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Foreword

This documant presents the conclusions of five yeass of work devoled to the assessment of
available technology and managernent options for the wide-scale implementation of
community water supply Systems. An examination of policy options for developing countries
suggests that economic stability and growth can be enhanced if the rural and urban-fringe
populations are adequately served with non-poliuted water supplies.

An adequs.e water supply is one of the besic needs of life, but is often lacking in
developing countries. Not only has the rate of construction of improved water supply systams
been slower than the target of complete coverags originally set under the international
Drinking Water Supply and Sanitation Dacads, but aiso many of the schemes already
completed are not in satistactory operating condition. A sound investment sirategy in this
sector calis for low-cost and mainainabls solutions to achieve wide-scale coverage of ¥e
rural and uwrban fringe communities in developing countries.

Among the mast promising low-cost options are systems based on groundwater and
handpumps. Unpoiluted groundwater in sutficient quantities for manual extraction can be
found in most areas of the warld; a handpump is usually the most affordable and hygienic
means of lifting the groundwater 10 tha surface. The modem handpump can be maintained by
the communities sefved and manufactured in the developing countries. In the dry reglons of
the world, handpumps can alse be used for livestock watering and micro-irrigation.

This conclusion should not pravent the more prosperous communities from acquiring
higher levels of sasvice, provided they are institutionaity and financially able to provide the
necessary operation and maintenance services. For example, they may wigh tohave a
mechanized pumping systam, a pipe neiwork or a househoid yardtap system, all of which
reduce the time to feich water. In executing a community water supply pralect, thesa factors
must be carefully examined on a case-by-case basis to determine the appropiiate type ol
supply for a particular community.

The report summarizes tha findings of a projest on the testing, and technical and
managerial development of handpump-basad systems. The project has been carried out
Jointly by the World Bank and the United Nations Developizant Programme, and supported by
ten donors active in the sector. The repont providaes guidelinas for the selection of the water
supply tachnology and system that best meet the needs of a given community, and gives &
detailed assessment of the different types of handpumps tasted by the program. It is my hope
mmnmwmammmmmmmﬁmmww
water supplies throughout the world.

5. Shahid Husain ﬁgﬁ"’“@m

Vice Presideni, Operations Policy Staft
The Workd Bank
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Preface

The Abidjan statement quoted above reflects a growing
consensus among African countries of the polilical
commitment and implementation sirategies needed to
mest that continent's urgent communily water supply
(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 ke abandoned
because thay cannot be maintained. Scarcity of capital
resources, a shortage of skifled people, and poorly
developed organizational structures hinder progress.
Fundamental changes of approach are vital if future
programs are to result in sustainable and replicable
projects.

The Intemational Drinking Water Supply and Sani-
tation Decade ({DWSSD) brought attention to the plight
of the wral poor. As part of globa: efforts to bring
improvements, UNDP, the Warld 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
rASOUNCes.

Community Water Supply: The Handpump Option is
the outcome of ona such project. Project INT/81/026 —
Laboratory and Field Testing and Technological
Development of Community Water Supply Handpumps
{The Prmoject) — has now completed five years of testing
and monitoring in 17 countries, involving some 2,700
individual puraps of 70 different models. This unique data
base, along with data from many more CWS projects, is
the basis for the recommendations in this document,
which rounds off the first phase of the Project.

The wide experience gained and the breadth of data
collected have justified extension of the findings and
recommendations beyond specific guidelines for hand-
pump selection. I is clear that successtul CWS prog-
rams nead fo be planned as a package of measures
designad {6 make best use of available resources and to
ensure that maximum benefits are achieved from
completed projects. The package includes economic,
financial, social and institutional elements as well as
technology choice. Above all, success depends on the
sustainability of the CWS system.

The Project recommendations are aimed at a wide
audience, beyond those aclively invoived in buying,

“Lasting health and economic benefits for the rural and
urban-fringe populations of Africa can be achieved through
Increased community mai.agement of water supply and
sanitation systems based on proven low-cost
technologies...”

AlAL* 3 Seminar on Low-cost Rural and Urban-Fringe Water Supply, Abidian, Cole o'fvoire, October 1985.

designing or making handpumps. Pokicy makers and
CWS program planners will find guidslines 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 benefitting community.

Global analysis of needs and :esources suggests
that wells equipped with handpumps will be an appro-
priate choice for the majority of the 1,800 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
resourcas to sustain mechanized pumping schemes offa-
ring higher service levels are sncouraged 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 stap in a progressive
improvement of service levels.

Even in five years of intensive testing, not
everything can be measured. To make this document as
complate as possible in its advice and recomman-
dations, there have inevitably been points at which data
analysis has had to be supplemented by “hest judgment”
of experienced Project stafl. Wherever possible, such
judgments have been drawn to the reader's attenticn
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 1986, the Advisory
Panel endorsed a program for the next phase (1987-
1991). The emphasis will now be on promoting the
implomentation 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 quatity problems, health
benefits, and govemment support systems for fraining
andsparepartsdlstrbuuon

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

An estimated 1,800 miltion people nead improved water
supplies in the fifteen years to the end of the century, it
developing countries are to reach the target of full
coverage. The first half of the Imemational Drinking
Water Supply and Sanitation Decade (1981-1990) has
seen increases in the percentages of the rural population
with access to safe water supplies, but only in Asia has
the pate been quick enough 1o envisage a target of
essentiafly fult covarage by the end of the century (ten
yaars lawer 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 belfore full coverage is achieved unless progress
improvas dramatically,

Accelerated progress is hampered by financial and
technical resource constraints faced by many
developing countries, and the problem is aggravated by
the growing number of completed projects which are
broken down and abandoned, or tunctioning much below
capacity. Attemplts to increase the pace of providing
improved community water supplies have often been
frustraled 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
musi take account of the pace at which rasource
constrainis can be overcome. Human resource
development programs take time 10 produce resuits, and
instilutional changes can onfy be accomplished
gradually.

The Integrated Approach

Successful CWS programs invaolve a combination of
hardware and sofiware — technology and
institutional/organizational support elements — matched
in such a way that each community recognizes the
benefits 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 heaith benefits, parallel investments in
health education and sanitation programs should be
planned alongside CWS improvements.

This “imtegrated 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 invoivement of the community in the
design, impiementation, maintenance and firancing
of pianned improvements, with promoting agencies
providing technical assistance and support services
as nseded. The community’s neads and wishes
have to ba reconciled with its capacity and
willingness to pay for the level of service planned.

+ Provision for full recurrent cost recovery, with
support of capitat {construction) costs for poorer
communities offset by full recovery where higher
sarvice 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 imporiant proviso that quality control and
reliability should be assured and that costs ave
competitive.

= Technology chosen to maich the rasocurces
available to sustain it,

« Institutional and rnanpower development programe
maiching the needs of the planned water supply
syslem,

= Parallel programs in health education and sanitation
improvements,

Service Level and Technology Choice

The dacision about the level of service (i.e. the amaunt
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 technoiagy chosen should
give the community the highest service level that it is
willing to pay for, will bensfit from, and has the
institutional capacity 1o sustain.

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

1




handpumps, public standpipes, or yardiaps, as the
method of distributing the walter to the beneficiaries.
Costs and benafits will boin be linked to the number of
waler points provided, with improved convenience of
water collection ranking high in the consumers'
evaluation of potential benefits,

Groundwater has many advantages over Surface
water 2s a sounce for CWS improvements, the main one
being that, provided wells are judiciously sited in relation
to existing or fulure latrines, s.fo water should generally
be assured without the need for weatment (other
advantages are listed in Chapter 2). The resource
demands of waler treatment plants needed o make
supplies trom surface water sources safe to drink are
beyond the reach of most communities, and use of
untreated swiiace water frequently represents an
unacceptabie haalth risk. .

tn 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 supplies live in such
areas. it will therefore be rare for CWS programs to be
based on surface water as the source, and the
technology choices analysed in this report are focussed
largely on groundwater-based CWS systems.

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

The theme of relisbility recurs throughout this
document. In community water supples, one of the most
imporiant 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 disparsed communities can
strefch to several months. Box 5.2 in Chapter 5 shows
graphically 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 mobite 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 yardiaps 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 liritod water avaitable at the intake,

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

Financlai implications

Capitat costs of the three tachnologies generally range
from US$10-30 per capta for wells aquipped with
handpumps to US$30-60 per capita for motorized
pumping and standpipes and US$60-110 per capita or -
more for yardtap services. In global terms, that means
that cost estimates for mesting rural water supply needs
to the year 2000 range from US$50,000 million to
US$150,000 midion, depending on the choice of

With the obvious difkculties of mobilizing financial
tesources for this scate of Invastiment, rapid progress in
mesting basic needs can be achisved only if a large
proportion of the popudation in need receives services at
the lower end of the costrange. Upgrading to a higher
service level may then be financed by the community
later, as benefits from tha initial investment and from
other sources increase avaighle resources.

Analysis of data from a wide range of CWS projects
indicates a similar divergance in the recurrent {operation
and maintenance) costs of the three options 10 that
already noted in the capital cosls. With a centralized
maintenunce system, the annual per capita cast of
mainienance of a handpump-based CWS system can
range from US$050 © US$2.00. Well planned
community-level maintenance can bring that tigure down
as low as US$0.05 per cepita per year (see Box 3.1 in
Chapler 3}). By comparison, centralized maintenance of a
standpipe system with mgtorized pumping costs from
US$2.00 to US$4.00 per capita per year, and for yardtap
maintenance the range is U3$4.00 to US$8.00.

There are circumnstanes 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 analys's method outlined in Annex 3
i5 designed to holp ideniify such communities. More
frequently, the serious shortage of readily avaitable cash
resources will mean that recurrent cozts must be kept to
aminimum, and handpump: will be the indicated choice.

Resource Needs

As with financial considerations, comparison of other
resource demands of tha differant tachnolopies also
points to a substantial roletor handpump-based systems
in meeting basic human needs. The most significant
ditfarence betwean handpimp projects and those based
on standpipes or yardtaps, is the switch to motorized
pumping, and the consequent need for depencable
energy supplies and skillkd pump mechanics, when a
piped distribution system is provided.

In cases where reliable low-cost electric power is
available fram a central gid, an slectric 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 elecirz pumping should be given
every encouragement to do so, as this frees scarce
public sector funds and exdarnal aid for projects serving
poorer communities. However, tha number of




communilies with dependable electricity supplies is
presontly small — well balow 10% of the tolal rural
papulation in Africa, only a iittle higher in most countries
in Asia, and reaching 40-50% in China and the more
developed countries of Latin America.

in the absence of refiable electric power, the alter-
native power sourca for motorized pumps is diasel
engines. The logistic problems of ensuring dependable
dissel supplies for dispersed communities have raraly
been successfully overcome, and there are few exam-
ples of diesel-powered rural water supply systems oper-
afing successhilly in the long term. The cost of trucking
diesel fuel over hundreds of kilomaters will usually prove
prohibitive. Future developments in solar technology
may eveniually make solar pumping economic for
drinking water suppfies, but at the moment such
schemes have very hign initial costs and require skilled
maintenance. Sirmitar conditions appiy. to windmills.

Adding the institutional constraints and the severs
shortage of skilled mechanics in developing countries, it
is clear that systems involving motorized pumping are
appropriate for only a mingrity 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 choice. This makes it vitally important
that handpump-based projecis are planned and imple-
mented in ways which will ensure that they perform
refiably and can be sustained in the long term and widely

replicated.
The Handpumps Project .

in 1961, as one of the aclivities in support of the
International Drinking Water Supply and Sanitation
Dacade (IDWSSD), the United Mations Developmant
Programme and the World Bank initiated a
globalinterregional 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 reliablliity of schemes based on groundwater and
handpumps, and which will enable schemes to be
mananed by the communities and replicated on a large

Teﬁndogywasﬂvoughttobeauheroolofpasl
problems experienced with handpump-based CWS
systems, and the Project has cared out laboratory
tests in the UK and field trials in 17 countries to measure
the periormance of a total of about 2,700 handpumps.
Field trials lasted at least two years on most pumps, with
some 70 differant pump models represented in the trials.
Test results and conclusions about the performance 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 iliustrate
ditferent pump selection applications.

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

some of the major obstacles to sustainable water supply
systems. Now recognized as one of the fundamental
principles of handpump design and CWS project
manning, the VLOM concept soeks tc avoid the high
cost, iong response time, unreliable service and other
operalional difficulties in the repair of handpumps
through central maintenance systems.

Many past failures of CWS systems can be blamed
on the inadequacies of central maintenance, in which a
water authority dispatches teams of skilled mechanics
with motor vehicles from a basa camp, often serving a
large district, to respond to requests lor repairs or 1o
carry out routine maintenance. Instead, maintenance
should be a community responsibility, and this in tumn
means that the pump design has to be suitable for repair
by a trained caretaker or area mechanic with basic tools,
and that spare parts should be affordabie and readily
availahle to the community. The Project strongly
advocates that pump maintenance responsibilties
should be delegated 1o village commilteos, and that
pt.;rr;ps should be selectad with such maintenance in
ming.

Developing country govemments and donor
agencies are increasingly changing their policles to
include these principles in projects or programs. This is a
significant departure from previcus practice, particutarly
in Africa, whare many different types of unsuitahle
pumpe have often bean brought into a country through
donor assistance. Reciplent agencies have thus taken
on unmanageable maintenance commitments, which rely
on public-sector mobile maintenance.

Planning and Implementation

Few handpump system fallures can be blamed solaly on
the pump. Other major causes are: inadequate or
unrealistic  provisions for  maintenancs;  poor
management, Supervision, monitoring and evaluation;
poor well design or consiruction, allowing sand to enter
and damage pumping elements; and the comrgsive
effects of groundwater, which are much more extensive
than had previously been

Experignces in the field trials and data from many
other CWS projects have enabled the Project to
formulate guidafines for the planning and implementation
of CWS projecis 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.

Community Invoivement

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 io
continue to operate satisfactorily, people have to
recagnize 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.

EXECUTIVE SUMMARY 3




Aquiter Analysis

Competing demands for other water uses, such as
irrigation pumping, have to be taken info account when
avaluating aquifer potential for handpump prajects. To
avoid unnecassarily high costs, the well needs to be
aaep enough to allow for seasonal and long-term lowering
oi the water table, but no deeper. Legislation and
adninistrative enforcement are needed in some areas 10
prevent overpumping for irrigation leading to drawdown of
the vater table and putting existing handpumps out of
servics,

Well Daxign and Construction

Wherever the rock is not fully consolidated, screens and
fitter packs are essentia) to prevent sand and silt
imrusion. therwise rapid damage will oocur to
commonly-used types of seals and valves. The right
choice of driling equipmeni, backed by appropriate
organization ot drilling, can significantly reduce drilfing
costs and result in more dependable wells.

Handpump Selection

A number of factors influence handpurnp selection, in
addition to the cost of the pump itself. Among the most
important are suitabilit: for the intended maintenance
system {e.9. can it be ropaired by a trained pump
carataker?), 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 imporiant selection criterion;
and comrosion resistance has to be taken into account
when groundwater is aggressive.

The Project has prepamed Draft Sample Bidding
Documents for handpump procurement, to  assist
govemnments and support agencies to take account of
important pump characieristics when purchasing pumps
through intemational 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 minimat training
and basic {ools, or by an area mechanic (usually with a
bicycle or moped) cavering a number of pumps. The
public authority has an impoitant role 10 play in the
training of caretakers and mechanics, and the
organization of an adequate spare parts distribution
systam, but should then hand over maintenance of the
scheme ta the beneficiaries.

Financial Management
Even when the community is willing o pay for and

manage the upkeep of its water supply system, the
scheme may founder unless a suitable mechanism is
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found for collecting money, amanging repairs and paying
carelakers 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 1o those described in Chapler 3.

Today's Handpumps

The standard test procedures used in the laboratory and
field trials rovealed many shoricomings in existing
handpump desigrs. Manufactusers responded well, by
modilying their products and introducing new models,
and there ara now imany 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 Projact has assistad a number of firms in
developing countries to begin handpump manufacture.
Manufaciurers from industrialized countries are also
being encouraged to combine with enterprises in
developing countries to make pumps under licensing or
joint-vonture agreements. In-country  manufacture,
backed by public or private sector distribution facilitias
and retaif outiets, strongly improves the likelihood that
spare parts witl be available when needed, and facititates
standardization of pump types in a country to simplify
caretaker training and stacking of spare pans.

Encouraging as these developments are, there
remains a scarcity of handpump models which can be
described as VLOM and are suitable for lifting from
depths of more than about 25 meters (ithough the
majority of the population in need lives in regions where
the wa'sr fable is not so deap). The heavy weight of
downholz components makes exiraction of the complete
assembly from deep wells difficult. An added problem is
that handpumps deliver fess water when pumping from
greater depths. The pumps are therefore heavily used
and so suffor rapid wear — a problem which is
aggravated by the tendancy for deep wells to serve more
pecple per well, in order to spread the higher casts of the
well and pump aver a arger number of users.

For low lifts (up to abeut 12 meters}, direct action
pumps, like the Tara prototype developed in Bangladesh,
in which the operator lifts and lowers a T-bar handle
direcily attached to the pumprods, have a number of
advaniages. Elimination of the bearings that are part of
tever or flywheel-operated pumps reduces maintanance
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. Diract
action pumps have the great advaniages over suction
pumps that they can lift from more than the 7-meter limit
for suction (imporiant since groundwater levels are
falling in many parts of the world) and that they do not




need priming and thersfore avoid the risk of
contaminating the well by pouring in polluted water.

For high lifts {(down to about 45 meters), a below-
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 VLOM
design. However, only a very few low-cost, durable and
conosion-rosistant VLOM designs for  below-ground
components have been used successfully in preliminary
tests for lifts between 25 and 45 meters. Development of
more VLOM pumps for use bayond 25 meters remains
an important task for the next phase of the Project —
and for manufacturers and implsmanting agencies.

To take standardization fusther, attempis are now
being made to develop designs in which some of the
same componants can be used for pumps designed for
difierant deplh ranges. In East African developmant
work, for example, a standard S0mm-diameter cylinder
with the same plunger, *otvalve and pumprod is being
tested with differant gumphead configurations for the
whole range of lifts from 0 to 45 meters. For low lifts, the
below-ground companents are conhected to a T-bar
handle to be operated as a direct action pump; at higher
litts, a lever handie is ysed, with the handle lsngth
varying {two options) dapanding on the liff,

in Chapters 5 and 6, the monitoring results and
expariances of Project staff and others have been used
fo *rate” each of the 42 handpumps tested by the Project
which are still on the market, under a series of design
criteria which may influeince pump selection. The criteria
will not always maich precisely conditions under which
particular pumps have been tested in the field, and in
assessing pump performance over a range of conditions,
Proiact stalf 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 ralings to
compile a short list of acceptable pumps for a project or
program, and some worked examples illusirate appli-
cation of the selection procedures in specific cases. it is
cear from the worked examplas that some pumps are
much more suited than others to conditions in developing
couniries, and that as pumping lift increases, the number
of pumps suitable for village-level maintenance declines
rapidly.

Future Tasks

implementation will be the central emphasis of the
Project's second phase (1987-@1). In their collaboration
with govemments and donors, Project stalf will urge
inclusion of the “systems approach™in CWS programs.

Every opportunity wifl be iaken fo collect data,
demonsirate successful approaches, and develop det-
ailed implementation guidelines on the critical elements
identified in the first phase: drilling technology and well
design; community paricipation; training at all levels; in-
country manufacture, standardization and spare paris
distribution; corrosion and water quality; complemen-
tarity of water supply, sanitation and heaith education;
evaiuation of benefits and selection of service levels;
and non-domestic uses of groundwater .

Governments and donors have an important part 1o
play, by commitling resources to the implementation of
low-cost CWS programs and by sharing experiences, so
that lessons can be leamed and model strategios 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 {ow-cost water supply and sanitation systems.

EXECUTIVE SUMMARY §




Chapter 1

Background

Sector Review

When the member govermmments of the United Nations
proclaimed the 19805 to be the international Drinking
Water Supply and Sanitation Decade (the Water
Decade), they were responding to an urgent need. An
astimated 30,000 peopte were dying every day, many of
them from diseases attributable to a lack of sale water or
adequate sanitation facilities. In 1980, the World Health
Organization estimated that more than 70% of the
wurld's rural population was without access to a safe and
adequate water supply; some 1,150 milion villagers
{China’s statistics were not then available) were drinking
watar which was a threat to their health.

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

Statistics on the first three years of the Decade
(Table 1.1) show that progress has been achievad in all
the regions, The progress in building new nwal water
supplies has been greatest in Asia. About 70 million
people a year obtained improved water supplies in the
rural areas of Asla and the Pacific in the first three years
of the Decads, while the rural population grew by 15
million per year. i this trend ware o continua, ths region
would reach essentialiy full coverage by the end of the

Table 1.1 Water Supply Coverage 1980-1983

century. To maintain this goal, however, the commitment
to construcling additiona! communily water supply
systerns must remain sirong, and the systems installed
up to now must be properly maintained.

in Africa, ine prognosis is less good. Provision of
improved rural water supplies {for 10 million people per
year) has just kept pace with the population growth rats.
At that rate, no more than half of the rural population wilt
have an adequate water supply by the end of the
contury,

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 offorts in
both Africa and Latin America.

If the Water Decade’s aim of bringing safe water to
all by 1990 is deierred to the end of the century, and
account is taken of the progress made up to mid-
Decade, the number of people to be served in the fifisen
years to the year 2000 is now estimated to be 1,800
miliion, including 400 million in China.

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

URBAN
Total poputation Population served Total popuiation Popudation sarved
{miltions) 1960 1983 {milions 1980 1983
Ragion 1960 1983 mil % mifl. % 1980 1983 mit % mifl. %
Africa B4 356 7 22 103 29 135 160 83 66 91 57
AsiaPacific 1064 1109 277 26 408 M 428 493 278 65 330 67
Latin America 124 126 82 4 62 49 23 254 183 78 216 85

Saurce: Raport of the Secretary General of the United Nations fo the Economic and Social Councit of the UN General Assembly —
Progress in the Attainment ot the Goals of the infemational Drinking Water Supply and Sanitation Decade. A/40/108, March 1965,




An abandoned pump means wasted investment. Proper planning
will ensure that adequale resources are available for main-
tenance and repair, before the CWS technalogy is chosen.

order, when many existing installations are already
broken down of abandoned? .

