20 22 

A total of 65 Monarch P3 pumps with 3!4 
Inch guide rods have been monitored in 
the Bolgatanga region of northern Ghana. 
The pumps were equipped with 3 inch 
diameter cyltnders. 7:16 Inch diameter 
galvanized pumprods. and 1.5 tnch 
diameter galvanized nstng malns. 

On mstailations below 15 meters, 
heavy llftmg equipment was needed to 
Install the pumps, which also need special 
toois for assembly of the pumpstand. 

Mamtenance of downhole compo- 
nents also means the use of llftlng tackle, 
as the complete assembly has to be 
removed to change seals or repalr valves. 

The 3 Inch cylinder gives the 
Monarch a good discharge rate - In the 
range of 1 0 to 2 0 ml/h. which proved 
popular with users. Nine pumps were fitted 
with water meters, and the amount of 
water pumped per day ranged from 2.8m3 
to 10ml. with an average of 6.8mj. Those 
results covered the SIX months from April 
to September 1986 In March 1986, one 
Monarch P3 reached an average dally 
discharge of 16Sm3 

Dunng the 22 months of monitonng. 
the 65 pumps suttered a total of 58 
breakdowns and needed 61 further 
mterventions to correct poor performance. 

Breakdowns were caused mainly by 
disconnected pumprods. broken guide 
rods, broken pumprods, loose piston rods, 
and loose followers. The main causes of 
poor performance were broken shoulder 
bolts. poor well yield, damaged shackle 
beanngs. detective footvalves. leakage at 
nslng mains/couplings, leather cupseals. 
and damaged fulcrum beanngs. The 
broken guide rods generally resulted from 
broken shoulder bolts or damaged shackle 
bearings, and led the manufacturer to 
redesign the pumphead. Since moddi- 
cations were made, pumphead defects 
have fallen substantially. 

Three of the Monarch pumps were 
equtpped with GAP rods, which performed 
wlthout breakdown for the 21 months 
dunng which they were monitored. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

Tne Monarch P3 ratings are 
based on laboratory and field test 
re.wlts. 
Discharge Rate 
With the right choice of cylinder 
size, to suit the pumping lift. the 
Monarch P3 is capable of achie- 
ving a “gti (0~) discharge rate 
for the full range of pumping lifts. 
Ease of Maintenanca 
The relatively complicated pump- 
head and the need for lifting 
tackle and special tools makes 
the Monarch “unsuitable” (-) for 
village-level maintenance irres- 
pective of depth. Area mechanics 
would need support from mobile 
teams for repairs at 25m and 45m. 
The rating for maintenance Sys- 
tem S is therefore reduced from 
oo to “adequate” (0) for these 
Ilfts. 
Rallabillty 
On the basis of interventions 
needed during the field trials, the 
pump earns a 00 rating for 
reliability at 7 and 12 meters lift 
and daily outputs up to 4m?d, 
reducing to o for higher lifts and 
discharges and to - for 45m lifts 
and for a daily output of 8mJ/d at 
25m lift. The improved version of 
the pump is likely to achieve 
better ratings. 
Corrosion Resistance 
The standard version of the 
Monarch P3 Is rated unsuitable 
for use with corrosive water 
because of its galvanized pump 
rods and rising mains. Alternative 
materials are available as 
options. 
Abrasion Resistance 
There were no seal failures during 
the laboratory tests, and few in 
the field trials, but use of leather 
cupseals means a-rating. 
Manufacturing Needs 
Manufac!ure of the Monarch P3 
demands strict quality control and 
a high level of foundry skills. It is 
not therefore suitable for manufac- 
ture in a country with a low level of 
industrial development (Category 
1). The o rating under Caiegofy 2 
indicates that some external 
assistance may be needed with 
quality control. The rating for Cate- 
gory 3 is 00. 

127 



ite do 

8 8 
8 

4 
General Description 

The Nlonolift is a positive displacement 
deepweli handpump of the established 
Mono progressing cavity design, with a 
double helical steel rotor and a triple 
helical elastomeric stator. Two rotary 
crank handles allow one or two people to 
operate the pump. Drive is through bevel 
gears, with a ratchet mechanism to 
ensure correct rotation. The pedestal is 
fabricated steel. Steel gears in an oil-filled 
gearbox were for a time replaced with 
thermoplastic gears requiring no lubri- 
catlon. but Mono has now reverted to 
metal gears, this time using a long-lasting 
grease lubricant. 

Pumping elements are designed for 
water temperatures of 16.4o”C. A proprie- 
tary all-plastic foohralve is fitted. 

4 direct drive version of the pump, 
with no gearbox and the handle connected 
directly to the pumprod is available from 
Mono Pumps (Africa) in Zimbabwe and 
South Africa. 

Manufacture 
Special skills and equipment are required 
to make the pumping element and the 
gfXUbOX. 

Suppliers 
Mono Pumps Ltd. Arnfield Works, 
Aucfenshaw. Manchester M34 5JA. UK. 

indicative prices - Feb 1995 

Complete assembly to 
fmeters depth 

Extra rods per 3 meters 
US$353 

US$l6 

Laboratow Tests 

Dale fesfed: 7984 Reported: Handpumps Projacf Report No.4 

Pefformance data (typical values) 

Head (meters) 25 45 60 
GeMox ratio 3:l 2:l 33 2:l 2:l 
Pumping rate (cycfes(min) 40 40 40 40 40 
Volume/min (liters) 16 10 16 10 9 
input (watts) 135 69 191 126 139 
Mechanical efficiency (%) 46 46 59 61 65 
Maximumhandleforce(kg4) 15 10 20 14 15 
Footvalve leakage (ml/min) No sfgniffcant leakage 

Evaluation 
The Monolift was originally tested in 
196314, when only a 3:l gearbox was 
available. Performance and user tests 
were repeated more recently on a modified 
version of the pump with both 3:l and 2:; 
gearboxes, thermoplastic gears. a modi- 
fied pumpstand and handle arrangement. 
and a new compound for the stator. 

The Mono Direct Drive pump manufac- 
tured in South Africa has alqo been tested 
in the laboratory. This repcrt combines 
results from the three sets of laboratory 
tests, to give an overall evaluation of the 
Mono pump types. The figures in the 
performance table above are from the later 
model of the Monolift and were generally 
the same as or better than those in the 
original trials. 

Installation and maintenance 
of the Mono pump requires lifting 
equipment and skilled mechanics. Work- 
shop facilities are needed to repair gears 
and pumping elements must be replaced 
entirely when faulty. 

The older design of the Monoliff was 
subjected to endurance testing at 40 
cycles per minute with a simulated head of 
45 meters. The pump completed the tests 
without failure, except for wear of an unlub- 
ricated handgrip during the first 100 hours. 

At the end of the 4000 hours, the 
outer surfaces of the rotor helix were scrat- 
ched and the inner surfaces had deposits 
of rubber from the stator, but the pumping 
element was still serviceable. There was 
some corrosion of the pumping element 
end caps, but otherwise no noticeable 
corrosion. 

The pumpstand withstood the 
impact tests without damage. 

Some users, particularly small 
children, found the old design difficult to 
operate. The shorter pedestal and handle 
modifications have made the new model 

easier to use, and children much preferred 
the 2:l gearbox (intended to extend the 
pump’s range beyond 45 meters). 

The overall conclusion of the 
laboratory trials was that the Monolift is a 
robust pump, suitable for community water 
supply Lse at depths of 20-45 meters, but 
not suitable for village-level maintenance. 
The optional 2:l gearbox extends the 
range beyond 45 meters and the new 
version is more suitable for children. 

The Mono DIreci Drive 

Laboratory users did not like the 
operatiol. of tht: dire8 drive pump, finding 
it difficult to SuSusl effort through a 
complete revolution. 

The pump also performed badly in 
endurance tests, with failures in both 
the drive head (now redesigned) and the 
pumping element, suggesting that 
frequent attention might be needed in 
community water supply use. The delivery 
rate was low. without the advantage of the 
gearbox. 

The laboratory concluded that 
considerable further development would 
be needed to make the pump suitable for 
community water supply. 
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Field Trials 

Test conditions 

Number Head 
of range 

Country pumps (mete@ 

Data 

available 
(months) 

Chlna 10 
Bolivia 19 

*Average lift 

960 12 
10’ 10 

Only a few Monolift pumps have been 
monitored as part of the Project, and the 
field informatlon IS supplemented with 
reports received from other users. 

In general, the Monolift is a popular 
pump with users, who fmd the discharge 
rate and the rellabllity acceptable and tend 
to favor the pump over equivalent lever 
actlon purr+~s. 

In China. where the pumps were very 
heawly used - serving 200 users per 
pump and operatmg from sunrlse to 
sunset - the Monolift and the Kardia 
(Pump 12) were the most popular pumps In 
the tnals. 

However, the Chlna trials also 
revealed flaws in the thermoplastic bevel 
gears which were Introduced for a short 
time by the manufacturer. The gears and 
the ratchet system used with them did not 
prove durable enough. Similar problems 
have been reported to the Project from the 
Sudan. where about 100 Monolifts with 
thermoplastic gears also suffered failure 
wlthin four to SIX months of Installation. 

Th.z MonolIft IS a pump in which key 

parts - the pumping element and the 
gears - are replaced rather than main- 
tained. Long service life is therefore critl- 
cal in village use. The manufacturer has 
now ceased manufacture of pumps with 
thermoplastic gears and IS offering replace- 
ments to existing users. The new gears 
are metal castings with a stainless steel 
shaft and a new non-return mechanism. 

The pump’s below ground compo- 
nents are durable, and the progressing 
cavity design is comparatively resistant to 
sand pumping, but maintenance when 
needed IS difficult and requires a fully 
trained mobile team. 

CAUSES OF ESSENTIAL INTERVENTlONS 
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Assessment 

The Monolift ratings are based on 
laboratory tests and limited 
monitoring in field trials. 
Discharge Rate 
For low lift applications. where 
overcoming fricticn in the pum- 
pillg element represents a signi- 
ficant part of the pumping effort, 
the pump would have tlr be 
worked very hard to deliver 
enough water to compete with 
pumps designed specifically for 
shallow lifts. In deep wel!s. the 
Monolift can compete more 
readily and earns an “adequate” 
(0) rating for all but the 7m lift. 
Ease of Maintenance 
Maintenance is complex and 
requires special skills and 
equipment. The pump is not 
suitable for village-level or area- 
mechanic maintenance. 
Rellablllty 
The Monolift is a durable pump 
and earns a “good” (00) rating for 
lifts up to 25 meters and daily 
outputs up to 4m3/d. For 45m lifts 
or for 8m3/d output its rating is 
reduced to a. 
Corrosion Resistance 
With galvanized pumprods. the 
Monolift is not suitable for use 
with corrosive water. 
Abrasion Resistance 
The progressing cavity design 
copes well with sand-laden water, 
and earns the Monolift a oo rating 
for abrasion resistance. 
Manuiacturtng Needs 
Specialized processes are inv- 
olved in the manufacture of the 
pumping element and very tight 
quality control is essential. The 
gearbox too requires tight quality 
control. The Monolift is not 
therefore suitable for manufac- 
ture in a developing country which 
does not have an advanced 
industrial base. However, 
manufacture of the Direct Drive 
Mono pump in Zimbabwe shows 
that there is scope for jont- 
venture type manufacture, and 
the pump is therefore rated 00 
under manufacturing envirziment 
3. 



General Description 

The Moyno IS a progressng cavity deep- 
well handpump wllh a hellcat rotor turnrng 
n a double hellcal stator. A pair of rotary 
crank handles means that the pump is 
sulted for one or two person operation. 
Dnve IS through bevel gears in a gearbox 
prepacked with lubricant. and a one-way 
clutch to ensure correct rotation. 

The pumpstand IS all-steel const- 
ructron and very robust. The footvalve is 
gunmetal The steel rotor is chrome or 
ntckel plated The Moyno can be Installed 
in a 75mm dtameter well, and two pumpmg 
elements are avarlable - a stngle-stage 
for depths down to 45 meters, and a 
double-stage. said to be suttable to 90m. 

Iuenufacture 
Highly speaaltted skills and equipment 
are needed to manufacture !he pumping 
element and the gearbox. 

SUpplierS 
The current model IS made in Canada, 
though an earlier model was made in the 
USA and future production could be in 
either country Manufacturer IS Robbrns 
and Myers (Canada) Ltd. PO Box 280. 
Brantford. Ontario N3T 5N6. Canada. 

Indicative prices - AUQ 1986 

Laboratorv Tests 

Da:e rested: 1983 {US model) plus 1985 engineering assessment of Canadian mods/. 

Performance data (typlcal valms) 

Head (meters) 
Pumping rate (cycles/min) 
Volume/min (lilers) 
Input (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvalve leakage (mNmin) 

25 
40 
5: 

59 
10 

No significant leakage 

Nate: Operating force must be sustained throughout the working cycle. 

Evaluation 
The two test pumps were delivered in 
cartons made from heavy-duty corrugated 
cardboard and remforced with a wooden 
pallet. Both pumps were in good working 
order; one footvalve was bent but was 
easly straightened. 

No instructions were provided for 
mstallation or maintenance, though a well- 
Illustrated Installation and Maintenance 
manual is available from the manufacturer. 
A number of tools were supplied, Including 
a die and diestock for threading the 
pumprod. The weight of the below-ground 
assembly means that lifttng tackle is 
essential for installation, which requires 
shill and understanding of the pump. It is 
especially important that the pumprod is 
cut to length and threaded accurately. 

Frequent maintenance is unlikely 
to be required. A broken handle could be 
easily replaced, but repairs to the gearbox 
could not be undertaken in the field. If the 
pumping element is faulty it must be rep 
laced as a complete unit, which requires 
lifting gear and the availability of a 
replacement unit. In general, the Moyno 
requires an exchange rather than a repair- 
based routine. 

The 4000 hour endurance kst 
was carried out at 40 cycles per minute, 
with a simulated head of 45 meters. The 
pump falled once in the test. After about 
3000 hours, a rubber block, intended to 
prevent the rotor from striking the base of 
the cylinder during installation, became 
entangled in the rotor and caused the 
pump to seize. The cylinder has since 

been modified to eliminate the rubber 
block. 

Grease leaked out of the gearbox 
throughout the test, but plenty remained 
at the end. Both rotor and stator were in 
good condition after the test. A considor- 
able amount of sand was lodged in the 
footvalve, but it was still working. There 
was no corrosion of the working parts of 
the pump, but the paint on the cylinder 
barrel had not stopped some rust from 
forming there. 

Heavy impacts on the body of the 
pumpstand produced no damage. Users 
consistently disliked the pump. Most of 
the required effort has to come from the 
arms and shoulders; there is little 
opportunity to bring other muscle groups 
into play. Smaller users, with limited 
reach, could not maintain a smoo!h 
ctrcular motion of the handles. Though the 
absolute values of the required operating 
force do not seem great, people found it 
difficult to sustain the same effort 
throughout the pumping cycle. 

The overall concluslon of the 
laboratory tests was that the Moyno would 
not be suitable for community water sup- 
ply, except in unusual circumstances. 
Though the pump proved reliable in the 
laboratory endurance test, the rate of 
discharge is small - significantly less 
than the other progressing cavity type 
pump tested by the Prsject, the Monolift 
(Pump 16). The Moyno is difficult and 
expensive to install, maintain and repair, 
and is unsuitable for manufacture in 
developing countries. 

Single-stage unit to 45m 
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Field Trials 

Test conditions 

Number Head 
Of range 

Country pumps (meters) 

Burkina Faso 50 Et-40 
Cote d’lvoire 14 1 o-39 
Ghana 

Kumasi 57 l-35 
Bolgatanga 68 5-22 

Data 
available 
(months) 

40 
12 

33 
31 

The Moyno had technical problems in the 
early stages of the Burkina Faso and 
%ana (Kumasi) field tnals. Main failures 
involved scaling of the rotor nickel plating, 
clutch fallure. and wear of handle keys. 
The manufacturer reverted to a previous 
design with chrome plating. which 
overcame the scaling problems. 

The modified pumps proved quite 
reliable and were generally well accepted 
by the users. The outstanding rematning 
problem IS corroston of the galvanized 
pumprods and rismg mains. This has led to 
pumprod breakages. and to corrosion 
particles from the pumprods and rising 
mams jammtng the pumping element or 
blocking the footvalves. Taste prublems 
caused by corrosion products have led to 
some pumps being disliked by users. 

In the Ghana (Bolgatanga) field trial, 
the Moynos are equipped with 1 inch rising 
marns. Thts has led to damage to the rising 
mains and to pumprods and rod couplings 

which rub on each other. The result has 
been rod disconnections or breakages 
and leakage through the rising mains. 

In terms of pump performance, wear 
of the thrust spacer and leakage turned 
out to be the most frequent causes of 
essential interventions. 

In field operation, the discharge rate 
of the Moyno is in the range of 0.5 to 
0.6m3/h. The average daily output of the 
Bolgath lga pumps between April and 
September 1966 was 4.5m3. The pattern of 
pump use in Burkina Faso is similar to that 
in northern Ghana and Involves much 
heavier use than that in southern Ghana 
and Cote d’lvoire. with high seasonal 
fluctuations. During the dry season, 
maximum daily quantities pumped with 
Moynos in northern Ghana and Burkina 
Faso reached 12m3. 

CAUSES OF ESSENTIAL INTERVENTIONS 

TOTAL HD F RH PR RM Pj PE Fv 01 
PART REPLACED 

T 
4 -2 E 

3.5 = 
5 

- 
I 

I.75 m 

2 
3 1 -1.50 l 

Assessment 

The Moyno ratings are based on 
the pump’s performance in both 
field trials and laboratory tests. 
Rkcharga Rata 
The Moyno’s comparatively low 
discharge rate mean that it 
cannot compete with the many 
high discharge pumps available 
for low lift applications. For 25 and 
45 meter lifts, the pump achievas 
an “adequate” (0) rating. 
Ease of Maintenance 
Servicing of the Moyno is 
complex and requires special 
tools and equipment. It is 
“unsuitable” (-) for village-level 
(system A) or area-mechanic 
(system B) maintenance. 
Rellebillty 
On the basis of the number of 
interventions needed during the 
field trials, the Moyno earns a 
“good” (oo) rating for reliability for 
discharges up to 4m?d. For 45m 
lifts or for 8m31d output its rating 
is reduced too. 
Corrosion Resistance 
Use of gakanized pumprods and 
rising mains means a that the 
Moyno is unsuited for use with 
corrosive water. 
Abrasion Resletance 
The progressing cavity design 
copes well with sand-laden water 
and earns the Moyno a 00 rating. 
Manufacturing Needs 
Specialized processes are 
involved in the manufacture of the 
pumping element and very tight 
quality control is needed. The 
gearbox is complex and also 
demands tight quality control. The 
Moyno is therefore not suitable 
for manufacture in a developing 
country which does not have an 
advanced industrial base, and 
even then would require close 
collaboration with the original 
manufacturer. The pump there- 
fore earns a 0 rating only for 
manufacturing environment 3. 



General Description 

A deepwell lever-arm force pump, which 
can be supplied with cylinders of 60mm or 
50mm. The pumpstand is mainly fabri- 
cated from steel sheet, galvanized, and 
enc!osing a molded rubber delivery cup 
attached to the top of the rising main. The 
stainless steel pumprod is connected to 
the handle through a flexible strap wrap- 
ped round a quadrant, so the pump has a 
gravity return. Handle bearings are large 
ball races in flanged housings. 

Stainless steel, polyethylene or galv- 
anized steel rising main can be used. The 
cylinder is a drawn brass tube with 
gunmetal endcaps. The plunger is also 
gunmetal with a molded rubber cupseal. 
The molded polyurethane poppet valves 
are Identical in the plunger and foofvalve. 

hfanufactmf 
The pumpstand needs steel fabrication 
skills. Well equipped workshops with high 
quality control are needed for cylinder 
manufacture. 

Suppliers 
Vammalan Konepaja Inc. 36200 Vamma!a. 
Finland. 

Indicative prices - Sep 1986 

Per unit for 40m depth 
stainless steel rising main L&$1396 
Polyethylene rising main US$ll68 
Galvanized rising main US$l123 

Laboratow Tests 

Reported: Report not yef published 

Performance data (typlcal values) - 6Omm cylinder 

Head (meters) 
’ 

7 25 46 
Pumping rare (cycles/min) 
Volume/min (liters) ii 

40 39 
22 21 

Input (watts) 90 163 223 
Mechanical efficiency (%) 29 65 60 
Maximum handle force (kg-f) 13 27 
Footvalve leakage (mUmin) No signifEnt leakage 

Evaluation 
The two test pumps were securely packed 
in wooden cases, and were generally in 
good condition on arrival, though the 
threaded studs on the bottom of the 
pumpstand delivery pipe were not straight 
in one sample. The manufacturer later 
supplied polyurethane valve poppets to 
replace the rubber valves in the original 
consignment. 

Installation instructions were supp 
lied in English and were comprehensive 
and helpful. A full set of tools was also 
provided. Installation was easy. Lifting 
tackle would be needed for galvanized 
steel rising main and for stainless steel at 
deep settings, but is unnecessary for 
polyethylene. 

Maintenance instructions were 
very brief. The entire below ground 
assembly must be extracted to service 
the piston or footvalve, but this was easier 
than for many deepwell pumps because of 
the relatively light weight of the pumprods 
and rising main. The pumpstand design 
allows extraction of the rising main without 
removing the pump from the wellhead. 

The 4000 hour endurance test 
was carried out at 40 cycles per minute, 
with a simulated head of 40 meters. A 
weight of 20kg was added to the pumprod 
to maintain tension in the strap connecting 
the rod to the handle. 

There were persistent failures of the 
original molded rubber poppet valves, for 
which the included angle of the seat was 
60”. The poppets tended to extrude into 
the valve seat under the pressure of the 
water column. Moldings in a harder grade 
of rubber were unsuccessful. In consul- 
tation with the manufacturer, the rubber 
valves were replaced with polyurethane 
moldings. both for this pump and for the 
Nira AF85 direct action pump (Pump 32). 

At the same time, the included angle of the 
valve seat was increased to 90°. 

At the end of the test, the plunger 
and cylinder were in good condition. There 
were few signs of wear on the valves, 
though cracks had begun to appear 
around the integral retaining rings at the 
base of the polyurethane poppets. 

The manufacturer has since made 
further modifications to the valves, to 
eliminate the need for integral retaining 
rings. 

There was no corrosion. The 
pumpstand was in good general condition, 
but there were signs of wear on both the 
connecting strap and the pumpstand 
body, as a result of misalignment during 
manufacture. 

The pumpstand body proved strong 
in the impact tests. The handle was less 
robust however: heavy impacts on the 
handle caused it to bend slightly, though 
the pump could still be used without 
difficulty. But in the handle shock test, the 
handle broke at the weld near the pivot 
bearings after 67,000 of the allotted 
96,000 cycles. 

In the user test, the pump was 
generally well received by both adults and 
children. Adults tended to use a full 
stroke, whereas most children adopted a 
faster short-stroke technique. 

In the overall conclusion of the 
laboratory tests it was noted that the AF84 
requires heavy rods or a deep setting to 
ensure that the flexible strap connecting 
the handle to the pumprod remains taut 
while pumping. 

The final design for the plunger and 
footvalve should make a substantial 
contribution to the pump’s overall 
reliability, but the Nira AF64 is unlikely to 
be reliable if it is subjected to abuse or 
heavy-handed use. 
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Field Trials 

THE NRA AF84 PUMP WAS NOT FIELD TESTED BY THE 
HANDPUMPS PROJECT 

PUMP 18 

Assessment 

In the absence of field trials, 
ratings for the Nira AF84 are 
based on performance in the 
laboratory tests and on the 
experience and judgment of 
Projectstaff. 
Discharge Rate 
The comparatively high effort 
needed to obtain high output 
restricts the rating to ‘adequate” 
(0) for all lifts. 
ESSEiOfMalntenance 
The pump is not suitable for 
maintenance by a village 
caretaker (System A) even at 
shallow settings. However, area 
mechanics (System B) and mobile 
teams (System C) will find the 
pump straightforward. The rating 
for both these systems for lifts up 
ic.3 12 meters is “good” (00). 
reducing to 0 at 25 meters or more 
for System B, reflecting the fact 
that lifting-tackle may be required. 
Aeliabillty 
In the laboratory tests. problems 
with the initial rubber valves cast 
doubts on the pumps reliability. 
With the improved design, the 
pump is expected to be more 
reliable and earns a oo rating for 
most installations, reducing to o 
for a discharge of 8m%d at lifts of 
7 to 25 meters and for 4m%d at 45 
meters lift. 
Corrosion Reslstcmce 
All parts of the pump are made 
from corrosion resistant materials 
and it earns a oo rating. 
Abrasion Resletence 
The pump dld not suffer abrasion 
during the laboratory tests. The 
cupseal is molded rubber and the 
cylinder is drawn brass. The 
abrasion resistance rating is 
therefore 0. 
Mmufactwing Weds 
Manufacture of the Nira AF84 
requires facilities and skills which 
would not be available in a 
country with a low industrial base 
(category 1). However, much of 
the pump could be made in 
countries with medium-level 
industrial development (category 
2). The ratings for categories 2 
and 3 are therefore o and oo 
respectively. 
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General Description 

The locally made pumphead (Iph) is used 
1r-1 the Phrlrppmes with either the locally 
made Eureka or the Japanese made 
Takasago cylinder. The Iph can be made 
from standard -off-the-shelf” hardware and 
plumbing supplres. though an assembly 
drawrng and a complete set of parts 
except for the wooden handle and grip can 
also be provided by local companies or by 
Takasago. 

The Iph COnslsis of a concrete 
pedestal, a very long wooden handle, and 

Laboratow Tests 

The complete configuration of the local 
pumphead with either the Eureka or 
Tagasago cylinders was not tested by the 
Project in the laboratory. However, a 
laboratory test of the Eureka cylinder 
connected to a Philipprne made Jetmatic 
pumphead (Pump 11) was performed in 
1981 and reported in Project Report No. 1. 

Much of the data on the Eureka 
cylinder would not be applicable to the 
case where it is connected to a local 
pumphead. However. it is notable that 

after only 280 hours of endurance testing, 
the Eureka cylinder, which was secured in 
the rising main with an expanding ruober 
bush, as specified by the manufacturer, 
became dislodged, preventing effective 
operation of the pump. 

The smoothness of the brass 
cylinder wall was found to be excellent and 
the mechanical efficiency of the Lnit was 
very good (71% when operated at 30 
strokes per minute with a lift of 45 meters). 

some pipe fittings and bolts to form a 
pumphead and spout. The Ion2 handle has 
a high mechanical advantage and thus 
reduces the required operating force to a 
manageable level even when pumping 
from very high lifts (the Prcjact has 
monitored lifts of over 80 meters). Handle 
length and mechanical advantage vary 
from one installatron to another. In the 
field trials the ranges were 3.7 to 4.9 
meters handle lengths and 11 :l to 15:l 
mechanical advantages. 

The Takasago model HWC65 
cylinder, is a conventional desrgn. but has 
an open top to allow extractron of the 
plunger for maintenance. The 24 inch long 
brass cylinder has a 2-l/4 inch inside 
diameter and is Intended for connection to 
a 2-l/2 inch galvanrzed steel rising main. 
The plunger is also made from brass and 
uses a sequence of four leather cupseals. 
It IS specrfied for 5 Inch nominal diameter 
wells and a maximum recommended lift of 
45 meters (though in practice it IS used for 
greater lifts). 