Yet the case for providing improved water supplies
is compeliing. Improved health, increased agricultural
production and accelerated village developmant 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 ail developing countries,
and for aid agencies saeking to assist them, is to devise
a CWS strategy which matches the services provided
with the resources available to sustain them -- and to
impleinant that strategy quickly and effectively. A primae
cbjective of this document is to set out the essential
elements of such a strategy.

Technology Choice

Capital costs af efficiently built CWS projects ganerally
range from US$10-30 per capita for groundwater
schemes based on handpumps, US$30-60 per capita for
standpipe supplies, and US$60-110 per capita for yard-
fap services. In globa! termns, that means a difference in
cost estimates for meeting water supply nesds 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 alone.

Upgrading to a potentially higher service level —
e.9. by fitting motorized pumps on high-yielding wells
inifially equipped with handpumps and adding a piped
distribution system and standpipes — may eventually
follow, as the communily realizes the benefits of an
improved supply and is able to finance further
improvements from its own resources. Immediate
implementation of higher service leveis 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 oplions shouild

be imposed on communities which want and can afford
higher service iovels.

Mabilization of local cash resources may provide
additional funds where the community has a strong
desire % a nigher level of service and the technical
capacity is available o maintain such a service. A
successful approach in these higher income areas
involves creation of Institutional mechanisms, often
through the privaie 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, cradit
banks have established revolving funds to assist
communities in the financing of new CWS projects, using
rovenus 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, eic.

One imporant reason why CWS coversge 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 benefitling communily or the implementing agency to
operate and maintain the completed system at an
affordable cost.

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

More successful projects typically involve hand-
primps salected 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, befors a decision is taken fo
implement 3 CWS project based on molorized pumps.

For communities connected to a dependable electric
grid, an electric submarsible pump feeding standpipes or
yardtaps from an elevated tank can give a reliable
supply, praviding 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.”




hand when repairs are needed, and an organization
exists to collect charges and pay for repairs. Diesel
pumps have a poor performance record in commurily
waler supplies, principally because ol the iogistical
difficulties 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,

Regardiess of the technology chosen, people will
operate and mainiain an improved water supply only i
they value it. it must provide an appreciable improve-
ment over exisling traditional sources {greater conve-
nience, better water quality); it must be well designed
(sufficient pumps for the community popuiation to avoid
long queues); and water points must be sited in
consufiation with 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 wili be beyond the reach of
the large majority of those in need of new supplies by the
year 2000. For them, wells equipped with handpurnps will
be a first step. Guidelines to identify communities for
which handpumps wili 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 imporiant 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 1881,
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 baing used to supply as
many as 500 vitlagers per pump in developing countries
were little altered from the household pumps which
served individual European and American families more
than half a century ago.

The large majority of handpumps in use in
developing countries today are suction pumps serving
only one or a few families. There are several millien in
use in China, over a million in Bangladesh, and hundreds
of thousands in other Asian countries. Thase 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 ihe more serious
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Box 1.2 Field Testing of Handpumps

By mid-1986, 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). Mosi tield trials
have had a minimum duration of twe years, during
whech a full-time Country Manitorine = - qineer (CME)
— usually a United Natians Volunt. participated
in the nstallation and maintenan: ad monitored
the performance of all pumps in eac’ Hrial.

Te be included in the fietd - randpump had
o mesat one or more of three crite
+ The pump type was in d use in devsl-

Oping courtries.

+ It was commonly .
trial.

the country of the tield

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

In all, sorme 70 diterent pump types were lested,
and it was tr bt that a minimum of 20 units of each
type would - needed 10 ensure statistical validity of
the results - tact, an average of about 40 unis of
aach pump ,pe wera instalied, but it turnad out that
only srnail numbers were needed o demonstrals the
difficulty of repairing some pumps, whils some
pertormed so poorly as (0 be totally unacceptable 1o
the users ar impiementing agency and monitaring was
discontinued.

The Project prepared standard monitoring forms
tor use in all countries, to make data comparable. The
forms record well and pump characteristics, site
nspection details, repair and maintenance inter-
venlions, social and cultural factors, and cost data
{copies of the forms aré contained in Anngx E of
Froect Report 4 Handpumps Testing and
Devsiopment: Progress  Repont on Fisld  and
Laboratory Testing — World Bank Technical Paper
29). In particular, each BDreakdown repair report
includes deizils of the reason for the breakdown, the
type of repair ngeded, the amount of time itaken,
equipment used, etc, along with descriptions of parts
replaced and thair cost.

In a tew cases where the same pump lype 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 manutacturers’ versions
ot the same pump maodel 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 bacause 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 intervais 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 interventions were coordin-
ated by the CMESs, so that the maintenance system
was a combination of village paricipation and central
management (Maintenance Systems A and C as
defined in Chapler 5). However, efforts were made, in
coilaboration with the implementing agencies, to
expand the scope and qualily of village participation
as the field trials progressed.

Data from the forms were analyzed periodically by
the CME and compiled in quanerly reports for the
information and comment ot 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, 10 assess prograss and
results with the CME.

As the field trials progressed, some manufac-
urars modified their pumps, in responss to infor-
mation from the Project about problems identitied in
the laboratory or the field. If the Project staff judged
that the modifications had potentiai for improving the
field performance, modified components wera retro- |
fited 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 invoivad in the installation and evaluation of
the pumps have sometimes had to apply "best
judgment” in an attempt to make all the assessments
compatibie,

'n addition to the unique comparative data
collected on handpump technology, Project personne
have been well placed to evaluate other factors which
can affect handpump performance. As Chapters 3 and
4 emphasize, field thal 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 instaltation;
and praper planning of operation and maintenance.
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Soma 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 designs, the Project sef out to evaluate the major
handpump types then on the market, to cooperate with
researchers and manufacturers in the development of
design improvements. and i new designs, and 1o
produce guidelines to assist developing counlrigs in the
setection of appropriate pumps for specitic applications.

While thesa initial objectives have remained al the
core of the program, the focus has widened
considerably, as it became clear fram the early findings
that handpump technology. though clearly important,
was only one of several interdependent factors
infiuencing the success or failure of community water
supply projects. Other critical elements were identified,
such as: the planning and organization of handpump
maintenance; the design and construction of wells; and
the capacity and willingness of the community to pay for
the upkeap ot 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
resuits and conclusions, and the teedback 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
rformed about its agtivities and about the concepts
being developed. The Project methodology therefore
incirdes 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
manufaciurers.

The Project began with iaboratory testing of 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 resulls provided a basis for the Project test
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program. In all, some 40 pump models have been
subjected to endurance tests, designed o reveal their
durability and the frequency of maintenance or repair
needed.

The laboraiory ftrials also involved other tesis, to
assess the suitability of pumps for manufacture,
operation and maintenance in developing countries (see
Box 1.1}, Results were reported to the manufacturers as
the need arose during testing, and Project Reports 1 o
4, which include details of the CATR findings, were
circulated to a wide audience in the CWS sector. The
aim, achieved in inany instances, was o encourage
improvements 10 existing handpump modsls alongside
the formulation of guidelines for new designs.

The laboratory resulls provide a uselul quick guide
to a pump's likely long-term performance, but they
cannot fully simulate the conditions wnder which
handpumps must operate in developing countries. The
Project has therefore underlaken an exiensive program
of lield 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 menitored in trials covering 17
countries and spanning over two years of actual
cperation. Again, results have been shared with
manufacturers. participating governmenis and donor
organizations, and feedback has played an important
part in the dala gathering and analysis of field triaf
resutis. Box 1.2 describes the methodology of the field
trials.

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

“... maintenance difficulties
often arose more from
institutional or financial
shortcomings than from
technical difficulties with the
pumps themseives.”

tools or spare parts were nol readily available, or
because there were na 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

1. Pacey, Amold. “Technology is Not Enough: The Provision
and Maintenance of Appropriate Water Supplies.” Agua 1
(1977):1-58




Box 1.3 The VLOM Concept

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

Experience in one country a%er another has
shown that a cantral maintenance system, requiring a
mator 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 encugh experienced and motivated teams of
mechanics o carry out repairs prompily have proved
very difficult to sustain. But the desirable alternative
of village-level maintanance is only {easible if the
pump design allows forit.

Initially, the YLOM concept was applied only to
the hardware, the aim being to develop pumps
spacificaily 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;

Robust and reliable under fiald conditions ; and
Cost effective.

When the Project started, pumps meeting these
neads for lifis of more than 7 meters wera not readity
available on the market, and their development had to

quantities of sand to reach the pumping elemants.

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 possibte, which would enabte conclusions to be drawn
about all the key elements of a handpump-based CWS
svstern. 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
wauld bring both lower costs and better raliability.

This very early conciusion led to the coining of a new

te motivated. Recognizing that central maintenance -
cannot ba dispensad with overnight, the Project has
also encouraged manufacturers to improve the
durability of existing pumps, ta lengthen the interval }
between rapairs.

The VLOM principles were well received,
Manufacturars quickly responded 1o reliability
problems identified in laboratory and field testing, and
worked to develop pumps which can be more aasily
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
carstakers and area mechanics. As project exper- §
jonce has grown, and donors and implementing
agencies have experimented with better ways to
design projects, atternative maintenance systems
have been assessed, and it has become clear that
different models work best in differant circumstances.
This has led to an exiansion of the YLOM concept
into software, or organizational matters.

A common feature of successful handpump
projects is the amphasis on village management of
maintenance, reducing the dependence on central
government support of essential functions, In the
extended VLOM conceptt where M means
Management of maintenance, these elements have
been addad:

+  Community choice of when o service pumps;

Community choice of who will service pumps;
and

[irect payment to repairers by the community,

term - VI.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 manulacturers afike. The VLOM concept
includes the development of handpumps specifically
designed to be maintained by village caretakers, bul
also extends into the institutiona! 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).

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

Developing country governments have been given
technicat assistaice in the planning and implementation
of handpump projects based on VLOM nrincioles, and
feedback from planners and designers is being
incorporated in mogdei maintenance systems developed

by tha Project fo- future field demonstration and testing.

As the field trials were coming to an end, results and
praliminary conclusions wereé submitted 1o the
collaborating agencies, and their reactions 100 are being
incorporated in the Project recommendations for future
activities.

In the course af the field trials, a number of issues
have arisen which have special importance on particular
projects, and which local Project staff have investigated
in some detail. Their findings wilt need further study
before general conclusions can be drawn, but the data
collected has already provided some solutions for
pressing local problems. Among these special siudies
are: links betwean waler supply, sanitation, and health
improvaments (a.g. Bangladesh); carrosion and
groundwater quality (e.9. Ghana), and well construction
techniques {e.g. Kenya and China).

The Reliability Issue

In comparing the performance of diferant handpumps in
the field trals, it has becoma appareni thai the
conventicnal interpretaion of “refiability”, based on the
Mean Time Before Failure (MTBF), is inappropriate. The
critical item is the pericd 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
mechamical  engineering  industry would  refer to
Availability, i.e.

Religbiity Is the probablity that the pump s
in operating condilfon on any one day,
csiculated as the sum of the opersting time
betore faliure divided by the total time.

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 arive, is less refiable than one
whict breaks down after 8 months, but is repaired within
aweek by an area mechanic.

This concept of reliability is crucial in comparing
CWS technglogies. The response time of maintenance
organizations is critical, and refiability can only be
assessed when the characteristics of the technology
and the institutional support are taken inte account.

Project Impact

Throughout the Project, issues brought to light by
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laboratory field trals or by experiences on other projecis
have bean 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 technolagical or
institutional approaches could be implementaed 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 Projact have influenced
recent developments in the CWS sector.

»  Aware of a large potential market for suitable pumps,
manufacturers have responded quickly to test
results, seeking to produce improved gumps, or
aven to undertake complete re-daesign. While some
manufacturers withdraw pumps from the market
atter they performed poarly in laboratory or field
trials, many chose to make changes and have been
very willing to submit their new designs tc the
rigorous scrutiny of Project westing. One result is
that recent projects in West Africa, using
international  procurement procedures, have
atiracted a large number of qualitying bids, a
reflection of both increased interest in the sector
and mora 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.

» To accelerate the introduction of design changes
needed to produce true VLOM 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 veniures 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 protolypes make substantial
use of plastics for below-ground components and for
long-lasting easily-replaceabls plastic bearings
which are also light and cheap (sea Chapter 4).

+ By identitying weak elements in past handpump
schemes, the Project was instrumental in creating
an awareness among donors and implementing
agencias that pump selection and planning of
maintenance are criticat to long-term success. This
is beginning to lead to a tightening of pump
spacifications, and a recognition that a policy of tied
aid involving pumps from the donor country is
ultimately counter-productive, because failure of the
pump jecpardizes the much larger investment in the
woll.

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 exitra commitment that
they have had to make in the past to continued
“nancial and manpower support for operation and
maintenance of imported pumps.

Probably the most significant impact of the Project
fo 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
jook after completed projects, dramatic improve-
mertis can be expacted in the reliability of handpump-
based schemas {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
o the slandard India Mark 1l in line with YLOM
criteria).

+ 8Sand 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
laberatory tests. Damage 10 leather cup seals was
the main cause of breakdown, and new designs of
nitrite rubber seals are now being tested for a
number of pumps, with encouraging results. At the
same time, the Pioject 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 fietd trials in West Africa
was the extent of rising main, pumprod and other
component failures caused by corrosion {as many
as 60% of the failures in the southern Ghana field
trials were directly attributed ta corrosive well water,
and galvanizing offered little protection — see 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 phase of the Project, during which primary
emphasis was placed on the improvement of pump
technolagy. s drawing fo a close. Worldwide experience
with CWS projects has established the essential
glements of sustainable and replicable CWS systems.

The Project emphasis is now switching to imple-
mentation. Through technical assistance in project
preparation, and coltaboration in activities incorporating
tha concepts of community management and public
agency support, the Projact will be aclively promoling

The patential of handpumps for micro-irigation 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 expetied to lead to additional
improvement in the effectiveness of future programs.
Among the issues to be addressed in this second phase
are:

+  Community financing and management, including
the role of women,

« Cost-eftective 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 oif maintenance systems, including
salection, training ano payment of caretakers.

* Project design criteria, including choice of service
level,

+ In-country manutacture of pumps, including quality
control procedures and spare pars supply and
distribution.

+ Solutions to water
especially corrosion.

quality-related  problems,

+  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 10 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 exiarnal quality control
procedures. From manufacture, the orocess will be
taken through, as needed, to distribution, with the
establishment of networks of spare parts outlets,
ultimately handiad by the private sector.

The key issue of drilled-well design and construction
is 10 be tackled by an investigation of the reasons for
high well costs in Africa and guidelines on design and
construction techniques. Wherever possibla, new
projects will serve as venues for esiablishing efficient
drilling processes and bringing down cosls,

The advantages of handpumps for rural domestic
water supply are now clearly established, but limited
altention has yet been given to the potential use of
handpumps for micro-irrigation.  Small-plot  irrigation
offers both subsistence and cash earnings in parts of
Africa and elsewhers, but is hamperad by the unrek-
ability and high cost of motorized pumping. Combining
domestic water supply with micro-irrigation and livestock
watering could have appreciable economic benelits for
viliage communities, especiaily, but not salely, in the dry
zones. Studies are planned to assess the demand and
cost-benefit of such mulli-purpose use of handpumped
watar.
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The Project has already demonsirated that CWS
systemns parform 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
inciude measures 1o invoive the community from the
beginning, and will give special emphasis 10 the potential
role of women as pump caretakars where apprcpriate,
and to cost recovery, contracting of maintenance staff,
and invalvement of the private sector.

A crucial aspect of the Project's next phase will be
its collaboration with developing couniry 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-
lapment, 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
committad to cost sharing. The Pane! emphasized
however the need for other organizations, paricularly
donors and specialized agencies, to increase their
efforts along similar fines.

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 sustairable




&  Teble 2.1 Options for Community Water Supply

Step Ty2e of Service Waier source Quality protection Waler use Energy source Operation and Cosls General remarks
LPCLR maintenance needs
Groundwater Good, no treatment Wall-trained operator. | High capitaland | Most desirable
Gravity reliabla fuel and O&M costs, sarvice level, but
House Connections Surace water May nead treatment 10010 150 Elactric chemical supplies: except or high resource
Diesel many spare parns; gravity schemas | needs
Spring Good, na reatment wastewater disposal
Groundwater Good, no reatment Welltrained operalor; | Highcapitaland | Very good access
Gravity raliabla fuel and 0O&M costs, to sale water;
Yardiaps Surlace water May need treatment 5010100 Eiectric chamical supplies; except gravity jual and institu-
Diesel many spare parts schemes fional support
Spring Good. no treatrment critical
Groundwaler Gaod,. no treatment Gravity Walltrained operator; | Moderate capital | Good access o
Electic reliable fuel and ang O8M costs, | sale waler; cost
Standpipes Surface water May need lreatment 101040 Diesul chemical supplias: axcent gravity compalitive with
Wind many spare paris schemaes; handpumps at
Spring Good, no reatment Solar collection time high pumging lifts
Lowcapitaland | Good access to
Handpumps Groundwaler Good, no freatment 1040 40 Manual Trained repairer; O&M costs; safe water;
few spare parls collection time sustainable by
vilagers
Improved
traditional Grouriwater Variable Verylowcapital | Improvementif
sources Surface water Poar 10to 40 Manual General upkeep and O&M costs; | traditional source
{partiaily Spring Variable collection time was badly
protected) Hainwater Gaod., if protected contaminated
Surface water Poor
Traditional sources Groundwater Paor Low O8M costs | Starling point for
{unprotected) Spring Variable 101040 Manuval General upkeep (buckets, etc); supply
Rainwater Variable collectiontime improvements

a. LPCD = liters per capita per day




Chaoter 2

Choice of Ccmmunity Water

Supply Technology

The technology choices open to planners of community
water supply (CWS) programs are best characterized by
the type of water points they provide: handpumps;
standpipes (ie. public taps). yardiaps: and others,
such as dug wells without pumps. Costs and potential
benefits difier tor each option. and technology choice
cannot realistically be made on the basis of cost alone.

Measuring benefits is difficult, involving technical,
economit, behavioral, nutritional, and public health
factors among cthers. But an estimate of benefits has
to be made in order 1o compare technologies and salect
the most appropriate. The scale of banefits is influenced
by two key technical factors — the service level (ie.
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
religbliity with which water is available at the water
point when needed.

The fow cost and simplicity of handpumps have
proved attractive to government agencies and external
suppart organizations seeking maximum impact from
timited 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 shorer than from the
original iraditional sources, water must still be pumped
by hand and carried home, with corrasponding costs in
tme and effort; and mainienance needs, though simple
when compared with motorized pumping or water
supplies involving treatment faciliies, may stil 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 servica lavel. As pumping lift increases, hand-
pumps produce fess water and require more effort to
pump, increasing comparative advantages of welk-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 scrliny of the reasons why past projects

have failed to live up to expeclations suggesis that an
important factor was the choice of a CWS technology
which was not sustainable with the rescurces available
to the community. The important message for CWS
plannersis that:

=  The technology chosen should give the
community the highest service level that it Is
willing to pay for, will benefit from, and has
the insthutlonal capacity to sustain.

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

Technology Options

Table 2.1 shows the different CWS technology options
as a series of steps. Provided safisfactory reliability
can be achioved, 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, prograss is not
necessarily achieved one step at a time; and not
averyone will start at the bottom. Many communities may
find that one of the lower steps offers a satisfaclory
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 o manage a more complex system.

The main task in planning CWS improvements is to
select the technology which will give the highest service
leval practical with the available resources:




The skills and resources nesded for gperation and maintenance
are imporiant consideralions when selecting an appragriate
waler supply technology. Handpumps suitable for servicing by
viflage caretakers stand a good chance of providing refiable
service.

* Finhancial resources ({for capital and racurrent
costs);

*  Physical resources (water and energy); and

*  Organizational
institutional).

resagurces  (manpower  and

it that selection is right, the scheme can be
expected to provide the desired service level for many
years, and may laier be upgraded 10, or replaced with, a
technology giving a higher service level. i, on the other
hand, any of the resources needed for the chosen
technology are not reliably present, none of the
anticipaled 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 techrology options in
Table 2.1 ¢an 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
varnies according o the amoun’ of time it takes to travel
to and fram the source, to queue, and to fill containers: it
depends tao on the reliability o the supply at the source.
Standpipes are morg convenient than handpumps in that
waler is drawn from a tap rather than by manual pumping,
but, untess a gravity supply is available, they must rely
on motorized pumps and elevated siorage to maintain
supplies.
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“Success or failure
depends primarily on one
factor: can the new water

supply 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 weli surrounds, graundwater 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 unacceptably
high mineral content, while rainwater storage provides
only anough water for drinking and cooking. The program
tharetare usas 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 banefits expacted
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 cost plus recurrent cost) for that service level,
This metheod has often been applied, in an effcrt to bring
smali but important improvements 10 as many people as
possible. lls weakness is that it takes no accoum 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 peaple, leaving the majority of the population
without coverage.

In the Philippings, for example, even in relatively
high income areas with good infrastructure, a large
subsidy 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




Box 2.1 Evaluvating Technology Options: A Case Study trom Thailland

Ot 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 Thal household needs sbout 5 liters per
person per day of safe, palatable water for drinking,
cooking and clearing testh. 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 immigatiorn.

Rainwater, collected from roof runoff and
stored in jars and tanks, is generally of good qualiity,
but barely enough to mest drinking needs. Shallow
aquifers, iapped usuzlly by open wells, or
occasionally by a sealed well with a suction
handpump, are commenty used for drinking and other

} domestic uses, though bacteriological quality from

open wells is unacceptable for drinking, and in the
water-short Northeast the weils often dry out during
the dry season. Deep aquifers, tapped by
handpumps on driled wells provide water with
acceptable baclerivicgical quality, but in most areas
the chemical qgcality is poor, and the taste is
unacceptable. So, though the supply is reliable, it is
rarely used for drinking or for agricuitural needs.
Surface water comes frem natural lakes and
rivers, and from mar-made ponds, imigation ditches,
wairs 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 ta make

potable water available to all households throughout
the ysar. One of NESDB's projects is the Thai-
Australia Village Water Supply Project, which began
in 1983 and has carriad out sludies to evaluste the
effectiveness and cost of different water supply
options. : :

Surveys showed that rainwater storage and
capped shatiow wells are the only facillties which
consistently provide safe, palatable water, and that
treatment to improve the quaiity of water from other
sources is not practical. Handpumps on drilled welis
are a major source of domestic water supply. In Khan
Kaen Province, for example, 65% of the villages
have a government tubewell, supplying 25% of
domaestic needs in the wet season and 40% in the dry
season. However, only 10% of the welis are used for
drinking. :

Cost analyses (Box Table 2.1A) show that open
gshaliow wells ara by far the cheapaest form of
domestic waler supply. Rainwater storage in jars is
more economic than in tanks, costing about the
same per household par year as a coverad shallow
wall equipped with a suction pump. Ponds and weirs
have high capital costs, while the highest cost per
household is for drillad wels with handpumps.

Quality and cost criteria together have led
NESDB to a strategy based on a mixture of
technologies. Despite their higher costs, deep wells
with handpumps are popular with villagers, because
they provide convenieni and reliable clean water
suitable for most domestic purposes {but not
drinking). Becauss of these bhenelits, Thai
communities are willing to pay more for handpumped
supplies.

Box Table 2.1A Costs of Rural Water Supply Options in Thalland {(US$)

Type of systemn

cost cost

Capital  Maintenance

Annual cost/
household

Total annual Households
cost setved

Rainwater jar 19 0
Rainwater tank 245 1.85
Shallow dugwell

without handpump X 0
Shaflow dugwell

with handpump 540
Drilled deepwali

with handpump 2660 93.00
Pand 1850 370
Waeir 10000 18.50

93.00

2.50 0.31 8.15
29.00 1.78 16.00

15.00 20 0.75
165.00 20 8.15
440.00 20

305.00 20
1625.00

Note: Convened from Baht at US$1.00 = Baht 27.00
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Rainwater storage can be an effective and economic option for
providing drinking water, and should be analysed as a possible
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not value the improvements highly enough te contribute
lo their maintenance. A second approach provided
several standpipes dispersed around the villages, but
also tailed for the same reasons. Only when yardtaps
ware brought to maost villagers did the scheme become
successful. Though the yardiap plan was much more
costly, households were wiling to pay because they
valued the extra convenience.

Costs

Capital costs of various levels of service depend very
rmuch on iocal conditions, but the relative costs of the
different groundwater-based technologies are apparsnt
evan though the range of costs may be quite wida. Walls
equipped with handpumps generally cost from US$1Q to
LS$30 per capita; for motorized pump schemes with
standpipes, the range is US$30 1o US$60 per capila; and
for yardtap services the per capita cost can be expected
to range from US$60 to USS110 per capita. With some
1.800 million rural people in nged of improved water
supplies by the end of the cantury, the extra costs of
high-tevel service can be justitied only when benefi-
ciaries are willing and able to pay the extra costs in full.
The Projact has focused on CWS systems involving
wolls with handpumps because the large needs and
limited resources of many developing countries mean
that such lower cost technologies wili be the only
practical first step if as many people as possible are to
be served in a reasonable time period.

“.. high-level service can
be justified only when
beneficiaries are willing
and able to pay the exira
costs in full.”
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ft 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 grester convenience of yardiaps or housshold
wells, especially when a reliable eleclricity supply
permits the use of electric pumps. I financial and
institutional resources are avaitable to support operation
and maintenance, consideration of the higher level of
service should be encouraged. Seemingly lower cost
options will fail under these conditigns, even when
subsidized by government agencies, because the iow
tevel of service that they provide does not meet the
users’ aspirations and will not ve accepted.

Regardiess of how the capital costs of CWS projaecis
arg financed, recurrent cosis (for opseration and
maintenance) should be bormne by the community. The
Project has provided further evidence to support the
view that community iavoivamnent is a criticai eiement in
successfiul CWS maintenance, and that community
management, inciuding financial management, ot
system operation and upkeep is the only way to achieve
acceptable reliability at an affordable cost.

Besides analysing costs 10 the direct beneliciaries,
it is also necessary to consider the capital and recurrent
costs which would result trom the planned investment in
the national perspective. For national planners to be able
to make choices on economic grounds, all quantitiable
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 ot many developing countries
are typically betwean US$50 and US$300 per person per
year, with the distribution of cash and kind income
varying widely. Even 50, the annualized capital and
rocurrent cost of low-cost water supplies should
constitute only a small proportion of that income.

Table 2.2 includes low and high ¢ost estimates for
the different technical options, to illustrate the tinancial
rasources which naed to ba mobilized for diffarent types
ol 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 siluation of ftavorable 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. Judgmenis may
sometimes have to be mads on the applicability of data
from comparable programs in other countries, and
estimatas must then be refined as the program evolves,
as in the example from Thailand described in Box 2.1
Howaver, most countries have some experience of




Table 2.2 Community Water Supply Technology Costs (For a community of 400 people)

Low High
Tachnology Handpumps  Standpipes  Yardtaps Handpumps  Standpipes Yardtaps
Capital cost (USS)
Walls? 4,000 2,000 2,500 10,000 5,000 6000
Pumps {hand/motor) 1,300 4,000 4,500 2,500 8,000 9000
Distribution? none 4,500 16,000 none 10,000 30000
Sub-total 5,300 10,500 23,000 12,500 23,000 45000
Costper capita 13.3 26.3 57.5 31.2 575 1125
Annual cost {US$year)
Annualized capital® 700 1,500 3,200 1,400 3,000 6000
Maintenance 200 600 1,000 400 1,200 2000
Qperation (fusl) none 150 450 none 300 200
Sub-total (cash) 900 2,250 4,650 1,800 4,700 8900
Haut costs {labor)4 1,400 1,100 none 3,000 2,200 none
Total {including labor) 2.300 3.350 4,650 4,800 6.900 8900
Total ized cos! .
Cash only 23 56 1.6 4.5 11.8 22.3
Cash + labor 58 B4 11.6 12.0 17.3 223
MNoles:

1. Pumping water lave! assumed to be 20 meters. Two wells assurned for handpump system {200 parsans per handpurmp).
2. Distribution system includas storage, piping, and taps with soakaway pits.

3. Capital costs with replagement of mechanical aquiment after 112 years annualized at a discount rate of 10% over 1 20 years.
4. Labor costs for walking 1o the water point, queuing, filling the container, and camying the water back to the housa.

Time valued at USS$ 0.125hour.

several lavels of CWS technology, and caraful review of
total systam costs can provide a basis for estimates on
tuture projects. However good the present data base
may be, monitoring and evaluation of new projects is a
valuabia way of improving forecasting for future
schames.

Benefits

Some benelits from CWS improvements are immediate
and highly visible. Access to a convenient source of
clean water brings time savings and reduced
drudgery for the household water carriers — commonly
women and children, while the easy availability of watar
for washing and bathing encourages greater cleanliness
and leads o beHer living conditions. Other
benefits, of which the most important is better bealth,
may be less immediately apparent, and will often depend
on additional inputs such as sanitation improvements
amd hygiena 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 mest global needs
can only ba achieved if communities are able to make a
major contribition towards the costs. Contributions in
cash or kind depend on the community valuing the
bensfils to be obtained, and will cantinue only for as long

as the new water supply functions reliably.

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

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
perhape 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 fo
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 benafits resulting from an
improved water supply is a subjsct of some
controversy, A number of well-designaed studies have
produced substaniial 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 noil properly designed to isolate
compaunding 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
measres as personal hygiene. Much more difficult to
establish is the priority 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 retrospactively, at lower cost.

The target group for health interventions is usually
young children, as they are most susceptible to a
varisty of diseases, especially those causing
diarrhea. It is estimated that nearly 5 million deaths a
year occur in children 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 irom many
countrias shows a subsiantial reduction in diarrheal
morbidity rates (frequency of diarrhea) in young
children attributable to water supply and sanitation
improvements. Improvements in water availability or
excreta disposal were shown 10 have more impact on
diarrheal morbidity than improvements in water quality,
while a substantial impac: (37% reduction) resulted if
both quality and quantity wera improved. The studies
also showed a reduction in diarrhea morality as a
result of improved water supply and sanitation, but the

systems is the reduction in the time and energy
required to collect water, Once water is availabic 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 mathod of analysis
described in Annex 3, to compare the costs and
benefits of the various CWS options, assessing bencfits
on the basis of time savings alone.

Because people readily perceive the relationship
between improved waler supplies and time savings, boih
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
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Box Table 2.2A Reductlon in Diarrheal
Morbidity Rates due to Improvements

in Water Supply and Sanitation
improvement in %% reduction
Water quality 16
Water availability 25
Both guality and availability ¥
Excreta disposal 22

Source: SA Esrey. AG Feachem and JM Hughes
“Interventions for the control of diarthoeat diseases
amang young children. Improving water supplies and
excrata disposal faciies.” WHC 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 increass the
impact. The general conclusion to be drawn from the
avidence is that:

Well-designed projects comblning the avail-
abllity and quality of water supply, excreta
disposal, and hygiene aducation may
achieve a reduction In diarrheal morbidity
of 3550% - and more for diarrheal mortality
unless oral rehydration has been Success-
fully introduced (p768).

As part of the Projact, the International Centre for
Diarrhosal Disease Research, Bangladesh (IGDDR,B)

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

Estimating the value of the time saved can be
ditficult since, in econamic 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, strest peddiing, garden plots, etc., as a
notional value of tima; others stress that willingness to
pay., measured by properly designed household surveys
{or in some cases indicated by prices paid to water
hauters) is the only way to obtain good estimates.

Irrespective of the precise value aftributed to time,
comparison of the estimated benefits from titne savings
with the calculated costs of proposed CWS schemes




is conducting an impact study on the effects on
diarrheal morbidity in young children of combined
improveaments 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,
Impiementation and monitoring will continue, to rein-
force the health messages and improve uiilization of
the installed tacilities, and {o 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 Worm (Dranunculiasis), a debilitating
disease, occurring in [ndia and West Africa, and
transmitied by drinking water containing an organism
which is a host tor 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 pipad water in
1963 and 1965, Fiditi and Igbo-Ora {combined
population 30,000) recorded incidences of Guinea
Worm of 20% among schoolchildren in one town and
60% among the total popuiation in the gther. No further
cases were reported two years after complation of the
waler supplies, even though the disease was endemic
in the surrounding areas ({(Source: R Muller:
"Dracunculus and dracunculiasis”. In; B Dawes, ed.
“Advances in parasitology, Vol 9", New York:
Academic Press, 1971, pp 73-151).

Water supply improvemnents have to be seen as
only one of several interrelated health interventions,
forming an integrated program of heakth care for a
particular community. Unlike Guinea Worm, most
diseases have multiple routes of fecal-eral
rransmission, including  water,  person-to-persen

can provige a useful indication of the level ol service to
be provided and the technology to be selected. Thus. for
gxample. although one well per 500 persons would
provide a lower cost per capita than one well per 200
persons, the addiional ime spent queuing would be so
great that wvillagers would simply prefer to continue
collecting water trom an existing unimproved source.

Some of the main conclusions from applying cost-
benefit analysis 1o the choice of CWS technoiogies are
discussed in Annex 3.

Resource Constraints
Choice from the technology options is not only based on

a comparison of their benefits ana costs, but aiso on the
teassibty of proviaing the resources regured to sustan

contact and contarminated 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 haaith banefits from RWS
improvements, sanitation and food hygiens must also
be improved.

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

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

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

3. Improvad use and maintenance of drinking watar
and sanitation facilities, and improved food
hygiena; and

4. Detection and contcol of epidemics.

Source: RG Feachem, RC Hogan, and MH Merson:
*Diarrhoeal disease control; reviews of potantial
interventions”.  Bulletin  of the World Health
Qrganization, 61{4}, 1983, pp 637-640.

the chosen technology: linancial, physical and organi-
zational,

Financial Resources

It CWS projects are 10 be implemented at the pace
necessary and on a wide enough scale 0 match the
needs of developing countries, capital and recurren
costs must be considered within a framework of limited
resources. Only if a sizeable proportion of total costs
are recovered from the benefiting communities, will it be
possibie to generate funds and replicate projects on the
scale needed.

This does not mean thal governmenis or donor
agencies shoul@ slop supporting investmenis in
community water supply, but only through mobilization of
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it

Vilage Level Operanon and Mamtenance — VLOM — ol
handpumps has a substantal elfect on reducing recurrent
costs. The alternative of centralized maintenance 1s the only
oplion for motonzed pumps.

iocal cash resaurces is thers hope for widespread rapid
and self-sustaining improvemants in the global situation,

An mportant  difference  between handpump
schames and molorized-pump systems is the degree
that the latter depend on support from outside the
community (it wit become clear in Chapter 3 that many
present handpump projects also rely on external
support, but the Project has shown that the VLOM
(Vilage Level Operation and Maintenance} approach can
mimmize or even eliminate this dependence, resulting in
much higher rehabiity). Once that outside support is
fully reflected in cost estimates. sizeable difterences
emarge in annual recurrent costs per capita of the CWS
options.

Because of the urgent need, re-emphasized by the
Water Decade, to provide all rural populations with at
least a minimum level of improved supply, it wilt be
necessary for most of the construction costs of piped
systems. storage reservairs, etc., associated with the
higher levels of service in Table 2.1 10 be recovered from
the community. In evaluating an individual project or
program. planners need 1o be sure that firance (sources
of expenditure and repayments) 15 available for the
service level under consideration — ncluding the
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infrastructure needed to keep it functioning raliably.

Converting the high priority for water supply
impravements 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 involvernent or
participation in CWS development has been promoted for
many years and most agencies have accepted that
some form of participation is a prerequisile for sucoess.
There is evidence from ali 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.

“.. low cost options will be

favored in an environment

where maximum coverage
is the goal.”

Physical Resources

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

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

»  ltyields safe water which rarely needs treatment,

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

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

+ i allows for phased development without the hiyn
"up-front" costs for storage, transmission lines,
treatment plants. eic.. needed to meet tinal demand
in a surface water schema.

Of most importance in CWS planning is the safety
that grounowater usually offers. Because surface
waters are prone 1o serious contaminalion, even
temporary failure of the treatment system can result in
an outbreak of waterborne disease. Reliable operators,
spare parts and unimterrupted supplies of fuel and



chemicals are therefore a prerequisite of systems based
on surface water sources.

in choosing a water source, it is far preferable to tind
one which supplies sufficient good quality water and to
protact 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 salls can make the
water unpalatable or aesthetically unacceptable {e.g.
high irgn levels impart a bitter taste and can stain food
and laundry), and in soma 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 econcmic the smaller the pumping litt
and the lower the cost of well construction. As figure 2.1
shows, the vast majority of rural water supply wells
wotldwide have pumping lifts of less than 25 meters, for
which handpumps can provide very good service.
However, as the pumping lit increases. the effort
needed 10 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
walls for domestic water supply are small, and will rarely
exceed the natural recharge capacity of an aquiter.
There are however numerous examples ot lowered water
tables caused by prolonged pumping for irrigation
{Bangiadesh, India and China among others), and this
can have a damaging effect on nearby CWS wells.

Hydrogecological knowledge is  importast  in
determining waell 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
handpurmnp (about 0.2 liters/sec). and very large
drawdown can be expected if motorized pumps are used.

To take advantage of the economies of scale that
are possible with motorized pumps, wells are typically
designad o provide sufficient yield o meet the total
demand of a small community. Water use in a community
ot 400 people will be trom B to 50 cubic meters a day,
depending whether standpipes or yardiaps are instaited,
and that will usually mean a pump discharge rate of 1
liter/sec 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 systern 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

Petcentage of total

Figure 2.1 Pumping Lift Frequency
Distribution in Field Trials
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in the Project field Irals, efforts were made to site wells wherg
groundwater was as deep as possible — the aim being to
develop handpumps suitable lor deepwell applications.
MHowever. as the diagram shows, 75% of the wells involved
pumping lifts of less than 20 meters. and 85% were less than 25
maeters. It seems likely that these ligures are a good reflection
of the global situation in tarms of grounawater depih.

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
delivary truck breaks down.

Successes and failures of major pumping projects
based on renewabie 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 skilts
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 andpumps,
because of the back-up water supply neecss io 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 difficudt 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 paris, the closer and more
reliable tha fuel supply, the better the supervision of well
construction. etc., the greater will be the reliability of the
CWS system.

Organization and management of available skills
and equipment becomes more complex as the service
level increases - a powarful argumant for step-by-stap
progress. For handpump schemes, the organizational
structure needed involves creation of a mechanism such
as a water committes to manage collection of charges
trom users, o initiate repair and maintenance activities,
to pay for mainlenance services, and to procure spare
paris. 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 eleclric 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 mat
and expensive eigvated storage may have o be
increased. Whan the supply is intermittent, users tend to
leave taps open, to fil comtainers when power is
restored. Distribution is then inequitable, with only those
clasest 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 elactric
pump, a diesel generator housed in a small building, and
a storage fank with one day’s capacity. Watchmen are
employed round the ctock for security and to prevent
wastage, and one or two operators run the genarator 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 Wransport
costs as well). The system is dependent on all the inputs
being reliable and is somewhat fragile, as once the one
day starage is used up, users must revert to traditional
sources,

Availability of skiled 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 ol system. Developing countries
typically have a sevare 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
fop constraints reported to the Word 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 organizationa! resources has 10 be
carried out at both national and cemmunity 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 communily level is ihe 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. t may nevertheless be the onily choice
available for communities which have not even the
financial or organizat-nal resources to manage the
upkaep 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
usvally associated with improvement of surface water
sources. Where groundwater is not available in adequate
quantity o7 quality for handpumps, other feasible options
will need to be expiored. 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, unsuitabie for local
maintenance, poor instaliation, lack of spare parts,
etc.); insufficient community involvement and comm-
unity financing; poor borshole dasign and completion
(sand inflitraton, poor watar quality, insufficient yisld,
efc.); central rather than community-managed main-
tenance {high cost, lon3 delays). More recent schemes
show a marked improvement in parformance, 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 water spurces need fo be analysed
and compared . 1 lerms of quaniily and quahly.

fram manual to motonzed pumping is a big one, markedly
increasing the complexity of the system. Put simply. the
increased complexity of CWS systems designed to
provide pragressively higher service levels brings added
nsk of fadure. As a result. the level ot service actually
provided by matonzed pump schemes is often much
lower than planned, though ccsts remain high.

Typical problems thatl arise in some projects with
piped distnbution systems include:

= intermittent supply (olien made worse because
users leave buckets under open taps. resuiting in
uneven distribution and wasting a high proportion ot
the water when the supply is restored);

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

» Prolonged system failure because complex devices
cannot be repaired locally {parts, tools or skills
needed from outside);

- insuthcient water available at the source for motor
pumping {often a seascnal problem with springs,
streams gr boreholes); and

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

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

togistical and technical suppont being available as it
does on the selection of hargdware. It means too that
increasing dependence on mechanical or electrical
equipment or on external supphes of spare parts, fusl or
chemicals can pravent the planned service level from
being achiaved, unless pre-planning can guarantee that
necessary skills and supplies will be reliably avadable.
Sustainability based on community resources is a vital
design parameter, it rural water supply is to expand
withaut 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 waler supplies,
can greatly enhance the chances of success with higher
service levels implemented later. In exceptional cases,
even the resource commitments needed far a reliable
handpump system may be too great to allow immediate
implementation, in which case simpie improvement of
traditional sources will be an essential first step.

In selecting that krst step, CWS planners must work
clogely with the communities 10 be served, to evaluate
the resource demands of each technology option, and
compare them with available resources, The cost-benelit
analysis alonpe may suggest that a higher service level
than handpumps is appropriate, but in many parts of the
world, the organizational resaurces do not exist 10
sustain such a service level. Handpumps may then be
seen as a first-stage development, enabling experience
lo be gained at a comparatively simple level ol
technalogy, while providing the opportunity tor upgrading
the system fater. If water resources allow. it may be both
practical and economic for diesel or eleciric pumps to be
fitted to wells originalty driled for handpumps. once the
communily has gained experience in managing the
handpump project and has demonstrated a desire, a
willingness to pay and the means ta pay for the higher
service level.

The premise for technology selection (Page 19) was
that: “the technology chosen should give the community
the highest service level that it is willing to pay for. will
benefit from. and has the Iinshitutional capacily lo
sustain.” The conditions may seem obvious, but all 00
often the caveats of sustainability, reliability and
afforgdability are ignored in the desire of planners and
donors to reach higher steps on the technology ladder.
The resull is allocalion ot iimited resources to far fewer
communities than could be reached with sustainable
services at a more moderate levei.
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Chapter 3

Handpump Project Planning

and Implementation

Wells equipped with handpumps are among the simplest
of community water supply technologies. Compared with
elactric 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. Bul, regardiess 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 1o six key elements of the whole system
— the communily, the aquifer. the well, the maintenance
system, the pump, and the finance.

Faw failures can be blamed solely on the choice of
handpump. Analvsis of a great many schemas which
have failed to live up 1o expectations reveals one
predominant cause — inadequate arrangements lor
routing operation and maintenance. Along with the
choice ot inappropriate pump technology, other prom-
inent causes of failure are: badly constructed wells; fack
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
corrosian}; and faiture 10 ensura funds for squipment 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 jecpardize the success of the whols
schame. Long-term success in fact depends on a
complete package of hardware and sottware elemants
dasigned to ensure that the compleied scheme can be
refiably 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-
purnps which were on the market when tt e figld trials got
under way in 1982, more than 70 pump models in all. To
date, the average period between assential inter-
ventions {actions necessary to repair breakdowns or

carract poor pump performance) over all the field trials
is six months, with a wide range of values for the
ditferent 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
neads 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 avaitable. 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 guidstines cover the six interdependent parls 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
siraple that enuipment may be. Historically, handpump
maintenance has been managed in many diffarent ways,
though, with féw exceptions, ihe principle has been to
repair the pump once it has broken down rather than to
carry out schedulad 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
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Women' are increasingly becoming involved in handpump main-
tenance. with beneficial effects on the reliability of completed
schemes. Here. Bangladeshi wamen carelakers are replacing a
plunger seal. Carelakers need fo be trained n basic technical
skdls, and must have ready access io regularly needed spare
parts.

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

In recent years, backed by strong promolion from
the Project, developing country governments have
recognized the shortcomings of centralized mainte-
nance and the need for greater commanity invalvement.
The concept of village-fevel 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 tield
tnals and received technical and financial suppoert for
further development.

Possible bandpump maintenance systems cover a
wide spactrum, from total community managernent with
no external intervention to complete controi by the
government water agency or other external organization
with no involvement of the community at all. In discus-
sing the merits of individuat handpumps and (heir
maintenance needs in the remainder of this report, it is
useful to define two categories of maintenance, accor-
ding to whather the decision making rests with the water
authority or the community. recognizing that each cate-
gory can only be an approximatio. to the actual situation
on any particular project or program.

1. Communily Management of
Maintenance

The key element in this type of management is comm-
unity choice. The water committee or other community
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organization finances and organizes ali 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 adequaie.