The Eureka (also known as the US 
Champion Eureka) cylinder is similar in 
design to the model with the same name 
made by Clayton Mark in the USA. The 
brass cylinder is available in nominal 
diameters of 2, 2-l/2 and 3 inches. Those 
monitored by the Project had a diameter of 
46mm and were designed for installation in 
a 2 inch rising main, 

The bottom of the plunger is tapered 
to allow it to be screwed onto a threaded 
recerver protruding from the footvalve. 
The arm is to allow extraction of the 
plunger and footvalve through the open- 
topped cylinder without removing the 
rising main. A spring “dog” holds the 
cylinder in the rising main and it is sealed 

in place by rotating the cylinder and so 
expanding a rubber sealing ring against 
the inside of the main. The footvalve fits in 
a taper in the bottom of the cylinder. The 
plunger has two leather cupseals. 

Manufacture 
The pumphead is specifically intended for 
local manufacture in the Philippines and 
could be made locally in other developing 
countries, even with only low level 
industrial bases. 

The Eureka cylinder is manufactured 
in the Philippines. It demands at least a 
medium level of rndustrial development 
with good quality control of brass 
machimng. The Takasago could also 
probably be manufactured under similar 
conditions, though it is presently imported 
from Japan (there are also some unautho- 
rized and inferior local versions). 

Suppliers 
Local pumphead componenfs: There are 
several manufacturers, including Atlanta 
Vinyl Corporation, 97 9th Avenue, Grace 
Park, Caloocan City, Philippines. 
Eureka cylinder: Malanday Machinery 8 
Mfg Corp. Km 15 McArthur Hi-way-A. 
Elanco Street, Dalandaman, Valenzuela. 
Metro Manila, Philippines. 
Takasago cylinder: Takasago Pump Co 
Ltd, No. lo-24 Osaki 1 -chome, Shinagawa- 
ku, Tokyo, Japan. 

lndicatlve prices - Apr 1985 

Eureka cylinder, including 
plunger and footvalve US$4G 

Prices not provided for other components. 
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Field Trials 

Test conditions 

Number Head 
ot range 

Country pumps (meters) 

Data 
available 
(months) 

Philippines 
Eureka 62 
Takasago 64 

6-42 24 
1-112 24 

Statistical analysis of the field data, 
including graphical presentation, was not 
consldered justified. because the data 
were incomplete. Factors affecting the 
lack ot data included many repairs which 
were carried out in the field without the 
presence ot the Project’s Country Moni- 
toring Engineer (CME) and without consis- 
tently informing the Project. The following 
commentary is based on observations 
which can be reliably reported. 

In most respects, the local 
pumphead performs well. It is well 
accepted by users, though it is very 
difficult for children to reach the long 
handle. Parts which require most frequent 
replacement are the wooden handle and 
the top guide bushing. Nuts, bolts and 
fulcrum pins have also required 
occasional replacement. Replacements 
are relatively simple to undertake and 
parts can be obtained iocally. The handle 
is the most expensive of the commonly 
needed spare parts, costing about US$7- 
11. depending on the length and local 
prices. The large concre’e pedestal adds 
to the cost. 

The Takasago cylinder has perfor- 
med well. Umts wtth this cylinder have 
been mtenstvely used, despite the high lift 
conditions m which many of them have 
been installed. Typically, they have 
served about 20 families per pump, and 
during the dry season about 4.3m3/d has 
been pumped (with the consumption 
ranging from 30 to 50 liters per capita. 

The most common repair needed has 

PUMP 19 

been replacement of the pfunger seals. 
Data are not conclusive, but it appears 
that seal replacement frequency is less 
than on oth% pumps, and in other 
respects too the cylinder can be rated 
highly. 

In practice, the Takasago footvalve 
is not extractable after 6-12 months 
service, because the leather seals swell 
and jam It in position. Also threads on the 
protruding taper corrode. 

The Eureka cylinder has proved 
somewhat problematic. Repairs to the 
pumping element have been required 
about twice a year (about 2.5 times per 
1 OOOm3 pumped). Although typically 
installed at lesser lifts than the Takasago, 
where It could be expec!ed to be easier to 
operate and subject to iess wear, it has in 
fact been less intensively used and 
required more repairs than the Takasago. 
Eureka installations have generally 
served about 15 families per pump, and 
pumped about 2.2m3id (a consumption 
range of 20 to 30 liters per capita per day). 

Overall. the Eureka cannot be 
recommended. The expanded rubber 
rings jammed rn the rising maln and made 
removal Impossible. The design has 
Inherent Inadequacies and manufacturing 
quality control is doubtful. 

A number of modifications could be 
instituted to improve the durability of the 
combined unit, which would also be 
enhanced by Improved manufacturing 
quality control and better installation 
procedures. 

Assessment 

The ratings for the Philippines 
Deepset pump are generally 
based on the performance of the 
Takasago cylinder with a local 
pumphead. The EureB cylinder 
cannot be recommended, as its 
performance in laboratory and 
field trials revealed design 
inadequacies and a high 
frequency of repairs. 
C&charge Rate 
For deep settings, the pump 
achieves a comparatively high 
discharge and earns a “good” (00) 
rating. It cannot easily accom- 
plish the higher discharges 
needed for a 00 rating at lower 
lifts, where the rating drops to 
“adequate” (0). 
Ease of Maintenance 
Though the concept of a local 
pumphead and extractable 
cylinder and footvalve should 
make the pump suitable forvillage- 
level maintenance, practice 
shows that this is not the case. 
The oo rating for maintenance 
system 5 at 7m and 12m lifts, 
r&o;: to o for iifts of 25m and 

Reliability 
For low lifts and low discharges, 
the Takasago cylinder and local 
pumphead earn a 00 rating, but 
higher repair frequencies mean a 
0 rating for 4mJ/d output up to 
25m lift, and the pump is not 
recommended for higher lifts or 
discharges. 
Corrosion Resistance 
The pump has no special 
protection against corrosion and 
cannot be recommended for 
situations where groundwater is 
corrosive. 
Abrasion Resistance 
Use of leather cupseals means a 
- rating for abrasion resistance. 
Manufacturing Needs 
The pumphead can be manufac- 
tured locally in most developing 
countries, earning the pump a o 
rating for countries with a low 
industrial base (level 1). Mode- 
rate industrial development 
should ensure satisfactory manu- 
facture of the cylinders, giving a 
oo rating for levels 2 and 3. 



General Description 

The SWN IS a lever-operated reciprocating 
deepwell pump constructed of labricaled 
steel It IS designed to be litted with ball 
bearings or polymer journal bearings at the 
tulcrum and rod hanger The marrutacturer 
suggests that these mrght also be 
replaced in the field with locally-made 
hardwood beanngs. 

The SWN 80 is the shallow-lift 
version of the pump, with a recommended 
maximum lift of 25 meters. The SWN 61 is 
for deeper lifts (2550m). It has more 
substantial beanng assemblres and is 
generally a more robust pumphead. An 
adjustable counterweight handle is used 
on the SWN 01 to balance the additional 
werght of pumprods at greater depth. 

Below-ground components, which 
are also used on the Kangaroo pump 
(Pump 30) made by the same company, 
consist of a PVC cylinder, a plunger and 
iootvalve made from stamless steel and 

Laboratorv Tests 

THE SWN 80 & 81 PUMPS HAVE NOT BEEN TESTED IN 
THE CATR LABORATORY 

nylon, and a bi-directional elastomeric 
ssal. Valves are brass, with neoprene on 
the sealing laces. Pumprods are encased 
in polyethylene tubing to prsdent abrasion 
of the thrckwalled (46136mm) PVC rising 
ma:n. In the SWN 61, the PVC cylinder is 
remforced wilh stantess sleel bands. 

Conversion units are available to 
make the pump suitabk for pressure 
discharge to a storage tank. or for use as 
a suctton pump, but these have not been 
tested as part of the Project. 

The pumpstand requrres steel fabrication. 
tumrng and welding, with good quality 
control. For the below-ground assembly a 
high level 01 machining skills and quality 
control are essential. 

Sup llers 
Van fi eekum Materials 6’4, Kanaal Noord 
115. Postbus 69.7300 AB Apeldoorn. The 
Netherlands. 

lndlcatlve prices - Apr 1995 

SWN 60 
with ball bearings 
with plastic bearings 

SWN 81 
with ball bearings 
with plastic bearings 

Riser/rod combination 
in 3m lengths 

Cylinders 
2 inch diameter 
2.5 in. diameter 
3.5 in. diameter 
4 inch diameter 

US$630 
U&$609 

US$945 
US$lO85 

us 94 

US$230 
US$267 
US8336 
us3 575 
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Assessment 

The SWN 80 & 81 ratings are 
based on field trials at compara- 
tively shallow depths, but with 
enough data available to make 
conildsnt judgments on the 
pumps like!y performance In a 
wide range of conditions. 
Okcharge Rate 
The available choice of cylinder 
sizes means a “good” (00) rating 
for all pumping lifts. 
Ease of Maintenance 
Consideration of maintenance 
needs is a major shortcoming of 
this pump. The method of 
connecting and dismantling the 
downhole components to and 
from the pumphead precludes 
village-level maintenance at any 
lift. For lifts of less than 12 
meters, area mechanic mainten- 
ance (system B) is quite feasible, 
earning the pump a 00 rating, 
which drops to “adequate” (0) at 
deeper lifts. 
Rellabllity 
The difficulty of maintenance at 
higher lifts, combined with the 
need for more frequent interven- 
tions, makes the pump unsuitable 
for 45 meter lifts, or for a daily 
output of 8m3/d at 25 meters. The 
rating is o for lesser daily outputs 
at 25m. and the pump earns a 00 
rating at lower lifts. 
Corrosion Resistance 
The choice of materials for 
downhole components provides 
excellent corrosion resistance 
and earns aoo rating. 
Abrasion Resistance 
A good design and choice of 
materials justifies a 00 rating. 
Manufacturing Needs 
The number of skills and the 
degree of quality control needed 
make the pump unsuitable for 
manufacture in developing count- 
ries with only low industrial bases 
(Category 1). It is however quite 
suitable for manufacture in 
countries with moderately devel- 
oped industry, scoring oo for 
Categories 2 and 3. 

Field Trials 

Test conditions 

Numtw Head 
of range 

Country pumps (meters) 

Data 
available 
(months) 

Kenya 8 

Tanzanra 3; 

IO-38 24 

1-18 22 

Though the field trials m Tanzania rnvol- 
ved only shallow Irfts. the combined data 
from Kenya and Tanzanra provides a good 
basrs for ludgrng the performance of the 
SWN 80 & 81. The pump IS very easy to 
use. mth a long pumpmg handle and the 
soft pumping action resulting from plastic 
nstng mart-is 

Imtrally. several of the Tanzanra test 
pumps suffered rod hanger breakages 
caused by seizure of the polymer 
bearings Increased clearance on the 
bushes resolved the problem In one 
pump mstalled on a deeper than average 
well (water level about 15 meters) there 
were tour broken plungers In 14 months 
due to stress tarlures. In Kenya. there 
have been several tarlures of pumprod 
and rrsrng marn threads in the deeper 
wells. tnough overall. the pump has 
proved quite reliable. 

lnstallatron and matntenance are not 
easy The pumphead IS heavy, whrch 
adds to the already difficult operatron of 
screwrng the pro-assembled pumprods 

and rising main into the pumphead. With 
the added weight of downhole components 
at deeper lifts, the operation would be 
even more difficult. For maintenance, 
when the operatron is reversed, the heavy 
pumphead must be litted and supported on 
a temporary frame while the rising main IS 
unscrewed. 

The double acttng elastomeric seal is 
an outstanding feature of thts pump. 
Aunmng In a calibrated uPVC cylinder It 
grves excaptronal wear reststance. though 
in time both seal and cylinder will become 
worn and require costly replacement. 
Corroson resistance too is excellent, all 
the downhole components berng made 
tram resistant materials. 

The availability of different cylinder 
sizes means that high discharges can be 
achieved at shallow lifts. 

In general, the Project views the 
SWN 80 & 81 as a very promiscng. though 
expensive pump, wcth the major reser- 
vation that maintenance needs appear to 
have been neglected in the basrc design. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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General Description 

The Vergnet IS a fool-operated pump 
worhmg on hydraulrc pnncrpies. Twm 
flexible polyethylene hoses connect the 
above and below ground units - there is 
no mechanical Irnk. The pumpstand IS mild 
steel wrth starnless steel and brass pnm- 
ary dnve cylrnder components. The below 
ground pumprng element IS a stamless 
steel cylmder wrth valves top and bottom 
and a fiexrble rubber draphragm rnsrde. 

The draphragm expands m response 
to internal pressure exerted by the pnmary 
dnve prston rn the pumpstand. drsplacmg 
water from Ihe pumpmg element up the 
delivery pope When foot pressure IS 
removed, the elastrcrty of the diaphragm 
forces water back up the dnve hose to lift 
the pedal and draws In water through the 
footvalve. 

Manufacture 
The pumpstand requtres moderate skulls rn 
steel fabncatron and fittrng. whrle the pum- 
prng element demands advanced manutac- 
tunng technrques and hrgh qualrty control. 

Suppliers 
Socrete Mengrn. Zone fndustneile d’Amrlly. 
45203 Montargrs. France. 

Indicative prices - Feb 1985 

Laboratory Tests 

Date tested: 1979 RepotTed: ODA Report 198 1 

Pertormance data (typical values) 

Head (meters) 
Pumping rate (cyclss/min) 
Volume/min (liters) 
input (watts) 
Mechanical efficiency (%) 
Maximum pedal force (kg-f) 
Footvalve leakage (mumin) 

7 45 
36 92 24------- 75 
10 24 5 14 
59 199 51 245 
15 14 57 44 

47 76 
No significant leakage 

Note: The rubber pumping element has been modified since fhe laboratory tests, 
so thatperfonnance characteristics may now be different 

Evaluation 
At the trme of the laboratory tests in 1979. 
the Vergnet was a relatively new design. 
The concept has remained essentially the 
same. but detailed destgn changes have 
taken place smce the tests were carried 
out, and the laboralory findings should be 
viewed in that Irght. More recent downhole 
components wera tested In 1962 on the 
ABI-ASM pump(Pump01). 

Installation of the Vergnet pump is 
very smple. No lrftrng tackle IS needed, as 
the pumprng element can be lowered down 
the well by hand, usrng the connectrng 
polyethylene hoses. The pump IS not self- 
prrmrng. 

The ground-level pnmary cylinder is 
also comparatively easy to maintain, 
and removal of the pumprng element IS a 
sample task, though replacement 01 the 
draphragm wrth a new one IS expensive. 
The laboratory trials indrcated that the 
most likely marntenance needs would be 
replacement of lhe pedal rod guides and 
plunger seals In the primary cylmder, 
every 1500 lo 2000 pumpmg hours. 

The 4000 hour endurance test 
was carried out at 40 cycles per mrnute 
with a stmulated head of 45 meters, The 
plunger gurde wore badly and was rep- 
Led midway through the test, otherwse 

the pump completed the test wrthout 
failure. At the end of the test, there was 
significant leakage past the seals of the 
dnve plunger. leading to the need to raise 
the pedal by hand frequently. The guides 
have been modified since the tests and a 
repnmrng arrangement has been added to 
overcome the pedal return problem. 

Corrosion resistance is generally 
good. Some pitting did occur In the end 
caps of the rubber diaphragm, but again 
the material has subsequently been 
changed. 

The pu,np requires consrderable 
effort to operatc, but full body weigfrt can 
be applied to the pedal. Users therefore 
found the pump relatively easy to use. 
thougt- rhildren and smaller users could 
not produce the high forces needed for 
pumping trom depth (some overcame the 
problem by balancing two people on the 
small pedal). 

The pumpstand proved robust, and 
with only one external fixing seems reaso- 
nably resistant to abuse or pilferage. 

Overall conclusion of the labor- 
atory trial was that the Vergnet’s novel 
design should prove reliable for comm- 
unity water supply use, though the one-off 
cost or replarrng the diaphragm IS high. 

Pumpstand and 
pumping element 

Twin hose foer meter) 
US$587 

usl2.55 

138 PUrvlP 21 



Field Trials 

Test conditions 

Number Head 
Of range 

Country pumps (mef2rsJ 

Data 
awlable 
(months) 

Burhtna Faso 35 
Mall 25 
Kenya 8 

l&&I 26 
9 21 27 

15-50 19 

The Vrrgnet pump has undergone a 
number of des#Gn modltxatlons In the 
course ot the Project held tnais. and deve- 
lopment work IS still going on to Improve 
the pump diaphragm (current versions are 
suppkd svlth ,I three year guarantee) 

Pump Insfallatlon has proved very 
r&y with no need tar llftlng equipment 
The pump can be t?:.tracted from d well 
,xnd re tnsfalled wllhln halt an hour It IS 
also possible to lnstdll two or more pumps 
tn a singIt? well ~a 125mm well tar two 
pumps or J 150mm well for three or tour 
pumps\ Only one spanner IS needed to 
service the upper cyltnder. and the down 
hole pumping element can be Inspected 
wlthou! drfftculty 

In the West Atrlca held trials. the 
Vergrlt~! proveid quite r&able. though It 
w.15 susceptible to solid parttcles entenng 
the pumptng element. either through the 
Internal pumping clrcult or via the upper 
cylinder assembly When the pumping 
element hlls with sand for silt or clay), the 
diaphragm becomes InoperatIve and 
tonally ruptures rt 11 IS not cleaned A new, 
Improved diaphragm IS being field tested, 
,tnd 111 some regtons mechanics have 
bct!rr .\ble to repair ruptured d\aphr;lgms 

Ttlt: ijppt*r c:ylinder plunger sc’als 
net!dr~d roqul,ir rt?placem~!nt. but Ihe lash 

was well withIn the capabllltles 01 a local 
caretaker and costs very little. 

A small amount of corrosion 
occurred on the n,eral parts 01 the 
diaphragm. but tn general the Vergnet 
proved substantjally corroston resIstant 
This was not the experience in Kenya 
however. where the end caps of the 
www element sufiered severe 
corroson Pedal breakage was another 
problem In the Kenyan trials. though G 
rarely occurred in the lengthier L%,st 
African trials 

The dtscharge rate oi 0 6 to 1 .Om3 h 
arhleved In West Afnca proved 
acceptable to users. but Kenyan users 
did nol llhe the effort needed to pump flom 
more than 25 meters 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

The Vergnet ratings are based on 
its performance in field trials and 
in laboratory tests carried out in 
1979. The below ground compo- 
nents were a!so laboratory tested 
in 1982, in connection with testing 
of the Abi-ASM pumps. 
Discharge Rate 
The discharge rate achievable 
with acceptable pumping effort is 
too low to make the pump 
c0mpetit.e for low-litt appli- 
cations, and it is rated “unsui- 
table” (-) for pumping lifts of 7 
and 12 meters. For lifts of 25 and 
45 meters , the Vergnet can ach- 
ieve the discharge rates needed 
to earn a 0 (“adequate”) rating. 
Ease of Maintenance 
Below ground components of the 
Vergnet can be extracted from 
any depth without the need for 
special tools or equipment, and 
above ground maintenance IS 
simple. However, for replacement 
ol the diaphragm, a village care- 
taker might need the assistance 
01 an area mechanic. The “good” 
(00) ratsig for maintenance Sys- 
tems 6 and C reduces to o for 
System A. 
Reliability 
Field performance of the Vergnet 
earns the pump a oo rating for 
lifts up to 25m and daily outputs 
up to 4m3 For 45m lilts or for 
discharges of 8m%d, the rating 
drops too. 
Corroslon Resistance 
The oo rating is based on 
performance in West Atrica. 
Abrasion Resistance 
The Vergnet is little affected by 
abrasion, but the possibility of 
damage to the diaphragm caused 
by silt build up in the pumping 
element reduces the rating to O. 
Manufacturing Needs 
The Vergnet pumpstand is 
suitable for manufacture in a 
country wirh moderate industrial 
facilities, but the downhole compo- 
nents require specialized skills 
and tight quality controls and 
could only be manufactured in a 
country with a high level of inrJus- 
trial development (Category 3). 
The ralings for manufacturing 
environments 1.2 and 3 are there- 
fore -, o and o respectively. 
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General Description 

The VEW IS a deepwell force pump with a 
rotary operatmg mechanism, using cable 
rather than rods. The pumpstand IS made 
from varnlshed steel plate (stainless steel 
IS an optlonal extra) and ball races are 
used at the crank pin journals. The cable 
attaches to an eye on the hanger, and a 
large stalnless &xl counterwelght main- 
tams Ihe cable tension. Twin handles 
make the pump suitable for two-person 
operation. and each has a counterweight. 

The heavy cylinder can be withdrawn 
through fhe 4 inch uPVC nsmg main, which 
has stainless steel connecters and can 
also form the wall casng. The piston seal 
IS PTFE backed by a concealed rubber 
ring. and piston and footvalves use stain- 
less steel balls. SIX cylinder diameters are 
avaIlable fo suit different depths. 

Manut-acrum 
Both above and below ground components 
call for high levels of manufacturing skills 
and quality control 

Suppi fers 
Veremigte Edelstahlwerke AG. Franz 
Josefs-Kai 51, A-101 1 Vienna, PO Box 
56. Austna. 

indicative Drices - Mar 1985 

Pumpstand, cable, cylinders, and 
spares, for 30m lift tJS$l.400 
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Laboratow Tests 

Date tested: 1982B3 Reported: Handpumps Project Report No. 3 

Performance data (typlcal values) - 7Omm dia. cylinder 

Head (meters) 
Pumping rate (cyc!&min) 
VolJme/min (liters) 
Input (watts)* 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvalve leakage (ml/min) 

7 25 45 
40 40 
28 

iii 
24 

62 I77 300 
49 59 80 
10 30 45 

No significant leakage 

l Total watts input is noted. With two operators, input and handle force per person 
milbe half the figures ind&~ted here. 

Evaluation 
The sample pumps were well packed, 
though unwieldy (4 meters long packing 
cass). They arrived in good condition, bui 
the handles of both pumps had been 
slightly misaligned in assembly. 

Steel rising main was used ill the 
laboratory tests, as recommended by the 
manufacturer at that time. Installation 
instructions were useful, but would 
have benefited from more illustrations. In 
fact, heavy lifting tackle and skilled 
people are essential for installation. as 
downhole components are heavy and not 
readily manipulated by hand. Pipe 
wrenches have to be big enough for 4 inch 
pipe. 

For maintenance purposes, the cyl- 
inder can be withdrawn using the crank as 
a windlass. Originally. the manufacturer 
did not recommend on-site repiacement of 
plunger seal;, proferring replacement of 
the compiete cylinder. More recently the 
cylinder has been made easier to dis- 
mantle, but seal replacement remains a 
skilled operation. If the cable breaks, 
cylinder extraction is likely to be difficult. 

The 4000 hour endurance test 
was carried out at 40 cycles per minute, 
with a simulated head of 45 meters. Four 
breakdowns in the first 1 i 00 hours could 
be attributed to inadequacies in the cable 
supporting arrangements and the handle 
and crankshaft arrangement. These resul- 
ted in the cable twisting under tension, 
making the bearing saddle run out of true 
and causing rapid wear of the saddle and 
thecrankshaft 

The crankshaft wore out twice, the 

handle broke once and the cable itself 
finally broke. Modified handles and crank- 
shafts were provided rapidly by the manu- 
facturer and a swivel was fitted in the 
cable. With these modifications (now 
permanent) the VEW completed the endu- 
rance test without further failure, though 
at 0’18 point the plunger jammed at top 
dead center and had to be freed by pulling 
on the cable by hand. At the end of the 
test, the pumpstand and cylinder were in 
generally good condition. but with some 
play evident in the crankshaft bearing. 
The plunger seal was excessively worn 
and there were signs of wear on the 
plunger body. The footvalve was in good 
condition. 

There was little sign of corrosion, 
except for some around the cylinder snap 
fitting at the bottom of the rising main. 

The pumpstand withstood tile 
Impact tests without damage. 

Users found the VEW difficult to 
operate. Most did not have the strength to 
attain sufficient momentum to keep the 
handle turning smoothly. The modified 
handles now used make operation easier, 
and the VEW is well suited to two-person 
operation. 

The overall conclusion of the labor- 
story trials was that the VEW is a robust 
but very expensive pump,. It requires a 
lined borehole large enough to take the 4 
inch uPVC rising main, or an appropriate 
snap fixture to be fitted to the bottom of 
the casing. The pump needs special skills 
for installation and maintenance. It is not 
suitable for manufacture in developing 
countries. 
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Field Trials 

THE VEW PUMP HAS NOT BEEN FIELD TESTED 
BY THE HANDPUMPS PROJECT 

PUMP 22 

Assessment 

The VEW ratings are based on 
perfomance in the laboratory 
teEitS. 
Discharge Rate 
Though the pump is capable of 
high discharges at ail depths, the 
difficulty of operatios and high 
efforts needed keep the rating 
down to “adequate’ (a) for all 
pumping lifts. 
Ease of Maintenance 
The pump is “unsuitable” (-) for 
village-level maintenance (Sys- 
tem A) and lifting gear would be 
needed for maintenance at 
depths of 25 and 45 meters. The 
pump therefore earns a o rating 
for area-mechanic maintenance 
!;;;;yB) at depths ot 7m and 

Reliablll~ 
Modifications have corrected the 
early reliability problems in the 
laboratory trials, but when 
maintenance needs are taken into 
account, the pump Is not rated 
suitable for discharges greater 
than 4d/d or lifts greater than 25 
meters. The rating of o for other 
applications, rises to “good” (00) 
for discharges of 1.5m%d, where 
maintenance needs would be 
slight. 
Corrosion Resistance 
The pump is manufactured from 
corrosion resistant materials and 
earns a 00 rating. 
Abreslon Realstance 
Rapid wear in the plunger seal 
when sand was added to the 
water in the endurance test 
results in a - rating ior abrasion 
resistance. 
Manufachrring Nesds 
Well-developed skills and compre- 
hensive facilities are required for 
manufacture of the VEW. It could 
only be manufactured in a 
developing country with an 
advanced industrial base, and 
then only with some external 
support and guidance. The pump 
1s therefore rated 0 under manu- 
facturing environment 3, and - 
for categories 1 and 2. 
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General Description 

The Volanla IS a deepwell reciprocating 
pump driven by rolatlon of a large fly- 
wheel A crank and connectmg rod 
convert the rotary motion lo a reclpro- 
calmg a&on transmttted to the plunger 
through stamless steel pumprods. For 
depths less than 30m. hook-and-eye 
connectors are used lo jotn the pumprods. 
for greater depths, the manufacturer has 
recently adopted threaded connectors. 
The crank throw can be adjusted to suit 
water depth 

Crankshaft and flywheel run on ball 
bearings mounted on a plate which can be 
ftxed to a steel or concrete pedestal. The 
cylmder IS a fiberglass reinforced epoxy 
resin tube with a close-ftttmg seal-less 
stamless steel plunger. Molded rubber 
valves are used and a 0 lmm screen IS 
titted The cylmder can be llfted from the 
well wlthout removmg the 75mm diameter 
PVC nstng main 

Manufacture 
The above-ground components of the 
Volanta are comparatively straightforward 
to manufacture. The fiberglass reinforced 
piastlc cylinder and starnless steel 
plunger must be manu’actured to fme 
tolerances 

Suppiiers 
Jensen Venneboer BV. lndustneweg 4. 
Postbus 12. 8130 AA Wlihe. The Nether- 
lands. 
Centre Samte famllle. Saaba. BP 3905. 
Ouagadougou. Burkina Faso. ‘Inter- 
nattonal orders can be supplied via STAR. 
BP 4387. Ouagadougtiu. Burkma Faso 

Laboratorv Tests 

Date rested: 1985 fleported: World Bank Applied Technology Note No. 2 

Performance data (typical values) - 50mm dia. cylinder 

Head (meters) 7 25 45 
Stroke (mm) 310 130 140 
Pumping fate (cycles/min) 50 52 50 
Volume/min (liters) 30 19 11 
Input (watts) 78 120 133 
Mechanical efficiency (%) 40 63 60 
Maximum handle force (kg-f) 10 12 18 
Footvalve leakage (mumin) No significant leakage 

Nofe: Figures are for a Y/ying”start 

Evaluation 
Three versions of the Volanta have been 
tested at different times. This summary IS 
based on the most recent design. mcor- 
poratmg stainless steel pumprods with 
hook-and-eye connectors in place of the 
previous cable connection between above 
ar,d below ground parts. Details of the 
earlier tests are In Project Report No. 3. 