For communily management o be feasible, the
selected pumps must be suitable for simple routine main-
tenance with basic toois 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 must be a suitable community
structure for recovering the costs of maintenance 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, tacilitating manufac-
ture through appropriate incentives, and enfarcing
quality control;

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

After an initial pericd of heavy involvement in
construction and the initiation of community main-
tenance. the role ol the public authorily will greatly
diminish. A backup service may be needed for extra-
ordinary repair {&.g. in case of clogging oi the drilled
well), or intervention in the event that community man-
agement cgllapses. Periodic monitaring and refresher
courses for caretakers and mechanics will also help to
assure reliable operation, and should form pant of long-
term extension support to community development. In
addition, the government has a sesponsibility tor
ensuring that quality standards are established, and to
manitor compliance with such standards through
pericdic visits and testing proceduras.

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

1A. Village Carelaker

Preventive maintenance and pump repair is carried out
by one or more designated community members after a
minimum of training. Procurement and storage of
essantial spare parts and provision of necessary tools
and equipmeni 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 paris from the nearest oullet;
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




Village-level management of handpump-based comm-
unity water supplies is a key leature of a rural water
supply project covering two provinces in Burkina
Faso (Yatenga in the north and Comoe in the south-
west). Cost estimates from Yatenga indicate main-
tenance ¢osis of about US$0.05 per capila per year,
and monitoring by the Handpumps Project for two
years showed that 85% of the pumps were warking at
any given time,

The maintenance cost of the handpumps
compares with an estimale of US$0.65 per capita per
year for the cost of fetching water by traditional
means (bucket and rope) irom Yatenga's typical wefl
depth of 20 melers.

Financed by the Europsan Development Fund
{EDF), the rural water supply project in Burkina Faso
has been modelled on principles developed by
experts from African, Caribbean and Pacitic
countries and the European Economic Community at
a consultative meeting in Bamako, Mali, in 1979. A
major objective of the meeting's recommendations
was that responsibility for operation and maintenance
of water points should be transferred to the users. In
the case of the EDF project in Burkina Faso, the aim
has been to set up a system which is entirely
independent of outside support (from gavernment or
donor).

Motivation of villagers io participate in main-
tenance of the completed project began early. The
communities were directly involved in the decision
making processes -— choosing between dug wells
without handpumps and drilled or dug wells with
handpumps, and taking part in selection of well sites.
Contributions were collected towards financing of the
well superstructuras, and villagers met the cost of
handpump installation and maintenance.

Before any well construction started, the viil-
agers were ftold about the technical aspecis of
potential water supply improvements, the advan-
tages and disadvanizges ol water points equipped
with handpumps, and the commitments they would ba
expected to fulfil in terms of financial contributions
and maintenance duties.

The project helped in the organization of water

Box 3.1 Village-level Maintenance in Burkina Faso

paint committees with seven members, including two
women and fwo pump caretakers, and the members
were given training appropriate to their resgon-
sibilities,

At the provincial level, enough area mechanics
were trained to service the pumps on the basis of one
mechanic 1o every ten pumps. The mechanics them-
selves were nominated by the villagers, and were
generally alrsady involved in some type ot mechanical
work {bicycle/motorcycle repair, etc). The project aiso
helped to set up a distribution network for pump spare
parts.

Responsibiiity for project execution was given 16
national staff, and loca! well drillers were contracted
to rehabititate and despen old dug welis using hand-
aperated cable-tool rigs.

Pump selection too was made with village-level
maintenance in mind, and alter competitive tender the
foot-operated Vergnet pump was selected and 465
pumps were installed in the first phase. The Vergnet is
relatively light; the pump cylinder can be pulled from
the well without lifting equipment; and wearing parts
can easily be replaced by trained area mechanics.

Under the management of the water eommitiees,
routing maintenance is caried out by the pump
caretakers, and the area mechanics perform major
repairs. Spare parts prices are controlled, while the
area mechanics negotiate fees for their services with
the water committees. The caretakers are generaily
unpaid, though in some instances they may receive
cash or labor assistance in cultivaing their fields.

The water point committeas collect money for
handpumg maintenance and typically have a reserve
of about US$100 held in a cash box. The system is
working well, and costs are affordable by the comm-
unity. The handpumps ars accepted and vaiued, and
ail the peopls directly involved (caretakers, area
mechanics, local spare parls iradars) are ready and
able to take on the nacessary responsibilities.

Paradoxically, the most fragile point of the main-
tenance system on the EDF project is not the village-
managed repair operations, but the supply.
distribution and cost of the imported spare paris.

used to buy necessary spare parls readily available on
the market, and to pay the caretaker(s) if necessary.
Caretakers may somelimes be wvoluntears, but an
arrangement wheraby they receive payment is strongly
recommended, as it helps to provide lasting motivation
to stay on the job. This type of maintenance was the
original YLOM concept and it remains a long-term goal,
offering the most efiective way of maintaining new
systems.

A comparatively recent development has been the
substantial involvement of woman in handpump
maintenance. Concerns that ftraining women in
maintenance skills would be inappropriate to their role in
rural society have proved unfounded in a number of
countries. On the contrary, women caretakers have
demonstrated interest, anthusiasm and ability to keep
the water system working, because of their traditional
role as providers of water for the family,
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in support of India's extensive rural water supply
program, a “three-tier” system has been developed
for mainmtenance of the India Mark Il handpump. By
the end of 1982, there wero some 150,000 Mark lls in
operation in 14 Indian States (the figure is now
approaching one millicn), and the Government of
Ingia, with support from UNICEF, sponsored a survey
on the effectiveness of maintenance in four states -
Qrissa, Madhya Pradesh, Tamil Nadu and Rajasthan,
The results, pubkshed 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); & "block mechanic” (in India a
"block” refers to a large area with several villages)
with specialist skills and tools should be responsible
tor more complex maintenance and mosl repairs, with
raspansibility tor 50-60 pumps (Tier 2); and a mobile
team at the district levet should be on hand for major
repairs cafling for transport of heavy parts or lifting
gear. The mabite teams should cover about 500
pumps (Tier 3). The sysiem was developed foliowing
surveys in the early 1970s, which had revealed that
as many as 79% ot handpumps instalied in india were
out of operation at any given time.

The 1984 resulls were much mare encouraging
{Box Table 3.2A), with the number of pumps out of
commission in the sample ranging from 25% in
Hajasthan 10 just 2% in Madhya Pradesh.
Unfortunately, cast information is sparse, paricularly
in relation to transport - usually the mast expensive

Box 3.2 Handpump Maintenance: The Three-tier System in India

Box Table 3.2A Cost Data on
Handpump #aintenance

Madhya  Tarmi
Drissa Pradhesh Nadu Rajasthan

Pump cost
{USS) 270 280 K¥it) N.A,

Maintenance Motorized Biock Block  Private

system mobite  mechadic mechanic mechanic
team +maobile +mebile  + block
team team  mechanic
Percent of pumps
working 95 98 78 75
Annual recurrent

cost {(US$, 1984}?

Labor - local 12 43 21 100
Transport 6 13 1
Pumpspares 21 9 5 Ly
Other costs t 2

Tatal 40 67 37 _—

Cast per capita® 0.20 0.34 0.19

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

18 Area Mechanic
The community may contract a mechanic from nearby to
fix the pump. paying for the service through a
mamntenance fund A typical example involves the
amployment of a repairman with a bicycle whao lives
iocally and services handpumps in a number of
surrgunding communities. This system reduces the need
tor simplicity of the pump to some degree (the repairman
can de expected to carry  a tool kit and 1o have better
mechamcal skills), but lightness and ready availability of
spares are stif important reguirements ot handpumg
design.

¥hite maintenance carried out by a village caretaker
15 slili relatively rare. area-mechanic maintenance has
gained rapid populanty In recent years, and consiituies
a substantial wmprovement both in cost and in the
reliability of the service provided. In some projects. such
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as the one in West Africa described in Box 3.1, repairs
are  effectively  organized  under  community
management. [n 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). thaugh in some States local government units
involving groups of communities are beginning o
assume responsibility for maintenance with a continued
subsidy from State or central government.

2. Central Management of Maintenance

A governmental or other agency mainiaing the
handpumps. with mobile teams travelling from base
camps 10 carry out repairs. There are two types of such
maintenance, depending on whelher the community
participates in maintenance activities.




element of any system which depends an mobile
teams. However, the data provide tlustrative
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-ier system and it was not fuily
bperational at the time of the survey. The 2,700
pumps were baing maintained by three mobile units
{800 pumps per unit) undsr the control of the Public
Health Engineering and Municipal Works Department
{PHED}. Biock mechanics had not been established
and pumg caretakers had been appointed in less than
haif of the blocks surveyed. The survey found that
55% of the pumps were warking, 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 besen app-
vinted in the survey area. Again, a high propartion of
the pumps (85%) were less than four years old, and in
this case 96% of the pumps were working. in Tamil
Nadu, the survey was conducted in Tirunevelli
District, where ovar 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 translterred 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-lier 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
répair 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 cam-
ying out most of the repairs on the ramaining pumps,
with a faw 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 survay is that
local block mechanics can maintain India Mark |1
handpumps, while depending on mebile 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, etec, 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
fack 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.

24 Central Maintenance with

Community Invoivernent

Responsitility for carrying out and financing operation
and maintenance is divided between the community and
an external agency -— us.ally the government water
authority. but sometimes a parastatal, donor or non-
governmental  organization.  This  division  of
responsibilities is specified in an agreement settied 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
handpump caretaker within the community undertaking
some preveniive maintenance and probably simple
repairs, commonly limited 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 pans.

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 focated in areas where each
can sefvice a number of pumps {from 15 to 100 or more).
These mechanics, together with village caretakers, have
been able to repair pumps it countries such as India and
Malawi {Boxes 3.2 and 3.3}, using only a bicycte to travel
between pumps and o fransport toals 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 keep down costs and pramote reliable functioning:

= Walis were only drilled if hand-dug wells could not
be construcied at the paricular location.
Wherever feasible, existing wells were rehabili-
tated and, in tha case of dug wells, protected.

» Driling extended only far encugh o oblain a flow
into the well to suppont the discharge for a hand-
pumnp. This usually meant that depths were
restricted to 20-30 meters, most of it through
weathered rock; little penetration was needed
into basemant 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 suparvision, and lower costs.

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

= 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 he!p the local mechanic with repairs.

» Costs of construction and maintenance have
baen recorded throughout the project.

Drilled wells were constructed by the Depariment of
Lands, Valuation and Water (DLVW). The community
participated in site location as well as construction.
Design critena were: 27 liters per head per day; a
maximum walking distance of 500 meters; and a
maximum of 125 paople served by 3 dug well and 250
people served by a drilled well. The completed
Livulezi Integrated Project consisis of 200 wells
{(including rehabilitated walls), 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 for the supply of
spara parts depends in large measure on the United
Nations Volunteer, an engineer employed by the
Handpumps Project, whose main job is recording the
parformance of pumps being monitored in the fisld
trials. Having a pick-up truck at his disposal, he has
also been transporting spare parts and restocking

the stores heid by the two machanics. When moni-
toring ends, other arrangements will have to be found
for supplying spare parts to the Livulezi project area.
Another problem, already becoming apparent, is
funding for centralized procurement of spare pars.
The Malawi government does hot presently seek any
payments from villagers for recurrent costs.

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

Box Table 3.3A Capitai Cosis of
Livulezi Wells (US$)

Drilted welt Dug well

plus pump plus pumg
Direct cosls N
Materials 300 280
Labor 70 20
Sub total 3vo ago
Indirect costs
Camp 180 150
Transport 260 210
Other 130 &0
Sub total 570 420
Total well costs 940 720
Pump and Apron {estimate) 450 a
Total Cost 1,390 720
No. of people served 250 125
Cosi per person $5.56 $5.75

dug wells They are based on 1982 prces in Malawi
Kwatcha converted to US$ and adjusted 1o 1985
values, a. Included in Mataiials costs above.

Box Table 3.3B Maintenance

Costs of Wells

Annualcost  Annual cost

per pump per person

Direct costs K e ot sORL b it
Spare parts 2.84 0.01
Mainienance statf 4,64 002
Sub total 7.48 0.03
Indirect cosls
Share of overhead staff 10.20 0.04
Transport 6.22 .03
Sub total 1642 0.07
Total $23.90 50.10
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popular use since the beginning of the 1980s, and there
are many encouraging success stories. Costs are lower
than those of System 2B, where all maintenance is
cartied out by the external authority. It is also more
readily achigvable in political terms in many developing
countries than immediate village-level management of
maintenance, and can sarve as a ftransitional form of
maintenance until the ¢ommunity can assume full
responsibility under System 1A or 1B.

The distinction between this arrangement and
System 1B 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-tlerm sustainability of such an arrangement is
therefore questionable. A major disadvantage too is that
palicy changes or budgetary restrictions could reduce
the sffectiveriess of mainlenance activities, even when
the community is paying in full, if control of the funds
rests with the government.

2B Ceniral Maintenance
This remains the most common form of handpump
maintenance and will continue 10 be neaded for the more
complex and heavy handpump types 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
equippad with special tools and a motor vehicle (some-
times a large truck with a crang). 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 systam, because:

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

* 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 besn introduced,
<entral maintenance has a poor record, with response
time beiween reported breakdown and actual repair
somatimes stretching io 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 v1@ handpump system. Misuse and vandalism of
pumps occasionally occur, leading t¢ a vicious circle of
failure and unreliability.

Maintenance Strategles

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-mecharnic maintenance, with
significanl reductions in cost and improvements in
reliabiiity.

Whichever maintenance system is in oparation,
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
activities, and some central maintenance systems
inclide routine inspections and preventive maintenance,
there is virtually no evidence of scheduled servicing of
handpumps under any of the maintenance systems.

A sirategy based solely on response to breakdowns
or serious drop in performance may i2ad to unnecessary
damage 1o other parts of the equipment, and more
expense in the end. A good example in the casa nf 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 ithey 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
lite 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
inappropriaie 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
crycial issues. Strong community initiative is essential
for the successful lomg-term maintenance of hand-
pumps, and to achieve it, community members must be
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intimataly involved right from the planning stage.

In some countries (e.g. China and Guatemala), this
has been standard practice: others bave recognized the
need for community involvement anu are experimanting
with ways of increasing it. The following recommen-
dations are based on experience gained in the course of
the Project fiald 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
graatest there, but the principles apply to all developing
countries.

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

a) The Iinstitutional capacity of the community
must be evaluated. Organizational experience may be
apparent from the existence of self-help groups, coop-
aratives, etc., but the strength of the leadership must be
assessed, along with the levet 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 tor if the scheme is to be
reliably maintained.

A water commitise may grow to form a focus within
the communily 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 hauking. It is still common for an external
agency or government planner to determine in advance
what water demand will be and to set tha number of water
points accerding fo some predetermined tormuta. Such
projecis have limited chance of success. Unless the
community is aware in advance of the alternatives avail-
able and the costs and benefits of each, thera 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:duunips may be low if
alternative sources are easily accessible, and if these
exisiing sources are unprotected, health education may
be needed 1o convinge 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

service level to be provided by the new systemn. Part
of the community's evaiuation of the costs and bensfils
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{sers have lined up some 150 water jugs while waiting 10 use
this Volanta pump in Burkina Faso. Long queues are common in
areas such as the Sahel in Africa. where dnifling cosis are high,
and user groups must be large to spread the costs. But service
level has o be assaessed carelully, as intensivsly used pumps
will break down mera frequently and bé rejected by users.

of different service leveis 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 controlled by several
factors, the most significant being the pumping lift.
There are thus practical limits to the number of people
who can obtain water from ona pump, which vary with the
depth of the water table.

The more pecple 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 diractly 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, particulacty where drilling costs are high, it
will be recessary to spread the cost ot each installation
among as many users as possible. In the end, the
number of wells to be provided and their location has to
roflect the community's needs and desires, and this
decision will have to be based on tinancial and technical
information prepared by specialisis from the sponsoring
government agency.

The availability of alternative water sources will
have a major infiuence 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 no
more than about 75 people, or many will choose to use
nearer, polluted sources. By contrast, in southwest
Sudan and in northern Nigeria, whera during the dry
season paople must often walk several kilometers to
abtain 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 peopls.

The smaller user group per handpump is affordable
in Bangladesh because wells can be sunk by the
"sludger” methad at a cost of US$100-200 per weli (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 par capita cost.

d) The willingness of the community to make a finan-
cial contribution — in line with its ability lo pay — has
to be assessed. One promising mechanism increasingly
being used is for the community to be asked 10 make a
material commitment (g.9. to collect enough monay to
cover the first year's maintenance), before any dascision
is taken to stan 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
tullincremaental cost ot any higher service level.

e} Defining the boundary between activities for which
the community can reasonably assume responsibility
and those which should be part of the public sector’s
role is difficult but important. The government water
agency is almost inevitably stretched to provide support
sarvices at the community level, white 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 cenlrzlized maintenance is expensive and at
times difficult t0o manage. tf the community takes full
responsibility, the danger is that spares, tools or skilled
people may be absant 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-
tarity 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
ol disease transmission and are encouraged 1o improve
sanitation practices and construct latrines where
necessary.

The government water agency may have an impor-
tant role in heaith education and training 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 skilis 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 systemn. Qualified
irainers 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 crganize demonstrations of pump instaliation
and maintenance, particutarly for thosa selected by the
community to care for the pump.

The Aquifer!

Accessible groundwater exists under more than three-
quarters of the earth's surface, but knowledge of its
local characteristics (hydrogeology) is often sparse,
Some enginesrs have proferred to develop surface water
resources because they have a belter understanding of
the hydrology. For the reasons outiined in Chapter 2,
analysis will normally lead to selection of groundwater
rather than surtzce water development, and planners are
urged to undertake the necessary studies and surveys
to gather full information about aquifer potential 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 infiuenced by proper
consideration of local groundwater conditions, Problems
typically arise when designers fail o recognize sea-
sonal movements in the water table or compsting
demands from irrigation pumps, or when low-yielding
aquifers are developéad without allowance being made for
the drawdown which will arise during pumping, or when
the chemical quality of the waier 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 knowtedge can be gained from existing well const-
ruction projects, it data on water depth and pumping
rates is kept systematically. 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
rasarvoirs of the Indus and Ganges basins can support
community water supplies. In contrast, detailed geophy-
sical exploration may be necessary before sifective
schemas can be designed for many areas of Africa and

1. An aquiler is a stratum or zone below the eanh's surface
which yiglds groundwater to a well in suflicient quantities for the
required use {water supply. irrigation, etc.).
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In an unconfired aquiter, the static waler level in the well
{without pumping) is the lave! of the grounawaler table. After the
pump has been used lor some time, the water leve! in the well will
sirk lo the pumping (or dynamic) water level. The difference
betwaen the two ievels 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 medium lransmits
water). The pumping it is the distance betweern the dynamic
waler level and the discharge point, though for convenience il is
normally regarded as the depth of the dynamic water lavel balow
tha ground surface.

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

A full groundwater management strategy involves
surveys fc locale the water-bearing sirata, use of
gpecial techniquas to defing the aquifer geometry
(area and depth) and determine its capacity (reliable
yield) and watsr 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, knowtedge of the aquifer
geometry and its capacity may limit the degree to which
the community can paricipate 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/sec are enough for handpumps,
which means that many areas of the worid underlain by
ralatively impermeable rocks not generally regarded as
potential groundwater sources can be suitable if the right
service level is chosen.

Une 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 raliability at
those depths have not been established. Any pumping
head over 45 meters must be considered 1o be very high,
as, even at that depth, discharge will be low for an accep-
table pumping effort and maintenance will be ditficult. In
parmeable aquifers the pumping water level will be litlle
different from the static water fevel, but in low-vielding
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 aimost invariably
enough to replenish the aquifer. But there are other dan-
gers. Motorized pumps providing irfigation 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 troes and vegetation, saline intrusion), such over-
exploitation of groundwater may render low-lift hand-
pump systems useless it the water falls below their
operating limits {(Box 3.4 quotes an example from
Bangladesh, where suction pumps were put oul 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 thal handpump projects are easity upgraded
and that movement to an affordable higher service level
is to be encouraged. How then can one prevent future
developments from undermining the widespread benefils
brought by the nitial handpump projects?

Regulation of groundwater expleitation is important
to any countty, and legisiation to control groundwater
witharawals 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 1o pay for inaction.

In planning handpump programs, the potential for
upgrading should be an important consideration. If early
upgrading seems praciical, deeper or larger diamster
drilling in the handpump phase will normally be more
economic than furtner drilling 1o accommodate motor
punips later, Weil testing during construction of early
projects and groundwater monitoring over time  will
provide data for long-term planning and may indicate that
limits have o be imposed on fulure service levels and
irrigation supplies if the resource is to be used equitably.
Regular groundwater monitoring has been introduced
on several projects in Wast Africa and is a simple and
afiective operation which should be implemented for all
important aquiters.

As well as protecting the aquifer from excessive
withdrawals. ‘egislation may be neecded t¢ safeguard
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In many ways, Bangladesh is the ideal location for-ex-
tansive groundwaler development. The vast deitaic

groundwater resource replenished each year by an
average of 2,000mm of rainfell and the widespread

rivars. The geology makes it easy to drill wells quickly
and cheapiy, while the shallow water 1abte has encou-
raged a proliferation of suction handpumps to. provide
millions of rural people with low-cost clean water
supplies for Jomestic use and smallirrigation.

Howevar, in recent years, unregulated motorized
pumping for irrigation is thought 1o be a2 major factor in
the towering of the groundwater table, which is neces-
sitating & new approach, Since the 1970s, the Depart-
ment of Public Health Enginearing (DPHE), with
substantial support from UNICEF, has promoted and
implermnented a village water supply program based on
the use of lc._zlly manufactured suction handpumps.
The peogram was very successful and by the mid
1980s thare were more than 800,000 such hand-
pumps in use, all capable of lifting from a water table
nomore than 7 meters beiow 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 s0-
called "shallow tubewells" 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 gperation throughout Bangia-
desh. About 300,000 privately-owned handpumps are
also thought te be in use for both drinking water and
irrigation purposes.

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

Box 3.4 Bangladesh: Motorized Pumping Threatens Suction Handpumps

piain consists of fertile alluvial scils overlying. a

annual flooding of the Ganges and Brahmapuira
- shallow tubewelis are in the same position.