Following the earlier laboratory trials, 
the manufacturer made a number of 
changes, settling for the seaLless 
stainless steel plunger in a llberglass 
reinforced plastic cylinder as standard, 
relocating the taper seat at the top of the 
cylinder to prevent sand-locking. addmg 
brass weights to the molded rubber 
valves. and substituting steel pumprods 
with hook-and-eye connectors for the 
previous cables. 

Initially. pump performance did not 
match the manufacturer’s figures and this 
was found to be due to excessive 
clearance between the plunger and the 
cylinder. A replacement cylinder produced 
improved results Two pumprod breakages 
occurred during the first hclf of the 
endurance tests. The manufacturer 
supplled new rods from a different grade of 
stainless steel for the remainder of the 
endurance tests and no furtt+r failures 
occurred. 

In the final inspection. tne valves 
showed some srgns of wear but were still 
serdlceable and the cylmder and footvalve 
were In good condition. The pumpstand 

gland needed repacking, but otherwise the 
pumpstand was in good order. 

There was no evidence of corro- 
sion at the end of the test. 

Some users found the Volanta 
difficult to start and to maintain a steady 
rhythm, and the delivery is greater when 
the pump has a flying start, as it 
commonly does during daily use in the 
field. 

After the endurance test, the work 
input per stroke was very much lower, with 
a corresponding improvement in overall 
pumping efficiency. There was no signi- 
flcant change in the plunger or cylinder 
dimensions, and the plunger has no seals, 
so the lower work input was attributed to 
reduced friction in the wellhead gland. 

The body impact test was not 
applicable to the Volanta, which is fixed to 
an in-situ pedes:al, but in the earlier trials 
tests were carried out on the spokes of 
the wheel, which bent at an impact of 400 
Joules, though the purnp remained usable. 

The overall conclusion of the lab- 
oratory testing was that the Volanta is an 
innovative design, which is very simple to 
install and maintain. The design improve- 
ments have been successful in improving 
the performance, reliability, and service- 
ability of the pump. 

Many parts are suitable for 
manufacture in developing countries, 
though rigorous quality control is needed 
in manufacture of the cylinder assembly. 

Indicative prices - Mar 1985 

Par pump US% 600-630 
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Field Trials 

T&d conditions 

Number Head Data 
ot range available 

Countfy pumps (mefers) (months) - ._~___ - ____.--~ - 

Burhlna Faso50 16-31 36 

Ghana 24 6-14 15 

Kenya 9 12-45 12 

The pumps mttlally installed in Burkina 
Faso were of the old design, using a cable 
as the connectton between the plunger 
and the head assembly and threaded 
founts for the PVC nsng mains. The cables 
frequently caused poor performance and 
were eventually replaced with the new 
arrangement of stamless steel pumprods. 
Cracks and jolnf fallures occurred In the 
nsing mains until a solvent cement fointlng 
system was Introduced 

Except for these early failures. the 
Volanta proved very reltable. though 
dlffenng qualltles of stainless steel can 
still lead to some rod failures (the softer 
steel IS more satisfactory). 

The Volanta’s above-ground assem- 
bly IS robust, and In Burkina Faso It has 
been found that the rotary action is well 
suited to mechanical operation, using a 
small engine. User reaction to the rotating 
flywheel has generally been good, and the 
output, averagmg 0.6 to 1.5mj/h has 
proved adequate for the field trial users. 

The apparently high number of pump- 
rod failures on the bar chart IS largely 
accounted for by the early experiences 
with steel cables and rods. More recently, 
the Volantas have been averaging about 

0.3 breakdowns per pump per year and a 
similar number of interventions to correct 
poor performance. Both figures are very 
similar to the record of the India Mark II in 
West Africa. 

The Volanta has also been well 
accepted by the users in northern Ghana. 
None of the 24 pumps monitored there 
required any maintenance intervention 
dunng the first 15 months of operation. 
Though the pumping lift is only 6.14 
meters, they are heavily used. From 
March to September 1986. daily outputs 
ranged from 2.2 to 16.7m3. with an 
average of 7.7m3. and in the dry season 
some pumps reached an output of 25mj/d. 

The Volanta pumps tested in Ghana 
are of a later model (1964). while those in 
Burkina Faso are older pumps which have 
been modified during the field trial. 

The Volanta has been designed on 
VLOM principles with emphasis on ease 
of repair. Only simple tools are needed to 
pull out the entire pumping element, 
Including pumprods and footvalve. The 
fact that the pump is manufactured in 
Burkina Faso, in a workshop without any 
sophisticated equipment (a Catholic 
Mission near Ouagadougou). verifies its 
suitabillty for local manufacture. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

The Volanta ratings are based on 
the pump’s performance in both 
field trials and laboratory tests. 
Discharge Rate 
The adjustable stroke enables the 
pump to deliver a high discharge 
at di/ lifts, and it earns a “good” 
(00) ra!ing under this heading in 
all the tables. 
&me ot Maintenance 
Most maintenance operations on 
the Volanta can be readily carried 
out by village caretakers over the 
full depth range, but the need for 
some help from area mechanics 
for special repairs reduce the 
rating to “adequate” (0) under 
maintenance system A from 00 
under systems Band C. 
Reliability 
Performance in the field trials 
earns the Volanta a 00 rating for 
reliability for depths down to 30 
meters, but reservations about 
pumprod performance below that 
depth mean a o rating for the 45m 
lift. 
Corrosion Reslstance 
The Volanta is built entirely from 
corrosion reistant materials below 
ground and earns a oo rating. 
Abrasion Resistance 
The pump has a seal-less piston 
and was unaffected by sand 
pumping in the field trials, earning 
a oo rating for abrasion resis- 
tance. 
Manufacturing Needs 
Most of the pump components are 
suitable for manufacture in deve- 
loping countries with a moderate 
industrial base (manufacturing 
environments 2 and 3), though 
good quality control is needed in 
manufacture of the fiberglass 
reinforced plastic cylinder and 
stainless steel plunger. External 
help would be needed if attempts 
were made to make the Volanta in 
a country with only a low or 
moderate level of industdal 
development (manufacturing envi- 
ronments 1 and 2). The ratings 
under categories 1,2 and 3 are 
therefore o, o and oo respec- 
tively. 
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General Description 

The Consallen is a deep-well. lever-arm 
force pump. Pumpstand and handle are 
fabricated from steel and hot-dip galvan- 
ized. Handle bearings are sealed ball 
races. The rising main is attached lo a 
removable delivery tray. making it poss- 
ible to extract the below-ground assembly 
without removing the pumpstand. 

The rising main is ABS pipe and 
pumprods are stainless steel with rolled 
threads. The cylinder barrel is internally 
honed stainless steel tube. The brass 
plunger is fitted with a hydraulic poly- 
urethane U-seal. The footvalve varies with 
different cylinders using either a molded 
rubber membrane or a rubber O-ring seal. 

MNUhhWtT 

The pumpstand requires machining and 
welding of steel sheet and section. 
Processes are straightforward. but high 
standards of workmanship and quality 
control are necessary. Similar require- 
ments apply to the below-ground assem- 
bly, partictilarfy to achieve an appropriate 
internal finish in the cylinder bore. 

Suppliers 
Consallen Structures Ltd.. Epping. Essex, 
UK. 

Laboratorv Tests 

Date tested: Full test in 1980; extra tests on modified below-ground components in 1983 
Reported: ODA Report 7 98 1 on 1980 testing. 

Psrtormance data (typical values) - 63mm cylinder, 1983 

Head (meters) 
Pumping rate (cycfeslmin) 
Volume/min (liters) 
Input (watts) 
Mechanical efficiency (%) 
Maximum handle force (kg-9 
Footvalve leakage (mVmin) 

7 
40 
14 

ii 
4 

25 
40 
14 
79 
68 
IO 

No significant leakage 

45 
40 
14 

135 
72 
18 

Note: These resutis obtained affer bedding in the pump for 790 hours. lnifiafl& 
the pump was stiff to opemte bacause the piston seals ware over!YzsiY 

Evaluation 

heavy-duty corrugated cardboard cases, 
The pumps tested in 1980 were packed in 

locally reinforced with wood, and were 
received in working order. In one of the 
samples tested in 1983. however, the 
brass bush inserted in one of the handle 
bearings was 1oo long, so that the handle 
could not be assembled into the pump- 
stand. The threads on the pumprods were 
not straight, due to a fault which the 
manufacturer corrected immediately. 

Helpful and comprehensive Instruc- 
tions for installation, maintenance and 
repair were provided, in English. Using 
ABS rising main, the purrp is relatively 
easy to install without lifting tackle. 
General maintenance is also 
straightforward, though repairs 10 the 
steelwork of the pumpstand would be 
difficult to carry out in the field, and care is 
needed when the handle bearings are 
replaced. 

The 1983 version was subjected to 
impact tests. The handle was distorted, 

version was not endurance tested. 

though this did not affect the operation af 
the pump. 

- 

The baseplate was also 
distorted by a heavy impact on the body of 
the pumpstand. Although the construc- 
tion af the pumpstand should prevent any 
loss of sanitary seal at the wellhead, such 
distortion would be likely to impose 
additional bending loads on the pumprod 
and rising main. The pump withstood the 
allotred 96,000 cycles of the handle shock 
test without failure. Users found the pump 
generally easy to operate. 

In the 4000 hour endurance test, 
carried out on the 1980 version, the pump 
was driven at 40 cycles per minute. with a 
simulated head of 45 meters. No break- 
downs were recorded. In the final inspec- 
tion. the pump was found to be in good 
working order throughout, with little wear. 
There was no corrosion. The 1983 

The overall conclusion of the lab- 
oratory tests was that the pump has the 
potential to be suitable for community 
water supply, if adequate reliability in the 
field can be assured. A number of modifi- 
cations have been introduced since 1980, 
though there remains scope for further 
improvement. The light weight of the 
below-ground assembly, using ABS pipe, 
assists in both installation and mainten- 
ance. However, the materials and 
methods of construction mean that the 
pump would not be easy to manufacture in 
most developing countries. 

Indicative prices - Feb 1985 

Pumpstand and cylinder 
Stainless steel pump rod, 

per meter 

US$l32 

us3 
ABS;ising main, per meter US$3.50 
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Field Trials 

Test conditions 

Number Head 
of range 

Countfy pumps (meters) 

Data 
available 
(months) 

Malawi 16 8-25 31 

The lengthy field trial in Malawr has 
provided good data on the performance of 
the Consallen pump. Generally, the pumps 
have performed poorly. The most signi- 
ficant problem was the failure of ABS 
nsrng mains at the threaded faints. It is 
thought that the problem was aggravated 
In many cases by oversrzed polyurethane 
seals supplred wrth the cylinders. After the 
seals had been filed down by the 
manufacturer, fewer breakdowns occur- 
red. though some were stilt recorded. 

Several pumpheads suffered severe 
damage. with the handle fulcrum bracket 
shearing off the pumpstand. because of 
the weak nature of the !lange and its con- 
r-reckon to the square-section pumpstand. 

As field tr:als progressed, the 
manufacturer was kept Informed of the 
problems As a consequence, stiffened 
pumpheads were delrvered and replaced 
the earker ones. The modified pumps also 
rncorporated a dekvery tray which allows 
removal of the downhole components 
through a cover plate on the pumpstand. 

Most of the Malawi pumps were 
equrpped wrth 2-Inch cylinders, giving 
relatrvely low discharge. The combination 
of low discharge and frequent breakdown 
meant that users were not enthusiastic 

about using the Consallen. Consallen 
pumps, which were breaking every 2-3 
months were eventually replaced with 
either Maldev (Pump 14) or India Mark II 
(Pump 09) pumps, which would last for I-2 
years between repairs. 

Insta!lation of the Consallen is a 
fairly simple operation, helped by the light 
weight of the downhole components, 
though some skill is needed. Maintenance 
too is comparatively easy, unless the 
breakdown is major (as with the broken 
fulcrum brackets). 

The overall conclusion of the field 
tests was that use of the 1983 Consallen 
should be restricted to lifts of 10 meters or 
less, when it can be expected to have reas- 
onable reliability and be straight-forward to 
mamtain. For greater lifts, frequent break- 
downs can be expected, and the pump 
cannot therefore be recommsnded for 
village use (though it has been advertrsed 
as suitable for lifts down to 60 meters). 
Used for low lifts, the pump has the 
advantages of good abrasion and corr- 
osion resistance. 

Desrgn changes have been made, 
but the mrdrfied pumps have not been 
tested 

CAUSES OF ESSENTIAL INTERVENTIONS 

TOTAL HD k ti oi 
PART REPLNXD 
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Assessment 

The Consallen ratings are based 
on the pump’s performance in 
lengthy field trials in Malawi and 
on laboratory testing. Modifi- 
cations made to the pump design 
as a result of early trial results 
have been taken into account 
where possible in the ratings. 
Because of the Project judgment 
that the pump cannot be recom- 
mended for deep lifts, it has been 
included in Pump Selection 
Tables for lifts up to 25 meters 
only, though manufacturer’s liter- 
ature indicates greater lifts. 
Discharge Rate 
With the right choice of cylinder 
size, the pump can achieve high 
discharges and earns a “good 
(00) rating ior all lifts. 
Ease of Maintenance 
The skills and tools needed 
preclude village-level mainten- 
ance. but the comparative 
simplicity of most maintenance 
earn the pump a oo rating for area- 
mechanicorcentral maintenance. 
Reliablllty 
The frequency of breakdown 
results in the pump being rated 
“unsuitable” (-) for use at 25 
meters lift. It is rated “adequate” 
(0) for daily outputs up to 4m3/d at 
t2m lift or am%d at 7m lift, and 
earns a 00 rating for lighter 
duties. 
Corrosion Resistance 
All components are corrosion 
resistant, giving a 00 rating. 
Abraslon Realetance 
The pollshed cylinder and polyur- 
ethane seals earn ao rating. 
Manufacturing Needs 
Though the Consallen’s basic 
assembly Is not complex, it needs 
careful quality control in manufac- 
ture, and uses ABS rising main 
which may not be readily available 
in many developing countries. 
Ratings for high, moderate and 
low levels of industrfal develop 
ment are therefore 00. o, and - 
respectively. 
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Laboratorv Tests 
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THE DMR (DEMPSTER DERIVATIVE) HAS NOT BEEN 
TESTED IN THE CATR LABORATORY 

&4 ,J 

L;-c. : 

. . 

General Description 

The ongmal Dempster pump was deslgned 
in the USA tn the last century as a family 
pump used normally In a farmyard. The 
DMR uses a stmllar desgn. Most parts of 
the pumphead and workmg mechanrsm are 
made from cast Iron. wtth steel used for 
the top gutde flat bar. connectmg rod and 
pivot pms. The many exposed movmg 
parts need heavy lubncatlon. 

Below ground, the pump is of 
conventional rectprocatmg design, usmg 
galvamzed steel nsng mam. steel 
pumprods and a 3-Inch dtameter brass 
cylinder with tradItIonal leather cupseals. 

In Thailand. fairly comolicated sand 
casting IS used to manutacture the pump. 
Machme fmishmg IS necessary for some 
above-ground components and many 
&low-ground ones. notably the cylinder 
and pumpmg element assembly. 

Suppliers 
There are several manufacturers In 
ThaIland. Includng Muangthong Charkkol 
Co. Ltd. 36312 Takrsin Road, Bangkok 
10600. Tharland. 

Indicative prices - May 1965 

Pumpstand and cylinder 
Pumprods and nsing 

main per meter 

uss93.50 

USS2.60 
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Field Trials 

Test conditions 

Number Head 
Of range 

Councyf pumps (meters) 

Dafa 
available 
(months) 

Thalland 35 3-21 21 

The DMR Dempster derivative did not per- 
form well in the field tnals. The pump was 
heavy to operate with the original mech- 
anical advantage of 51. Extension of the 
handle. to Increase the mechamcal advan- 
tage to 8’1 did not prove successful, as 
the handles were not strong enough to 
wlthstand the extra strain then Imposed. 

A good discharge rate can be ac- 
leved by those able to use the full stroke 
length (215mm). but the long pump body 
makes the handle too high for young 
children The drive mechanism IS shaky 
and the exposed movmg parts need 
contmual heavy lubrication to avold rapid 
wear Even with lubncatlon there are prob- 
lems. as the grease combmmg with dust 
and sand In the air causes grinding 01 
several movmg parts. 

The most common faiiure m the tleld 
was breakage of the fulcrum link, with 
other failures Including wear of the flat bar 
to connecting rod thread. pumprod break- 
age at the connecttng rod adaptor, bruken 
handles and tallure of the pump base 
flange weld 

The below ground components of the 
DMR Dempster denvative are conventional 
and required the usual repalrs 10 worn 
leather cupseals. footvalves and leakmg 
lomts. The threaded connection between 
the pump body and the l-l!2 inch diameter 
galvamzed steel rising main proved 
especially prone to fatigue tallure. 

As a result of the field tnals, It was 
recommended that DMR Dempster 
derivative pumpheads in Thailand’s rural 
wale: programme should be replaced with 
Korals (Pump 13). leaving the downhole 
components tn place. 

CAUSES OF ESSENTlAL INTERVENTIONS 
57 , 1.75 -20 
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Assessment 

The ratings for the DMR Dempster 
derivative are based on the 
pump’s performance in field trials 
over a limited depth range. 
Discharge Rate 
Availablllty of a range ot cylinder 
sizes mean!; that the pump can 
achieve a “good” (00) discharge 
for all heads up to 25m. 
Ease of Maintenance 
The pump is not suitable for 
village-level maintenance, but at 
shallow lifts can be readily main- 
tained by area mechanics. It 
therefore earns a ao rating for 
maintenance system B at 7m and 
12m, reducing to “adequate” (0) at 
25m. 
Rellabillty 
Performance in the field trials 
showed that the DMR Dempster 
derivative would require an 
unacceptable level of repair if 
used for lifts in excess of 12 
meters. At shallower lifts, the 
pump is rated oo for low daily 
outputs and o for moderate daily 
outputs (4mj/d), but unsuitable 
for higher outputs. 
Corrosion Resistance 
The pump has no special 
protection against corrosion and 
cannot be recommended for 
situations where groundwater is 
corrosive. 
Abrasion Resistance 
Use of leather cupsea!s means a 
- rating for abrasion resistance 
Manutacturlng N&s 
The Dempster dosign has been 
adapted to make the pump suit- 
able for manufacture in Thailand, 
and it could be readily made in a 
COuniry with a moderately 
developed industrial base, 
earning a 00 rating for manu- 
facturing categories 2 and 3. 
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General Description 

The Nira AF76 is a deep-well. lever-arm 
force pump. The pumpstand has a 
galvanized tubular steel column with a 
cast iron base and pumphead which is 
nylon coated. The seamless thin-walled 
brass cylinder has a gunmetal plunger and 
molded rubber cupseal and valve bobbins. 

Cylinders are available in 5Omm and 
76mm diameters. 

Manufectwe 
Foundry work and steel fabrication skills 
are needed, together with facilities for 
rubber molding. 

Suppliers 
Vammalan Konepaja Inc. 39200 Vammala. 
Finland. 

Indicative prices - Feb 1995 

Pumpstand and cylinder 
Rising main and pumprod 

per meter 

US5 236 

US$ll 

Laboratorv Tests 

Date tesfed: 7982 Reported: Handpumps Project Report No 3 

Fartormanca data (typlcal values) - 76mm dta cylinder 

Head (meters) 
Pumping rate (cyckwmin) 
VolumMnin (liters) 
hput (Wats) 
Mechanical efficiency (%) 
Maximum handle force (kg-f) 
Footvalve leakage (ml/min) 

7 25 
40 40 
25 26 
39 139 
71 75 

8 34 
No significant leakage 

Evaluation 
The two test pumps, including the 
pumprods and rising main, were delivered 
in a single wooden case. The case was 
large and very heavy. Both pumps were in 
working order, but one cylinder had bnsn 
damaged causing distortion of the bore. 

A leaflet was supplied with the pumps 
which included an annotated sketch of the 
components, but there were no instruc- 
tions for instal!ation or maintenance. 
Installation is straightforward, but the 
below-ground assembly is heavy, deman- 
ding lifting taskle for all but the shallowest 
settings. Care is needed to avoid dama- 
ging the relatively thin cylinder barrel. 

Maintenance of the cylinder will 
also require lifting tackle. since the 
pumpheadandentirebelow-groundassem- 
bly must be lifted out. To service the plun- 
ger or footvalve. manufacturer’s spares 
are required. The pumpstand is easy to 
dismantle. Handle bearings would be 
simple to replace in a workshop; in the 
field, replacement of the complete fulcrum 
casting might be required. 

For the 4000 hour endurance test, 
the pump was driven at 40 cycles per 
minute, at a simulated head of 36 meters. 
This was the maximum depth recomm- 
ended by the manufacturer at the start of 
the test. The handle broke several times 
during the test, and in response ,he manu- 
facturer reduced the maximum reconm- 
ended depth for the 76 mm cylinder to 18 
meters, and offered a 50 mm cylinder for 

greater depths. At the end of the test, the 
handle bearings, plunger seal, cylinder 
and valves were in good condition. 

Corrosion caused ihe pump to fail 
after 1000 hours. The setscrews used to 
assemble the plunger were badly corr- 
oded, and one of them broke. The plunger 
could not be dismantled and was therefore 
replaced. The setscrews in the second 
plunger ccrroded in the same way as 
those of the first, but less rapidly, so the 
second plunger completed the remainder 
of the test without failure. There was no 
corrosion elsewhere in the pump. 

The pump was undamaged by 
impacts on the handle, but a heavy 
impact on the pumpstand body broke the 
cast iron baseplate. However, the cast 
iron haseplate has been superseded by a 
fabricated, ail-steel version. Fitted with a 
handle constructed in the laboratory, the 
pump completed the allotted 96,000 
cycles of the handle shock test without 
failure. 

Many users found the high levels of 
effort required to opera!e tha pump 
difficult to apply. ChiMren in particular 
found it difficult to bring their weight to 
bear on the handle at the start tf the drwn- 
stroke. 

The orerail crwlusion o! [he 
laboratory tests was that the AF76 was 
not a VLOM pump, but relatively sma!l 
design changes could make it suitable fol 
community water supply, although the 
range of working depths ic limited. 
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Field Trials 

Test conditions 

Number Head 
of range 

Country pumps (meters) _ --__--- .-~ 

Kenya 3 6-25 

Tanzanra 69 l-10 

Data 
available 
(months) 

12 

35 

A large sample of pumps have been on 
test over a long period in Tanzania on a 
project where a total of some 2000 pumps 
are installed. Comparative data is there- 
fore extensrve. though average pumping 
heads are extremely low, so few break- 
downs might be expected and few 
occurred. 

A serious design flaw wrth this pump 
IS that the single major ,wearing comp- 
onent. which is the brass fulcrum unit 
(referred lo as ‘the lever”) is a very 
expensrve spare part (In the region of 
US$50). 

The pump proved relatively poplrlar. 
It lrfts substanbal quantitres of water with 
Its short handle and low mechanrcal 
advantage actrng on a 76mm cylmder. 

I 

0.9 

3 0.6 

8 0.7 

? 
a 

0.6 

u 
s 

0.5 

p 0.4 

E 0.3 

B 0.2 

0.1 

0 

Field maintenance was simple in the 
shallow settings used in Tanzania, 
because the complete pumphead, 
together with rising main and pumprods, 
could be pulled out in one piece. 
Nevertheless, a substantral tool kit is 
required, and at greater depths (beyond 
about 6-8 me!ers) the pump is more 
difficult to maintain. 

Wear on the fulcrum “lever” can result 
in impact damage to the cast iron pump- 
head, caused by endplay In the handle. 

The elastomeric seal in the brass 
cylinder gives good abrasion resistance. 
but corrosion would be a problem in 
aggressive groundwater. because of the 
use of steel rising main. 

CAUSES OF ESSENTfAL INTERVENllONS 

1.25 r7 

TANZANIA 

t 

1 
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3 
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TOTAL HD F RH PR RM P5 PE t-V OT 
0 

PARTREPLACED 

Assessment 

The Nira AF76 ratings are based 
on monitortng of large numbers of 
pumps in lengthy field trials and 
on laboratory tests, giving a basis 
for confident judgments. 
Dtscharge Rate 
Cylinder optfons available give 
the pump a “good” (00) rating for 
all heads (7-25 meters). 
Ease of Maintenance 
Though the tools and skills 
needed preclude village-level 
maintenance of the Nlra AF?rj, 
the comparative ease of the 
operation at shallow depths earns 
the pump a oo rating for area- 
mechanic maintenance at 7m and 
12m. falling to “adequate” (0) at 
25m. 
Rellabillty 
Combining the anticipated break- 
down frequency with the repair 
skills needed, the pump’s 
reliability is less than adequate 
(-) at 25 meters lift, or for high 
daily outputs at shallower lifts. It 
rates o for a daily output of 4m3/d 
at 7 or 12m lift and oo for 1.5ms/d 
at the same lifts. 
Corrosion Resistance 
Corrosion occurred in the 
laboratory tests, and the pump 
has no special protection against 
corrosion. It cannot therefore be 
recommended where groundwater 
will be corrosive. 
Abrasion Resistance 
The pump earns a o rating for 
abrasion resistance with the 
cautionary note thbt the soft 
brass cylinder lining does abrade 
slowly and may he costly to 
replace when the limit is reached. 
Manufacturing Needs 
The need for good quality casting 
of brass and cast iron camp 
onents means that the pump is 
unsuitable for manufacture in 
countries with a low level of 
industrial development (Category 
1). It requires no exotic materials 
and could be readily manufac- 
tured in develop;ng countries with 
moderate industrial bases, 
scoring 03 for Categories 2 and 3. 



Laboratotv Tests 

THE BLAIR PUMP HAS NOT BEEN TESTED IN THE 
CATR LABORATORY 

General Description 

The Blair pump is an innovative direct 
action design developed by the Blair Res- 
earch Laboratory of Zimbabwe’s Ministry 
of Heatn. It is manufactured in Zimbabwe, 
and modified versions are being made in 
Malawi (known as the Madzi pump) and in 
Papua New Guinea. Prototypes have also 
been made In the Philippines. 

All above ground parts are made from 
steel and below ground parts in plastic. 
The Blair is ditferent from other direct 
action pumps in that the rising main also 
serves as the pumprod. with water dis- 
charging from the “walking stick” handle. 
Because the pumprod is always full of 
water, it returns under gravity, In contrast 
to the low-mass high-displacement rods 
used on other direct action pumps, which 
require a positive downstroke. 

It is possible to connect rubber 
hosing to the outlet and thus lift water to 
an overhead tank. 

As the pump consists primarily of 
standard pipe and fittings, it is well suited 
for manufacture in any country with 
experience In working with PVC. 

Suppliers 
Proderite (Pvt) Ltd, 21 Leyland Road, 
Ardbennie Industrial Sites, PO Box 26137, 
Harare, Zimbabwe. 
Pipe Extruden Ltd, PO Box 30041 
Lilongwe 3. Malawi. 

Indicative prices - Mar 3385 

Pump for 7m depth US$l45 
Pumprod and rising main 

per meter US$7.60 

FOB less 13% tar export (Proderite) 
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Field Tria!Y 

lest conditions 

Number Head Data 
of range available 

Counfry pumps (meters) (months) -~__- 

Malawi 10 2-10 36 

Tanzania 20 l-5 6 

Sudan 5 3-7 30 

Philippines 5 N.A. N.A. 

Papua New 
Guinea 45 

Kenya 1 
N.A. 20 

7 26 

The Blair pump obtained mixed results in 
the field trials. which covered a wide range 
of operatmg conditions, and, particularly, 
lntenslty of use. In heavy use In Sudan, 
two out of five pumps broke down during 
the first SIX months, and in Tanzama, 6 out 
of 11 suffered the same fate. 

In Malawi, where user group sizes 
are smaller (about 125 users per pump), 
the failure rate was about one breakdown 
per pump per year. while in Papua New 
Guinea, where the pumps serve only a few 
people and are used for only short periods 
each day. no breakdowns were experi- 
enced In the first 20 months of testing. It 
IS tmportant to recogntze that in PNG. the 
locally inoditted Blair pump is assembled 
from high quality PVC pipes and flttmgs 

from Australian manufacturers. 
Most breakdowns which have 

occurred have been at the connection 
between the plastic rising main and the 
steel “walking stick” handle. 

The pump is very easy to install and 
to maintain. It is possible to remove, repair 
and replace the complete installation in 
only half an hour, with no lifting equipment 
and minimal tools. 

The pump has not been popular with 
users who have experience of other 
handpumps. partly because of the low 
discharge and partly because of the 
difficulty of directing the flow from the 
moving spout into narrow-necked con- 
tainers. 

The innovative Blair desigr, has many 
merits, notably its simplicity and corrosion 
resistance. The seal-less plunger also has 
advantages, including giving the pump a 
reasonable abrasion resistance. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

The Blair pump ratings have been 
based on widespread and varied 
field trials, which provide a good 
level of confidence in the 
judgments made. The direct 
action oporetion of the pump 
restricts its use to lifts not 
exceeeding 12-I 5 meters. 
Discharge Rate 
In comparison with other low-lift 
pumps, the Blair has a low 
discharge, because of the small 
plunger size. Its rating at 7 and 12 
meters lift is “adequate” (0). 
Ease of Maintenance 
The pump IS extremely simple to 
service and must be regarded as 
a true VLOM pump, earning a 
“goti (00) rating for all possible 
maintenance systems. 
Rsllablllty 
The ease of repair combined with 
breakdown frequencies under 
different operating conditions 
gives the pump a oo reliability 
rating for a daily output of 1 .5m3/d 
at 7 meters lift and at 12 meters 
lift. The rating drops for heavier 
duty application+ and the pump 
is not recommended for daily 
outputs as high as 6m?d. 
Corrosion Resistance 
Use of PVC pipe and fittings 
below ground earns a oo rating for 
corrosion resistance. 
Abrasion Resistance 
The seal-less design gives 
adequate abrasion resistance, 
though sand would score the 
cylinder wall. 
Manufacturing Needs 
The Blair pump is very easy to 
assemble and parts are relatively 
simple to manufacture. The rating 
of 00 for manufacture in count- 
ries with moderate or high levels 
of industrial development (Categ- 
ories 2 and 3), reduces to o in 
those with only low industrial 
bases, because of the 
dependence on good quality PVC, 
to assure pump reliability. 
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General Description 

The Ethiopia BP50 is a shallow lift direct 
aaton pump. In 1981, the pump used 
standard uPVC pope for rising main and 
pump rod, and was originally intended for 
lrfts of up to 12 meters. The plunger had 
no flexrble seal; it consrsted of a machined 
block of HDPE. with circumferential 
grooves on the outer surface acting as 
simple labyrinth seals. The pump rods, 
though hollow, were not sealed. 

Recently. it has not been possible to 
obtain suitable matenals in Ethiopia. The 
current design retains uPVC pipe as the 
cylinder barrel, but the rising main is 
galvanrzed steel and the pumprod is solid 
steel. The plunger is conventional, cast in 
gunmetal, with a leather cup seal. 

Mzmufactww 
The Ethiopia BP50 has been designed for 
manufacture in a developing country. 
Basic facilities and skills in steel fabri- 
cation will be sufficient for the manufac- 
ture of the pumpstand. In 1981, only 
simple machining skills were required to 
manufacture the below-ground parts. In 
rts current form. however, a foundry is 
required to cast the gunmetal plunger, 
together wrth base machining skills to 
complete the plunger and foot valve. 

Suppliers 
Ethropia Water Works Construction 
Authority, Addis Ababa. Ethiopia. 

Prices not available 
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Laborstorv Tests 
D&3 tested: Full test 1963; additional 
tests on current design 1986. 
Reporled: Handpumps Ptvject Report 
No.3 

. 
Pertormsnce data 
(typical values) 

Head (meters) 7 
Pumping rate 

(cyclaslmin) 40 
Volume/min (liters) 28 
Input (watts) 89 
Mechanical efficiency (%) 35 
Maximum handle 

force (kg-i) 40 
Leakage of foot 

valve (ml/min) 0.6 

figures are for the 19B6 version 
of the 5Omm cyhder. 

Eva/uation 
The pumps were supplied in a wooden 
case, and arrived in good working order. 

A technical report and engineering 
drawings were provided with the pumps 
supplied for testing in 1983. The report, in 
English, was informative and the drawings 
were helpful for installation. However, it 
is not clear what information is normally 
provided for installations in the field. 

Maintenance of the 1983 version of 
the pump was particularly straightforward. 
The plunger could be extracted by simply 
removing the guide bush in the pumpstand 
and pulling out the pump rods. In the 
currenl version, this IS more difficult. 
Since the pump is suitable only for shallow 
settings, this should not prove difficult. 

The 4000 hour endurance test was 
carried out in 1983 with the pump driven at 
40 cycles per minute at a head of 7 
meters. The pump completed the test with 
no failures, but wear in the plunger tended 
to increase the end float of the center bolt, 
and remedial action was taken at the 1000 

hour intermediate inspections. Progres- 
sive loss of cylinder performance was 
observed, with the most pronounced loss 
in the final stage of the test, for which 
sand was added to the water. At the end 
of the endurance test, the rate of delivery 
was about 50% of that obtained in the 
original performance test. 

In the final inspection, most parts of 
the piston and foot valve were worn, with 
corresponding wear on the bore of the 
rising main. Many particles of sand were 
embedded in the HOPE piston, 

Corrosfon was observed in ferrous 
pans of both the piston and foot valve. 

Successively more severe impacts 
on the body of the 1983 pumpstand prod- 
uced progressive distortion of the base- 
plate. The pump completed the allotted 
96,000 cycles of the handle shock test 
without faillrre. 

Users found the pump very difficult 
to operate. The 1983 design used uPVC 
pipe for the pump rods, but these were not 
sealed and there was therefore no contri- 
bution from buoyancy. In the current 
design, the rods are solid steel, so that a 
lifting force of about 40kgf is required, 
even at only 7 meters lift. The pump is 
therefore much more difficult to operate 
than other direct action pumps which use 
lightweight, high displacement pump rods, 

The ovorall conclusion of the 
laboratory tests In 1983 was that the BP50 
represented a simple design with potential 
for VLOM. However, it has not been 
possible to develop many of tlfe original 
concepts because suitable materials are 
not available in Ethiopia, and in its current 
form the BP50 has steel pump rods and a 
conventional, sealed plunger with a 
leather seal. This has further increased 
the required lifting force, wilh the effect of 
limiting the maximum practical lift to about 
5 meters. Lightweight, high displacement 
pump rods could provide a more favour- 
abie distribution of the required operating 
effort between the upward and downward 
parts of the pumping cycle, and this is a 
development which should be encou- 
raged. 
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Field Trials 

THE ETHIOPIA BP50 PUMP WAS NOT FIELD TESTED BY 
THE HANDPUMPS PROJECT 

PUMP 28 

Assessment 

In the absence of field trials, the 
Ethiopia BP50 ratings are based 
on the pump’s performance in the 
laboratory tests and on the 
judgment and experience of 
Project staff. 

Though, as a direct action 
pump, the BP50 is grouped in the 
O-12 meter range, the high 
operating force restricts its use to 
low lifts, and it is therefore rated 
only for a maximum lift of 7m. 
Discharge rate 
At the recommended low lifts, the 
pump achieves a high discharge 
and earns a “good” (00) rating. 
Ease of Maintenance 
In the current version of the 
pump, the complete downhole 
assembly must be removed to 
service the plunger or footvalve. 
While this is relatively easy to 
achieve at low lifts it means that 
the 00 rating for maintenance 
systems B and C reduces to 
“adequate” (0) for maintenance 
system A (village-level). 
Reliability 
The pump is well suited for light 
use, but would require relatively 
frequent interventions at higher 
discharges. and earns only a 0 
rating for daily outputs of 4 and 
rjms/d. 
Corrosion Resistance 
The uPVC cylinder barrel is corro- 
sion resistant, but use of steel 
pumprods and galvanized steel 
rising maln reduces the rating to 

ibrasion Reststance 
Use of leather cupseals means 
that the pump cannot be recomm- 
ended for use in sand-laden 
water. 
h4anufactorlng Needs 
The need for foundry facilities and 
machining skills in the manufac- 
ture of the current model leads to 
a o rating for countries with a low- 
level industrial base (Category 1). 
For moderate and high levels of 
industrial development, the pump 
is well suited for local manufac- 
ture. 
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laysia 

General Description 

The IDRC-UM is a shallow lift lever-arm 
force pump designed at the University of 
Malaya. It is manufactured in Malaysia 
with support from the International Devei- 
opment Research Csnter of Canada. It is 
also available as a suction pump. 

The pumpstand casing is steel. Inter. 
nal components and the spout are uPVC. 
The wooden handle pivots on wooden lmks 
fitted with brass bushes. 

Rising main and pumprod are stan- 
dard uPVC pipe with solvent-cemented 
fomts. Pumprods are not sealed. The cylin- 
der IS a length of thicker wailed uPVC pipe 
and has an ail-plastic plunger fitted with 
polyethylene ring seals. The basic 
components of the plunger are also used 
:n the footvalve. which can be extracted 
without withdrawlny the rising main, by 
removing the piston and attaching an 
oxtracter to the end of the pumprod. 

Manufacture 
Plastic molding skills and facilities are 
needed, along with simple uPVC and metal 
machining. Construction IS simple. 

Suppiiete 
Dept. of Mech. Engineering, University of 
Malaya. Kuala Lumpur. Malaysia. 

Indicative prices - Apr 1995 

Pump, per cnit 
Pumprods. par meter 
Rising main. per meter 

US$290 
US$2.00 
US$5.00 

Lsboratorv Tests 
Dare tested: 1986 
Repomd: Report not yet published 

Performance data 
(typical values) 

Head (meters) 7 12 
Pumping rate 

(cycles/mln) 40 41 
Voluml/min (liters) 26 25 
!nput (watts) 83 144 
Mechanical efficiency (%)I36 33 
Maximum handle 

force (kg-f) 11 24 
Leakage of foot 

valve (ml/min) 0.5 1.0 

Evaluation 
The two test pumps were securely packed 
in a wooden packing case, and arrived in 
good condition. However, in both samples 
the spout tended to leak at the joint with 
the rising main, and the steel tube at the 
top of the pumprod tended to jam in the 
wooden plate at the top of the pumpstand 
until lubricated with water. Rising main 
and pumprods were not supplied. 

A manual was supplied with the test 
samples. covering both installation and 
maintenance, in English. The presen- 
tation was very good, with plenty of 
drawings in a clear. lively style. However, 
the instructions for installation did not 
make clear how the pump should be 
installed in relation to ground level. 

The ail-plastic below-fround assem- 
bly is oasy to Install. and the pump is des- 
igned for both the plunger and footvalve to 
be removed for subsequent maln- 
tenence and repair, without extracting 
the rising main. Installing the above 
ground parts requires skill to ensure that 
the pumpstand is correctly assembled and 
securely molrnted al the well head. 
Prefabricated uPVC components will be 
required if the rising main breaks at the 
spout connection. 

The 4000 hour endurance test was 
carried out at approximately 30 cycles per 
minute. with a simulated head of 12 
meters. in the first few hundred hours of 
the test. there wze repeated failures of 
the upper pumprod due to excessive ang- 
ular movement during the pumping cycle. 

In consultation with IDRC and the 
University of Malaysia, the components of 
the handle fulcrum and the upper pumprod 
were replaced. An additional wooden plate 
was fitted, thereby improving the guidance 
of the upper pumprod, the brass pins in 
the connecting rod were replaced with 
steel bolts, and a Tara-type (Pump 33) up- 
per pumprod connector was fitted in place 
of the original joint secured by brass pins 

A crack developed in the rising main 
within the pumpstand, originating at the 
welded connection to the spout. A number 
of suggestions were made either to elimi- 
nate the fabricated spout connection, or 
to re-position the rising main support so 
that this part of the pipe would not be 
subject to tensile stress. 

At the end of the test the plunger, the 
seals and the cylinder were badly worn, 
and the rate of delivery from the pump was 
substantially reduced as a result. There 
was no significant corrosion, however. 

In the impact tests, the pumpstand 
body proved to be robust but the wooden 
handle links cracked. However, the pump 
completed the allotted 96,000 cycles of 
the handle shock test without failure. 

Many of the younger users desc- 
ribed the pump as awkward to use, and 
some found it difficult to apply the neces- 
sary force on the down-stroke. Both 
adults and chlidren criticized the lack of 
lateral stiffness in the handle mechanism. 

The overall conclusion of the 
laboratory tests was that the IDRC-UM is a 
pump designed for Malaysia and with 
limited scope for wider application. It is 
suitable only for depths of 12 meters or 
less, where it has 10 compete with inhe- 
rently simpler direct-action pumps. The 
wooden handle links proved to be durable 
in normal use but susceptible to abuse. 
The plunger seals wore rapidly in sandy 
water. 

It is understood that, with further field 
trial experience, the University of Malaya 
is now supplying a Mark 3 version, which 
is said to be more robust (the version 
tested was Mark 1). It has metal instead of 
wooden handle links; the plunger rings 
have been redesigned to increase dura- 
bility; and the pump is now bolted !c a 
concrete pedestal. This new version is 
being installed by the Minis!ry of Health in 
Malaysia and is being field tested by IDHC 
in several countries in Africa ant Asia. 

FOB Port Kelang. Malaysia 
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Field Trials 

THE IDRC-UM PUMP WAS NOT FIELD TESTED BY THE 
HANDPUMPS PROJECT 

Assessment 

In the absence of field trials, the 
IDRC-UM ratings are based on the 
pump’s performance in laboratory 
tests and on the experience and 
judgment of Project staff. 
Discharge Ftste 
A relatively high discharge rate 
can be achieved, earning the 
pump a “good” (00) rating (though 
the work input is comparatively 
high at 12 meters lift). 
Ease of Maintenance 
Maintenance is quite simple, but 
the degree of skill needed to 
assemble the pumpstand means 
that the 00 rating for maintenance 
systems Et and C reduces to 
“adequate” (0) for system A 
(village-level). 
Relieblllty 
The IDRC-UM is best suited for 
light use and earns a 00 rating for 
a daily output of 1.5ms/d, red- 
ucing to 0 at 4ms/d. The pump is 
not recommended for higher daily 
output. 
Corrosion Re:Msnce 
Use of all-plastic components 
earns the pump a oo rating. 
Ahraslon Resistance 
The plunger, seals and cylinder 
showed considerable signs of 
wear after pumping sandy water, 
and the pump is not considered 
suitable where sand pumping is 
expected.. 
fdanufacturing Needs 
The IDRC-UM has been designed 
for manufacture In a developing 
country (Malaysia) and earns a 
oo rating for countries with 
moderate or high levels of indus- 
trial davslopment (Categories 2 
and 3). The machining and steel 
fabrication needed reduces the 
rating to Q for countries with only 
a low level of industrial develop- 
ment (Category 1). 
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General Description 

The Kangaroo is a direct action pump with 
a unique form ot action. Foot-operated, its 
upstroke is provided by the relaxation of a 
spring compressed by the operator on the 
downstroke. Below-ground components 
are the same as those of the SWN 80 8 81 
(Pump 20). consisting of a uPVC cylinder, 
neoprene double-acting cupseal, and plun- 
ger made horn stainless steel and nylon. 
Pumprods and connectors are stainless 
steel, with each connection encased in 
polyethylene hose, to combat abrasion ot 
the uPVC rising main. Valves are brass 
wi!h rubber sealing faces. Different cylin- 
der diameters are available to suit different 
depths. Two models are made: Mark 1. 
with square telescoping tubes around the 
spring: and the heavier duty Mark 2 with 
circular tubes. 

The manufacturer supplies pans to be 
welded and assembled in developing 
countries. The spring would have to be 
purchased from a special manufacturer 
and belaw ground the components call for 
a high degree of skill and quality control. 

!$?@!rn BV, Kanaal Noord 115. Post- 
bus 89,730O A6 Apeldoorn. Netherlands. 

Indicative prices - May 1985 

Laboratonr Tests 

Date m&d. i980 
Reported: 0. D.A. Repoti 1981 

Performancedata 
(typical values) 

Head (meters} 7 f 
Pumphg rate 

(cycledmin) 20 48 
Volumelmin (liters) 10 24 
Input (watts) Not recorded 
Mechanical efficiency (o/)15 12 
Maximum footpfate 

force &l-r) 90 110 
Leakage of foot 

valve (mumin) Not recorded 

Figures are far24nch cylinder 

The two test pumps were collected from 
the manufacturer’s factory in the Nether- 
lands, and the normal method of packing 
was therefore not assessed. 

No lnstructlons for Installation, 
maintenance or repair were provided. 
Because the below-ground assembly was 
light in weight, installation was relat- 
ively easy, with no need of lifting tackle. 

Care is needed to ensure an adequate 
seal at the wellhead. 

The most frequent maintenance 
requirement is likely to be to replace the 
spring in the pumpstand. This is a straight- 
forward task, but requires a supply of suit- 
able spare parts. Below-ground mainte- 
nance requires the whole assembly to 
extracted, but this is also relatively easy. 

For endurance testing, the pump 
was driven at 40 cycles per minute at a 
head of 7 meters. The spring broke after 
250 hours and again after 400 hours, at 
which point the test was stopped. Corro- 
sion was no? assessed; however, all the 
below-ground pans are plastic, brass or 
stainless steel, and the spring in the 
pumpstand is also stainless steel. 

The pump proved to be resistant to 
Impacts. 

Some ueers found the pump difficult 
to use. particularly where their body 
weight was insufficient to compress the 
spring. 

The overall conclusion of the 
laboratory tests was that the Kangaroo is 
unsuitable for community water supply. It 
is difficult to use. the range of working 
depth is very limited, and the spring inside 
the pumpstand proved to be very 
unreliable. 

Pumpstand only 
Riser/rod in 3m lengths 

US$ d96 
US$94 
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Field Trials 

Test conditions 

Number Head Data 
Of range avarlable 

Country pumps (meters) (months) 

Tanranla 10 4-7 13 

The field InA was conducted on the 
Mtwara project tn Tanzania. and the humid 
atmosphere was a severe test for the 
Kangaroo pump’s steel spring. The down- 
hole components ot the pump are Identical 
to those of the SWNBO 8 81 (Pump 20). 
and agatn proved highly resistant to 
abrasion and corrosion. 

The pumphead however dtd not 
perform well Though the trial was limited 
- only ten pumps for a ltttle over a year 
and shallow Mts - the measured fajlure 
rate was 1.5 breakdowns for every 
1000m) of water pumped. All the tarlures 
were assocfated with the pumphead. and 
Involved broken springs and some broken 
footpla*as Zven working springs exhib- 
[ted severe corrostion Though the pump 
can be operated by hand when the spring 
IS broken. It IS a heavy lift, requinng two 
strong men. 

The pump IS dltficult to repair, the 

spring being hard to replace and the under- 
ground components difficult to remove. 

Installation is complex, because the 
pump IS heavy and connectlon of the 
risng main to the pumphead requires a 
mintmum ot two skilled people. 

! 4C/?? __I.-. :c;itions were generally 
favorable when the pumps were working. 
People liked the foot operation. and the 
capacity to employ full body weight In a 
comtortable way. 

In general, the conclusion of the 
tield trials was that the Kangaroo’s 
Innovative design is let down by major 
problems with the pumphead. The system 
IS judged too complex. when compared 
with a conventional direct actton pump 
usmg a high displacement pumprod. with 
which the operator can achieve the 
upstroke wlthout the need for a spring. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

The Kangaroo ratings are based 
on limitad field and laboratory 
trials, together giving reasonable 
data from which to draw conc- 
lusions about the pump’s perfor- 
mance. 
Discharge Rate 
The Kangaroo is capable of 
relatively high discharges and 
earns a “good” (00) rating for both 
7 and 12 meter lifts. 
Ease of Maintenance 
The pump is not suitable for 
village-level maintenance, but is 
within the capacity of an area 
mechanic to maintain, and SO 
rates 00 for maintenance 
systems 0 and C. 
Rel~abillty 
The frequency of necessary 
repairs combined with the need 
for area-mechanic maintenance, 
means that the pump is not 
reliable for high daily outputs. It is 
rated “adequate” (0) for 4mJ/d and 
oo at 1.5m?d. 
Corrosion Resistance 
Downhole components of the 
Kangaroo are highly corrosion 
resistant, but the susceptibility of 
the spring to suffer in the 
corrosive conditions of the field 
trials reduces the rating to 0. 
Abrasion Resistance 
The downhole components of the 
Kangaroo proved highly resistant 
to abrasion, confirming the 
results obtained by the SWN 80 & 
81, which use the same compo- 
nen!s, and earning a 00 rating. 
Mmufscturlng Needs 
7he complexity of the pumphead 
assembly makes the Kangaroo 
unsuitable for manufacture in 
developing countries with a low 
level of industrial development 
(Category 1). The degree of 
quality control needed means a o 
rating for Category 2 (moderately 
developed industrial base), and 
the pumps scores oo only for 
manutacture in a Category 3 
environment (highly developed 
industry). 



Laboratorv Tests 

THE MALAWI MARK V PUMP HAS NOT BEEN TESTED IN 
THE CATR LABORATORY 

ral Description 

ark V IS a shallow-well direct action 
developed In Malawl and desgned 
:al manufacture and to suit local 
for a corrosion resstant low-ltft 
The pump contmues to undergo 
mod~flcat~ons, and this descnpbon 
on.y to the pumps tested In the 

als The pumpsrand IS made from 
lzed steel pipe and standard 
lzed pope littmgs. and fits Into a 
d socket cast Into the well cap 
19 32mm dlameler PVC pumprod 
through a polypropylene bush and 

ecfed to a hardwood T-handle via a 
01 galvanized steel pipe. The uPVC 
’ has a low density polyethylene 
tfttmg Inio a 56mrn diameter PVC 
nam which also forms the cylinder, 
densely polyethylene drsk forms the 

check valve, whtle the footvalve 
Ibber disk In a uPVC body. 

mp was spectficaliy developed for 
cture in Malawi and could be made 

developrng country where the 
of plasttcs materials are available 
quality 

‘ers 
cretary for Works and SuppIles. 
nent of Lands, Valuatron and 
Pnvate Bag 390. Capital City. 

5. Malawi. 

ive prices - Jun 1985 

:e pump. mciudtng 
s and nslng main u3313.5 
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Field Trials 

Test conditions 

Number Head Data 
of range available 

Country pumps (meters) {months) --- 

Malawi 61 2-10 22 

The Malawi Mark V was an early example 
of what has become an important pump 
group for low lifts - the direct action 
pumps. It makes extensive use of 
plastics, and has been designed for quick 
and simple maintenance. However. there 
are some serious design flaws, which 
have resulted in rapid breakdown in the 
field trials. 

The types ot tailure which have 
occurred have demanded more than 
straightforward replacement of parts, 
involving skilled repair, with the need for 
solvent cement, etching fluid and tools 
which would not be available to a village 
caretaker. 

Failure of the connection between 
the T-bar handle and the PVC pumprod 
was the commonest form of such break- 
downs. This is a predictable weak point, 
but even when the connection has been 

strengthened, the Mark V fails at another 
high stress point, where the pumprod joins 
the plunger. 

The top guide bush wore rapidly, and 
there was some scoring of the plastic 
rising main when pumping sandy water, 
though the seal-less design is generally 
abrasion resistant. 

Because of the trequent stress 
failures in the field trials, the Mark V 
cannot be recommended for lifts beyond 7 
meters, and even then is only appropriate 
for comparatively light use. 

Under those conditions, it does have 
the merit of complete corrosion r&s- 
tance. It is also capable of delivering a 
high amount cf water per stroke, which 
makes it popular with users when it is 
working. 

CAUSES OF ESSENTIAL INTERVENTIONS 
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Assessment 

The Malawi Mark V ratings are 
based on monitoring of a large 
sample of pumps over a reason- 
able period of time, giving a good 
degree of confidence in the judg- 
ments made. As a direct action 
pump, it would be limited to iiis of 
less than 12-15 meters, and the 
field experience has shown that 
the present design is not suitable 
for use beyond 7 meters Iii. 
oisoherge Rete 
The pump is capable of achieving 
a high discharge rate and earns a 
QootY (00) rating under this 
heading. 
Eaas of Maintenance 
The simplicity of parts replace- 
men! on the Mark V should make 
it well suited to village-level maln- 
tenance. However, the common 
breakages of rod/handle and 
rod/plunger connections require 
skilled repair, which reduces the 
rating to “adequate” (o) for main- 
tenance system A. 
Reliablllty 
The frequency of essential 
repairs combined with the need 
for skilled assistance in carrying 
them out restrict the Mark V’s 
recommended application to low 
duties. It is rated o for a daily 
output of 1.5m%d at 7 meters lift. 
Corrosion RW3tance 
Use of all plastic parts below 
ground earns aoo rating. 
Abraalon Reslasnce 
The seal-less design cuts down 
abrasion, but scoring of the PVC 
cylinder wall limits the rating to o. 
Manufacturing Needs 
Manufacture of the Malawi Mark V 
is simple and could be readily 
accomplished in most developing 
countries. The demonstrated 
need for high quality plastics 
restricts the rating to o in 
countries with only low levels of 
industrial development (Category 
1). 
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General Description 

The Nira AF85 is a direct action pump 
developed as a result of, and with 
feedback from. the Project field trials. The 
pumpstand is made from fabricated steel 
and IS nylon coated for corrosion 
protection. A stainless steel T-bar handle 
slides in a long guide bush made from high 
density polyethylene (HDPE). A footplate 
IS bolted to the bottom of the pumpstand. 