1970 to 1983 reveals that water tables dropped tempo-
rarily below B melers 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 handpumps 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

For the farmers, the problam can be rocuiie.cl by
digging a 2-3 meter deep pit and lowering the portable
motorized pump. Villagers depending on suction hand-
pumps for ciean 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 abtain supplies from the nearby wrigation pumg, or,
morg likely, return 1o the previous unsafe surface
sourcas, in an environment where the risk of contrac-
ting cholera or other diarrheal diseases is high.

Future handpump projects in areas of Bangladesh
where the groundwater level is falling have a new
technological option in the form of the Tara pump. This
direct action handpump {Box 4.7 in Chapter 4) has
heen specially developed for local manufacture and
viliags-level maintenance, and can lift water from 12 ta
15 meter depths.

in Bangladesh, the technrical solution is probably
praferable to the legislative onse, as regulations
controling groundwater withdrawals for irrigation
woukl be difficuit to implement in an equitable way and
would interfere with the important goal of increasing
agricultural prodiuction.

Fow, if any, countries have such immense ground-
water resources as Bangladesh, and the experience
there with suction pumps is an important warning fo all
designers contemplating the use of such pumps. Full
account must be taken of competing demands on
Iocal groundwater resources when estimating draw-
down and therelore maximum seasonal pumping lift.

groundwater quality. Indusirial narons provide
ample evidence of damage to preciou: groundwater.
Industrial effluent, landfil wasie dispo: i, accidental
chemical spillage. excessive application: of fertilizers,
and use of pesticides, are all inexorably reducing the
quakty of groundwater and threatening present and
future drinking waler supplies. In most developing coun-
tnes, 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
aquiters.

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

altect taste or color, making the water unpalatable or
aesthetically unacceptable {high iron levels are not
uncommen and will impart a bitter {aste and stain food
and laundry; suitates can give an unpleasant smell and
have a mildly laxative effect; and salinity Jevels may
somalimes be oo 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, bul this will
be costy and demand greater institutional strength
because of the more complex management invalved.
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Box 3.5 Some Drilling Methods for Handpuinp Wells

The largest single cost item in a handpump-based
community watar supply (CWS) program is almost
invariably the welt drilling. Correct choice of dilling
method can have a considerable impact on overall
costs and thus on the service level (number of
pumps} which can be provided. R

Available drilling equipment covers a wide range.
The drlling rig itself may ccst as much as
US$500,000 for a large multipurpose rotary rig, or as
littie as US$1,000 for a simple hand-operated device
capabla of drilling shallow wells in soft ground. As well
as varying in price and capabilities, different drilling
rigs cail for widely varying skills and backup support if
they are to perform efficientiy.

Selection of tha right equipment depends very
much on local geology and anticipated drilting depths,
out it is aleo important to recognize the constraints
imposed by operational requirements for the rigs

under caonsideration. Box Table 3.5A lists some of
the more commonly used drilling rig fypes, indicating -
their cost ranges. and operational noeds, as well as
tholr drilling capabiliies. . ' :
Though the waterwell drilling market is large, few
driling rigs have been specially designed for the
application. The range available is mainly dictated by
the needs of mineral exploration or mining. For-
handpump  projects, drilling demands are
comparatively  light. Simplicity,  durability and
maneuvrability are often important criteria, alongside
cost. . :
The drilling duties specified in Box Table 3.5A
cover most situations likely to arise on CWS programs
in devaloping countries, Many schemes involve only
shallow wells (15 meters deep or iess) in
unconsolidated ground; few require drilling beyond 80
meters. In hard consolidated rock, the well diameter

Box Tabls 3.5A Cost Comparisons for Different Technologles

Hand digging Hand-operated Cable-too! Small air-flush Muiti-purpose

fig ng rolary rig roiary rig
Approx. capital cost
range in US$ $1,000 $1.000-5.000 $20,000-100,000  $100,000-250.000 $200,000-500.000
Running cost vary low fow low medium very high
Training needs for
operation very low low low-medium medium very high
Repair skills very low low low-medium madium vary high
Back-up support very low low low-mediurm medium very high
Approx. range of
penatration rates in .
maters per 8-hr day 0.1-2.0m 1-15m 1-15m 20-100m 20-100m
200mm* holes to 15min
uncansoiidated formation - fast fas impassible very fastt
200mm* holes to 50m in
uncansotidated formation — stow and difficult faitly fast impossibla very fast}
200mm* heles to 15/50m
in semi-consolidated
formation — impossible fairly fast impossibie very fast}
100mm holes tu 15/50m
inconsolidated (hard)
{formation {not gravel
pached). — impossible vefy slow very fastt very fastt

" 200mm holes to give 100mm diameter finished well alier screening and gravel packing. + Constrained by logistical support.
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can be restricted to the 100mm needed to accom-
modate a handpump cylinder, while in ungonsolidated
formations, aflowance lor casing and gravel pack will
mean a diameter of 200-250mm.

The ideal drilling rig would therefore perform
quickly and efficiently drilling 200-250mm diameter
holes in soft rock and 100mm diameter hgles in hard
rock — sormalimes i the same well — o a maximurm

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

In the absence of a purpose-designed rig for CWS
work. the choice is inevitably a compromise. As an
approximale guide to selection, the following notes
amplify remarks in Box Table 3.5A.

Hand-operated drilling equipment

Simple, mnexpensve and lghly maneuvrable, hand
dnling may be the most appropnate choice tfor
shaliow wells down to 15-20 meters. Beycnd 20
meters, hand driling becomes very difficull, and
pragress 1s inevitably slow. One apparent advantage
-— the lack of any mechanical eguipment which
requires servicing — is less significant than 1 first
appears if the equipmertt has 1o be carned from well
to weli by motor vehicle, as the servicing needs of a
hght cable-iool fig are usualfy less than those of a
motor vehicle.

Cable-tool rigs

An old and simpie design which has changed little
over the years. Cable-tool rigs are generalty durable
and easy to service. requiring only minimally trained

operators. Effechve in  unconsolidated or semi-
consolidated formations down to about 50 meters,
they can offer considerable cost savings and ather
benefits when compared with rotary rigs. However,
cabte-tool rigs are not suitable ior hard-raock drilling.

Small air-flush rotary rigs

Specifically designed for drilling small diamster 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 compiex 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-desiqgned for CWS work and
correspondingly expensive and complex to operate
and maintain, large rigs are alen provided by donors
on the basis aof rated perfarmance which cannat be
reproduced under held conditions. Lirnited
maneuvrability means that they are regularly bogged
down on rural roads, and manning and sefvicing the
sophisticaled rigs often proves difficult for water
agencies in developing countries, Though restricted
choice may point to selection of these expensive
machines. a smaller rotary rig for hard-rock drilling,
a cabie-tool rig tor semi-consolidated rock drilling. 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
1o a great extent on the wells through which the pumps
draw the groundwater. Analysis of breakdowns during
the Project field trials demonstrates beyend doubt that
even a well-designed and carefully selected handpump
may not perform satisfactorily if it is instaliled on a badly
consiructed well. Sand entering pumping elaments leads
to rapid deterioration of valves and seals, calling for
trequent 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 agquifer 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.

Waler wells divide into wo categories. dug wells:
and dnfled wells, 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 800mm in diameter.

Handpumps can be installed in dug wells or drilled
wells of any deplh and diameter, subject only 10 the
practical hmit that the pumping water level should
normally not be more than 45 meters down (60 meters in
exceptional cases. it other pumping options are not
teasible). Detailed discussion of actual construction
methods for water wells is beyond the scope of this
report, though the merits of altemative 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 systemn performance are: siting,
depth, screendesign, development, and aprort design.

Well siting is a good example of the way that the
advisers and the community need lo share knowledge
and opinions. Too often, a drilled well is sited purely on
the basis ot a geophysical survey, irmespective of the
community’s wishes. A common result is that tew 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 is
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 wells in their barf
(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 becomas nacessary in situations
like the deeply weathered basement areas of central
Africa, where adequate quantities of groundwater can be
expected aimost everywhere, but excessively high
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ground should be avoided to reduce pumping heads, and
sites should preterably 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 commitiee, including if
necessary making strong recommendations against
certain sités on technical grounds. Ideally, it is the
committee which must make the final decision, and only
if the scheme is technically or economically impossible,
shouid the community's wishes be cvernided.

The most difficult situation arises in some of the
sami-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
resourcas, and a distance of anly 10 meters might make
the difference between a productive well and a dry one.
Here, the selection procedure is different, with the
community first identitying desirable and undesirable
areas and the technologists then finding the optimum
drilling points within the chosen areas.

The next important consideration will ba well depth.
Wells must be deep enough to ensure reliable supplias
even during prolonged droughts. The Project encoun-
terad very serious problems due to wells drying up in the
long dry periods of the early 1980s in Africa. Over hait 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 commanly proceeds 15 meters
or more below static water levels to achieve sufficient
flow of water intg the well. Dug wells are a bigger prob-
lem. Dewatering during construction is difficull, and dug
walls usually penetrate only a short way below the static
water table, relying on well storage fed by percolation
during the night to meet daily neseds. Such wells are of
course the first to dry out when the watar 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 waells fitted with handpumps.
Coveraed 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 guickly.

Particularly with drilied wells, there is a balance to be
struck between extra reliability and cost. Drilling is an
expansive 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 Jocal hydrogeology and planned irrigation develop-
ments can lead to subslantial savings, and the value of
record keeping on all projects cannot be stressed 100

highly.

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




wells; lining and support of a dug well is often important
to pravent infill or even collapse, but it is less commaon
for sand movement to be a threat to waler quality or
pump compaonents 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 thera 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 sard cannot move into the
well to cause blockage or pump damage. In a low-cosl
community water supply project, there is rarely any need
for individual designs for each well; knowing the aquifer
type. a sale design can be chosen. Planners, consul-
tants and contractors involved in community water
supply pragrams in developing countries must recognize
that proper design requires screens and filter packs in
unconsolidated and semi-consolidated foreations.
Adequate supervision is needed during well construe-
tion, to ensure that installation is carried out correctly.

Matawi's Livulezi project {Box 3.3) provides a good
example of the impaci 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 alter an average operating
period of two years,

Long-term parformance of drilled wells can also be
wmproved considerably by proper well development.
Extensive sand pumping before the well is brought into
commission, boosts the water flow into the well, avoids
clogging jater by removing fine material from around the
screen, and reduces the amount of sand which might
otherwise be working its way fowards 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 outiast even the
best handpump by many years.

The only visible part of the completed well, apart fram 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. lts amenity value can be enhanced by ardding
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
atfect handpump performance, and the remaindar of this
document is devoted 1o 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 limiiaiions of the
aguiter have been recognized; if the well has been
soundly designed and constructed; and it 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
successiul 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 neglected sector. Low invest-
ment, poor achievements and a weak political lobby led
to the sorry coverage stafistics 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-
menis, and the pace at which improvemenis can be
accomplished it 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
econamic benefits are maximized.

Well construction will normally be the biggest
capital cost item in a handpump-based water supply
pragram. 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 cosls, but
aven in very similar 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 down-the-hole-hammar drilling rig
will range in cost from about US$1,500 to US$2,000 —
very simitar to costs in the USA and other industrialized
nations. In Alrica, it is rare to get a 50m welt for less than
$5.000 and not uncommon for the cost to exceed
$15,000.

The difference comes from the organization of weil
drilting and the equipment used, and can be substantially
influenced by unrealistic currency exchange rates. In
the pasi, 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 hotes a month. Driling equipment should be
chosen s0 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 waier supply development needed
(70% of Africa’s rural population lack access to sale
water) demands lower coslts. 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 1o those in Asia. Achieve-
menl of reasonable well costs should be a high priority of
governments and donors alike. Both must recagnize the
need to build up a national driling capability, prelerably
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
drilfing technologies in use in varicus 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,
strall-diameter holes in remote places which charac-
terize handpump programs in developing countries.
Selection is usually a compromise invoiving cost, speed,
manguvrability and technicai sophistication.

The growth of indigenous rig manufacturing
industries in India and Brazil is leading to innovative
designs specifically for rural water supplias. There are
positive signs too that, partly because of Project initia-
tives. major ng manufacturers from industrial countriss
have recognized the large market for drilling rigs
designed specitically 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 terrns of capital investments. That
does nat mean that handpump costs should be neglec-
ted. The large competitive market now opening up, and
the increasing scope fior in-country manufacture of
proven handpump designs, should lead to a progressive
lowering of pump prices. This trend will be given added
impetus 1f developing countries and donors use their
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purchasing power aflectively. Removing import duties on
raw materials and other taxes for locally-manufactured
handpumps will not only stimulate national industry, but
also encourage potantial 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 quile 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 doas the range
of prices. So, for a pumping lift of 30 metars, the total
cost of pump, rods and rising mair can be as low as
US$500, or as high as US$2,500.

Handpump prices can 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 mare critical in relation fo
recurrent costs. Though handpump maintenance
costs vary greatly in different parts of the world, and few
individual courtries have examples of sach 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 Livulazi project offers a good example (Box
3.3). With 200 pumps maintained by village caretakers
and repairs cafried out by two trained government main-
tenance workers, the average annual cost of maintaining
sach pump during 1984 and 1985 amounted to US$24, or
US$0.10 for each of the 250 users per pump,
Significantly, twwo-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 resulling savings
when full village-level maintenance is introduced will
bring annual maintenance costs in Malawi down to S or 6
cents per user.

At the other end of the scale, a centralized main-
tonance 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. Addad to a direct labor cost of
US$19 and spare parfts cost of US$H9, these result in a
total maintenance cost of US$193 per pump per year.
Even with the comparatively large user groups (about
400} commonly sarved by one handpump in that region,
cerdralized maintenance is costing almost 50 cents per
user per year.

For logistical and financiai reasons, centralized
maintenance is not a viable economic option far most
countries. To replaco a piston cupseal costing as litile
as US$2. a truck with 3-4 people has to be sent out from
the base camp, travelling perhaps 12.0km 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 wiling 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.

Aftempts to initiate simple accounting practices for
the upkeep ot CWS systems have not always met with
success. |f agrigultural credit banks, post offices or
farmers' cooperatives already exist in the vicinity, water
committee members can be trained to take responsibility
for a maintenance 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
S$0.05 per user per year, compared with an estimated
US$0.65 per user per year replacement costs for the
alternative rope and bucket systems — yet the mech-
anics find the earnings atiractive, 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
turther analyse different maintenance arrangements and
ofier quidance tor 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
quidelinas, which, with the supparting evidence oullined
in this report, may lead CWS plannars towards estab-
lishing the conditions for optimum performance and rali-
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 ths
oplimum solution in many cases.

+ Evety elemen! of system design should be directed
towards simplifying the upkeep of the completad
scheme and ensuring that skilis, tocls and materials
will be available when needed. Spare pars and tools
should be distributed to each community as parn of
project execution.

*  Scheduled servicing, involving periodic replacement
ot wearing paris, should be evaluated in the project
planning stage, as it is likely to reduce breakdowns,

save monsy, and make community management
eagiar to achieve.

The Community

»  Community participation should inciude involvemeant
of a water commitiee in the selaction of service
tevel, well tocation and technology choice, as well as
project construction.

+  Financial and technical commitments must be shown
to be within the communily’s capabilities, and any
operational links needed between the local manage-
ment and external agencies must be established
before the schems is implemented. Private sector
mechanics have been shown to be an effective
bridge between the ceniral 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 refrasher courses and project moni-
toring and evaluatior.

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

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

The Aquifer

» National and regional data collection on groundwater
resources provides valuable information for hand-
pump project planning and dasign. Existing and new
wells should be monitored, to build up as complete a
picture as possible of aquifer geometry, water
quality and potential yislds. Governments should
exploit the effectiveness of available compiters, 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
ansure that well depth is adequate to provida suffi-
cient dry season yields. Selaction 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 aquiter development through legis-

HANDPUMP PROJECT PLANNING AND IMPLEMENTATION 47




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 poliution due to surface activities.

The Weil

=« Sand and silt ingress into pumping elements is a
major cause of handpump braakdown. Proparly
designed screens and filter packs have baen shown
to reduce damage to seals and valves dramatically,
and should be seen as an essential element in drilled
wel! design for unconsolidated or semi-consolidated
formations. Proper well development will also
improve the long-term pertormance of wells and
pumps.

» Though hydrogeoiogical conditions influence the
choice of wall 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
targest cost element in the whole CWS system.

The Handpump

*+ The above guidelings 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

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

down as a result, but further reductions are
nacassary it needs are to be met.

« Driling 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 siralegies are needed, o
encourage private sector initiatives, and to develop
driling 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 batance of the elements also vitat
to long-term success. Inadequacies in pump design or
installation will lead to unsatisfactory perfarmance, even
on properly constructed wells, just as good pumps
cannot be expected to funciion 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 nat provide the needed service. The central
authority does have a role to play in the selting 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.




Chapter 4

Handpump Technology

Handpump failure rates in India dropped from about 70%
in the mid-1970s to about 20% less than a decade later.
This transtormation came after an intensive program by
Indian centrat 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
achievabte if enough emphasis is placed on the critical
issugs: 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 earier problems,
though a number remain la be solved.

Working conditions for handpumps in developing
countries are severe. Many hours a day ol pumping,
rough handling, corrosive groundwater, and inadequate
maintenance are among the challenges {hat face
manufacturers attempting to offer reliable products.

Problems highlighted in India and elsewhere in the
late 1970s, in praparation for the Water Decade, pro-
vidad the impetus for the Project. Since 1981, tield trials
and laboratory tests have amassed unigue comparative
avidence on the periormance of handpumps under widely
differing conditions, enabling the Project to offer
informed advice on how ta choose pumps which will give
the best performance. For manufacturers, the message
is that the key elements of future designs shouid 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;
McJunkin! reports the use of positive dispiacement
reciprocating pumps in Ancient Rome as early as 275
B8C. One of the best documented early examples of a
wooden pump using metal flap valvas, from Saxony, was
recorded by Agricala in the 16th Century,

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

Centuries in Europe and the United States. The Industrial
Revolution brought mass productian 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 electric
pumps began to replace them.2

If the basic design of the reciprocating handpump
has not changed much in the 20th Cantury, its use
certainly has. Eurcpean village pumps were huge
structures, serving as much a monumental as a
functional role, white the big market was for smalier
backyard pumps ussd for 10-30 minutes a day by
individuat families or farmers. Today 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
devsloping 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 1870s. other types of positive displace-
ment pumps, commonly used for industrial applications
(the diaphragm pump and the progressing cavity punp),
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 Il 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. Mclunkin, Hand Pumps, The International Reference
Centre for Community Water Supply, The Hague, The Nether-
lands, 1977,

2. Bemard Ewbanks, The Siory of the Pump and lts Relatives,
1971, Salem, Oregon, USA (private printing of 400 copies), page
171.
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Box 4.1 Handpump Types and Operating Principles

Ot the 42 pumps featured in the Hand-
pump Compendium {i.6. all pumps which
have been subjected to flaboratory
and/or field tests during the Project), 38
are reciprocating pumps: 2 (Mono and
Moyno} are progressing cavity pumps:
and 2 (Vargnat and Abi-ASM) are diaph-
ragm pumps, both using the same down-
hole components. The laboratory and
tisld trial results do not indicate major
performance ditterences related to mode
of operation. Tha most useful classifi-
cation for pump evaluation and selection
is the depth from which pariicular pumps
can draw waler — i.e. the pumping kit.

LOWLIFT
Suction Pumps

Suction pumps draw water from shatiow
depths by creating a partial vacuum in
the suction pipe. Depending as they do
oh atmospheric pressure to drive water
up to the surtace, their use is resiricted
o regions with water tables no mare than
7 maters below the surface, but in those
araas they have been very popular for
reasons ol bath economy and conve-
nience. There are more suction pumps in
use in the wordd than any other type;
over one million are known ko be installed
in Bangladesh and there are several
milion in China, mainly serving individual
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tamifies or small groups.

All the moving parts of a suction
pump are located above ground, and
only the suction pipe extends down intc
tha well. On the upstroke (illustrated)
water above the plunger is forced out
through the discharge spout and more is
drawn inio the cylinder through the open
chack valve. On the downstroks, the
chack valve closes, the plunger valve
opens and water passes through the
plunger ta be lifted in the next cycle.

The operating limit is set by baro-
meinic pressure (equivalent at sea level
to a 10.4 meter head of water) and the
offectiveness of the seals, which make
the practical fimit only about two-thirds
of full barometric pressure. This 7 meter
limit on pumping (it is the biggest
drawback of suction pumps. With water
tables faling below that level in many
parts of the world where such pumps
have been installed. the pumps are
becoming inoperabls and must be
replaced with despwel pumps,

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

In their major application as family
pumps, suction pumps do not need io be
as sturdy as handpumps used by larger
communilies, and the low lifts ailso
subject componenis 10 less stress and
réduced wear. When typical suction
pump models have been subjecied lo
community use, they have generally
shown rapid wear and poor durability. in
the Project trials, heavy use caused fre-
quent prablems with the Locky, Jetmatic
and New No 6 pumps, Only the SYB-100
in China proved reasonably robust in
community use.

Direct Action Pumps

Suitable lor pumping fitts of up to about
12 meters, direct action handpumps are
reciprocating pumps which can continue
to operate when the water table has
falien beiow the reach of suction pumps.

There is no need for priming, which is
also an advantage gver suction pumps.
They differ from suction and deepwsll
pumps in that the operator's effort is
applied directly to the plunger, without
the mechanical advantage achieved
through a lever or {llywheel. This
elimination of the mechanical advantage
restricts application of diract action
pumps to the depth from which an indivi-
dual can physically lit the column of
water. On’the other hard, the mecha-
nizal simplicity of the pumps and the
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potential for low-cost, lightweight const-
ruction, makes them well equipped to
meel VLOM objectives.

Use of large diameter lightweight
pumprads can help to balance the effort
needed on the upstroke and downsiroke,
and reduce the stresses on the rods and
jinkages, This element of direct action
pump design is being studied as part of
tha Project, and is discussed in the
section on Pumprods inthe main text.