The rising main and large diameter 
pumprod are made from polyethylene and 
both ongrnally had brass screwed caup- 
lings. but the pumprods are now conn- 
ected using polyethylene couplings. Tight 
fitting rubber plugs prevent water ingress 
at the ends of pumprods. Plunger and 
footvalves are In HDPE with identical 
molded rubber bobbins. The plunger seal is 
also HOPE. Valves are interchangeable 
with those on the Nira AF84 (Pump 18). 

Manufacture 
Use of expensive irnponed materials is a 
cons!raint to manufacture in developing 
countries. 

Suppliers 
Vammalan Konepaja Inc. 36200 Vammala, 
Finland. 

Indicative prices - Feb 1995 

Pumpstand. cylinder. rods, 

and rising main to 10.5m US$340 

Laboratory Tests 

Date tested: 1966 Repot-fed: Nor yet reported 

Performance data (typlcal values) - 58mm dla cylinder 

Head (meters) 
Pumping rate (cycles/min) 
Vofume/min (liters) 
Input (watts) 
Mechanical efficiency (%) 
Maxlmum handle force (kg-f) 

Footvafve leakage (mt/min) 

7 
30 
26 
70 
42 
18 
29 

10 
30 
24 
85 
45 

c’3wn 24 
up 31 

No significant leakage 

Evaluation 
The two test pumps were securely packed 
in woo:en cases, and were in good 
condition on arrival. The manufacturer 
subsequently supplied new valve poppets 
to replace those in the original consign- 
ment. 

Instructions for installation and 
maintenance were supplied with the test 
samples. They consisted mainly of draw- 
ings and photographs, augmented by a 
small amount of text, in English. The rnst- 
allation instructions were comprehensive 
and helpful, and a full set of tools was also 
provided. lnslallation was easy, with 
no need of lifting tackle. 

In contrast with the installation litera- 
ture. the instructions for maintenance 
were very brief. Nevertheless, the light 
weight of the below-ground assembly, and 
the simplicity of its design, mean that only 
a few tools and a modest degree of skill 
will be requrred to maintain the pump in 
working order. On the pumpstand. the 
only item likely to require attention is the 
pumprod guide bush, and this is easy to 
replace using a single hexagon key. 

For the 4000 hour endurance test, 
the pump was driven at approximately 30 
cycles per minute, at a simulated head of 
10 meters. A device simulating the inhe- 
rent buoyancy of the sealed tubular pump- 
rods was also fitted, and the driving 
mechanism was so arranged to impose a 
lateral force on the pump handle similar to 
that typically applied by users. 

For the first phase of the test, with 
clean water, the pump was fitted with 
molded rubber valves. The footvalve 
failed shortly before the end of this phase, 
when the rubber extruded into the valve 
port. causing the valve to seize shut. In 
consultation with the manufacturer, the 

rubber valves were replaced with polyur- 
ethane moldings, for both this pump and 
the Nira AF84 deepwell pump (Pump1 8). 

At the end of the test, the plunger and 
cylinder were badly worn, and the rate of 
delivery from the pump was considerably 
reduced. The rising main and prrnprod 
were also locally worn as a result of 
contact between them. The latest valves 
showed few signs of wear, but were 
beginning to crack. The manufacturer has 
since made further modifications to the 
valves. There was no corrosion. 

The pump proved to be robust in the 
impact tests; although heavy impacts on 
the pumpstand bent it a few degrees out of 
vertical, the pump could still be used 
without difficulty. The pump completed 
the allotted 96.000 cycles of the handle 
shock test without failure. 

In the user test, the smaller children 
found it difficult to achieve the necessary 
operating force on the upstroke, but 
adults commented favorably on the rate of 
delivery from the pump. Several users 
found the footrests uncomfortable to use, 
and would have preferred to stand on the 
ground beside the pump. 

The overall conclusion of the 
laboratory tests was that the Nira AF85 is 
a generally robust pump of simple design, 
well-suited to the requirements of VLOM. 
There was considerable wear of the 
plunger seal, particularly in sandy water, 
but the pump is easy to maintain and 
repair. The new valve design introduced 
by the manufacturer in consultation with 
the laboratory represents a significant 
improvement. The pump also has consid- 
erable potential for manufacture in 
developing countries, though specialist 
equipment for molding the polyurethane 
valves is unlikely to be widely available. 
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Field Trials 

Test conditions 

Number Head Data 
of range available 

Couflky pumps (mete@ (months) 

Tanzania 13 o-9 12 

Kenya 7 2-15 9 

Malawi 10 1-1c 6 

Though only a few Nira AF85 pumps have 
been momtored in the field trials. and data 
IS therefore lImited. increasmg numbers of 
pumps have been Installed during the 
latter stages of the Profecr. allowmg 
judgments to be made beyond those 
reflected In the record of inlerventlons 
represented below. 

Overall, the pump has performed 
very well. It IS popular with users, bemg 
very easy to operate down to heLds of 
about 12 meters. and giving a high dis- 
charge. One signtffcant problem has been 
failure of valve bobbins. This has been 
brought to the attention of the manufac- 
turer as a result of whtch the valve has 
recently been substanbally redesigned 
and further problems are not expected. 

The Ntra AFEl5 is very easy to Install 
and to mamtaln, requiring only two sinlple 
bolt spanners to disconnect the rising 
maln. Removal and replacement of the 
entlre pump can be achieved by two 
people In about half an hour 

The use of plastics. stamless steel 
and brass for downhole components 
gives good corrosion resistance. The 
pump uses a plastic piston ring. which IS 

susceptible to abrasion damage, but the 
sealing provided by this ring is not 
important. because of the high plunger 
velocity, which means that the pump will 
continua to lift water of the seal is damaged 
(even without the seal). 

The manufacturer has made several 
substantial modifications 10 the pump 
design during the field tnals. partly In 
response to suggestions made by Project 
staff. The changes have proved generally 
successful. They include standardlzmg on 
one cylinder size and simplifying the 
connection of the top bush to the 
pumphead. 

Overall, the judgment is that the Nira 
AF85 IS an important pump for lifts of up to 
12 meters. usmg the most up-to-date 
thmkmg and producmg good results, 
though the price is high. 

CAUSES OF ESSENTIAL INTERYENTlONS 
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Assessment 

The Nira AFBS ratings are based 
on data from comparatively short 
field trials involving only small 
numbers of pumps. However, with 
the laboratory test data and 
observations of additional pumps 
in other locations, there is 
adequate information for judg- 
ments to be made. As a direct 
action pump, the Nira AF85 has a 
practical operating limit of 12-15 
meters. 
Discharge Rate 
A high discharge rate can be 
achieved comfortably, and the 
pumpearns a “good” (00) rating. 
Ease of Maintenance 
The Nira AFB5 is well suited to 
villaga-level maintenance and 
earns a 00 rating under each 
possible maintenance system. 
Rellablllty 
Because of the quick and simple 
maintenance, the pump is rated 
oo for reliability for all uses 
except a daily output of 8m%d at 
12 meters lift, which represents 
very heavy use for a pump of this 
nature. The rating then drops to 
“adequate” (0). 
Corroslon Resistance 
All downhole components are 
corrosion resistant, earning a 00 
rating. 
Abrasion Resistance 
Heavy sand pumping will lead to 
wear of the plastic piston ring, but 
this has a limited effect on pump 
performance, justifying the o 
rating for abrasion resistance. 
Manufacturing Needs 
The Nira AF85 is relatively simple 
to manufacture, but the need to 
import some materials reduces 
the rating to o for countries with 
only a low level of industrial deve. 
lopment (Category 1). The rating 
is oo for Categories 2 and 3. 



General Description 

The Tara IS a direct action handpump 
under development in Sangladesh (See 
Box 4.7 in Chapter 4). The pumpstand 
casing is fabricated from steel. Pumprod 
and rising main are standard uPVC pipe. 
The cylinder is also uPVC pipe of the same 
outside diameter as the rising main but 
greater wall thickness. When used in the 
small diameter tubewells constructed in 
Bangladesh, the rising main also serves 
as the well casing. 

The piston is machined from aluminum 
and has a simple rubber flap valve. A 
similar rubber flap is used on the molded 
plastic footvalve. Fittings on the piston 
and footvalve enable them to be coupled 
together and removed for maintenance or 
repair without extracting the rising main. 

Manufacture 
The Tara has been designed for manufac- 
ture in Bangladesh. and involves simple 
steel fabrication, som9 thermal forming of 
uPVC pipe, machining of aluminum, and 
simple plastic molding. The design 
provides scope for use of alternative 
materials where appropriate. 

Suppliem 
Mirpur Agricultural Workshop and Training 
School, Pallabi. Dhaka-16, Bangladesh. 

indicative prices - Mar 1995 

Per unit, including rods and 
rising main to 11 meters LlS$103 
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Laboratorv Tests 

Date tested: 1985 
Reported: Applied Technology Note No. 2 

Performance data 
(typical values) 

Head (meters) 7 15 
Pumping rate 

(cycles/min) 21 20 
Volume/min (liters) 24 23 
Input (watts) 53 97 
Mechanical 

effidency(%) 51 55 
Maximum handle 

force (kg-f) 18 down31 
20 up 35 

Footvalve leakage 
(mVmin) Not significant 

The volume discharged per stroke 
was about 7.2 liters and was nor 
aflected by pumping rate. 
Petformance was lested for a 
cylinder immersion of 5 meters. 

_Evaluation 
The two test pumps were well packed and 
were received in good condition. Cylinder 
pipes were supplied, but uPVC pipe for the 
rising main and pumprod was bought 
locally. 

Installation and maintenance instruc- 
tions were included in a comprehensive 
album of drawings and specifications, 
which might be considered overwhelming 
at the village level. Specific installation 
instructions were supplied later, and 
included clear line drawings and guidance 
on site selection. 

Only simple hand tools are required 
for installation of the Tara, and all the 
components are light and easy to handle. 
Care is needed [o ensure that all the pump- 
rod joints are watertight, as the buoyancy 
of the rod is critical to pump performance. 
It is also important that the joints on the 
rising main should point downwards, to 
enable the piston to be extracted for main- 
tenance. 

The grapple device below the plunger 
makes it possible to remove the footvalve 
for maintenance without extracting the 
rising main, though some care is needed 
to avoid damage to the pumprod as it is 
lifted out. All maintenance operations 
can be performed by a village caretaker. 

The 4000 hour endurance test was 

carried out at 30 cycles per minute, with a 
simulated head of 15 meters. Special 
arrangements were made to simulate the 
buoyancy effect of the pumprod, and the 
mechanical drive wss set up to match the 
out-of-line forces typically applied oy 
users operating direct action pumps. 

There were no failures in the first 2000 
hours of testing, using clear water. How- 
ever, the Tara did break down repeatedly 
during the initial stages of the final 2000 
hours of testing, when sand and 
Kieselguhr had been added ta tne water. 
Fragments of uPVC jammed under the 
leather cup seal caused the pump to 
seize, and the problem was repeated 
several times when new leather seals were 
fitted. It was thought that sand particles 
embedded in the leather seal abraded the 
cylinder walls. Substitution of a nitrile 
rubber cup seal overcame the problem. 

At the end of the 4000 hours, the foot 
valve was leaking badly and the pattern of 
the valve ports was impressed in the 
piston valve rubber, but the valve was still 
in good working order. The nut on the 
piston spindle had rusted on tightly and 
the footvalve body had jammed in the 
taper seat, making it impossible to remove 
from above. Except for the piston spindle 
nut, corrosion was limited to surface 
marks on the aluminum components of the 
piston. 

The pumpstand withstood the Impact 
tests, suffering slight bending of the base- 
plate, but remaining serviceable. The 
handle was subjected to a shock test invol- 
ving repeated banging against the lower 
stop. It survived the allotted 96.000 
cycles without failure. 

The Tara’s proportions and the dist- 
ribution of effort between upstroke and 
downstroke make the pump well-suited for 
direct action by most users, though at 15 
meters depth and with a cylinder immer- 
sion of 5 m, the required forces are diffi- 
cult for children. 

The overall conclusion of the 
laboratory trials was that the Tara is a 
VLOM ptimp. designed to exploit the 
materials and manufacturing skills indi- 
genous to Bangladesh, with potential for 
further improvement and wider application. 
Relatively easy to manufacture, operate, 
maintain and repair, it is seen as suitable 
for community water supply use for lifts of 
15 meters or less, and should be fitted with 
a nitrile rubber seal if sand may be 
pumped. 
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Field Trials 

Test conditions 

Number Head Data 
of range avaIlable 

pumps (meteis) (months) 

Sn Lanka 20 3-11 15 
Bangladesh 128 3-12 11 
Kenya 10 12 7 
Tanzanra 5 2-6 6 
Malawr 6 13 11 

Bolrvra 16 J-11 14 
Chrna 44 7-14 4 

This report concentrates on the rescllts of 
testing WI Bangladesh, where design modi- 
frcatrons have been made as testmg 
progressed 

The most rmportant aspect of rnstal- 
latron IS proper )omtrng of the PVC pipe for 
pumprod and nsmg marn. and some mas- 
onry sktll IS needed to embed the pump- 
stand lower flange m concrete. An 
average pump tnstallation was completed 
In SIX hotirs by four workers. 

An average of three essential rnter- 
ventrons was needed for each pump in 
approxrmately two years ot testrng. mostly 
to cofrect poor performance. Including 
preventrve maintenance and other non- 
essenttal interventions. each pump 
recerved some kind of marntenence atten- 
tion about five trmes tn the year, with the 
average rnterventron lasttng about two 
hours, and rnvolvrng a labor co? of 
USJO 37 and a spare parts cost of 
US$O 39 Since June 1985. groups of 
threr women caretakers have been ser- 
vicrng fen pumps per group, wrth encou- 
raging results 

Among the 126 pumps under lest. 
there was a total of four breakdowns, two 
oue to pumprod breakage, and two due to 
uncoupling ol the bottom connector Other 

essential Interventions were mainly to rep- 
lace footvalve parts (O-rings and body) or 
leather cupseals. Sand entry into the well 
IS a problem tn Bangladesh, and leather 
cupseals are not suitable in these con- 
ditions; nttrile rubber seals have proved 
substantially better. 

The field trials also revealed potential 
problems caused by abrasron of the seal 
on the PVC cylinder and between the pump- 
rod and rising main. Nrtnle rubber gurdes 
are being investrgated (see also Box 4.7 in 
Chapter 4). There were no complamts from 
users about the mode of operation of the 
Tara. and the high drscharge was liked. 
The Taras also contmued to work when 
suctron pumps farled in the dry season, as 
the water table dropped. 

The Tara trial:, showed that the pump 
has great potential. though some problems 
remain to be solved The number of mter- 
ventions needed was high. but the speed 
and srrnplrctty of repairs meant that few 
pumps were out ot action at a trme. 

CAUSES OF E3XNllAL !NlERVENllONS 

0 
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Assessment 

The Tara ratings are based on the 
pump’s performance in both field 
trials and laboratory tests. For a 
direct action pump, the practical 
operating limit is 15 meters, and 
the pump is therefore included 
only in Tables S.1 and S.2. 
Discharge Rata 
A discharge rate of more than 20 
liters per minute earns the Tara a 
“good” (00) rating. 
Ease of Maintenance 
The Tara is a true VLOM pump 
and earns a oo rating for main- 
tenance under each possible 
maintenance system. 
Reliability 
Under conditions of low usage 
and 7m head, the ease with which 
maintenance can be car&d out 
gives the pump a 00 rating for 
reliability, but for higher daily out- 
puts, the frequency of essential 
interventions to replace cup 
seals or footvalve components 
reduces the rating to “adequate” 
(0) at 4rn?d and to “unsuitable*’ 
(-4 at 8m3/d. At 12m lift, the 
pump achieves a o rating for a 
daily output of 1.5m3, but is 
unsuitable at this stage of its 
development for higher outputs. 
Corrosion Resistance 
Most of the pump’s components 
are corrosion resistant, but expe- 
riences in the laboratory and the 
field with the footvalve assembly 
mean that the appropriate rating 
is 0. 
Abrasion Resistance 
Sand caused seilere problems 
with the leather cupseats, and 
nitrile rubber seals are therefore 
essential if there is a possibility 
of sand entering the well. 
Manufacturing Newts 
The Tara has been specifically 
designed for manufactureinSanQ- 
ladesh, and is suitable for modi- 
fication (using alternative mate- 
rials) to take advantage of indi- 
genous materials and skills in any 
developing country. The need for 
some assistance with quality 
control reduces the rating to o for 
manclfacturing environment 1. 
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Laboratorv Tests 

NEITHER THIS SHALLOW-WELL VERSION NOR THE SRI 
LANKAN MANUFACTURED DEEPWELL AID DERIVATIVE 
WERE TESTED IN THE CATR LABORATORY. HOWEVER, 
THE LABORATORY REPORT ON TWO AID DEEPWELL 
DERIVATIVES WHICH WERE TESTED CONTAINS SOME 

RELEVANTDATA 

SEE ENTRY FOR PUMP 03 

General description 

This is a shallow-well version of a pump 
derived from the basic design developed 
by the Battelle Institute and Georgia Inst- 
rtute of Technology on behalf of USAID. 
The pumpstand is srmilar to the deepwell 
verson (Pump 03) and consrsts of a cast 
iron dnve head assembly and cast iron 
base jorned by a steel tube. The base is 
flanged to bolt to the platform. 

In this suction verson. the steel tube 
IS lrned with 75mm ID PVC pipe and a 
32mm ID PVC suction pipe extends down 
to the desred pumptng level. Two out- 
board cast rron cleats on the rodhanger 
ax:e slide up and down N-I cast Iron run- 
ners The fulcrum stand IS pinnod to the 
pumpstand below and the handle above. 
so that the lulcrum moves in an arc as the 
handle IS operated. A cross head guides 
the pumprod 

Manufacture 
Basrc skills in foundry wcrk. machinrng 
and leather crafting are needed to 
manufacture the pump and careful quality 
control IS needed to ensure interchan- 
geability of spare parts. 

Suppliers 
Diason Pumps Ltd. 112 lspathana 
Mawatha, Coiombo 5, Sn Lanka. 

Indicative orices - 1982 

Per unit. excluding 
suctiorl pipes L’S% 120-l 60 
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Field Trials 

Test conditions 

Number Head 
Of range 

Country pumps (meters) 

Data 
avaIlable 
{moflthsj 

Sn Lanka 13 2.8’.4.8 11 

*Average head 
There were no major failures among the 13 
test pumps dunng the monitoring period. 
Three leather cupseals and one flap valve 
were the only parts replaced in essential 
!nterventtons. The PVC cylinders showed 
Me wear and the cross heads and 
guides, though worn, were still tuncbonmg 
satlsfactonly after 11 months. On the 
other hand. routine maintenance demands 
were comparatively htgh. The dnve head IS 
exposed and needs frequent iubncatlon 
(at least once a month) of fulcrum. eye 
and pwot pins 

All moving parts are accessbie 
above ground and maintenance tasks can 
be easily accompllshed by a trained mech- 
anic equipped wtth only pliers. a screw- 
driver and three spanners. A new gasket 
must be tnstalled when the base flange IS 

detached to service the footvalve 
No lnstallatlon InstructIons were 

supplied with the pumps, but lnstallatlon 
was easily accompllshed by one skllled 
worker and one helper using basic hand 
fools. Pumps can be Installed on aground- 
level wellhead without a plinth 

Because the moving parts of the 
dnve-head assembly are not protected 
from dust. heat and ram corroston and 
abrasion of these components IS a 
danger Complaints about the taste of the 
water were noled at 10 01 the 13 test sles. 

suggesting that corrosion products may 
have affected palatability. 

Impact can lead to water leaks at the 
threaded joint between the cylinder and 
the base flange: otherwise the pumpstand 
IS adequately robust. The pump’s open 
design means that water can be contami- 
nated through the connecting rod hole, 
and the spout profile IS such that dell- 
berate contamlnafion IS possible. Split 
pins are easily removed and there are no 
tockmg fixings. so the pump can tall victim 
to vandalism or abuse 

Users I:ked the relatively htgh dis- 
charge rate of the pump (about 24 
liters!minute at a comfortable 30 strokes a 
minute). Though there were potential fincer 
traps around the fulcrum mechanism :ind 
the sliding guide blocks, no Injuries were 
reported 

As the bar chart shows. the parts 
replaced for every 1000m’ of water pum- 
ped were very low (0 3). Though the test 
period IS short, It does seem that thts 
pump will perform well for low lifts. 
provided that the drive head IS lubricated 
regularly 

CAUSES OF ESSENTIAL INTERVfNTlONS 
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Assessment 

The ratings are based on field 
trials in Sri Lanka. As a suction 
pump, this AID Derivative is 
appropriate only for pumping lifts 
of 7 meters or less. It also requ- 
ires priming and is therefore at 
risk of contamination if polluted 
water is used for the purpose. 
Discharge Rate 
The discharge rate of 24 liters per 
minute at 30 strokes per minute 
earns a “good” {oo) rating. 
Ease of Maintenance 
No special tools or lifting tackle 
are needed, but for village-leve! 
maintenance it will be necessary 
to ensure that a village caretaker 
has access to spare cupseals 
and valves. Assistance from an 
area mechanic may be needed for 
special repairs, and the rating 
reduces from oa to o for System 
A maintenance. 
Rellabillty 
The reliability rating is also oo for 
outputs of 1.5 and 4mj/d, but 
drops to o for 8mA/d. when the 
frequency of maintenance requ- 
ired would be greater. It should 
also be noted that the pump calls 
for regular lubrication, and the 
ratings should be downgraded if 
such routine maintenance may 
not be readily achieLred. 
Corrosion Aeslstance 
A galvanized steel suction pipe 
and exposed drive head compo- 
nents make the AID Suction 
unsuitable (-) where ground- 
water may be corrosive. 
Abrasion Resistance 
Jse of leather cupseals means a 
o rating for abrasion resistance. 
Manufacturing Needs 
The pump is suitable for manu- 
facture in countries with a mode- 
rate level industrial base, but the 
need for careful quality control of 
casting and machining operations 
reduces the rating from oo to - in 
a country with minimum manufac- 
turing capabilities (Category 1). 
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General Description 

The Bandung is a suction pump with a 
conventional lever action. It is construc- 
ted mamly ot cast iron, with an enamelled 
steel liner in the cylinder bore. The p!Jnger 

is cast Iron with a molded rubber cupseal 
and the check valve IS a rubber disk 
retained by a plastic cage. There are no 
handle beanngs; the mild steel pivot pins 
bear on holes dnlled and reamed in the iron 
castings. 

hlimufecfure 
The pump can be manufactured in a 
country with cast Iron toundry and simple 
machming skulls together with rubber/ 
plastic molding facrlitres. Quality control is 
necessary to ensure that the prvot holes in 
the handle fulcrum and fork are correctly 
ahgned. 

Suppliers 
lwaco BV. West Java Rural Water Supply 
Protect. Jalan Banaa 25. Bandung. 
Indonssa. The pump !s manufactured by 
several firms in Indonesra. 

Indicative Drices - Mar 1985 

Laboratory Tests 

Date tested: 1983 
Reported: Projecf Repoti No. 3 
Note: The sample tested differed slightly 
from the latest drawings supplied by the 
manufacturer. The cast iron handle has 
been replaced with one of galvanized iron: 
the webs of the top fulcrum casting have 
been extended to increase strength; and 
the connecting rod fork has been rede- 
signed to remove the potential finger trap. 

Ferfemancf2 data 
(typIcal values) 

Head (meters) 7 
Pumping rate (cycf&min) 30 
Volume/minute (I!ten) 29 
Input (watts) 47 
Efffclency (%) 70 
Maximum handle force (kgf) 16 
Footvafve leakage (mf/mln) 0.25 

l’he voolumr dix*harged was abau~ 
1.0 liters pr stroke and varied Me 
with pumping rate. 

tne two pumps acqurreo ror testmg botn 
arrived damaged, because of inadequate 
packaging. According to the supplier, the 
pumps left the factory packed together in 
a wooden crate and must have been sepa- 
rated by the carrier. They arrived wrapped 
in pieces of corrugated cardboard and 
plastic sacks, with the handles of both 
pumps and a third spare handle broken 
and one cylinder top casting cracked. 
Damaged components were replaced by 
the manutacturer. 

lnstalletlon and maintenance 
is quite straightforward &nd requires only 
simple tools, though no installation or 
maintenance instructions were supplied 
with the pumps. Frequent attention is 
likely to be needed, particularly to replace 
cup washers. Three replacement cup 
washers were needed during the 4000 
hour endurance test which took place 
at 30 strokes per minute at 7 meters head. 

At the end of the endurance test, 
rust was found on the sliding plate at the 
pump top, in the plunger valve cage and 
inside the pump body above the cylinder 
lining, though the cylinder bore remained 
in good condition. Fulcrum pins and 
bushes were worn, and the plunger valve 
was noticeably worn, but still serliceabfe. 

The top !ulcrum casting and the base 
casting both broke during the Impact 
tests, indicating a susceptibility to acci- 
dental damage, and the absence of lock 
washers on the fixings lowers the pump’s 
resistance to possible abuse. The labora- 
tory noted a potential finger trap between 
the connecting rod fork and the top of the 
pumpstand, but later designs have elimi- 
nated this danger. 

User reactions were neutral: overall 
few users criticized the pump and few 
singled it out for praise. The handle move- 
ment means that many muscle groups 
contribute to the operating action. 

The overall conclusion of the 
laboratory trials was that the Bandung is 
inexpensive, but could be comparatively 
easily damaged and is likely to need tre- 
quent maintenance. As with any suction 
pump, the Bandung has to be primed and 
is therelore susceptible to contamination 
it polluted water is used. 

Per unit US$GS 
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Field Trials 

THE EANDUNG PUMP WAS NOT FIELD TESTED BY THE 
HANDPUMPS PROJECT 

Assessment 

In the absence of field trials, the 
Bandung’s ratings are based on 
its performance in the laboratory, 
and on the best juclgement of 
Project staff as to its likely perfor- 
mance in field conditions. As a 
suction pump, the Bandung is not 
suitable for lifts in excess of 7 
meters. It also requires priming 
and is t’nerefore at risk of 
contamination if polluted water is 
used for the purpose. 
Discharge Rate 
The measured discharge rate of 
29 liters/minute earns the pump a 
“good” (00) rating. 
Ease of Maintenance 
Maintenance is simple and requ- 
ires few tools, earning the pump a 
oo rating for each possible main 
tenance system. 
Reliability 
The reliabiliy rating is oo for daily 
outputs up to 4~3, failing to “ade- 
quate” (0) at 8m?d, as the endu- 
rance testing suggests that more 
frequent repair interventions will 
then be needed. 
Corrosion Reslstance 
Some corrosion was ncted in the 
laboratory trials, which indicates 
that the pump cannot be recomm. 
ended for use where groundwater 
is likely to be highly aggressive. 
However. rusting was mainly 
confined to the pumphead. so the 
pump is given a 0 rating. 
Abrasion Resistance 
The rubber seals failed compara- 
tivoly frequently during the endu- 
rance tests, so the pump earns 
only a o rating for abrasion 
resistance. 
Manufactrlrtmg M&s 
The Bandung is suitable for 
manufacture in countries with a 
medium-level industrial base. but 
the degree af quality control 
needed makes it unsuitable for 
manufacture in a country with a 
low-level base (Category 1). 
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1 Laboratorv Tests -I 

Pnce per unit US$l2? 
excluding suckon pipe and footvalve 

THE INALSA SUCTION PUMP WAS NOT TESTED IN THE 
CATR LABORATORY 

General Description 

The lnalsa Suction is a shallow-well 
suction pump with a cast iron pumpstand 
and fabricaiad mild steel top plate sssem- 
bly. The cylinder is machined in the cast 
Iron stand. Sealed ball bearings are fitted 
in the linkage prvots and the pumprod 
passes through a brass bush in the top 
plate, whrch also has a plugged hole for 
pnming. The risk of contamination is there- 
fore less than for other suction pumps. 