Though soms direct action pumps
are still in the development stage, there
has been extensive experiance in a
number of counirigs over the past 16
years ¢ justity the Project's optimism
that such pumps can have widespread
application for community water sup
plies, offering considerable advantages
over suction pumps for fow-lit appli-
calions.
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INTERMEDIATE AND HIGHLIFT

Deapwell Reciprocating
Pumps

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

Deapwall reciprocating pumps exist
in a number of forms, with the aperating
mechanism available as a lever, a fly-
wheel or a pedal, and a variely of ways
of converting the operator's action into a
reciprocating motion of the plunger. With
economy and ease of maintenance as
important salection critefia, a consi-
derable amaunt af Project time has been
devoted to rionitoring the performance
of different deepwell 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 conventionaf lever handle. In each
case, the operalor's applied force is

wmed into a pumping action through
altamate streiching ard relaxing of the
elastic membrane (diaphragm), which is
filled with water in a closed systam.
Expansion of the diaphragm inside the
rigid cylinder closes the suction valve
and opens the delivery valve, driving
water to lhe surface through a fexible
hose rising main. When the diaphragm
contracts, water is drawn in through the
suction valve, as in a convantional
reciprocating pump on the upstroke. The
principle of the pump is ativactive,
bacause it allows the use of flexible
tube tor the pitot hose and rising main
and is therefore easy 1o 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, beyand
many villagers' capacity to pay.
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Progressing Cavity Pumps

A rotary motion provides the fifting
energy in progressing cavity pumps. An
accurately machined helical rotor turng
in a fixed rubber stator and progres-
sively pushes the water upwards cont-
nuously. The mashing surfaces provide
their own moving seal. A gearbox
transmits the operator's rotation in the
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vartical plane into a horizontal plans
rotation of the pumprod (a direst-drive
version with the handle rotating in a
herizontal plane is also availabie). One
advantage of rotary pumps is that they
gre simply converted o motorized or
animal power. On the other hand, the
rods and rotor assembly nsed special
lifting equipment when installed in or
removed fram deep wells.

These five calegories cover all Ihe
pump types tested during the
Handpumps Project. Pumps with
other gperating principles are being
used for community water supplies,
though the Project has not tested
tnem. Among the oplions available
are air or water jet pumps and
pulsating (inefia) pumps.
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pump types: suction pumps; deepwell raciprocating
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 moniloring exercises in a number of
cauntries and, for the lirst time, a picture began to
emerge of ;,ust how many handpumps were out of order.
india, which had been investing heavily in rural water
supplies based on handpumps fram the baginning of the
1970s was found to be suffering badly from breakdowns.
In 1975, UNICEF reported that at any given time 70 to
B0 of the handpumps were out of order.

Other countries foo 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 1882, the International Development
Rasearch Centre (Canada) reported that in Sri Lanka
only 60% of recently installed handpumps were still
functioning. Few countries seemad able to keep more
than 25-50% of their pumps in cervice at any onetime,

Factors Atfecting Handpump
Performance

The Project field trals 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
ratings given to pumps in the Pump Selection Guide,
Chapter & of this document. First it wilt be useful to
examing the effects of various operating conditions on
the breaxdown rates and downtime of different types ol
pumps.

Operating Conditions

1. Pumping it

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 lixed
by the height at which the water column can no longer be
supported by atmospheric pressure. In practice that
mieans that. at sea lavel, suction pumps should not be
used # 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 limits 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 fimit for present designs of direct action
pumps), 25m {beyand which lifting gear is necessary to
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remove conventional downhole components), and 45m
(considerabie etfort is needed below that depth to
produce acceptable discharge rates).

A critical factor 10 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
seasanal drawdown and general lowering of the waler
table caused by nearby motorized pumps). For high-
yielding wells in permeable formations, the discharge
from a handpump will cause minimal drawdown. Howaever,
where the maximum yield of the well is in the Same order
as the pump discharge rate, axcessive 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 drawcown 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
onthe pump.

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

2. Daily output

Daily output is a convenient way to express the damand
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, sic.
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 spacific lift and daily
output, the important parametar will be the pump's actual
discharge rate at the given head {in other words the
number of pumping hours neaded to achieve the recuired
daily output). Project observations clearly show that,
whenever thers is a choice, handpump users will favor
the pump which fills their containers more quickly, even
if, within limits, i is heavier to operate than aiternatives.
Provided therefore that a high discharge pump will not
cause air pumping as a result of excessive crawdown,
and/or sand-flow problams 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 ptanners (and manutacturers)




Basement rocks, which ocour scross large areas of
upland Africa and Asia, are essentially impermeable
orystalline rocks and will transmit water only when

though their permeability is iow, provide an adequate
aquifer for widespread development of handpump-
pased rural water supplies. In dry zones, like tho
Sahel, often only minimal weathering has eccurred
and groundwater is limited to fractures in the
crystafline rock.

Low permeabilities can cause prablems due fo
vary high drawdown of the water lovet in the well
during continuous pumping. Yields from wells are
generally low; analysis of data from 110 positive
borsholes drilied in the Liptako area of Niger shows
that 14% yielded less than 1cu m/h and another
26% produced 1-2 cu m/h. This is by no means
unusual in the Sahel region, and is reascnably
indicative of the situation in other dry zones,

Caution is needed whon determining maximum
pumping lift and sefecting handpumps for low-yiel-
ding walls, bacause excassive drawdown can lead to
sand pumping and damage fo both the well and the
pump. Figure 4.2A plots the drawdown and recovery
of five waells with different permeabilities in Southern
Ghana. Each well was pumped continuously for three
hours, at tha rates shown, then allowed to recover.
In each case, the slatic water level was 10-15
meters below the surface when pumping started. The
figure shows that drawdown can easily exceed 10
meters where permeabilities are low, even when
pumping rates are low (curves 3, 4 and 5). Factors

Box 4.2 Drawdown In Low-Yield Welis: Examples from West Africa

fractured or weathered. Deep weatharing is commen -
in tropical wet areas, such as the forest belts of
west, central and east Africa, and these rocks, .

Figure 4.2A Drawdown and Recovery
of Five Handpumped Wells in
Southern Ghana
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such as penneabﬂily are often more important than.
the pumping rate in determining drawdown, as
evidenced by Curve 1, where the well with lhe
highest pumping rate has tha least drawdown.’

To prevent air pumping and well. and purnp
damage, the wel depth and cylinder setting mustbe
deep enough to cater for anticipated drawdown, and
in low-yielding wells the pump chasen should have a
dasign discharge reasonably maiched with the well
recharge rate.

recognize the elements of handpump design which make
a pump suitable for village-level maintenance. While it is
cerlainly 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
ditferent operating conditions. In the Handpump
Compendium, readers will tind details of the fraquency
with which each field trial pump nesded repair or
maintenance inlerventions, and the pump components
which csused 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 the three typical
maintenance struclures - ie. A - Village-level, B - Area-

mechanic, G - Centralized maintenance.

These classifications are chosen to reprasent
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 discusseckin
Chapter 3 but the chegice of the pump itself will not be
affected by the management system adopted but by the
maintenarice structure availabla.

Typically, a pump which needs a mechanic to remove
and replace handle bearings, plunger seais, or other
wearing parts will not be classified as suitable for
maintenance under a Lavel A system, and any pump
which requires heavy lifting tackle to remove the cylinder
and rising main, and motorized fransport 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 Downhole Components and The Effects on Water Qualilty

High failure rates of galvanized rods and rising mains
in the corrosive groundwaters found particularly in
the West Alrican field trials were surprising and
worrying. Concarn has prompied study of the factors
aftecting corrosion, and the effects on the taste of
water drawn from affected wells. '

The issue of taste is importani. Overnight build-
up of iron concentrations in wells with corroding rods
ar rising mains can be vary high. Figure 4.3A shows
the result of pumping tests on waells in southemn
Ghana where the galvanized pumpreds of the Moyno

Figure 4.3A Variations In Iron Concent-
ration during Pumping
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handpump were being attacked by corosive
groundwater. Natura! groundwaier iron content
measured In wells squipped with corrosion-resistant
handpumps in the West African field trial areas has
genarally bean found to be lass than 1 mg/. The very
high inilial iron concentrations in the illustrated wells
felt away rapidly as pumping progressed, reaching
siable low levels within two hours in most casss.
However, measurements in one well just three days
after the test revealed that the initial iron
concentration was as high as before the test,
praving that accumutation of corrosion products from
the pump was the major cause of highiron contant.

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

Changing some Moyno pumps for Vergnet
oumps, which have plastic hoses and stainless steel
cylinders, producad the diamatic drop in iron

concentrations shown in Figure 4.3B, and meant that
the pumps were no longer rejected by users because
of unacceptable water quality.

Selection of corraslon resistant matenals is
therefore very important if groundwater is aggres-

Figure 4.3B Changes in lron Concen-
frations in Wall Water due to Substi-
tution of Corrosion-Resistant Pumps
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sive. Bul, how do we recognize aggressive ground-
watar? Unfortunately there is no simple answer {o
this question. The first obvious step is to inspect any
axisting installations in the project area for avidence
of corrosion.

Analytical evidence can also help if there are
existing wells in the area. If dug or drilled walls equip-
ped with non-carrosion resistant handpumps show
higher iron concenirations than wells without such
pumps, corrosion is the most likely cause. Measure-
menis of electrical conductivity and pH are impo-
rtant, {0 indicate whether water from differant wells
criginates from the same aquifer. It is also important
that iron analyses are performed in-situ or the water
samples are carefully preserved before testing.

Asgessment of the cormrosivity of waler is a
complex matter, invalving a number of inter-related
water quality indicators. The pH is a vaiuable
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
strossed however thai these are onily guideline
figures, as other factors, such as conductivity, COp,
chlioride and sulfate content, as well as the presence
of bacieria, also influence corrosivity.




atiention.  Village-level maintenance is prefemed
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 stalf inevitably means ihat 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 an hand. It is not possible therelore to
use field trial resuits as a measure of response times for
the difterent levels of maintenance. On th: other hand,
data collected during the Project from m. -y countrigs,
and documented case studias alsewhers, . ovide ample
evidence that centralized maintenance means long
detays when breakdown gccurs, and that tuii village-level
maintenance is very much quicker than any system
depending on vutside intervention.

In comparison wilh response time, the actual time
taken to carry out repairs to the pump has much less inf-
luence on total downtime. It is however a useful indicator
of the complexity of pump maintenance, and therefore
the scope for vitagers 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 wag achieved in less than 30 minutes,
whereas a similar operation with the India Mark [l and
Moyno pumps took more than five times as long, even
when ait the necessary squipment and staff were on
hand. Recent expenmants with the Afridev prototypes in
East Africa have shown that it is possible for two people
fo change the plunger and footvalve in about half an
hour.

Carrosion Resistance

Ot the 150 breakdowns experienced in the first two years
by a total of 275 India Mark !! and Moyno handpumps
equipped with galvanized rods and rising mains in the
southern Ghana fisld trial, more than 60% were refated 1o
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 trials, and demonstrates
the dramalic changes in drinking water quality when
pumps with galvanized rods and rising rnains (Moyno)
were replaced with pumps using plastic hoses and stain-
lass steel cylinders (Vergnet),

The incidence and extent of corrosion datnage
depends mainly on three factors - pump component
materials, groundwater quality, and {often overlooked)
the pumping regime. The last point is especialy irmpor-
tant in connection with a secondary effect of corrosion
— its impact on the quality and taste of the water.
Corrosion of steel rods and nising main leads 10 a buitdup
of total iron content and results in an unpleasant bitter
taste and o discoloring af food cooked in the water and
staining of faundry.

Such pumps may weii be rejected, or used only
rarely, and it follows that use of corrosion-resistant
below ground cornponents should be considered aven if
the groundwater is only rmitdly aggressive. as overnight
accumuiation of carrosion products may put off potential
users.

Mobile maimenance teamns (Level C) may be the only way ip
service some of the heavier handpump types, or those installed
on deep wells. Most such systems are expensive and unreliable,
and pump selection showid seek fo achieve simpler maintenance
wharever possible.

It is important to stress that galvanized stee! is not
immune to corrosion. Field tests have shown that galva-
nizing defers the onset of corrosion damage (o rods and
rising mains, bul does not stop it, or slow its pace once
the coating has gone. Typically, the use of pipe
wranches to connect galvanized rods and rising mains is
enough ta damage the zinc coating and initiate
corrosiant. When handpumps which do not use corrosion-
resisiant componers aré also non-VLOM  pumps,
corrgsion has a major impact on mainienance costs
because of the need for outside repair teams to replace
damaged components,

Mild steet, even when galvanized, should be avoided
if water is thought 10 be aggressive. Many manufacturers
who supply galvanized rods as a standard also offer
stainless steel at extra cost. so that pumps need not
necessarily be rejecled until this agplion has been
expiored,

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

Ratings ‘'n the Pump Selection Guide lake into
account standard pump designs. Manutacturers should
be contacted directly for information about availability of
special corrasion-resistant options, though where the
Project is aware that a particular pump can be supplied
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it pumps can be manufactured in the developing country.
availability of spare parts is greally improved. The photograph
shows a pumphead made in Cote d'voire, which is 1o be joined
{0 a downhole assembly made in France.

with resistani components, this is noted in the
Handpump Compendium,

Abrasion Resistance

The best way to combat abrasion damage 1o pumping
glements is to prevent sand and silt from entering the
well by incorporating carstully designed screens and
fitter 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 srvmune to the accelerated
wear caused by sand-laden water, but some design
teatures will reduce the damage. Cup seals and valves
are most at risk. with leather cup seals particularly prone
to rapid wear. Sand becoming embedded in the seals will
also abrade the cylinder wall. Best resistance to
abrasion 15 provided by rubber or plastic seals and
valves (nitrite rubber seals have performed particularly
well 1n tab and field tnals and therr use may lead to
substantially better handpump performance in sandy
wells. which would be a major step forward in handpump
technology) and staness stee! cylinders, or by designs
incorporating £eal-1ass plungers (or no plungers, as in
Progressing cawty pumps),

Sard can damage pumps in other ways too. In West
Africa, for instance, accumulation of sand deposils,
mostly entering from above ground, has Jed to
breakdown of some Vergnet pumps. by partially fitting the
diaphragm and so restncting its movement that it bursts
or becames inetfective.

Manufacturers are being urged to make abrasion
resistance an important criterion in future designs, but
Project lieid observations show that this problem is most
eftectively tackied first by proper well design and
development (sea Chapiar 3).

Manutacture
Readily avalable spare parts are a prerequisite for

reable purnp maintenance. tn-country manufacture
improves the chances of paris being on hand when
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needed, and saves on foreign exchange. One of the
requirements for a pump 1o be describad as VLOM, is its
suitability for local manufacture, though this does not
exclude impartation 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 replacemeant less frequently, such as the handie or
piston, wil be more readily available when needed.
Economic viability is an important factor in the decision
about whether to undertake in-country manufaciure of
handpumps.

In-country manufacture has been the accepted
practice in Asia for many years. Pumps such as the India
Mark Il, Bangladesh New No. 6, and Korat {Thailand)
have been installed 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 exampies illustrate the possibilities; a Catholic
Mission workshop in Burkina Faso is currently producing
about 35 Volanta pumps a month; about 10,000 pumps
have been manufactured in Cote d'lvoire, including some
for export; Mali produces the standard Mark Il pump from
India; naw manufacturers in Ghana and Niger are making
handpump prototypes. several hundred Maldev (Malawi)
pumps have heen manufaclured in Malawi; Kenyan
companies have started production of the Afridev; and
discussions are undar way for a joint-venture compa:y in
Tanzania to produce a direct action pump. A cautionary
note shouid how :ver be added. It is vitaf to avoid the
creation of @ munopoly in one country, excepl possibly
during a brief inimaj phase. Otherwise, the result may be
higher prices and poor manufacturing quality.
Manufacturers from the indusirialized countries are
starting 0 seak  joint  ventures and  licensing

arrangements, a: a way 1o retain their involvement in the
handpump mar~et and improve distribulion and
maintenance suppa.

india Mark It handpumps presently serve more than 200 million
people. The standard design requires both skilt and effort when
downhole componeiits need mamntenance. Modified designs
aimed at sinplifying maintenance are being lested n the
Handpumps Project.




Countrigs vary greally in their manufacturing
capabilities, and a pump requiring. for example, skilled
welding, iron casling or press work may be suitable for
manufacture in some countries but not others. This has
been 1aken into account in the Pump Selechon 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 o be
considered when deciding whather 1o opt for local manu-
tacture 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 lor axtensive and stringent quality
control is reduced to a level which can be achieved in
most developing countries.

Early protatype madels of Malawi's Maldev pump
suffered rapid ball-bearing failure. By the time that full
praduction commenced, improved jigs and fixtures and
tight quality control w1 pumphead manufacture had
doubled bearing we. However, this quality control is not
easy ta sustain, and tield trial data shows that field-fitted
bearings have a shorter life than those fitted in the
factory. The Afridev pump was designed o overcome
these problems, by using plastic bearings which regquire
less precision in pumphead manutasture and are easy i
replace in the field (see Boxes 4.5 and 4.6).

Gavernment policies on impon licenses, duties and
taxation can also have an impact on the decision about
local manutacture of handpumps. The ex-factory prices
of many pumps made in Africa include a sizeable cost
component for duties on imporied raw materials used in
their manufacture. and sometimes also a sales tax. On
the other hand. imported pumps are usually exempt from
ail impost duty and tax, which gives foreign
manufacturers an unfair advantage. Though duty and tax
concessions 1o local handpump manufacturers may be
difficult to administer, changes in national legislation are
needed to permit local manufacturers 1o compete on
iavel terms wih importers.

User Reaction

Though pumps cannot be rated under this heading on a
global 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
undignitied. Footpumps, flywheel-operated pumps and
even direct action pumps have been reported as being
unacceplable 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. Pubtic education in the use of
handpumps sometimes helps to overcome inibal resis-
tance 1o a newly-introduced pump.

Fiywhee! operation of handpumps has its ¢ntics, but the Volanta
pump, seen here operating in West Africa. has proved popufar
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 avaiable to system designers seeking to follow
the Project advice on pump selection. Past emphasis on
weight and strength as the criteria for purng reliability has
meant a preponderance of handpump models which are
not suitable for village-level, or even area-mechanic main-
tenance.

The problem is pariicularly severe when pumping lift
increases, as one of the chief impediments to local
maintenance of handpumps is the difficully of removing
pistons, cylinders and fool 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 lifiing 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 I pumps, Indian manufacturers have devised a
system for remaving long lengths of galvanized iron
rising main without lifting tackle. However, the method
still calls for skill and effort on the par of the mechanics
and helpers involvead.

A simple ganley and pulley permanently installed on
the pump platform has been used 10 ease maintenanca 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 1o
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 pars, not all offer resistance to
corrosive or sand-laden water.

Considerable progress has been made in handpurnp
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
containg specific recommendations for handpump
manulacturers and industrial researchers about the
direction in which future applied research and technology
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- 'Box44 Effects of Handle Design and Cylinder Size on Pumprod Stresses
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ally in the range of 300 to 400mm) is maintained
as long as the oparating force is within acceptabia
limits. This finding has considerable significance for
handpump designers.

The diagrams show two possible designs for
handpumps to raise water from a dapth of 25 meters.
On the left (Pump A), the pump has a handle ratio
{mechanical advartage} of 3:1 and a cylinder
diameter of 50mm. On the right (Pump B), the handie
ratio is 5:1 and the cylinder diameter 64.5mm,

The 25 metar head of water on the 50mm dia-
meter cylinder rasulls in a required lifting force of
49.1 kg in addition to the weight of pumprods and
plunger. For the 64.5mm cylinder, the required lifting
force is 81.7 ko-f, again plus pumprods and plunger.
After taking account of the different handle ratios,
the farce to be applied by the user (assuming that
the pumprod weight is balanced by an appropriately
counterbalanced handle} is 16.4 kg-f in each casa.

For the same handis movement of 300mm, Pump
A will produce a plunger movement of 100mm and a
discharga of 0.2 fiters from the 50mm cylinder, whila
Pump B's 60mm plunger movement wilt result in the
same discharge from the 64.5mm cyiinder.

To the user therelore Pumps A and B are iden-
fical: the same oparating {orce moving the handle

levar-action handpumps tend fo move the handleend
length available, This constant fravel distanca (usu-

through the same distance produces the same dis-
charge. However, the pumps are -subject to quite
diffarent 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%
lessthan thosein 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 diamater pump. Such a rod would be Ilghter
" and cheaper andinduce less inertia. . ..
Thers ara also substantial -differences ‘in the -
 forces acting on thie bearings, The hanger bearings
- will be subject to the sarme forces as sthe rods, with -
Pump A's lifting 40% less load than Pump B's, while
the fulcrum bearing carries the total downward force
of handla effort and pumprod force and Is 33% less
tor Pump A,

Use of a 50mm diameter cylinder compared with
ons of 84.5mm diameter has therefore considerably
reduced all the forges acting on the key wearing
parts of the pump, providing the opportunity to use
smalter and lighter materials without aftecting 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 lits fo; which & particular pump I8 designed - a
reversal of the commonly held view that Iarger
cylinders offer advantages.

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

The recommendations are based on principles which
are now firmly established as the most effeclive way to
achieve sustainable and replicable farge-scale rural
waler supplies.

Pump Types

The handpump market is dominated by reciprocating
pumps. and much of the research and development work
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initiated by the Project has focused on improvements to
the perfarmance 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
tham more amenable to local manufacture and village-
leve! maintenance. Many of the issues discussed in this
section of the report will therefore relate primarily to recip-
focating pumps.

This should not discourage development of hand-
pumps based on other gumping concepts. The Project
has recognized great merits in, for instance, the Vergnet
diaphragm pump. which avoids the use ot pumprods,




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 siudy the concepts guiding
development work on reciprocating pumps, outlined in
the foliowing 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 ofter comments
and suggestions in amplification of findings summarized
in this Repont.

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

Direct action pumps (see Box 4.1) are
comparatively inexpensive and simple to manufaciure
and to maintain, and the Project is advocating wide-
spread use of this type of pump for shallow pumping lifts
(centainly 10 12 meters, and possibly to 15 meters).

Flywheel operation of handpumps is a contro-
versial lopic. Advccates point to the substantial reduc-
tion in shock loading on the pump system from the
progressive acceleration and deceleration of the
fiywhael in comparison with the rapid stress reversals
which can be induced by lever-action pumping. A
properly counterweighted flywheel can also build up
considerable rofation 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 11

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
injurias from this source, which seem to occur only when
fiywheel pumps are newly introduced into a region.
Another criticism is that flywheel-operated 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
lywhee! pumps tested is more than doubie that of lever
action pumps for the same pumping lifts,

There is a large potential use for flywheel pumps in
regions where water fevels 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 mare 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 o 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 dowr: on the
pumg handle. Befter designs are availabie. but the photograph
demonstrates that users will be prepared 1o apply considerable
affort. if the water supply is convaniznt and refizbie.

than 20 meters. There would seems o 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 o 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 verlice plane. This contrasts with the

"characteristic operation of a straight lever, whare users

tend io stand alongside and exert lateral forces on the
pumphead and bearings. T-bars make wo-person
operation easy and provide counterwaight for the pump-
rods at the oplimum position,

A counterbalanced handle is a useful way of
optimizing the forces néeded on the upstroke and
downstroke. Taking account of the lever mechanical
advantage, a heavier handle, or one with counterweights
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 handie unassisted (the India Mark I relies on
this gravity return, as it uses a chain and quadrant link
between handle and pumprods). In some cases, 2xira
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 effart applied.