Pumprod. handle and links are galva- 
nrted steel. The plunger and valves are 
cast gunmetal, with a leather plunger seal 
and rubber valve seals. 

Manufi3ctufe 
The lnalsa Suction pump can be manufac- 
tured In a country with adequate skills in 
foundry work. simple sheet metal work, 
basic machining and simple leather work, 
but exacting quality control is needed, in 
particular to ensure a smooth surface on 
the cast iron cylinder. 

Industrial and Allied Sales Pnvate Ltd 
(INALSA). Suriya Kiram. 19 Kasturba 
Gandi Marg. New Delhi 110001, India. 

Indicative prices - 1983 
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Field Trials 

Test conditions 

Elumbar Head Data 
of range available 

Country pumps (meters) (months) 

India 5 1.9’s3.7 13.2 

*Average head 

The field tnal pumps had only low useage 
- average output for the five pumps was 
JUSI 0.7 m%d. 

No literature was supplied with the 
pumps. but only basic tools and skills are 
required for tnstallatfon. Average instal- 
lation bme was half an hour and involved 
three workers. The pump base should be 
at least 300mm above the wellhead for 
comfortab!e pumping. 

No breakdowns occurred in the 18 
month test period, but a iota1 of 14 leather 
cupseals were changed in that trme, and it 
seems that the cupseals will last horn 4 to 
6 months, depending on the intensity of 
use and the cylinder roughness. Frequent 
mamtenance was also needed to adjust 
the alignment of the fulcrum plate and 
prston rod, to avoid accelerated wear on 
the guide bushing and the cup seal. Most 
maintenance tasks were found to be 
simple to perform, requiring only two open 
spanners and a 450mm pope wrench. Care 
was needed to avoid overtightening of the 
check valve cage, which could lock open 
the poppet valve. The lever arrangement 
did not require lubncation over the test 
period. On average, each mrintenance 
rnterventron lasted for one hour, at a cost 
of $Ma. 

At 30 strokes per mrnute. the pumps 
delrvered 25 Irters/mrn under the test 

conditions (lass than 5 meters head). 
Thera were no complaints from 

users about operation o! the pumps, but 
the irregular discharge pattern from the 
spout caused by built-in baffles was regar- 
ded as a nursance. Complaints about the 
taste of the water were noted at four of the 
five test sites, supporting Project staffs 
belief that combining brass fittings with 
ferrous metals can lead to galvanic corro- 
sion in aggressive waters. Slight rusting 
was detected on the inner portions of the 
pump MY. 

The test pumps had low-grade 
leather cupseals, which accounted for the 
majority of maintenance interventions, 
and which coula be expected to wear even 
more quickly if sand was present in the 
water. Abrasion would also be a risk in 
those circumstances. 

Tne pumpstand was found to be 
generally robust, and the baffles offer 
resistance to abuse, by preventing debris 
from entenng the pump. Some finger traps 
are apparent around the handle fulcrum. 

Overaii, the inalsa Suction pump 
compares favorably with the other two suc- 
tion pumps used in the India field trials. 
The two major maintenance needs could 
be reduced by design improvements and 
us3 of better quality loather cupseals. 

CAUSES OF ESSENTIAL lNTERVENTiONS 

TDTAL rlD F RH Rf RY PS PE FV 01 
PART REPLACED 

T: 
2.5 

The lnalsa Suction ratings are 
based on the pump’s performance 
in field trials in India. As a suction 
pump, it is not suitable for pum- 
ping lifts in exoess of 7 meters. It 
also requires priming, and is there- 
fore at risk of contamination if 
polluted water is used for the 
putpase. 
Discharge Rate 
The discharge rate of 25 liters per 
minute earns the pump a “good 
p~o$gurtdurtd~ist$3adirlg. 

All wearfng components are easily 
serviceable with hand tools, but 
there are problems in aligning the 
top plate. The pump therefore 
scores 00 for maintenance Sys- 
tem B (area mechanlcj, but only 
“adequate” (e) for System A 
(village-level). 
FWlablllty 
Because maintenance Is compara- 
tively quick and easy, the reliab- 
iiii rating is also 06 where usage 
is low, but when the daily output 
rises, the anticipated frequency of 
seal replacement means that 
downtime will be greater, and the 
rating drops to (0) at 4m3ld and 
“unsuitable” (-) at Brfr3kt. 
Corrosltm Resistance 
The present design incorporates 
brass and ferrous metal parts, 
which have been shown to lead to 
galvanic cotrosion, and the pump 
cannot therefore be recommended 
fur sftuatlons where water Is 
corrosive. 
Abrasion Resistance 
The leather cup seals failed 
frequently in the field trials, even 
with low usage, and would be mole 
susceptible to fai!ure in sand- 
laden water, which is why the 
pump is rated - for abrasion 
resistance. 
knutacturing Needs 
The lnalsa Suction is suitable for 
manufacture in countries with a 
medium-level industrial base. but 
the degree of quality control 
needed reduces the rating from 
00 to -. in a country with minimum 
manufacturing capabilities (Cata 
WY 1). 



Laboratorv Tests 

The suction version ot the Jetmatic pump was not tested in the CATR Laboratory. 
However. tests were carried oul on the deepwell version, which has the same pumphead 
mechanism, and the entry for Pump 11 has some details which are also relevant tc the 
Jetmatrc Suction. In partrcular. the handle mechanism failed during the endurance test 
and the gland nut wore badly. 

General Description 

The Jetmatrc IS made N-I the Phrlrppmes 
to a dnsyn smriar to ?h& ot Kawamo!o 
Pumps ol Japan II IS also avarlable as a 
deepwell pump (Pump 1 1) The cast Iron 
purnpstand IS compact and hts on the 
protrudrng end ot the suclron pope. whrch 
must protrude at least 440mm above 
ground to prevent !he handle touchrng the 
ground and !o provrde clearance tor the 
spout A drscharge valve rn the spout 
allows erther tree dscharge or pressure 
dellvery through a hose or pope. 

Manufacture 
Gumotal and Iron toundry work and basrc 
mactilnrng are required. wrth good quality 
control to ensure rntorchangoabrlrly of 
spar0 pans 

There are several, rncludrng Sea Com- 
mercial Co Inc. Cor V. Cruz Street, Manrla 
2806. Phlhpprnes 

Indicative prices - Feb 1985 

Pumpstand and cyltnder US$35 
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Field Trials 

Test conditions 

Number Head Data 
of range aai!ab!e 

COWlfry pumps (meters) (months) 

Philipptnes 43 2-6 18 

The Jetmatlc pumps suffered many fall- 
ures In the field trials Production quality 
was generally poor. so that the low initial 
cost of the unit was more than compen- 
sated by the high demand for spare parts. 

Fatlures were occurring within a few 
weeks of mstallation. and Included broken 
handles and crossheads and worn pins. In 
addition. there was constant replacement 
of seals worn down by the rough cylinder 
surface. 

The general conclusion was that the 
present design and manufacturing stan- 
dard of the pump make it sultable for only 
light use. It might. for instance provide 

water for a family uilit or a group of lo-15 
users for up to one year without major 
faiiure. 

if production quality could be imp- 
roved and controlled, and if the design 
was al!ered to include sleeved cylinders, 
quality seals, ba!l race pivots, and quall:y 
castings, it should be possible to improve 
durability and raise the user group to 
perhaps 50 beneficiaries. Some design 
improvements have already been made, II-I 
response to shortcomlngs encountered 
during the field trials. 

Assessment 

The Jetmatic Suction rat!ngs are 
based on field trials and the 
performance of the deepwell 
version in the laboratory. and on 
the experience and judgment of 
Project staff. As a suction pump, 
it is not suftable for lifts in excess 
of 7 meters, and is also at risk of 
contamination if polluted water is 
used for priming. 
Discharge Rate 
The pump is capabfe of achieving 
a relatively high discharge and 
earns a ‘good” (00) rating. 
Ease of Maintenance 
The number of wearing parts 
which need regular attention 
keeps the rating for viflage-level 
(system A) maintenance down 10 
“adequate” (0). For maintenance 
systems B and C. the rating Is 00. 
Reliablllty 
The field tests showed that the 
Jelmatic suffers rapid wear, and 
the oo rating for reliability at 
1.5mj/d reduces to o at 4m%d. 
The pump is rated “unsuitable” 
(-1 at EmJ/d. 
Corrosion Resistance 
The suction */ersion of the pump 
earns a 0 rating for corrosion 
resistance. 
Abraslon Resistance 
Regular replacement of leather 
cupseals in the field trials 
resulted from roughness of the 
cylinder casting. In general, the 
suction pump has adequate resis- 
lance to sand pumping and earns 
a 0 rating. 
Manufacturing Needs 
The Jetmatic Suction is not 
suitable for manufacture in coun- 
tries with a low level of industrial 
development (category I ) beca- 
use of the need for foundry and 
machining skills. For categories 2 
and 3, the ratings are 00. 
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..$a Laboratow Tests 

THE LUCKY WAS NOT TESTED IN THE CATA 
LABORATORY 

Geneml Description 

The Lucky is a simple shallow-well suction 
pump constructed mainly of cast iron and 
:.upplied complete wrth 10 meters of l-112 
Inch drameter galvanized steel drop pipe 
fitted with a footvalve. PVC drop pipes 
can be used as an altematrve. 

The plunger has a large diameter 
rubber seal. givmg a high discharge per 
stroke. 

The Lucky IS widely manufactured in 
Thailand by small and medium foundries, 
but its reliability depends on good casting 
skulls and quality control of items such as 
the handle, fulcrum pins, piston rod 
gurdes. etc. 

Suppliers 
Ava~!abfe trom many toundnes throughout 
Thailand. 

Indicative prices - Apr 1986 

Per unit, including 1 Om of 
G.!. drop pipe and 
tootvalve us$35-40 
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Field Trials 

Test conditions 

Number Head Data 
of range available 

pump /meters) @rm!hsl 

Thariand 20 2.6 30 

The Lucky pumps performed very poorly 
in the tield. proving quite unsuitable for 
heavy duty operation at the vrllage level. 

The crosshead system has too 
many moving parts. which are subject to 
rapid wear Though the discharge is high 
and the pump is therefore popular with 
users when it IS working properly, the 
frequency of necessary repairs means 
that its use would have to be rastrictsd to 
small user groups. 

As a suction pump, the Lucky is 
Inherently easy to maintain, though in 

comparison with other suction pumps, it 
does have some disadvantages. Several 
spanners are needed to take the pump 
apart, and the need to lift out 10 meters of 
1 -l/2 inch diameter galvanized steel drop 
pipe to service the footvalve precludes 
maintenance by a village caretaker. 

Even if higher production standards 
could be achieved, it is unlikely that the 
Lucky design would be suitable for high 
daily outputs. 

CAUSES OF ESSENTfAL INTERVENTlONS 

E 1.5 

$ 1 

0.5 

0 
TOTAL HII F RH PR RU PS PE FV 01 
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Assessment 

The Lucky ratings are based on 
the pump’s performance in leng- 
thy field trialS in Thailand, which 
provided enough data tot confi- 
dem judgments about fha pump’s 

capabilities. As a suction pump, 
the Lucky is restrfcted to pumping 
lifts of 7 meters or less. It also 
requires priming and is therefore 
at risk of contamination if polluted 
water is used for the purpose. 
Discharge Rate 
The pump is capabfe of achieving 
a high discharge rate and earns a 
“good” (00) rating under this 
heading. 
Malntenanca N8t3ds 
As a suction pump, the Lucky is 
iafrfy simple to maintarn, but tha 
need !or several spanners to take 
the pumphead apart, and the 
dificufty in removing the footvalve 
for servlclng make it unsuitable 
forvillage-level maintenance (Sys- 
tem A). For area-mechanic and 
central maintenance (Systems 6 
and C), the pump earns a 00 
rating. 
Rellabllity 
The Lucky needed frequent 
repairs in the field trials and 
canno? be recommended for high 
daily outputs. It is rated “ade- 
quate” (0) for 4mVd, and 00 for 
1.5mVd. 
Corrosion Ffesistanci3 
The pump has no special protec- 
tion against corrosion and so 
cannot be recommended where 
groundwater will be corrosive. 
Abraeiun Reelsitence 
The rubber seal earns a o rating 
for abrasion resistance. 
Manufecturfng Needs 
The pump is *widely manufactured 
in Thailand, though to a varying 
quality standard. It would not be 
suitable for manufacture in a ooun- 
try with a low level of industrial 
development (Category l), but is 
given a 00 rating for medium or 
high levels of industrfal develop- 
ment (Categories 2 and 3). 
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General Description 

The New No. 6 IS a simple and robust 
shallow-well suction pump constructed 
almost entirely of cast iron. The piston 
uses a molded PVC cupseal and the 
check valve IS a weighted leather flap. The 
pumpstand IJ mounted directly on the 
suction pipe., which is 1.5 inch galvanized 
steel or PVC. More than a million units 
have been installed in Bangladesh. 

The pump IS manufactured widely in 
Bangladesh and is slitable for manufac- 
ture in any developing country with basic 
foundry skills. It has no fine tolerances. 

Suppliers 
The pump tested at CATR was supprted by 
Engineers Wood Steel Industries Ltd. 67 
Teigaon Industrial Area. Dhaka-8, 
Bangladesh. There are many more manu- 
facturers of the New No. 6 in Bangladesh. 

Laboratow Tests 

Date tested: 1982 
Reported: Projact Rapeii No. 3 

Performance data 
(typical values) 

Head (meters) 7 
Pumping rate (cycles/min) 30 
Volume/minute (liters) 36 
input (watts) 60 
Effiiiency (56) 67 
Maximum handle force (kgf) 14 
Leakage of foot valve (mUmin) ~1 .O 

The volumedischaqpdperstroke 
was about 7.2 liters. 

Ine nvo pumps acqulreo ror resrrng were 
both received in working order, though 
pump tops were loose and in one case the 
halves of the plunger were not tightly 
screwed together. 

No installation and mainte 
nance instructions were supplied with the 
pumps, but a helpful leaflet was supplied 
on request. installation is simple and 
requires only basic tools and skills. The 
assembled pump is mounted directly on 
the drop pipe, which must be securely 
fixed in position. Maintenance is simple 
and could be carried out by a village 
caretaker. Handle pivots need to be oiled 
twice weekly, and the manufacturer 
recommends that the piston seal and 
valve should be replaced yearly. This 
could be troublesome, as the lest pumps 
suffered extensive corrosion. 

The 4000 hour endurance test was 
conducted at 30 strokes per minute and 7 
meters head. The original cupseal and 
plunger valve were badly worn after 1000 
hours and were replaced, along with the 
check valve. The replacements lasted the 
remaining 3000 hours, though the cupseal 
and plunger valve were badly worn at the 
end. Poor performance In the first 1000 
hours reflected an initial roughness in the 

cylinder bore causing rapid wear in the 
cupseal. 

At the end of the endurance test, the 
plunger could not be dismantled because 
of rusted threads, corrosion of the 
retaining screw prevented removal of the 
check valve weight from the leather flap, 
and there was considerable rust on the 
unprotected cast iron of the pump body. 
Pivot holes in the handle, pump top and 
connecting rod eye were atl noticeably 
worn and the pivot axles were also worn, 
though still serviceable. The check valve 
leather flap was deeply indented. 

The pump failed in one of the side 
impact tests, but proved capable of 
withstanding considerable shock to both 
the body and the handle, which indicates 
that it is quite robust. The simplicity of 
installation does mean that it has little 
resistance to abuse. as it is easy to 
remove the complete pump from the drop 
pipe and steal it. Pivot axles and bolts are 
also easy to remove. 

Many user3 were pleasantly 
surprised by the performance of the New 
No.6, which contrasted with its somewhat 
crude appearance. It delivered well over a 
liter of water with each stroke, and the 
handle movement allowed arms, shoul- 
ders, back and legs to contribute to the 
operating effort. Some users disliked the 
roughness of the handle. 

The overall conclusion of the 
laboratory trials was that the New No. 6 is 
a very simple, cheap and sturdy pump, but 
likely to wear considerably when heavily 
used. It is well suited to manufacture in 
developing countries with basic foundry 
skills and has no close tolerances - the 
holes for the handle pivot axles are deli- 
berately drilled oversize to avoio problems 
of misalignment. 

As with any suction pump, the New 
No. 6 has to be primed and is tiierefore 
susceptible to contamination if polluted 
water is used. A sliding plate on the 
connecting rod would be a simple design 
improvement, to combat accidental conta- 
mination. 

Indicative prices - Feb 1985 

Price per unit (min. 50 units) US$63 
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Fiild trials 

THE NEW NO. 6 PUMP WAS NOT FIELD TESTED BY THE 
HANDPUMPS PROJECT 

Assessment 

In the absence of field trial moni- 
toring, the New No. 6’s ratings 
are based on its performance in 
the laboratory, and on the expe- 
rience and judgment of Project 
staff. As a suction pump, the 
New No. 6 is not suiiabie for lifts 
in excess of 7 meters. It also 
requires priming and is therefore at 
risk of contamination if polluted 
water is used for the purpose. 
Discharge Rate 
The high discharge rate of 36 liters 
per minute earns the pump a 
“good” (00) rating under this 
heading. 
Ease of Maintenance 
Repairs are simple to carry out and 
require only basic tools, so that 
the pump quali!ies for a 00 rating 
under each of the maintenance 
headings (A, Et and C). 
Reliability 
Under low usage conditions the 
pump also earns a 00 rating for 
reliability, but for more intensive 
applications, more frequent repair 
interventions would be necessary, 
and the rating drops to “adequate” 

I 
0) for 4m3/d and to “unsuitable” 
-) for fim-‘/d. 
Corrosion Resistance 
Tr,e pump has no special protec- 
tion against corrosion and suffered 
extensively from rusting in the 
laboratory tests. It cannot there- 
fore be recommended for situ- 
ations where groundwater is likely 
to be corrosive. 
Abrasion Resistance 
In general, the pump proved to be 
reasonably resistant to sand pum- 
ping in the laboratory. It earns a 
00 rating for abrasion resistance 
piin+.$iv L+Ac..M of ihe tauah 

plasticiseb PVC seal. 
.a 

Manufacturing Needs 
The New No. 6 is widely made in 
Bangladesh and is well suited for 
manufacture in a country with a 
moderately developed industrial 
base. tiowever, its manufacture 
requires a basic awareness of 
quality control procedures, and it 
is therefore rated only o for coun- 
tries with a low levei of industrial 
development (Category 1). 
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General Description 

The Rower is a high-capacity low-lift pump 
designed primarily for irrigation. The 
operator pulls directly on the plunger rod 
by means of a T-bar handle, and the angle 
is convenient for operation from a sitting 
position using a rowing action. The 
cylinder is an extruded uPVC tube with 
heat-swaged ends and the aluminum 
oiston is fitted with a leather cup washer 
and flap valves cut from tire inner tubes. 
Several different sizes are available. 

The pump is fitted with an aluminum 
surge chamber, and IS normally embedded 
in earth for support and protection, or may 
be supported by a smaller earth bank and 
protected by strips of bamboo around the 
cylinder. 

h+%nufactm 
The pump was designed for manufacture 
in a developing country and most compo- 
nents are easy to make. Some skill is 
,T!u~~w !r! nea:-:orm:ng tne uPVC :ube 
and spinning the surge chamber. and care 
is needed in machining. 

Suppliers 
Mirpur Agricultural Workshop Training 
School, Mirpur Section 12. Ohaka, 
Bangladesh. 
SWS Filtratron in the UK have also 
developed versions of the Rower pump. 

Indicative prices - Jun 1985 

Per2in. pump with screen and 
7.6 meters of drop pipe us5 30-35 

Extra drop pipe per 0.76m us5 4.00 

Laboratory Tests 

Dale fesled: f 9838# 
Reported: Project Report No. 3 

Pertormanca date (typlcal 
values) - 54mm cylinder 

Head (meters) 7 
Pumping rate (cycles/min) 15 
Volume/minute (liters) 27 
input (wafts) 48 
Efficiency (%) 64 
Maximum handle force (kgf) 20 
Leakage of foot valve (mf/min) High 

The volume dischagedper etmke 
was about 1.8 liters. 

Evaluation 
The sample pumps were delivered by 
hand, so no judgment can be made on the 
packaging arrangements. 

Engineering drawings were supplied 
with the test samples, and these con- 
tained useful information but would not be 
suitable as an alternative to installation 
and maintenance instructions. However, 
lnstallatlon of the Rower pump should 
be very easy, particularly if plastic pipe is 
used. The most important tool may well be 
a spade or shovel to construct the earth 
bank. Care is needed to achieve airtight 
joints in the drop pipe, as any leaks will 
significantly affect the efficiency of the 
pump. 

Maintenance too is very straight- 
forward, and requires only the simplest 
hand tools. The Rower is a true VLOM 
pump, though the need for priming intro- 
duces a pollution risk when it is used for 
drinking water. The pump achieves a high 
delivery on each stroke, and its 
discharge of 27 liters per minute at 15 
cycles per minute is also high. 

The 4000 hour endurance test was 
carried out at 19 cycles per minute and a 
head of 7 meters. No breakdowns occur- 
red, though the check valve was replaced 
after 1000 hours as inspection revealed 
that the rubber flap valve was loose. Some 
joints in the drop pipe were found to be 
leaking during the test, and the threaded 
joints were replaced with cement joints. As 
well as reducing performance, leaking 
joints caused a rapid loss of prime. 

Smal! amotints of surface rust were 
found on the check valve and plunger 
body fixings and there was slight pitting of 
the plunger rod, but all parts remained 
serviceable. The cylinder bore was worn at 
the end of the test, resulting in a 2mm step 
in the bore at the end of the swept stroke. 
The volume delivered per stroke was down 
on the original performance test, but still 
well over one liter. 

User reactlon was generally favor- 
able, once users were instructed in the 
appropriate method of operation. Only 
small children found the pump difficult to 
use. Everyone liked the very high dis- 
charge, though some objected to getting 
wet when water spurted out of the pump at 
the start of the return stroke. The lack of 
an upper stop caused some problems. 
with some stronger users pulling the 
plunger right out of the cylinder. 

The impact test was not applied, as 
the Rower is intended to be protected 
against such eventualities. The handle 
can be distorted quite easily, but is 
equally easy to straighten. 

The overall conclusion of the labora- 
tory trials was that the Rower is a commen- 
dably simple pump, easy to install, 
maintain and repair. Its main application is 
likely to be low-lift irrigation, as conta- 
mination of drinking water is almost 
inevitable. Performance falls off with time, 
because of wear, but all wearing parts are 
cheap and easy to replace. 
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Field Trials 

THE ROWER HAS NOT BEEN FIELD TESTED UNDER 
THE HANDPUMPS PROJECT, BUT MANY ROWER 
PUMPS HAVE BEEN OBSERVED IN USE IN BANGLADESH. 

PROJECT STAFF COP&tENT THAT THE ROWER IS A 
TRUE VLOM PUMP, WHICH SETS A STANDARD FOR 
DESIGNERS IN A RANGE OF IMPORTANT PARAMETERS: 

LOW COST 
EASY SERVICEABILITY 
HIGH CAPACITY 
EASEOFMANUFACTURE 

THE ROWER IS IDEAL FOR SMALL PLOT IRRIGATION 
UNDER LOW LIFT CONDITIONS IN MOST DEVELOPING 
COUNTRIES. 

Assessment 

The Rower pump ratings are 
based on performance in the lab- 
oratory tests and on experience 
and judgment of Pro]eci staff. The 
Rower was developed principally 
as an irrigation pump, and 
produces a high discharge. As a 
suction pump, it is not suitable for 
pumping lifts in excess of 
7 meters. It also requires priming 
and is therefore at risk of 
contamination if polluted water is 
used for the purpose. 
Discharge Rate 
The discharge rate of 27 liters per 
minute at a pumping rate of 15 
cycles per minute declines as 
wear takes place in the PVC 
cylinder, bit remains high enough 
to&My the pumps “good” (00) 

Ease of Maintenance 
Practically no tools are needed for 
maintenance and the pump earns 
a no rating under each mainte- 
nance system (A, B arid C). 
Reliablllty 
The reliability rating is also 00, for 
outputs up to 4m3/d, as the 
repairs which are necessary can 
be carried out very quickly and 
easily. The rating drops to 
“adequate” (0) when daily output 
rises to 8mj/d. 
Corrosion Resistance 
Though small amounts of corro- 
sion have been detected both in 
the laboratory and in the field in 
Bangladesh, they have not been 
extensive enough to impair the 
pump’s performance, and should 
not be a problem unless the 
groundwater is highly corrosive. 
The Rower is therefore rated 0. 
Abrasion Resistance 
The Rower design allows it to 
pump sand-laden w&e: without 
difficully. but the wear of the 
cylinder wal!s ~$1 be accelerated if 
sand is present regularly, and the 
pump is therefore given a 0 rating 
for abrasion resistance. 
Manufacturing Needs 
The Rower has been designed for 
cheap and simple manufacture in 
a developing country with a low 
industrial base. It earns a 00 
rating under each category of 
manufacturing capability. 
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LaboratorY Tests 

--\ 
_I’ 

;~& THE SYB-100 WAS NOT TESTED IN THE CATR 
i” ,‘ ,/’ ,I ,/ 3’ LABORATORY 

_, ’ 
i _ .i.‘. 

General Description I 

The SYB-100 IS a simple shallow-well 
suction pump constructed mainly of cast 
Iron. The handle and pumprod pivots are 
fWd wtth ball races. Plunger and check 
valves are rubber tlaps and rubber is also 
used for the plunger seal which moves in a 
honed cylmder bore. 

The pump IS manufactured to a high 
standard In Chrna. under good quallty 
control of castmg and with first class 
machming. 

supplit?rs 
Changsha Collnty Ltghl industrial Plant, 
Hunan. People’s Repubk of China. 

Indicative prices - May 1986 

Per unl! US$30-40 
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Field Trials 

Test conditions 

Number Head Data 
of range avarlable 

pumps (meters) (months) 

Chrna 85’ l-6 24 

Papua New 
Gurnea IO 2-7 12 

‘20 of the dcxuntmued SYB-85 were also 
tested. 

The Chtna held trials ~nvolvecl large num- 
bers oi prototype suctton pumps. many of 
which have been drscontinued as a result 
of their pertormance in the field tnals. The 
SYB-100 IS the exception. havmg proved 
both popular and reliable. 

The trials were conducted m Chang- 
sha (Hunan Provrnce) where the pump IS 
manufactured It must be remembered 
that there are many mrllrons of suctron 
handpumps In use In Chma. and they 
generally operate tor only short periods 
each day. servrng lust one famrly or a 
small user group The same hand of ope- 
ratrng condrtrons also apply rn Papua New 
Gurnea Nevertheless. the Project 
collected enough data on the pump pertor- 

mance to predict that it could reliably 
serve up to 100 users over two years 
without excessive failures. The standard 
of village-level maintenance In China IS 
hrgh in comparison with most developing 
countries. and in China, the SYB-100 is 
well suited for village-level maintenance. 