A useful general principle for fulure designs,
therefore, is that handpumps for community water supply
shouid give high yields, even if that means compara-
tively high handle forces {as a rough guide, the Project
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" in._developing ‘countries, however,.

__-andpumphaal:l

: _duced two standard: replaoeahle ball races at the
fulcrum (the Mark Il has a chain and quadrant
- arrangement as the rod hanger). The ball bearings
resulted in a greatly extended life (typically 2-4
years! and, with some difficulty, could be replaced
when womn, avoiding damage 10 the pumphead. Other
manufacturers foliowed suit, and many handpumps

fulerum and fod hanger.
- Thaugh the improvement was .substantial, ball
bearings have sevaral disadvantages for handpump

rolation, they are less suited to the slow rocking

quality control in manufacture; field repiacement

leads o bearing damage; "sealed for life” bearings
are not water or dust proof, while conventional
bearings need regular lubricaticn. - Also, failure to
racognize or respond to the symploms of baearing
weaar (lateral handle movement is the first sign) can
still isad to pumphead damage. In the Sudan field
trials, irreparable damage was done to Mark ¥ pump-
heads because of failure to replace worn bearings.
in the Matdev design (Box 4.6), an attempt was
" made to ease lield replacement by increasing loler-
ances, but reduced precision led to shorter bearing
-life, and there was an-impression, 1o ba verified as
‘monitaring procesds, that waar is more rapid on the
_ replacement bearings than an those fitted in the

st itoh journals were.an: adequate bearing arrange-- - key resean
-memalthefuluumandrodhanger‘Haavypumpuse.----'_._" ‘considi

3, FSSUltS - in_very - new desigr
“rapid. pmwearquidtly followed by wear.of thehandie.._- Cam

The india. Mark i des:gn:‘ the mid 1970s mtro-. the “Project. development work; -overall objectives

- ment, to allow village-level maintsnance.
“range of engineering plastics: running on different

now have standard, off-the-sheif ball bearings at the -

applications. Designad for high-speed uni-directional
fo a design concapt Involving one polyacetal bush -
action of a handpump lever; bearing housings have -
to be very prec:sely machined, cailing for good -
" peeds a spacial tool and some skil, and poor fitting design in which the twa bushes snap together to.form

pump withéut special tools. Tha injection. molding

- wishing to follow this route. Field lrials will oontmue in

"baarmgs AS with ali

included simplicity’ and" low cost“in- maniifacture :of - -
bearings and.pumphsads, as well- aseaseof replace h

Tests started in 1982 on dry bearings using a

metal counter surfaces. Low: wear rates, acceptable
iife- and easy replacement of plastic bushes were
readily achieved, but a big problem was that the
metal (mostly stainless steel) counter surface wore
as weli.and eventually had to be replaced. - v
in sarly: 1985, -collaboration ‘mth plastics
specialists from Duy Pant in. Geneva, Switzerland, led

running on a. second -polyamide bush. Tha combin-.
ation ‘exhibited barety detectable wear in laboratory -
and field trials -and has now baen developed. into a

ona .sali-contained unit that can be fited into the

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 apphi-
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

Kenya and alsewhere.

recommends that a handle force of 20 kg-f should only
be exceeded at very high pumping lifts).

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
i wusually about 300-400mm and represenis a
comfortable operating action. Ditferent users operate in
different parts of the available handle arc, and handle
design should therefore allow for comfortable wse of a
300-400mm movement at various positions to suil the
stature of different users.

The handie movement is more or less independent of
the handie operating force, until the pump becomes
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uncomfontably heavy to use. So, pump users are willing
to apply quite high forces, but prefer limited movement.

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 tha 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 3:1 handle ratic and 50mm
cylinder diameter results in the same discharge per
300mm handieg stroke for the same operator effort as a
5:1 handle ratio and 64.51u., cylinger diameter, yet the
pumprod and bearing loads in the former case are 40%
and 33% owes fespectively,

These observations tend to counter the commonly
held view that the largest practical cylinder size should




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 manufaciurers 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 achiaved by the longest
stroke, using the minimum handle machanical advantage
needed to keep the force within acceptable limits.

For exampla, a S0mm diameter long-stroke cylinder
can be used for the full range of lifts up to 50 meters, as
follows:

*  With direct action (1:1 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.

*  Wilh a suitably counterbalanced lever handle with a
3:1 mechanical advantage, the same 50mm cylinder
can be used at lifts of 12 1o 30 meters.

* Lengthening the handle to give a 4.5:1 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 Incia Mark Il employs a
63.5mm cylinder and a handle with s fixed mechanical
advaniage of 8:1 (some manutacturers of this pump offer
variations for lifts outside the normai specified range).

Role of Plastics

Until very recently, handpump designs had benefited
little from maodern materials technoilogy. 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-
nenis made from different plastics, and sees scope for
numerous beneficial applications.

The potential use of commodity plastics, like
polyvinyl chloride (PVC), high-density palyethylene
(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 reptace metals, and should be well suited for a simitar
role in handpump designs. Their atiractions include
corrosion  resistance, toughness, and guaranieed
uniformity of complex parts through controlled injection
melding and long-lasting dies. If demand is high, costs
can be very low. as raw materials are comparatively
inexpensive,

The principal wearing parts in the pumphead are the
bearings, and these have proved o 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
cverleaf), and has concluded that engineering pilastics
may offer a viable solution. Bearing assemblies have
been designed that are easy to fit, have a fairly long life,
can cope wiih some dimensional vanation in pumphead
manulacture (compared with the tight tolerances needed
in bafl 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 connectars,
seals, and possibly other components 100, 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 alangside the young but
enthusiastic enginesring plastics industry in East Africa.

Pumprads

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, the 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 Il is an important exception, in which the rod hanger
is a chain and quadranl. 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 aveiding
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 successiully,
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-
factority in non-aggressive groundwaters, but rapid
corrosion where waier 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.
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issuas discussed in this chapter.

oping countrias.

are that pumps shouid be:

deepwell pumps to 50m.

table piston and footvalve.

machining required.

valves.

combinations and intake configurations.

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

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

The principles guiding research and development

= modular in design, so that the same cylinder,
rising mains and standard wearing parts can ba
used for direct action pumps to 15 meters and

* as simple as possible to install and maintain with
minimal tools, skills and effort, including an extrac-

~ 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

+« designed so that scheduled servicing should
rgsult in the virtual elimination of breakdowns and
thal such servicing involves only routine and
simple replacemant of easily accessible low-cost
weanng parts, such as bearings, seals and

+ suilable for use in aggressive groundwaters
through the use of corrosion resistani materials
below ground;, and capable of resisting sand
abrasion through proven seal and cylinder wall

Box 4.6 Case Study of Handpump Development in East Africa

* designed to minimize forces, allowing the use of
lighter compenents 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
affard 1o purchase the pump (perhaps with credit)
and can always afford to maintain it. Target
figures are: US$400 for 2 complete pump sat at
26m depih, 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
resuited in the first production modsls of the Maldev in
mid-1982. The original Maldev pumphead uses ball
races the same size as the India Mark il (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 ditficult. Though tigh-
tened quality controls overcame the initial problems to
some extent, the requirement for simple field fitting
meant that larger tolgrances 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 shouid 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 instailed in Malawi in late 1982, A
year's trial was enough to confirm the merits of the
plastic bearing sysiem, and Afridev development
accelerated, with Kenya bocoming the center of
aclivitios.

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

Rolled threads and box and pin joints go some way
towards rasolving this problem. but, especially for village-
level maintepance. the use of threaded conngctions has
to be questioned. It makes installation and removal
inherently complex and there is a risk of damage through
cross-threading or over-tightening. Also, rods with
threaded connections cannot readily be cut to length in
the held.

The Valanta has an innovative arrangement of
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hooked stainless steel rods, which makes removal and
replacement quick and easy. The Afridev system (Box
4.6} is testing prototype hooked connectors designed to
elminate lateral or vertical play and using a plastic guide
to align the rods and centralize the ink 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. Ligniweight rods
with relatively large diameters zan be formed from hollow




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

Meanwhile, an informal handpurp design mesting
held in Kenya, towards the end of 1324, had set dasign
objectives for the Afridev. The fiftean participants of
ten nationalities included representatives from 5 East
African countries. They stressed the need for ucers 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 parls 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 meseting in Kenya early in 1986, which
evalvaied the full potential ol angineering plastics in
handpurnp design. Plastic bearings are now being
molded in Kenya using long-run dies (aiso made in the
country}; dies for molding plungers and tootvalves are
being designed in Switzerland ready for mass produc-
tion of cylinders in Kenya.

In the discussion of Discharge Rale versus
Pumping Effort in the main text, reference is made
to the advantages ol standard long-stroke, small-
diameter cylinders, to reduce lorces, ease
maintenance and simpify spares procurement. A
decision has been taken that, for all pumping lifts, the
Afridav will use a standard S50mm diameter cylinder,
The operator force needed to pump from ditterent
depths will be varied by offering different mechanical
advantages in the handle. For lifts up to 12 maeters, a
direct action handle will be recommended with high-
dispfacernent pumprods. From 12 to 30 meters, a 3:1

mechanical advantage lever is offered, and for
applications involving lifts from 30 to 50 meters, the
mechanical advantage is raised {0 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 joingd by a system of hooks and seyes,
which aliow 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 pipas,
which will permit easy dismantiing. 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 confinuing, the
Afridev pump is achieving many of the largets set ior
it. Aeplacement of all wearing parts (bearings, plunger
$eals, valve bobbins) can be undertaken from a 40
meter seting (say a 30 meter water level) in sub-
stantially less than one hour by minimally trained
villagers, using a simple spanner and fishing teol, and
without removing a single nut from a bolt.

The pumphead is being manufactured by faur
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
surrounding a steal bar with a very low-density sub-
stance like closed-cell foam. or simply by using a unitorm
- low-density material of which wood is the most cbvious.

By displacing a big proportion of the water celumn in
the rising man, Jlightweight purmnprods transfer a
substantial part of the total effort required from the
upstroke to the downstroke. Reducing the effort on the
upstroke makes the pump significantly 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 ta lift.
High-displacement low-mass rods are being
manutactured 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 BPS0, iDRC-UM,
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Blair, and Tara protolype have given mixed resulls.
Breakages and excessive abrasion observed in some
cases were probably caused by low quality of the
material, wrong connector designs, insulficient pipe wall
thickriess, and weaknesses introduced by careless
solvent cement jointing. Rods made from high-quality
materials, well manutactured and epoxy cemented {e.g.
the Blair and the Wavin prototype) hava performed well.

The Tara development {(Box 4.7) demonsirates that
care is neaded in balancing the advantages of high water
displacement with potential wear problems if the annular
spate 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 neads on
the pumprod. In addition to the balancing of upsiroke and
downstroke f{orces, 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 belween 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 iaid out on the ground during
instailation and removal. though flexibility is it conflict
with the sliffness needed o prevent buckling.
Connectors, on the other hand. usually presuppose tools
and may also be wvulnerable {o uncoupling during
operation or fatigue failure.

Finding the best direct ac.on pumprod involves a
compromise among a list ol desirable characieristics:
low mass, high voiume, high stifiness. high tensile
strengih, low elasticity, and high abrasion resistance.

Rising Mains

Galvanized mild sleel 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-
agoressive, but has a short lite in corrosive water. This
problem is aggravated by the poor quality of rolled and
galvanized ppes made in many developing countries
(rising mains are often ordered locally lor use with impor-
ted pumpheads, cylinders and pumprods), poor thread
cutting, and poor quality pipe conneclors. The heavy
weight of steel pipe is another disadvantage, especially
whera the rising main has {0 be removed for routine
maintenance of the cylindar.

There is therefore a need to identify satistactory
alternatives to galvanized pipes for handpump rising
mains. Stainless sieel has the advaniage that it is
corrosion resistant, bul it is much more expensive.
Recent quotations for large orders of 1174 inch nominal
(42mm Q.D.) stainless steel pipe for use with india Mark
Il handpumps in West Africa amounted to about $10 per
mater FOB Europe. That is a compatitive price for
stainless steal pips, but wouid mean that 30 melers of
rising main would cost almost twice as much as the FOB
cosl of the pumphead, cylinder and 30m of pumprod.
Though stainless stee! may turn out to be the only option
for aggressive groundwaters, the Projeci and other
concernedd groups are actively seeking alternatives
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(bearing in mind also that, il VLOM pumps with extrac-
table downhole components are developed, rising main
diameters will have to be much jarger than 42mm).

Plastics are an obvious option and a number of
pump designs are now using plastic nising mains, with
varying degrees of success. Preliminary resuits seam to
indicale that smaller diameler {up to 50mm .D.} high-
specilication uPVC pipe may be sufficiently durable and
inalastic to serve as a rising main at high heads. The only
known success with larger diameter PVC is the Volanta,
where the tlywhsel operation means a sieady acce-
leration and deceleration of the rod-piston assembly,
Rising mains are subjected to repaated stress reversals,
and there are reservations about possible fatigue
failures in plastic pipes. High longitudinal elasticity and
craep are olher problems, as lengthening of the rising
main in relation 1o the pump rods would impair pumping
performance and could reduce the available siroke to
such an extent that damage to the plunger or upper
cylinder would result. Finally, there is the "noich
sensitivity” of certain plastics, a measure of the
susceptibility o high stress concentrations and potential
cracking if the unitorm wall thickness is interrupled by
{hreading or accidental scraiching or impact.

The most common plastic rising main in use al
present is uPVC, which is used in the Kardia. Volanta,
SWN and Aifridev deepwsll pumps, as well as many
shallow lift and some direct action pumps. Exceptions
are the Nira AF85 direcl action pump which uses high
density polyethylene {HDPE) rising main {(and pumprods})
and the Pek direct aclion pump which uses a polypro-
pylensa/polyathylane mix.

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

Down to about 20 meters, there is engugh expa-
rience ol successful use of high-quality plastic rising
mains 1o regard them as an acceptable solution. For
deeper waells, critical issuas remain of how {o support the
rising main in the well, the type of joinling 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
extromely diticult, even for a shkilled repair team.

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

In general, threaded joints are not a guod solution,
because of the difficuity ol making them and lighiening
them properly in field conditions and (he nalure of the
malerials themselves.




Solvent or epoxy cement joints are an allermative
{used, for example, on the Volanta), but also have thair
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 trom the well, it must be cut then re-cemented
with spare sockets when it is replaced. The Project is
sponsgring develgpment 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 altow extraction of rods, plunger and
footvalve without removing the cylinder, rising main
removal should be a rare event, neaded 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 mains, though at present they
are manutfactured primarily tor the oil industry and are
almost as expensive as stainless steel pipes.

Concern about the rising main issue has prompted
inclusion of a laboratory research and development
program on this subject in the next phase of the Project
(1987 - 1991). The aim will be ta determine whether large
diameater PVC tubes (at \east as large as the cylinder
diameter) can be used as rising mains at lifts of 45
meters, and it so, what design teatures and operating
conditions make it feasible. Laboratory tesis will first
evaluate how the stresg/strain relationship in PVC rising
mains is affected by changes in design and conditions of
use. Based on these results, recommended systems for
conventional “posilive-downstroke” pumps and for
gravity-refurn pumps like the india Mark 1l will be
endurance tested.

Cylinders

Deepwell reciprocating pump cylinders have changed
littte in design for 50 years. Cylinders are still commonly
manutactred using brass walls and end caps. cast
brass plungéers and lootvalves and leather cup ssals.
Even the comparatively modern development of the India
Mark Il is modelled an the much older cylinder design,
and has a brass sleeve inside a cast-iron casing. Of the
piastic materials in use, uPVC is the most comman, with
glass-fiber reinforced plastic (GRP) also used,

Stainless steal cylinders with highly polished
inner surfaces used with rubber hydrailic seals give
good resistance to sand abrasion and long seal life.
Softer 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
partictes.

uPVC cylinders have been used particulary 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,

GRP 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.

Repairs by Paot Type

2%% pumphead components
75% below-ground components g

Percentage ot woal
hrd
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Pumphead Below ground
Part eeplaced

HD = Handle RH w Rod hanger RM = Roing man PE = Pumping eiement OT = Cniher
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Pump seals were the most commonly replaced components in
the Project field trials, representing 25% of all pars replaced.
Below ground companents accounted for 75% of repairs carried
oul. the remaming 25% being pumphead componenis.

The Handpump Compendium compares repair frequency by
part type for individual pumps and demonsirates how variations
in seal lypas and materials can have a significamt impact on the
number of maintenance interventions needsd.

Plunger seal replacement is the single most common
maintenance need on conventional handpumps, yet it is
also usually the most difticult 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; tising main and pump rods have to be lifted
from the well in 3 meter lengths and disconnected. Tha
cylinder then has to be opened and the plunger dis-
mantled before the leather seais can be removed and
rep'aced. The whole process must then be repeated in
reverse. A typical repair involves several trained people
and may take several hgurs. 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 it waaring
paris can be replaced easily and quickly, with minimum
risk of damage to other pump compeanents. A first require-
ment is that the plunger and footvalve, if needed, should
be removable without removing the rising main.

The Volanta handpump is uniqus in that the cylinder
is located in a taper at the vottom of the rising main and it
can be relatively easily extracted through the rising
main. ‘Whiist this has some advantages, such as allowing
inspection and cieaning of the entire cylinder assembly,
it also has the major disadvantage that it requires a large
diameter rising main. In fact, the S0mm diameter Volanta
cylinder needs a rising main with a diameter across the
sockets of more than 100mm, which precludes its use in
the economically atiractive 100rhm drilled wells. A modi-
fied version of the Volanta suitable for use in 100mm
diameter walls is now being tested.

Open-top ¢ylinders afiow the plunger and footvalve
to be withdrawn through a rising main only slightly targer
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in 1.D. than the cylinder itself. Such ¢ylinders have been
in production for many years and their ease of main-
tenance has fong been recognized. Again the drawback
is the need for a comparatively large diameter rising
main, and this problem is aggravated it a range of cylin-
der sizes is offered. Use of a standard small-diameter
cylinder, as racommanded for other reasons in Box 4.4,
has the advantage of aliowing the use of standard-sized
rising main, also of relativaly smail diameter.

Considerable work has been carried out in recant
ybars on the hydraulic design cf plungers and foot-
vaives. The designar has choices to make about the
valve type, with, for example, flap valvas, plate valves
and poppet valves each offering different henefits.

Among the issues still remaining to be resolved on
the subject of defailed 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.

Seals

Easy seai 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 difterent seal designs. to determine
which last longest in ditferent circumstances, the aim
being to reduce the fraquency 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 warertightness 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 oy 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
resaarch, 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 handpurnps. Leather types and shapes have
evolved empirically over the years and, though there is
some conflicting evidence about the optimum tanning
process for handpump applications, Swedish lab tests
and field trials in India favor stiffer Jeather tanned using
chromium oxide, and little further progress is likely to be
made in improving the performance of ieather cup seals.

Leather has a limited shelf lite. It deteriorates rapicly
when subjected to extremes of humidity in storage, or to
cyclical wetting and drying during operation, or to
abrasion. As the fisld tnal results for the India Mark I,
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
mitlion,
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in the search for an alternative material for piston
seals, nitrile rubber has shown the most promise so far.
More definitive tests are under way, but first results from
field trials in India indicate that nitrile cup seals are mora
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, which is not zitacked by oil
or by micro-organisms. An imporiant 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 campressed into grooves in the
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 satistactory, 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 seais having been
used at high heads.

A promising new concept in handpump design is the
replacement of mechanical seals with labyrirth 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 direclion. A
similar principle can be applied to the problem of
inhibiling leakage past a plunger.

Instead of a mechanical seal filing the space
between the plunger and the cylinder wall, the plunger
geomaetry is designed ta induce turbulence around it as it
is moved upward. Turbulent flow impedes leakage, but
involves little or ne mechanical friction to cause wear on
the plunger.

COne method is to use a long plunger which fits into
the cylinder with a very smafl annular gap. The iang
restricted flow past the plunger when the plunger valve is
closed on the upstroke ganerates 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 aftractive in that they eliminate the rubbing
seal. The concept is especially applicable ‘or direct

action pumps which have high plunger - . ~¢. and
generate ccrrespondingly high pressures.

Diodic seals have not yet k en . .uiwally
developed for handpumps, but appear ¢ “.. -~ "-npal,
They are "solid state” devices, withno . - . = the
design of which allows virtually unimpoire. 52w 0 ong

direction but high resistance in the ather {.. v » &~ 13 one
aexample).

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 paris. The
prablem is exacerbated in the rural water supply sector




Box 4.7 Case Study of Handpump Development in Bangladesh

Imigation from pumped wslls is increasingly inter-
faring with suction handpumps in Bangladesh, by
drawing down the water lable below the baromatric
limit of about 7 meters during the dry season. It may
be assumed thal planners will continue to give higher
priority 10 increased food production than to pro-
tection of existng suction handpumps, currently
estimated to number mare than one million. There is
therefore a need for a cheap, reliable non-suction
pump to subsiitute for those pumps which will be
made ingperative and to be used in future rural water
supply pregrams.

This prompted research and development wark,
supperted by the Project, to deveilop an appropriate
direct action handpump. Long-term engineering
cbjectives of the Tara pump development include the
astablishment of & iocally manufactured pump-and-
tubewel system which is functionally adequate,
acceptable 10 users, reliable. inexpensive, and
maintainable by the users with a minimum of external
assistance. To meet these objectives, strategic
decisions ware taken at the beginning:

a. Extensive use of finished or semi-finished
mass produced items, such as standard PVC pips,
steel pipe and standard fasteners for the majority of
wbewelt and pump components, the aim baing to
reduce the complexity of manufaciuring to a
minimum set of procasses and to use mainly off-the-
shelf, locally-avaiable items,

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

¢. Provision of adequate pumping capacity per
cycle, while keeping the required pumping sffon
within a range which could be accomplished by all
users, including children.

d. Elimination of the need for hand tools 1o ser-
vica the pumping elements (valves and seais), so as
10 maxinsiza the potential for carstaker maintenance.

e. Protection of moving parts from damage due
te abrasion or corrasion.