The quality of manufacture of the 
SYB-t 00 was high, and the pump is well 
desgned for economic replacement of low- 
cost components (though this may not be 
readrly replicable in other countries). 

The pump desgn has been Improved 
as a result of the Project experiences, and 
the SYB-100 IS becomrng increasngly 
popular in the country. Some 17.000 unrts 
were ordered for one provrnce. wrth 
another 10,000 rn preparakon. 

CAUSES OF ESSENTIAL INTERVENTIONS 

0 
TOTAL HD F RH PR RY PS Pf FV OT 

Assessment 

The SYB-100 ratings are based 
primarily on the pump’s perfor- 
mance in field trials in China and 
to a lesser extent on the limited 
experience in Papua New Guinea. 
This provided enough data for con- 
fident assessment of the pump’s 
capabilities. As a suction pump, 
the SYB-100 is restricted to 
pumping lifts of 7 meters or less. 
It also requires priming and is 
therefore susceptible to contami- 
nation if polluted water is used for 
the purpose. 
Discharge Rate 
The pump is capable of delivering 
a high discharge and earns a 
“godd” (00) rating. 
Ease of Melntsnance 
With the standard of village-level 
maintenance available in China, 
the pump would be readily ser- 
viced by a village caretaker. In 
general, however, for countries 
with lower skill levels available in 
most villages, the rating under 
maintenance System A is “ade- 
quate” (0). 
Reliablllty 
The SYB-100 proved highly reli- 
able for moderate daily outputs in 
China and Papua” New Guinea, 
and earns a oo rating for dis- 
charges up to 4mWd, dropping to 
o for 8m3Id. 
Corrosion Resistance 
Though the pump has no special 
provision for combatting corro- 
sion, little sign of corrosion emer- 
ged from the held trials, earning a 
0 rating. 
Abrasion Resistance 
The honed cylinder bore and 
rubber cupseals resulted in long 
seal life, and justify a oo rating 
underthis heading. 
Manufacturing Needs 
Manufacturing quality in China is 
high, and the SYB-100 design 
would suit manufacture in 
countries with moderate or highly 
developed industrial bases 
(Categories 2 and 3). for which 
the pump scores a oo rating. The 
skill levels and quality control 
naeded to ensure reliable perfor- 
mance make it unsuitable for 
manufacture in developing coun- 
tries with low levels of industrial 
development. 
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General Description 

The Wasp IS a conventional shallow well 
s.dctlon pump constructed almost entirely *a 
of cast tron The cylinder IS machmed In 
the lower part of the pump body. The cast 
Iron piston IS fitted wtth a smgle leather 
cup seal and gunmetal valve. 

The check valve IS also of gunmetal 
and IS held tn a cast Iron cage. The stam- 
less steel pumprod passes through a 
sltdmg brass plate covenng the slot In the 
pumpstand top-plate and so reducmg the 
contamtnabon nsk. 

Bars In the spout prevent stlchs or 
stones from bemg pushed Into the pump. 
The handle has a low startmg posItIon. 

The Wasp can be reachly manufactured In 
a country with basic foundry shllls plus 
basic machtnrng and leather craftrng. 
though careful quality control IS needed 
with cast iron components. 

Suppliers 
Shukla-Manseta lndustnes Pnvate Ltd. 
248 Ambalal Doshl Marg. Bombay 400023. 
India. 

Indicative prices - 1983 

Laboratow Tests 

THE WASP PUMP WAS NOT TESTED IN THE CAfR 
LABORATORY 

Per unit. ercludmg suction pipe USI1 85 

CF Co/ombo 
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Field Trials 

Test conditions 

Number Head 
Of range 

Country pumps (meters) 

Data 
available 
(months) 

SnLanka 25 2.6’-5.0 20 

’ Average head 

The Wasp IS a denvatlve of the Maya No. 6 
cast Iron suction pump design common on 
the Indian subcontinent. Its drive mecha- 
msm IS exposed to duzt and weathering. 

No literature was supplied with the 
pumps. but only basic tools ..nd skills are 
required for tnstallatton. On average, three 
workers completed mstallation in half an 
hour on protected dug wells In Sri Lanka. 
The pump IS attached to anchor bolts 
embedded in the concrete cover slab of 
the well and must be set at least 300mm 
above the well head to provrde a comfor- 
table standtng positton for operation. The 
handle can be set at a right angle to the 
spout to avold the need for the operator to 
stand on the well cover slab 

Servmg of all parts 1s easy. using a 
single adjustable spanner and a screw- 
dnver. All bolts are the same size. and are 
set tn slots to prevent rotation of the bolt 
head Frequent lubncatlon of the exposed 
axles and bushes was found to be 
essential. and even then beanng failure 
accounted for half of all breakdowns. 

The pumps were only lightly used and 
an average of 2 1 interventions were nee- 
ded per pump per year to reparr break- 
downs or correct poor performance, the 
main Items being bearings and seals. In 
all. 23 leathor cupseals were changed on 
the 25 test pumps during the first 16 
months of tustlng. and it seems that a 

5 

4.3 

p 3; 

iI 

2.5 

2 

E 
1.s 

2 1 

0.5 

0 

cupseal can be expected to last from d to 
10 months, depending on the usage and 
the roughness of the cylinder. 

Plunger valves and check valves 
were noticeably worn after 18 months, 
both an their circumferences and on their 
faces. There was no significant wear on 
the cylinders. Pivot bushes generally wore 
out wlthin a year and pivot pins were worn 
but servlceable. In all, three handles and 
two fulcrum plates broke during the trials. 

The Wasp delivers a respectable 
26.5 liters/mm at 30 strokes/mm. but the 
some users dtsllke the operating action 
because of the low starting point of the 
handle. 

The use of brass with ferrous metals 
led to galvanic corrosion, and there were 
complaints about taste and/or color of the 
water at 15 of the 25 test sites. 

As with any suction pump, the Wasp 
has to be primed, and IS therefore 
susceptible to contamination if polluted 
water IS used for the purpose. In the Sri 
Lanka trials it compared unfavorably with 
the lnalsa Suction pump In terms of cost, 
rellabillty. ease ot maintenance. and 
resistance to abuse and contammation 

CAUSES OF ESSENTIAL It4~RVD4T!QtiS 
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Assessment 
The Wasp ratings are based on the 
pump’s performance in field trials 
in Sri Lanka. As a suclion pump, 
ihe Wasp is not suitable for lifts in 
eXC8SS of 7 meters. It also requ- 
ires priming and is therefore at risk 
of contamination if polluted water 
is used for the pUvS8. 
Discharge Rate 
A discharge rate of 26.5 liters per 
minute at 30 strokes per minute 
gives the pump a “good” (oo) 
rating. 
Ease of Maintenance 
Maintenance is simple, requiring 
only a single spanner and 
screwdriver, but frequent lubri- 
cation of bushes is needed. The 
pump therefore earns a “good” (00) 
rating for mainienance Systems B 
and C, reducrng to “adequate” (a) 
k: Zvstem A (village-level). 
Reliability 

The reliability rating Is oo for low 
usage - similar to conditions In 
the Sri Lanka field trials - but 
reduces to o for 4mVd and to 
‘unsuitable” for 8mVd. Wh8r8 the 
higher intensity of use would 
require too frequent maintenance 
interventions. 
Corrosion Resistance 
After 16 months in th8 field, the 
inner pump body, pumprod, plun- 
ger and check valve were heavily 
rusted. and the Wasp cannot 
therefore be recommended for us8 
where water iscorrosivo. 
Abraslon Realstance 
The leather cupseals failed regu- 
larly during the field trials. and 
would be even more susceptible in 
sand-laden water. The pump is 
therefore given only a 0 rating. 
Manufacturing i%3xls 
The Wasp is made in India and is 
suitable for manufacture in any 
developing country with basic 
foundry, machining and leather 
craft skills. The degree of quality 
control needed results in a - 
rating for countries with a low-level 
industrial base, but a oo rating for 
other countries. 
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This Annex contains brief details of 17 additional pumps 
which have come to the attention of Project staff during 
the course of the field trials. They were not included in 
the laboratory or field trials organized by the Project (or 
were included too late for results to be available for this 
document). 

The pumps may be of special interest because they 
involve unique features or promising design concepts, or 
because they have received wide publicity, or because 

restricted to manufacturers’ published data and obser- 
vations by Project field staff, so that it has not been 
possible to “rate” the pumps in the same way as those 
included in the Pump Selection Tables in Chapter 5. 

Analysts wishing to include particular pumps from 
this Annex in the selection procedure described in 
Chapters 5 and 6 should first seek fuller details from the 
manufacturer, and, where possible, obtain field expe- 
rience from existing users. The pumps included in the 

they are known to be used by large numbers of people in 
particular regions. The information available is generally 

Annex are tabulated below. 

Pump Counfly of manufacture Known installations Page 
- 

Abi-MN Cote d’lvoire Cote d’lvoire 184 
Aquamont United Kingdom Burkina Faso, Cameroon, Malawi, Zambia 184 
Atlas-Copcu Sweden Ghana 184 
Bourga Cote d’lvoire, France, Niger Niger 184 
Bucket Zimbabwe Sierra Leone, Zimbabwe 185 
Bush Zimbabwe Zimbabwe 185 
Grundfos Uenmark Sudan 186 
Nsimbi Zimbabwe Zimbabwe 186 
Pek Canada Bolivia, Cote d’lvoire, Kenya, Senegal 186 
Pulsa Italy Benin, Burkina Faso 187 
Pun0 Peru Bolivia, Peru 187 
Rope (“Soga”) Peru, Nicaragua Bolivia, Nicaragua, Peru 188 
Sholapur India India 189 
Swedpump Sweden Central African Rep., Ghana, Sudan 189 
UPM France Burkina Faso, Niger 189 
Wavin The Netherlands 

j 
Bolivia, India, Kenya, Malawi, Tanzania 190 

Wearmaster United Kingdom , Not known 190 
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Abi-MN Cote d’lvoire 

me At&MN is a conventional r&pro- 
eating piston pump with a lever handle. 
The cylinder is made of brass, and the 
standard version is equipped with galva- 
nized rods and rising mains. Most of the 
above-ground compottents are identical 
to thase of the Abi-ASM pump (Pump 01 in 
the Handpump Compendium), except for 

the connechons to the rising main and rod, 
the lack of a hydraulic drive cylinder, and 
a slightly differant handle. An earlier 
model with the same name (Abi-MN) had 
different above-ground components, and 
was general!y !iked by users because of 
its easy operation and reasonable dis- 
charge rate, although repairs were 
difficult. The most significant difference 
between the old and new above-ground 
components of the Abi-MN is the change 
from ball bearings to plastic bearings. The 
plastic bearings, which have been stan- 
dardized for both the Abi-ASM and the Abi- 
MN pumps, have the advantage of being 
easily replaceable. 
Manufacturer Abidjan Industrie, 01 BP 
343, Abidjan , 01 Cote d’lvoire. 

Aquamont United Kingdom 

This pump is manufactured in the UK and 
marketed by E.T.C. Aquaservice of Liver- 

pool. Two head assemblies are available: 
the MK 1 standard drive, which provides a 
positive pumprod return; and the MK 2. a 
chain drive version. Above ground, the 
pumpstand is galvanized or palnted and 
sealed taper roller bearings are fitted to 
the fulcrum and hanger. Galvanized iron 
or ABS rising main is used with 1Omm 
stainless steel pumpmds incorporating 
PTFE centralizers. A PTFE lined glass- 
reinforced epoxy resin cylinder is prov- 
ided, employing nitrile seals and claimed 
to have both low wear and friction, making 
pumping from lifts up to 90 metres a prac- 
tical possibility. Pumps have been sent 
to Cameroon, Malawi, Zambia and Burkina 

Faso for limited field trials and will be 
tested in the CATR Laboratory in the near 
future. 
MO76 information: E.T.C. Aquaservice. 
Cunard Building, Liverpool, L3 lHFl, 
United Kingdom. 

Atlas-Copco Sweden 

The Atlas Copco model 111 is a Swedish- 
made pump with a galvanized welded 
pumpstand assembly. The handle fulcrum 
bearing has a special rubber element 
which purports to eliminate wear problems 
evident in conventional bearing systems. 
A connecting belt between the end of the 
handle and the pumprods is designed to 
avoid the wear which occurs with chain 
and quadrant operation. The SW-system 
of rising main and pumprod is in stainless 

steel, and is attached to a wire-reinforced 
rubber hose pumping element. Recamm- 
ended maximum installation depth is 30 
meters. Samples with stainless steel 

below-ground components are being sent 
to Ghana for field testing and CATR 
laboratory tests of this pump started at 
the end of 1966. 

Model 122 uses the same above- 
ground pumpstand, rising main and pbmp- 
rods as the 111 but uses a conventional 
stainless steel cylinder below ground. 
Manufacturer: Atlas Copco Energy AB, S- 
105 23 Stockholm, Sweden. 

Bourga Cote d’lvoire, 
France, Niger 

This is a reciprocating piston pump ape- 
rated with a lever handle, based on 
conventional handpump design concepts. 
The standard versions are equipped with 
galvanized steel rising mains and rods, 
and cylinders made of brass. The handles 
are counterbalanced to ease operation. 
Three models are available. which the 
manufacturer specifies as follows: 
. the Model 1000 has a 70-mm piston, 

and is specified for one-person 
(adult) operation at lifts up to 45 
meters, and two-person (two adults 
or 3-4 children) operation at lifts up 
to 90m; 

. the Model 2000 has a loo-mm piston, 
and is specifies for one-person ope- 
ration at lifts up to 22.5m, and two- 
person operation at lifts up to 45m; 
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. the Model 3000 has a 120-mm 
piston, and is specified for one- 
person opetation at lifts up to 15m. 
and two-person operation up to 30m. 

The handle has a T-bar to facilitate 
operation by more than one person and to 
allow the user to apply force at the 

Tee hrndlc 

extreme end of the handle where the 
maximum mechanical advantage can be 
achieved. Also, the handle has a counter 
weight which can be adapted for the lift at 
which the pump is to be used. The pump 
has a high discharge rate, although this 
is accompanied by the need for a 
relatively high force to be applied to the 
handle. However. the facility of having 
multi-person operation compensates for 
the high force required, and users like the 
high discharge rate. The Project has 
field tested a few of these pumps in Niger 
- 3 of Model 2000, and 1 of Model 3000. 
These ha-tie been intensively used during 
22 months of field data collection, and 
have performed well. Although the small 
numbers of each model that were tested 
limits the statistical significance of the 
field data, the following may nonetheless 
provide a rough indication of repair 
requirements. 

The average rate of repair or main- 
tenance interventions has been 1.2 per 
year for each pump. The majority of 
repairs were required due to defects on 
footvalves (27%), pumprods (16%). 
handles (9%). fulcrums (9%), and pum- 
ping elements (9%). The manufacturer 

has responded to these reports by 
modiing several components. 

The assessment of this pump can be 
summarized as follows: users like the high 
volume flow: it is robust; it is suitable for 
local manufacture in some developing 
countries; access to below-ground com- 
ponents for repair is difficult and the 
pump therefore cannot be classlfed as 
VLOM (Village Level Operation and 
Maintenance). 
Manufsctun9fs: The pump was originally 
manufactured in France by G. Bourrier, 5, 
Rue Ellsee-Reclus, 93300 Aubetvilliers. 
France. Later, productlon was begun by 
the following two manufacturers In Cote 
d’lvoire and Niger (In at least some cases 
pumps have been assembled in Niger with 
components made In Cole d’lvoire and 
France): Ateliers de Construction Electro- 
M&canique de C&e d’lvoire (ACE&Cl), 
B 9 522, Abidjan 15, RBpublique de C&e 
d’lvoire; SEEE (SocWB d’Etudes et 
Entreprise d’Equipment), BP 11.966, 
Niamey, Niger, 

Bucket Zimbabwe 

The Bucket Pump is an improved version 
of the traditional rope and bucket 
connected lo a windlass. However, the 
Bucket Pump is sultable for Installation In 
narrow-diameter wells, whereas the 
traditional arrangement requires a wlde- 
diameter well. The Bucket Pump is 
essentially a long narrow bucket with a 
large check valve at its boftom, which 
allows water to enter it from below as it is 
submerged, but which does not allow the 
water to escape as the bucket is lifted up 
the well (this is analogous to the piston 
valve on a convenUonal handpump). Its 
own weight is sufficient to submerge it 
when lowered into the well, and, when full, 
It is lifted by turning the wlndlass, thus 
lifting the connecting chain and pulling the 
bucket up. A simple “water discharger” is 
aftached to a post, and, when the bucket 
is set on it by hand, thls opens the check 
valve and discharges into a waiting con- 
tainer which the user has placed below. 
When compared to the traditional rope 
and bucket, it has, in addition to the ability 
to be used with drilled wells, the advan- 
tage of decreasing the likelihood of conta- 
minating the well water. This is because 
the bucket is not normally set on the 
ground where it could pick up contamin- 
ation before being lowered into the well. 
as commonly happens when personal 
buckets are used with wide-diameter 
wells. Also, only a small lid is required tc 
cover the well when it is not being used. 

Compared with most other hand- 
pumps, the Bucket Pump has the advan- 
tages that it is extremely simple to manu- 
facture, operate, and maintain. and is 

particularly well suited to VLOM (Village 
Level Operation and Maintenance). A 
major disadvantage of the Bucket Pump 
is the low rate at which water can be 
extracted from the well, making it more of 
a family or multi-family pump and not suit- 
able for use by larger numbers of people. 
Another disadvantage Is that some conta- 
mination may take place. 

The Bucket Pump is made by local 
shops in Zimbabwe and Sierra Leone. 
More inlonnarion can be found in a 
pamphlet describing the pump, entitled 
Pump Handout No.1: The Zimbabwe 
Buckef Pump, avaihble from the Blair 
Research laboratory, Box 6105, 
Causeway, Harare, Zlmbabwe. 

Bush 
-*r 

Zimbabwe 

The Bush pump, a reciprocating deep- well 
force pump, was originally designed and 
installed in the early 1930’s in Zimbabwe. 
The pump is still used extensively in the 
country, with one estimate placing the 
number of pumps installed at 10,000 
units. Since then, it has appeared in 
various forms throughout East Africa. 
The pump design has no nxacting tole- 
rances and it can be erected by reason- 
ably well trained persons using basic 
tools. The original pumpstand column was 
made of 6-inch borehole casing, while 
later models used 5-inch casing or black 
iron pipe. The pumpstand column is set in 



blah 

ttandlc 
(ilpprow 
mawly 
3 m long) 

a concrete foundatiorl block ihSi &Xi 

encompasses the borehole casmg The 
handie IS made from Z-Inch galvanrzed 
steel pope and IS typrcally 10 to 12 leet 
(3 0 to 3 7m) long with a srngle bend. In 
this way the upward travel of the ptston IS 
lrmrted by the handle contactrng the 
ground 

Mechanrcal advantages of as much 
as 12 to 1 allow use of a 3 Inch cylinder 
even at hrgh pumpmg lifts An ottsoaked 
hardwood bearmg block IS used at the 
lulcrum and red :~r,ger Four holes are 
drilled, two of whrch provide a backup parr 
lo extend the lute ot the blocks. Pms are 
made from 1 rnch pope 

The relatrvcly large sze 01 the pump 
components serves the purpose of mrnr- 
mizmg wear ra!es of the wooden bearing 
blocks A 0.9m-long connectmg link IS 
used to mmrmrze the lateral movement of 
ihe pump rod in its wooden guide bush 
Also. a 314 Inch sleeve IS placed over the 
pumprod Its larger drameter reduces 
wear on the gurde bush. 

The Handpumps Project has no 
Informalron on water delivery rates or 
repatr lrequencres for this pump As wrth 
other closed cylmder designs. replace- 
ment of seals and repair of or’,ar down- 
hate components are difficult and require 
fiftrng tackle. 

A verston of the Bush Pump, known 
as the Kenya Atlas-Copco. was tested In 
the CATR Laboratory m 1961. and the 

results are reported in Handpumps Project 
Report No. 4. 
Addrtionat tnfurrnation: Office of the 
Provincial Water Engineer, Ministry of 
Energy, Water Resources and Develop- 
ment. P.O. Box 566. Bulawayo. 
Zimbabwe. 

GWlcltOS Denmark 

The disbnguishmg features of this pump 
are the stamless steel cylinder and 
prston. which are designed to provide 
corrosion resistance, strength, and effr- 
cient operation. These pumping elements 
can be connected to a wide variety of 
makes of above-ground components, inc- 
luding the Maldev type pumphead (Pump 
14 rn the Handpump Compendium). which 
can be either locally produced or pur- 
chased from Grundfos. 

If total corrosion resistance rs 
requrred tor all below-ground elements, 
Grundfos can supply stainless steel rising 
main and pumprods. although this WIN 
increase the cost of the unit. 

Aside from the use of stainless steel. 
with rubber seals, the pumping element IS 
tarrly conventional in design, with a 2.5 
inch diameter cylinder connected to 1.114 
Inch rising main. When connected to a 
Maldev pumphead and subfected to an 
endurance test at the Consumers’ 
Assocrabon Testrng and Research (CATR) 
laboratory in the b,.K.. the pumping 
elements exhibited high efficiency, high 
discharge rates. and very little wear of 
the piston seal. They were tested at lifts 
of 25 and 45 meters. 

Manufacture of the pumping ele- 
ments requires stairless steel fabrication 
technrques and IS not suitable for most 
developing countries However, the 
Maldev pumphead. or other pumpheads to 
whrch the pumpmg elements can be conn- 
ected. can be locally produced in many 
developing countries. 

The hrst of these units were installed 
II-I the Sudan and other East African 
countries m early 1986. but rt is still too 
soon to have meanrngfui ca:: :-:cernmg 
their endurance under field conditions. 
Manufacturer: Grundfos International a/s, 
DK-8350 Bfernngbro. f;enmark. 

NSiITlbl Zimtiabwe 

Thus IS a direct action pump manufactured 
and Installed in Zimbabwe by the Lutheran 
World Federation. It uses locally manufac- 
tured PVC for the rising mam and pump- 
rod. The tootvalve IS a unit obtained 
locally The plunger uses a simple disc 
valve and an Imported. double-acting 
rubber seal The head consists largely of 
standard pope sections and ?tings. the 

latest design featuring a plastic guide 
bush for the handle tube. 
Addrfional information: Lutheran World 
Service, Attn. Rev. Wolfgang Lauer, 
P.O. Box 988, Harare. Zimbabwe. 

Pek Canada 

The PEK pump is a direct action hand- 
pump, using an innovative design and 
several plastic materials. It has a hollow 
rod, and in 1965 was offered with two 
different cylinder diamatsrs: Model P 
rated by the manufacturer for a maximum 
pumping head of 25 meters; and Model G 
for up to 50 meters. Those tested by the 
Handpumps Project were all of Model P 
(25m). 

Modifications were made by the 
manufacturer immedia:aly following limo 
laboratory test and on other occasions. 
Consequently, there are slight variations 
among PEK pumps sent to different coun- 
tries for field trials. However. these modifi- 
cations did not result tn significant chan- 
ges in perfor,nance. Further changes 
made in 1966 in response to reports of 
field problems have not been evaluated by 
the Project at the time of preparation of 
this report. 

Manufacture involves casting in 
polyurethane and simple steel fabrication 
techniques. Complex molding tools are 
required, as well as experience in the use 
of Ipolyurethane and a supply cf raw 
material. It is therefore unlikely to be 
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wupfe of yearsThe Handpump Pmject 
has included 15 Puno pumps in its 
Bolivian field trials. Testing began too 
recentfy to provide meaningful data on 
frequency of repairs, but some worthwhile 
observations have been made.T,rese 
observations are presented below, and 
we based on both the experience in 
Bolivia and on short visits to Puno made 
in 1965 and 1986 by the Project’s Bolivian 
Country Monitoring Engineer. 

fhis pump was originally designed 
witi the intention of liing Water from as 
much as 25 meters, but it is now recomm- 
ended by its producers for a maximum lift 
of only 15 meters, and in practice if is 
used where the average lift iS about 9 
meters. An advantage is its suitability for 
local manufacture with no imported parts, 

and the mafority of parts are “off-the-shelf 
items found in the medium-sized town of 
Puno. Manufacture does not require 
extrema@ precise machining or other 
difficult operations. Manufacture is said to 
be economical in quantities of as few as 
25 pumps, and there are several shops in 
Puno which produce the pump. 

Some of the materials used in its 
construcfion are highly susceptible to 
corrosion, such as the 3/B-inch diameter 
construction reinforcing steel used for the 
pumprod. The galvanized steel rising main 
is also susceptible to corrosion. However, 
other components were designed specifi- 
cally to resist corrosion. such as the 
bronze piston and the cast iron cylinder 
with a PVC pipe lining its interior (some 

models are sold without the PVC lining, 
and have very rough cylinder walls which 
will probably result in short life for the 
piston seals). As of 1985. quality control 
was assured by inspections undertaken 
by a local entity supported by the Puno 
Departmental Development Corporation 
(CORPUNO) and GTZ of the Federal 
Republic of Germany. However, some 
local shops in Puno were bypassing this 
control, and selling apparently inferior 
pumps to the public. 

The price is modest, with single units 
sold in Pun0 quoted in mid-1985 at the 
equivalent of US$lPP, complete for instal- 
lation at a 6m cylinder setting. 

The pumphead has an interesting 
feature shared with the Kenyan-made 
Afridev (Pump 02 in the Handpump 
Compendium): an internal overflow return 
pipe assures that, if a user (such as a 
child playing) plugs the discharge spout 
or if the user Pumps so rapidly that not all 
of the water can discharge through the 
spout, then the excess water will flow 
back into the well via the overflow pipe 
instead of backing up into the upper part 
of the pumphead. where it could acce- 
lerate corrosion. 

Installation is fairly simple, espe- 
cially for shallow settings, where the 
length of rising main is short. However, 
maintenance iS complicated by the fact 
that access t0 the piston requires that all 
below-ground components be lilted out of 
the well. This is made particularly difficult 
by the poor design of the flange conn- 
ection between the rising main and the 
pumpstand, which requires awkward hand- 
ling, while lifting the rising main whose 
weight is increased by the water. 

The pumphead seems to be robust, 
and is ergonomically comfortable to use. 
One concern with the latest model of this 
pump relates to the bushings for the 
fulcrum and rodhanger. which are PVC, 
cut from standard pipe stock, against 
steel. The wide diameter should help 
prolong the life of this component, but 
local sand-storms may result in sand 
becoming embedded In the PVC, which 
would then act like sandpaper against the 
steel pins. This could result in accele- 
rated wear of the pins, which are much 
more expensive than the plastic. 

The discharge rate is good. For 
instance. in a location where the lifl was 
about 13 meters, a local man was mea- 
sured to pump 47 liters per minute (he 
filled a 20-liter bucket in 26 seconds). The 
high discharge rate may relate to the T- 
bar at the end of the handle, combined 
with an appropriate mechanical advan- 
tage for this lift, resulting in good 
ergonomics. 
Supplier: Centro de Asesoria Para Bom- 
bee de Agua, Convenio Peru-Alemania. 
Jiron Bolognesi 165, Puno. Peru. 

Rope (“Saga”) Peru, 
Nicaragua 

The Rope Pump described here is manu- 
factured in Peru, where it is known as the 
‘Saga Handpump.” A similar pump, called 
the ‘Mecate Pump”, is manufactured in 
Nicaragua. The Rope Handpump is essen- 
tially a very low lift pump with a high 
discharge rate that may be suitable for 
small-scale irrigation. The Peruvian manu- 
facturer states that it is adequate for 
pumping lifts up to 6 meters, but field 
observations indicate that above 4 meters 
pumping is difficult. In Nicaragua, there 
has been experimentation with a smaller 
diameter rising main which allows use with 
higher lifts, but with a lower discharge 
rate. The pump has a nylon cord with a 
series of rubber discs placed along it. As 
illustrated in the drawing presented here. 
the cord is pulled up through a PVC rising 
main, lifting the column of water in the 
rising main into a receptacle, from where it 
flows out ot the discharge spout. The cord 
is installed as a long loop and conli- 
nuously returns down the well and back 
up the rising main. The pump is operated 
by rotating handles on either side of the 
wheel. The rope and discs move through 
the grooved rim of the wheel as it is 
rotated. The rim of the wheel is made from 
an automobile tire turned inside out. 

The Project has begun to field test 
the Rope Pump in Bolivia, but it is still too 
early to provide a complete assessment. 
However, it is already apparent that the 
discharge rate is particularly high. For 
Instance. it was observed that when 
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operated by a single person where the lff 
was 2.4 meters, a 20 liter bucket was 
filled in 6.5 seconds (i.e. at a rate of 180 
Ipm). At the same site, when it was ope- 
rated by two men, 650 liirs were pumped 
in 5 minutes (i.e. 130 Ipm). Due to 
exhaustion of the operators, these 
pumping rates could not be sustained for 
longer perfods, but, nonetheless, they 
indicate that the discharge rate of this 
pump is very high. Pending further 
evaluation, this pump seems to meet the 
criteria for village-level operation and 
maintenance (VLOM). including being 
suitable for local manufacture, and being 
simple to maintain. All components are 
easily accessible. However, it is still too 
soon to reach a conclusion concerning its 
durability when used intensively either for 
irrigation or community water supply. In 
late 1986, the ex-factory price was 
approximately US81 25. 

The pump is designed for use in wide- 
diameter wells. However, it is reponed 
that an experimental version has been 
developed in Nicaragua which may be 
suitable for use in 150mm diameter 
tubewells. 

The Rope Handpump (known locally 
as the Somba Manual de Saga) is manu- 
factured by several small workshops in 
Puno. Peru, with supervision and quality 
control inspections provided under a joint 
Peru-GTZ (Federal Republic of Germany) 
protect. 
Addifional inlormariort: Centro de Asesoria 
Para Bombeo de Agua. Jiron Bolognasi 
165. Puno, Peru. 

Shoiapur India 

In the mid 1960’s. the first predecessor of 
the India Mark II was made as part of the 
Jalna Project in Maharashtra State, India. 
The pump featured all steel construction, 
a srngle pivot handle instead al the multi- 
pivot handle lypical of earlier pumps, and 
a chatn and quadrant, Although modifed, 
these baste design components remain 
today on the India Mark II. 

In the early 1970’s. the Sholapur 
Well Service improved on the Jalna 
design, and accurately manufactured 
their pump on jigs and fixtures for unifor- 
mity. Other Maharashtra-based mlssion 
projects copred the Sholapur design. 
However, without standardized drawings, 
dimensions tended to vary and parts were 
not interchangeable. Manufacture was 
primarily done by missron projects manu. 
facluring sufficient pumps for wells drilled 
by their own drilling rigs. 

In the mid 1970’s. both UNICEF and 
the Government of India became conv- 
inced of the need for a standardized 
pump. The Sholapur handpump was taken 
as a starting pornt for development of the 

India Mark II. The Sholapur pump was 
strengthened and the solid bar handle for 
counterweighting was added. Various 
other design changes made it possible to 
mass produce the pump in simply 
equipped workshops, to make it easier to 
maintain, and to prevent tampering. At 
present, there are 36 manufacturers 
certified to make the India Mark II. 

Both the India Mark II and the Shola- 
pur pumps have continued to evolve. 
Changes to the standard specifications 
for the India Mark II are only made when 
their advantage outweighs difficulties of 
changing a standard design used by 
many different manufacturers and by inc- 
reasing the numbar of spare parts that 
must be distributed. Thus some design 
features of the Sholapur pump may be 
more advanced than the India Mark II. 

At present, the main differences 
between the two are that the Sholapur 
pump has: (1) internal handle stops with 
rubber cushions that reduce the chance 
of !inger injuries and reduce shock loads 
on the pumphead and bearings; (2) an 
enlarged access cover to make it easier 
to work on the pumphead; and (3) cups 
around all pumphead nuts that make it 
difficult to remove them without the proper 
socket, and so reduce vandalism. How- 
ever, the Sholapur pump does not benefit 
from the same quality control inspections 
to which certified manufacturers of the 
India Mark II must subject their pumps. 
Manufacturer: Sholapur Well Service, 
560/59 South Sadar Bazar. Civil Lines, 
Sholapur 413 003. India 

Swedpump Sweden 

This is a Swedish-designed lever-am, 
pump from Scandinavian Clinics in Stock- 
holm. It has a galvanized iron pumpstand 
and uses a spherical plain bearing on the 
pumprod assembly, with ball bearings 
either side of the handle fulcrum. Below 
ground it uses a stainless steel lined 
acetal cylinder with a plastic piston inccr- 
porating two Delrin piston rings. Delrtn 
pumprcd guides are used on stainless 
steel pumprods operating in stainless 

steel rising main. Samples of this pump 
are on field trial in the Central African 
Republic, the Sudan and Ghana. The 
pump will be tested in the CATR labor- 
atories during 1987. 
Manufacturer: Swedpump, Scandinavian 
Clinics, Box 511, S-101 26 Stockholm. 
Sweden. 

IJPM France 

The UPM is a deep-well pump manufac- 
tured in France, with a number of inno- 
vative features. It is a reciprocating pump 
with a lever-type handle, and is not yet 
mass-produced. It incorporates two impor- 
tant departures from the mainstream Oi 
conventional reciprocating handpump 
design. The pumpstand is designed to 
act as lifting tackle for installation and 
maintenance of the below ground assem- 
bly. The letters UPM in the original French 
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stand for ‘Universal Muit!-Pistons”. which 
relates to the design feature of having a 
piston, with discharge valve, !ccated 
every 3 meters along the pumpmd. These 
pistons move within the P-inch uPVC rising 
main. The multiplicity of pistons minimizes 
leakage of water around them, especially 
when operated at a high velocity. and 
thus allows the design to do without piston 
seals, leaving a clearance of lmm over 
the diameter. Piston guides are provided 
to centralize the motion of the pistons, 
and thus the manufacturer claims that 
friction and wear between the pistons and 
the rising main (which doubles as an 
extended cylinder) is minimized. 

The superstructure is made of struc- 
tural steel, and includes a 3.5m high mast 
with a pully at the top, and a beam with a T- 

n 

I- 
bar whrch serves as the handle. This T- 
bar handle isl.25m wide and is conveniert 
for operation by one to four persons. A 
cable passes over the mast. One end of 
!he cable is connected to the top of the 
pumprod, and the other end to the beam- 
handle. This beam is fitted with an adjus- 
table counter-weight. The mechanical 
advantage of the beam-handle may be 
adjusted to suit the water depth and the 
power available (one to tour persons) by 
simply moving the cable connection to the 
appropriate hook on the beam. 

For use where groundwater is 
aggressive, the manufacturer can supply 
stainless steel rods and couplings, at an 
additional cost. The standard pumprod is 
made of galvanized steel. The Project has 

petiodicalfy inspected a single UPM pump 
in Burkina Faso, which was installed in 
October 1983. The depth to the water 
table at this installation is only 1Om. This 
pump has performed well under conditions 
o! heavy use, but it would be inappropriate 
to present conclusions on the repair frequ- 
ency as data are from only a single pump, 
installed in low-lift conditions, although it 
is designed to serve both low and high-lift 
conditions. 

In response to feedback from the lab- 
oratory and the Held, the manufacturer 
has made some design modifications 
since this pump was installed in Burkina 
Faso. Nonetheless, it can be concluded 
that this pump is worthy of further evalu- 
ation because of its high discharge rate, 
corrosion resistance (when used with 
starnless steel rods), suitablility for a 
wide range of lifts, easy access to most 
below-ground components for inspection 
or repair, and its VLOM (Village Level 
Operation and Maintenance) approach. 
Manufacturer: Domine SA. 86530 Naintre, 
France. 

Wavin The Netherlands 

This is a direct action low-lift handpump 
whrch is not yet being mass-produced. It 
has been deveioped by a major inter- 
national plastics manufacturer with the 
participation of its operations in both India 
and the Netherlands. Prototypes of the 
pumps are being installed for field testing. 

Conceptual!y. this pump has simi- 
larities with the Tara pump made in Bangla- 
desh and the Nira AF85 made in Finland 
(for related information see the Handpump 
Compendium entries for Pumps 33 and 32) 
in so far as all are innovative direct action 
low-lift handpumps which have a predo- 
minant use of plastics for their below- 
ground components. 

The design concept of these direct 
action pumps holds promise for appli. 
cations where the lift is less than about 12 
to15 meters, and perhaps for even greater 
lifts (the Wavir, is rated by its manufac- 
turer for a lift of 25 meters, but its suit- 
ability for such a lift has yet to be proven). 
Such pumps are light simple and easy to 
install, are corrosion resistant due to their 
use of plastic, can be fitted into narrow 
wells (the outside diameter of the Wavin is 
only 50 mm). and, when mass-produced, 
they may prove to be less expensive than 
many other types of low-lift pumps. 

The design details of this pump, at 
least until recently, have been undergoing 
changes as the manufacturer responds to 
initial feedback from laboratory and field 
tests. It is still premature to comment on 
repair frequency due to the short time this 
pump has been available and the design 
modifications It has undergone. Nonethe- 

less, based on CATR laboratory tests and 
1986 installation of a small number of 
Wayin pumps in Kenya, Tanzania, Malawi, 
and Bolivia, the Project has observed 
that: it is easy to install, operate and 
maintain; it is accepted by users, espe- 
cially because of good volume flow and 
ease of operation; discharge rates are 
about 25 liters per minute with typical 
users and heads of 7.5 to 13 meters; the 
piston seals require a few hours of use 
before they are “bedded-in” and operating 
efficiently; some components, such as 
the rods, have shown an undesirable 
degree of wear (the manufacturer is consi- 
dering design modifications to minimize 
these problems). 

The Project encourages the further 
development and testing of this pump by 
the manufacturer, and the Project itself 
will monitor a small number in the field. 
Manufacturer: Wavin Overseas bv. Rolle- 
paal 19. 7701 BA, P.O. Box 158. 7700 AD 
Dedemsvaart, The Netherlands. 

Wearmaster U.K. 

This hydraulic pump has been designed 
to be operated by either a conventional 
lever-arm pumphead, a see-saw drive or 
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Yandlr 

pipe 

bicycle driveThe pumphead contains a 
hydraulic unit connected by flexible pipes 
to another diaphragm pumping unit below 
ground claimed to be capable of 
producing over 8 liters per minute from 80 
metres. This pump is expected to be 
tested at CATR laboratories during 1987. 
Manufacturer: Merrill Pumps and Engi- 
neering Co. Ltd. Chapel Works. Sheffield 
Road. Sheepbridge. Chesterfield, S41 
9EH. England. 



Pump name Country of manufactuie 
Number Pump ref. no. 
tested in Compendium 

Abi-ASM 
Abi-MN 
Afridev 
Afridev 
AID Deriv. Deepwell (Funymaq) 
AID Deriv. Deepwell (Sumber Banyu) 
AID Suction 
Bandung 
Bestobell 
Blair 
Blair Derivative 
Blair Derivative 
Blaa Derivative (Madzi) 
Bolivia (Ingavi) 
Bourga 
ClFEMR (Denv. SIHILASE) 
Ciimax 
Consallen LD6 
DMR (Dempster Derivative) 
Direct Action Prototype 
Direct Action Prototype 
Dragon 2 
Duba Tropic 7 
Ethropia BP-% 
GSW 
IDRC-UM 
lnalsa Suction 
India Mark II (standard) 
India Mark II (modified) 
lntr (Tara Derivative) 
Jetmatrc Deepwell 
Jetmatic Suction 
Kangaroo 
Kardia 
Kenya Atlas-Copco 

Cote d’lvoire, France 9 1 
Cote d’lvoire, France 20 Annex 1 
Kenya 37 2 
Malawi 3 2 
Honduras 1 3 
Indonesia 1 3 
Sri Lanka 13 34 
Indonesia 1 35 
Zambia 1 4 
Zimbabwe 31 27 
Philippines 5 27 
Papua New Guinea 45 27 
Malawi 10 27 
Bolivia 2 Monitoring in progress 
Niger, Cote d’lvoire 11 Annex 1 
Bolivia 6 Monitoring in progress 
United Kingdom 1 5 
United Kingdom 17 24 
Thailand 35 25 
Kenya 5 Prototypes only 
Tanzania 19 Prototypes only 
Japan 1 6 
Belgium 32 7 
Ethiopia 1 28 
Canada 1 8 
Malaysia 1 29 
India 5 36 
India 505 9 
India 11 10 

Bolivia IO Similar to Tara (No. 33) 
Philippines 1 11 
Philippines 43 37 
The Netherlands 11 30 
Germany, Fed. Rep. 14 12 
Kenya 1 Old model, discontinued 
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Pump name 
Number Pump ref. no. 

Country of manufacture tested in Compendium 

Abi-ASM 
Abi-MN 
Afridev 
Afridev 
AID Deriv. Deepwell (Funymaq) 
AID Deriv. Deepwell (Sumber Banyu) 
AID Suction 
Bandung 
Bestobell 
Blair 
Blair Derivative 
Blair Derivative 
Blair Derivative (Madzi) 
Bolkia (Ingavi) 
Bourga 
CIFEMA (Deriv. SIHIMSE) 
Climax 
Consallen LD6 
DMR (Dempster Derivative) 
Direct Action Prototype 
Direct Action Prototype 
Dragon 2 
Duba Tropic 7 
Ethiopia BP-50 
GSW 
IDRC-UM 
lnalsa Suction 
India Mark If (standard) 
India Mark Ii (modified) 
lnti (Tara Derivative) 
Jetmatic Deepwell 
Jetmatic Suction 
Kangaroo 
Kardia 
Kenya Atlas-Copco 

Cote d’lvoire, France 
Cote d’lvoire, France 
Kenya 
Malawi 
Honduras 
Indonesia 
Sri Lanka 
Indonesia 
Zambia 
Zimbabwe 
Philippines 
Papua New Guinea 
Malawi 
Bolivia 
Niger, Cote d’lvoire 
Bolivia 
United Kingdom 
United Kingdom 
Thailand 
Kenya 
Tanzania 
Japan 
Belgium 
Ethiopia 
Canada 
Malaysia 
India 
India 
India 
Bolivia 
Philippines 
Philippines 
The Netherlands 
Germany, Fed. Rep. 
Kenya 

9 
20 
37 
3 
1 
1 
13 
1 
1 

31 
5 
45 
10 
2 
11 
6 
1 
17 
35 
5 
19 
1 

32 
1 
1 
1 
5 

505 
11 
10 
1 

43 
11 
14 
1 

1 
Annex I 

2 
2 
3 
3 
34 
35 
II 
27 
27 
27 
27 

Monitoring in progress 
Annex 1 

Monitoring in progress 

254 
25 

Prototypes only 
Prototypes only 

6 
7 
28 
8 
29 
36 
9 
10 

Similar to Tara (No. 33) 
11 
37 
30 
12 

Old model, discontinued 
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Pump __--__ - 

Korat 608 A-l (conventional) 
Korat 608 C (modified) 
Korat 608 CT (prototype) 
LUCkY 
Maldev 
Maldev 
Mark V (Lutheran modified) 
Malawi Mark V 
Monarch P3 
Monitor 
Mono Direct Drive 
Monolift 
Moyno 
Nepta (Briau) 
NewNo. 
Nira Af76 
Nira AF84 
Nira AF85 
Onga (Intersigma) 
Philippines Deepset, Eureka cylinder 
Philippines D’set. Takasago cylinder 
PVC Deep 
PVC Shallow 
Pb Mark II 
Pek 
Petro 
Pun0 
Rope (“Saga”) 
Rotary 
Rower Irrigation 
Rower (ATA) 
SLB-80 
SM-2 
SWN80&81 
W-81 
SYB-100 
SYB-80 
Sarvodaya L-4 
Sholapur 
Sihilasa (Kandy) 
Six types of in ,gation pumps 
Tara 
Treadle Irrigation 
Tumi 
VEW Al 8 
Vergnet 
Volanta 
Volanta 
Wara 
Wasp 
Wavin (orototype) 

Numbs Pump ref. no. 
Country of manufacture tested in Compendium ~--._-- 

Thailand 
Thailand 
Thailand 
Thailand 
Malawi 
Kenya 
Zimbabwe 
Malawi 
Canada 
United States 
South Africa 
United Kingdom 
Canada 
France 
Bangladesh 
Finland 
Finland 
Finland 
Czechoslovakia 
Philippines 
Philippines 
Thailand 
Thailand 
Germany Fed. Rep. 
Canada 
Sweden 
Peru 
Peru 
China 
Bangladesh 
Thailand 
China 
China 
The Netherlands 
China 
China 
China 
Sri Lanka 
India 
Sri Lanka 
China 
Bangladesh 
Bangladesh 
Germany Fed. Rep. 
Austria 
France 
The Netherlands 
Burkina Faso/Netherlands 
Boiivia 
India 
The Netherlands 

51 

40 
4 
20 
198 
14 
2 
61 
56 
8 
1 

30 
190 
1 
1 

93 
1 

31 
2 
63 
65 
1 
20 
1 
35 
21 
15 
8 
10 
15 
14 
14 
15 
39 
15 
95 
20 
8 
5 
11 
18 

230 
3 
13 
1 

69 
24 
60 
5 
25 
16 

13 
!3 
13 
38 
14 
14 
31 
31 
15 

Monitoring in progress 
16 
16 
17 

Old model, discontinued 
39 
26 
18 
32 

Unsuccessful in field trial 
19 
.i9 

Unsuccessful prototype 
Unsuccessful prototype 
See India Mark II (No.9) 

Annex 1 
Production discontinued 

Annex 1 
Annex 1 

Unsuccessful prototype 
40. Testing to begin soon 

Limited observations 
Unsuccessful prototype 
Unsuccessful prototype 

20 
Llnsuccessful prototype 

41 
Unsuccessful prototype 

Unsuccessful 
Annex 1 

Unsuccessful 
Laboratory tested 

33 
Limited f&d observation 
Production suspended 

22 
21 
23 
23 

Monitoring in progross 
42 

Annex 1 

Number of pump types 87 Total number of pumps 2678 
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This Annex outlines a method for estimating and 
c0~11paring the costs and time savings of CWS options in 
specific situations. The method has been developed into 
a computerized calculation to aid in program design a:’ 
decision making. When choosing an option, other impc 
tant factors must also be taken into account, as discu: 
sed in Chapter 2, particularly financial, resource and 
organuational constraints. But, if used with caution, the 
method can be a useful aid in decision making, at least 
to show some of the implications of deciding between 
alternatives. 

The inputs to the calculation, i.e. the cost and 
benefit parameters, vary considerably from one situation 
to another. Cost data were collected by the Project from 
a number of countries in Africa and Asia, and these are 
summarized under “low” and “high” cases in Table 2.2 of 
Chapter 2 (page 23). In what follows, illustrative 
comparisons are presented, using what may be typical 
input parameters in a relatively efficient CWS project in a 
hypothstical situation. The computer program will be 
made available shortly to inte*ested readers, who are 
urged to explore for themselves to what extent the 
calculation can assist in thf,Ir own particular circum- 
stances. 

In the analysis, cost of water provided by the diffe- 
rent water supply systems is compared at the point of 
use (the home), by adding the costs of piping in the case 
of yardtap supplies, the value of time spent hauling 
water for handpumps, and a combination of the two for 
standpipes. Other costs include pur ps, wells, storage 
tanks, piping, and operation and main-jllance. 

B-use of the difficulties of identifyilly and 
quantifying health benefits which are likely to accrue 
from an improved water supply alone, the model uses 
only time saved as the measure of benefit. The benefit- 
cost analysis may therefore be useful in justifying 
projects only in cases where previously water had to be 
drawn from outside the community. When time savings 
are small, health implications will be important and 
should be brought into the analysis separately. 

In the model, reductions in the time taken to collect 

Table A-l. Parameters for 
Prototype Village 

P 

Total population 
Persons per household 
Total households 
Density -persons per hectare 

-households per hectare 

Av. value of time (US$/hr) 0.125 
Income (US$/capita/yr) 200 
Discount rate (%) 10 
Electric power cost (US$/kW) 0.10 

Distance to alternative 
water source (meters) 

Amount of water carried 
per trip (liters) 

Walking rate (km/hr) 
Collection time (minItrip) 

Travel time 
Queue time 
Fill time 

Daily water use (lit/cap) 

He 

500 

20 
4 

1.5 
2.5 
1.3 
20 

2 
2 

2000 
20 
- 

10 
20 
15 

10 
1 

500 500 

20 - 
4 - 

1.5 - 
1.0 - 
1.3 - 
30 60 

Number of wells 
Number of water points 
Capital cost per well (US$) 
Pumping lift (meters) 
Storage voWdaily flow 
Useful life (yrs) 

Mechanical equipment 
Non-mechanical equipment 

Water delivery rate (lit/min) 
Annual O&M (% of cost) 

Mechanical equipment 
Non-mechanical equipment 

1 1 
3 50 

2000 2740 
20 20 

0.30 0.30 

10 10 
20 20 
15 10 

10 10 

1 1 

400 
6 

50 
200 

25 
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water represent benefits, redbcing the “price” of the 
water, and a further benefit comes from the increased 
consumption induced by a reduced collection time. 
These two elements are shown graphically on the 
stylized demand curve in Figure A-l. If a water supply 
improvement redu.:zes the collection time, the “price” of 
water falls from Pi to P2, with a corresponding increase 

Figure A-l Typical Demand Curve 

optimization is needed for that option. Once the best 
configuration for each type of system has been 
determined, handpump. standpipe and yardtap systems 
can be compared on the basis on net benefits. 

The importance of the value of time is brought out 
when the model is applied to the prototype community, 
with diesel as the energy source for motorized pumps. 
The costs and benefits for the differer: technologies are 
as shown in Table A-2. 

in per capita consumption from Ql to 02. The consumer 
benefits in two ways: first, the price Pl of the original Ql 
liters falls to P2 (shaded area Sl represents the benefit); 
and second, the value placed on the extra water 
exceeds the price (benefit = shaded area S2). 

In comparing different community water supply 
options, the model computes the total benefits Sl + S2, 
on the basis of the assumed local value of time, and 
subtracts the total annualized costs of constructing, 
operating and maintaining the improvements, to calcu- 
late a net benefit for each option. 

First, the optimum handpump and standpipe sys- 
tems are determined by computing costs and benefits 
for providing different numbers of handpumps or 
standpipes and noting which corresponds to the 
maximum net beneiit. Figure A-2 illustrates the 
optimization process for handpumps. Only one yardtap 
service level is possible (one lap per household), so no 

Figure A-2 Determination of the Optimum 
Number of Handpumps 

15 
t 

\ Cost 

\ 

0 loo ma 300 400 500 
Pcnons per ourlcl 

Table A-2 Costs and Benefits of 
Technology Options for the Prototype 
Village (US$/capita/year) 

Value of time = 12.5ihr 25dhr -- _-- 
HP SP Y-f HP SP M 

cost 2.1 5.5 11.7 3.2 6.5 11.7 

Benefit S.0 9.1 12.2 18.1 19.8 24.5 

Net Benefit 5.9 3.6 0.5 14.9 13.3 12.8 

Note: Costs in dollars per capita for handpumps (HP), stand- 
pipes (SP) and yardtaps (Yl) have been calculated by adding 
recurrent costs to the annualized capital costs over the life of 
the capital equipment, at a 10% discount rate. Well cost is 
US$2000 per well. 

Handpumps have the lowest cost and show the 
greatest net benefit when the value of time is 12.5t/h., 
and that situation is unchanged, when the value of time 
rises to 2%/h, though standpipes and yardtaps are 
becoming more competitive as the value of time 
increases. In fact, at time values over about 3%/h, 
yardtaps give the greatest net benefit. Note that at 
12.5Wh, the greatest net benefit from handpumps 
comes from two handpumps in the village of 400 people, 
while at 25eih, the optimum number of handpumps is 
three per village. 

To obtain an overview of the way that community 
water supply choices can be expected to turn out on a 
global basis, the model has been applied to a wide range 
of different situations and general conclusions have 
been drawn about the sensitivity of the results to each of 
the important variables. By varying each of the para- 
meters in turn, their influence on the choice of tech- 
nology and service level can be evaluated. 

The importance of the distance to the original 
source is brought cut in Figure A-3, which indicates that 
technology selection is independent of the distance to 
the traditional source and that the distance to the tradi- 
tional source would have to be more than 150 meters to 
justify a handpump-based system on the basis of time 
savings alone. Note that the average distance to the 
new source is about 50 meters when two point sources 
are placed in the prototype village. 

The model can also be used to calculate the value of 
time at which the net benefits cf two alternative 
technologies are equal to each other. The graphs in 
Figure A-4 illustrate typical results for a range of 
pumping lifts, well costs and village populations. The 
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Figure A-3 Influence of Distance to 
Traditiorral Source on Net Benefits 

labeled areas represent the combination of conditions 
where that partkcular technology has the highest net 
benefit. The shaded area at the bottom indicates a 
negative net benefit. It is in this a! ja that consideration 
of other benefits (e.g. health impact) would be 
necessary to justify investmeilt in rural water supply 
Improvements. 

The general conclusions emerging from applications 
of the computer model to a variety of dlfferen: scenarios 
are summarized In Table A-3. 

Table A-3 Technology Selection* 

Pumping 11ft up lo 25m 
Well cost <uss2000 

: 
Pumpq lift 25.45m 
Well COSI up lo us$5000 

Pumprng hft ~-45 meters 

i 

,-_. _-~~--..-.. _ 

Electric 
I I Diesel 

pumps ! pumps 
_ - -~~ ~.. ?- .-~- ~~_ _.... 

I 
1 

HP&P ; HP 
! 

I 
SP HP 

SP 
I 

Nogood 1 
( alternative / 

* Value of ttme less than 20clhr. If value ot time is greater than 
30Qhr, yard taps are the most economic technology. 

These conclusions are dependent on a number of 
assumptions (notably equal system reliabilities, various 
unit costs, and the demand curve) and it must be 
stressed that the model is not so much designed for 

yes/no rural water supply decisions. but as an aid to 
technology selection. Furthermore. the model is no 
substitute for s&a-specific x%estigations and the 
preference of individ#Jal communities. in situations 
where the model calculates a negative net benetit (short 
disrance to traditiona! source, low \Iaiue of time, or high 
well costs), planners will need to make a careful 
assessment of ather benaflts than time savings, before 
going ahead with investment. 

Figure A-4 Examples of Technology 
Selection for Varying Village Parameters 

Fdfcct of Pumping Lift 

5 
” (I” I------ 
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1 I 
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