The Tara plunger, which has recently been fitted with
a nilrite rubber cupseal, operates directly in the
84.3ram PVC rising main, which in Bangladesh also
forms the weli casing. The pumprod consists of
42.2mm OD PVC pipe. leaving only a small annular
gap inside the rising main, The pumprod is saaled
and solvent jointed to form a captive air chamber
{see main text for a discussion of low-mass high-
displacement pumprods). Stesl 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 bayonst grapple on the end of the piston.
Valves in the piston and footvalve assemblies are
stamped from avtomobile 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 causad by bends in bnth the PVC
pumprod and the casing resulting in contact during
operation. Even it perfectly straight pipe could be
extruded, it is doubtful whether casing alignment
could be maintained after installation, because of
differential soit pressures. Two possibilities for
overcoming the preblem are baing investigated —
increasing the annular space between the pumprod
and casing: and providing 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 (83 x 87mm), without
compromising either the sludger drilling technique or
the tensile strength of the pumprod. However,
changing to a smaller diameter cylinder {S0mm)
compensates for the smaller displacement of the
40mm diameter rod, and the operating charac-
teristics of the pump are marginally improved.

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

3. A varisty 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
piungers. To date, primary emphasis in develgpment
of the Tara has been on minimizing costs, and each
prototy.e has been based on use of relatively simple
rmaterials and processes. N has to be recognized
that solving the remaining problems may well involve
increases in production costs.

The Bangladesh-made unit currently costs
about US$100 for pump, rods and rsising main for an
11 meter setling.
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by the variety ol 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 a2
limited number of pump types, depending on the physical
conditions. Training programs can then have a sharper
focus. and the potential for in-country manufacture of
assential pump components is very muchincreased.

Pumps divide conveniently into thrae groups,
categorized by the maxirmum pumping 1ift :

- Low lift pumps. For lifts of up to about 12 melers,
high discharges zre a must, as users generally favor a
wurrwr which fills their containers quickly, and thera is a
vanaty of pumps on the market which can do so. if the lift
is less than 7 maters (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
poliuted water has to be taken into account. A cost
competitive altemative, aiso well suited to village-level
maintenance, is provided by direct action pumps. Light
and easy to install and maintain, direct action hand-
pumps also dispense with the pumphead bearings which
torm one of the more difficult wearing parts to replace.
Even without the mechanical advantage provided by the
lever handle of a conventioral handpump, direct action
pumps can be operated comtortably down to 12 meters,
and may in future be suitable down to 15 meters.

+ Intermediate lilt pumps. For lilts of up to about 25
meters, there is a wide choice of pumps avaitable, with
increasing numbers being modified to make them maore
suitabla for village-level maintenance. Hecipient govern-
ments should resist the temptation to accept “free”
pumps through grants from donars, if this will mean prolif-
erating the number of pump types or installing unsuitable
ones, and so siraining maintenance capabilities. The
cost of the pump itself is only a small part of any rural
water supply program, but the wrong selection can have
a crucial impact on the total cust 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 potentiat, and the number of people 1o be served
from each pump. but a key consideration for CWS plan-
ners shouid be to minimize the number of pumg types for
which adequatz ang correct spares have to be stocked
and skiled mechanics trained. Intermediate lift pump
design has progressed considerably in racent years,
with the introduction of open-top cylinders offering
increased scope tor village-level maintenance. Some
VLOM designs ara now available for this range of fifts.

«  High it pumps. A large majority of the rurat 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 needad 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), bu! the discharge
drops markedly with increasing depth and mezintenance
becomes more and more difficult. More expensive drilled
wells call for more users per well, to spread tha costs,
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and the lower discharges then mean that queues
lengthen. Keeping a balance between per capita cost
and service level {quantity per capita and qQueue time)
becomes more and more difficult as depth increases.
The list of available pumps, particularly those suitable for
village-lavel maintenance, gets progressively shorter as
the pumping lilt stretchas from 25 meters o 45 meters.

Even when planned pumping applications wouid
invoive mare than one of the above categories, standard-
ization on one pump typs may still be practical. The
majority of intermediate lift pumps will function adequ-
ately at lower lifts, and a compromise ¢n 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 nesded, 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 paris can be used with diferent handle ratios
{mechanical advantage) o cover the full rangs of lifts
fromn 0 to 50 meters.

Manufacturers too have an important part to play in
standardization of pump component... The Project is col-
faborating with a number of manufacturers in an attempt
to establish standard sizes for cylinders, valves.
bearings, ete¢, so that common spare parts ¢can become
off-the-shelf items widely available in developing coun-
tries (so far efforts have focused mainiy 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
considération when procuring pumps through inter-
national competitive bidding.

Guidelines for VLOM Design

Following five years of intensive study of handpump
performance in [aboratory and fisld 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 irtended for community water supply use.
Combined with the recommendations for planning and
implementation of handpump-based programs developed
in Chagpter 3, these technology-related guidelines form 2
package which it is balieved 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 their
design and planning activities to the end of the century.

1. Ease of Maintenance

Handpumps sheould be designed in such a way that
scheduled replacement of all wearing parts can be
carried oul by a vilage caretaker after a minimum of
training and with only a few basic tools. There should be
no reguirement for heavy liting gear to remove pistons or
foot valves and no need for any vehicle (other than




perhaps a bicycle, public bus, or transport animah) to
carry toals of pump components.

2. Robusiness

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

3. Local Manutacture

Availability of spare parts, and hence handpump
reliability, is substantially improved it pump components
can be manufactured in the country of use. It is therefore
desirable that purnp cormponents 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 place 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 arangements and tax policies do not inhibit
investments by local industry. Joint ventures with estab-
lished manufacturers from the industrialized countries
can also be ancouraged by apprapriats incentives.

4. Standardization
Training of caretakers and pump mechanics is compli-
cated by the wide variety of pump types that are often
used in rural waler supply programs. Establishment of
tecal manutacturing, enforcement of quaiity control, and
effective distribution of spare parts to retail outlets are
all alsp hampered. There are clear benefits to be gained
by standardization on one or a few pumps. The issue of
standardization is complex. Manufacturing monapolies
may arise, bringing their own probiems of quality and
pricing. However, without some standardization, the
difficulties of sustaining water supplies to vuinerable low-
income groups in rural arens are likely to be insuperable.
The Project recommends that governments settle on
a limited number of pumps for their water programs, and
that, when ditterent pumps are in use, efforts should be
made to standardize dimensions, and even spare parts.
The benelits ot such a policy are apparent in India.

The India Mark Il is the standard deepwalt pump adopied
by the Indian government for its rural water supply
program, and the pump is fully specilied by the Indian
Standards Institution. The resulting economies of scale
meaan low prices; quality contral is facilitated; and spares
availability is enhanced. Another example comas from
Tanzania, where the government has eslablished a
Bureau of Standards subcommitiee for stancardization
of handpump dimensions. By standardizing sizes such
as those of the pump baseplate, ditferent 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 reds and rising main, to lift from 25 meters,
and operation and maintenance costs should be kept
below US$0.25 per capita per year. Low-lft purmps
should cost appreciably less, 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-ift 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 withoul excessive effort
(Box 5.1 in Chapter 5 ofters guidance on appropriate
discharge rates). Two-person operation is increasingly
advantageous as pumping lift increases.

Rapid pregress should now be possible in the deve-
lopment of an increasing nurmber of handpurnps 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 appropriaie 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
parformance during laboratory and field trials.
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Chapter 5

Pump Selection Guide

In the course ¢i the Project, some 70 handpump models
have been svaluated (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 inctuded for the Blair pump,
theugh four variations of the original pump have been
tested in different countries). The rosult is detailed
analysis of a total of 42 pump types in this Selection
Guide. The Pump Selection Tables include alt the pumps
for which the Project has ccllected sufficient data to
enable judgments to be made on their suitability for the
specified cperating conditions, and which arg 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 halp the Analyst to rate the exira pumps on the
tasis 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 invoived a combi-
nation of fieid irals 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 capabiliies of each type of
pump under a variety of operating conditions. The aim of
this Selection Guide is to assist water supply planners
and designers in deveioping countries to select appro-
priate handpumps for their own specific circumstances.
These circumstances will nol atways match precisely
congitions under which particular pumps have been
tested in the field - it would clearly be quite impractical to
test all pumps under all possible eperating conditions.

In assessing likely pump performance over a range

t. Throughout 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 *bast-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 daveloping 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 the 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 arse in community water supplies in
developing countrigs.

Possible applications of the Pump Seleciion Tables
include:

+ Seleciion of a single pump to meet 1he specified
duties and operating conditions of a particular
project or program.

+  Preparation of a nationa! or regional list of approved
pumps, 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 supphiers 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 aftributes of the hand-
pump itself and the spacific 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 tor a particular set of conditions.

Form 5.1 is a convenient way of listing the con-
ditions and should be complated by the Analyst belore
using the selaction tables. Note that some conditions
are fixed by the planned pump iocation (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 lor completion of Form 5.1 follow; a
more detailed discussion can be tound under the same
sub-headings in Chapter4.

Operating Conditions

The appropriate table for purnp selection is detarmined
by the anticipated maximum pumping lift. Figure 5.1
dlustrates how evaluation ot “pumping lift” should allow
for any drawdown which may occur as pumping
poceads. In assessing maximum pumping lift, the
Analyst must also take account of possible seasonal or
tonger term fluctuations in the water tabls (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 wall).

Though static water levels may be known, pumping
water levels will probably have to be estimated. Draw-
down can be calculated with reasonable accuracy if
aquiler permeabiliies 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 rarsly exceesd
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 10 the maximum litts for which manufacturers have
indicated that their pumps may be applicable,

As pumping lift increases. so doas the etort needed
to lift water to the surface. For some pumps, the oper-
ating force required sson reaches praciical limits and
such pumps cannot be considered for high lift appli-
cations. There are also pumps which will only provide a
refiable service when pumping refatively small amounis
of water each day.

The Analyst must consider the number of people to
be served from each handpump and the level of
consumption likely to result (including any potential for
small-plot irrigation, animal watering, eilc, 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 be lifted with acceptable
effort. Per capita consumption is also a critical factor
affecting the population to be served. By relating the

72

Figure 5.1 Drawdown and Pumping Lift

S ‘—\ Ground level
TR - . R I T
Pumping lifi
Suatic water level (SWE
R (seasonally variable)
—— ] /,’—-
Pumpeny waize bevel (PWL)

U Well depeh

I  _ E.'_hﬂ"‘d wndidtravson, if any)
_@ Onginab well deprh

Note: In an unconfined aquitar, the static water level in the well
{without pumnping) is the water level of the aquifer. After the
purnp has been used for some time, the water leveal in the well will
sink to the pumping (or dynamic) water level. The difterence
between the two Jevels depends mainly un the rate of pumping,
the lgnglh of time the pump has been used, and the permeability
of the aquiter (the rate at which the porous medium transmits
water). For precision, the pumping lift should be the distance
below the discharge level of the pump, but, for convenience, it is
usually aproximated as the distance betow the ground surface.

"Reliability” ratings (Column 5 of the selection tables) to
“maximum daily output®, the tables allow scope for other
demands in addition to domestic drinking water suppiy to
be taken into account, If a per capita consumption of 20
litersiday is assumed, the three output categories
correspond Lo the following number of users:

1.5m¥/d: equivalent to 75 users per pump
4.0m¥d: equivalent to 200 users per pump
8.0mYd: equivalent to 400 users per pump,

(allowances for uses such as irrigation purmnping or cattle
watering will influence the actual number of users). It
must be emphasized that the Project does not recom-
mend & daily output of 8m¥d as a design criterion, bec-
ause the pump would be operating for many hours each
day. resulting in a low level of service because of long
queue times and frequent treakdowns. Ratings have
baen included for the higher output, because the
demand for such installations is high., and because
analysis using these ratings can help to identify the
most durable pumps.




The amount of water which can be obiained from a
given handpump depends, -theoretically, ‘on three
tactors: the pumping itt; the mechanical efficiency of
the pump at that iift; and tha power input or degres of
effort applied by the pump user. in-mathematical
terms. the relationship is:

Discharge = Lift (meters) x 9.81

If powar and efficiency ramained constant, discharge
would decrease in proportion to increasing lift. This
doss not happen in practice, as, for most pumps,
mechanical efficiency improves with increasing
depih, and users typically apply more effort at higher
lifts

Figure 5.1A shows the range of discharge rates
which can be expected from a typical range of
pumps, as the pumping lift varies from 7 meters to 60
meters. "Adequate” discharge rates are based on
nomal power inputs ranging from about 50 watis at a

Box Figure 5.1A Variations in Pump
Discharge Rate with Pumping Lift

Dishagg. rate {m*the)
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Box5.1 The mbhs‘hllp between I-Iambﬁmp Discharge and Pumping Lift

lift of 7 meters and increasing to 75 watts at a lift of 45
melers or more. Adults will usually apply over 100
walts { and somatimas aver 150 waltts) at high iifts in
order 1o increase the discharge rate, A representative
range of mechanical efficiencies has been used —
from 45% at 7 meters to 70% at 45 meters. “Good™

{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 ha 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 pramium on the
speed with which they can fill their containers, and,
given the choice, will favor a pump giving the highgst
discharge, even though it may require more effort than
alternatives. The Project's assessment of a pump's
delivery rate at the spacified head is therelore a ruling
facior in the ralings given for discharge adequacy in
the Pump Selection Tables S.1 10 S.4.

The right hand axis of the graph in Box Figure
5.1A shows the discharge rates in cubic meters per ..
hour associated with the typical pump range, as
pumping lift varies. From this scale, it is simple to cal-
culate the number of pumping haurs per day needed to
achieve the daily output figure for each operating con-
dition. The curves are the basis of ratings assigned to
the pumps under the discharge rate houding.

For a 7 meter lift (Table S.1), pumps which cannot
achieve a pumping rate of 12 liters per minute are
deemed unacceptable. even though that implies that
the pumps could deliver the lowest rated daily output
of 1.5m%d in oniy 1.3 hours. This is a trua reflsction of
user choice. Given that most suction pumps and
direct action pumps can readily accomplish the requ-
ired ocutput, pumps with lower discharge rates witl be
rejecied by the users. For greater lifts, the number of
hours for which the pump may be expected to work to
deliver the specified daily oulput grows significantly. -
Thus a pump achleving the “adequate” discharge of 7
litsrs per minute at 45 metars head, would require a
total of 9.5 pumping hours to deiiver 4m?3.

Under the heading of discharge rete, the
Project has rated only capacity to achieve the spedi- -
fied delivery rate. This alone is not a judgment of the
pump's suitability for use under these conditions.
Subsequent evaluation of refiability may show that
high daily output would result in an unacceptably high
frequency of essential repairs.

Clearly, tne amount of water that a pump can deliver
in ang 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
belore selecting the appropriate table.

Having setected the maximum pumging lift, the

Analyst consults the table which most closely corres-
ponds to those operating condgitions.

Each table contains a list of the pumps tested by the
Project which, according to the manufacturer, should be
capable of achieving the specified puinping 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 prasenting individual pump information in
the Handpump Compendium.

Entries in each column of the Pump Selaction Tables
indicate the Project's assessment of the pump's suit-
ability under the specific heading. Three ratings ars 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 thatit has been judged adequate; and

— shows that it does not meet the minimum require-
mants.

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 alsc contains an explanation of
the assessments made by the Project staff.

Data Source

Column 2 of the Selection Tables -~ Data Source —
contains L' i 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 alse 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 varigs from pump to
pump. In those cases where no data was collected on a
particular pump under the specified operating candi-
tions, Project experiences have been extrapolated to
reach the rating indicated. In cases wherse 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 assignment
of some pump ratings, but the Project has concluded
that presentation of ils findings as "best-judgment”
ratings is more helpful than providing no advice at all.
Details of the scope of the tests carried out on individuat
pumps can ba tound in the Handoump Compancusm,

Analysts with experienca 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 experiency s 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 commaonly 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 Wit and is noted at the head of each
Pump Selection Table. The comparatively high discharge
rates deamed adequate tor lifts of 7 and 12 meters ref-
lact the clear evidence fram 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 Iift 15 greater than 25 meters, the discharge
rate ralings are based on one person operation, unless
the pump has been specitically designed for use by more
than one person.

Ratings in this column arg conlfined to the adequacy
of the pump design to achieve the specitied discharge
rate. They should not be interpreted alone as an
indication that use of the pump under these operating
conditions is advisable. That judgment czan only be made
after considering the “Relfability’ of the pump and its
ratings under the other headings in the table.

The discharge adequacy ratings should be inter-
preted as:

oo The stated discharge rate can be readily achieved
by typical users, and the pump's discharge ic “good”
as shown in Box Figure 5.1A,

6 The stated discharge rate is achievabls by typical
users, and the pump's discharge is *adequate” as
shown in Box Figure 5.1A.

— The pump cannot prodice the stated delivery rate,
or could only do so with very high power input.

Ease of Maintenance

Chapter 3 explains why village-lsvel managesment 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 nead tools, equipment
or skills which are not readily available in rural areas.
no VLOM pump is found to be suitable for the proposed
application, # may be nacessary to involve the pubfic
water authority in pump maintsnance, using district or
regional mobile teams.

The three columns under this heading are an indi-
cation of the serviceability of the pumps — i.@. the ease
with which they can be repaired ar 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-
tern A maintenance operates under village managerment
(Systam 1A in Chapter 3). Assistance may however be
required for catas‘rophic failure {e.g. dropped rising
main/rods/cylinder, clogged screen or infilled well).




8. Area-mechanic maintenance

A locally-based trained mechanic equipped with special
toots and a bicycle, moped. or other simple transpor-
tation. carries out the repair and maintenance of hand-
purps with tha assistance of villagers. 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
ouviside the villaps, except for training of the mechanics
and satting up of the system. It may be implemented in
the context of village-level management in which the
village has responsibility tor ensuring that maintenance
is fur *ed and carried out, though the mechanic may live
iocally outside the village (System 1B in Chapter 3). In
some cases. possibly as part of a transition from
centralized maintenance to village-level maintenance,
arga mechanics may be under the responsibility of a
water authority or other agency outside the villags
(System 2A in Chapter 3).

C. Centralized maintenance

A team oi 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
operating casts are significantly higher than for System
A or System B, and a well-organized institutional struc-
lure 1s needed. The community has no involvemnant; all
control is in the hands of the central agency (System 2B
in Chapter 3).

It is imponant Yo recognize that, white any pump
which can be satisfactorily maintained under System A
or 8 can clearly also be maintained under System C. the
high costs of transporting a centralized team fo carry out
simple repars is unlikely to be the best solution. The
Project recommends strongly that all promoters of hand-
pump projects consider the possibility of estabiishing
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 managemant structure. Pumps ratad as suitable for
maintenance under System B can be very economically
sustained in operalion under the management of 3
Viliage Water Committes, which would coniract external
mechanics tor major repairs.

The Analyst should select from the three categories,
the maintenance system which best suits the combi-
nationt of cost and institutional commitments thought to
be desirable for the project or program concerned.

The ratings in columns 4A. B and C indicale 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;

06 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 bearings) 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 pars should not
excead 10% of the cost of the pump under the
specified operating conditions.

@ The pump can be maintained using this maintenance
systemn, 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 {ie. B and C res-
pectively).

-- |t is unkkaly that the pump can be maintained
satisfactarily under this maintenance system.

Reliability

In assessing ihe reliability of a handpump, the criiical
consideration is the amount of time that it can be
expected to be funciioning satisfactorily. As Box 5.2
overleaf demonstrates, it is nat just the length of time
betore 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 dowridime into a
single rating, the Project has established criteria linked
1o the type of maintenance system judged most suitable
ior 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
concernad. So, in Table S.1, for example, the Column 4
ratings would mean that Pump 1 (Abi-ASM) is judged on
the basis of Maintenance Systemn 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 theretore retated to the intensity
of pump use. In the tables. Reliability ratings are giver:
for different daily outputs which may be applicable for
each of the pumping lifts. So, in Table 5.1, ratings are
given for daily outpuis of 1.5, 4.0, and £.0mYd.

Interpretation of {he ratings is:

oo Ouiput should be sustained for at least 6 months
between necessary repair of maintenance inter-
ventions where Maintenance System A is maost
appropriate; for at least 12 months under
Maintenance System B; or for at feast 24 months it
Maintenange System C is necessary.

o Qutput should be sustained for at least 3 months
between necessary repair or maintenance inter-
ventions where Maintenance System A is most
appropriate; for 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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" Box 5.2 Definitions of Retlability

Tatal ime {months) o 12

Pump A
MTBF = 18 months

24

Regpair time = 2 months

Reliebifity” = $0%

Pump B
MTEF = 8 months
Repair time = 1 week

—

A | I |

Retlebitity® = 97% | 1

* Reliabiity Functlomng time [

1 Pump tunctianing [} Pump broken down

Total elapsed time

The ‘rellablilty of mechanical equipment is
commonly measured in terms of the “mean time
before failure” (MTBF). Thus, Pump A which has a
MTBF of 18 months would be judged to bs more
“retiable” than Pump B for which the MTBF is 8
months.

in community water supplies howaver, MTBF is
rarely the most imporiant indicator of reliability. The
mean down time — le. the average period for
which the pump is out of service when it does break
down is at least as significant as the MTBF. So, in the
example above, if Pump “A" needs a mabile team to
camry out repairs, and stands idle for an average of
two months each time it breaks down, pump users will
not regard it as more reliable than Pump “B" which can
be put right in one week, by an area mechanic.

A better indicator, adopted as a definition of
Reliability for the Project, is what the mechanical
engineering profession terms “Availability’” — Le. the
probability that equipment will be in operating condi-
tion on any one day, calculated as the operating time
as a percentage of total time. On this basis, Pump “B”
Fias a higher reliability (97%) than Pump “A" {90%%).

allowed for the pump to earn 200 rating.

in rating handpumps under the heading of
Retiability, 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
Compeandium), or from the laboratory results if no field
data is available. However, in the field trials and
laboratory tesls, pump downiime was kept to a mini-
mum, as the ropairs 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 satisfactorlly maintained by a
village caretaker, for exampla, two or less broak-
downs per year (MTBF at least 6 months) eam a
“good” (0Q) rating, whereas a pump requiring the
services of a mobile team should break down only
once in two years (MTBF at least 24 months) o
achieve the same rating. i area-mechanic main-
tenance is the most appropriate, one breakdown per
yoar {MTBF at least 12 months) is the maximum

In giving comparable reliability assessments for
each maintenance system, the ratings imply that down-
time is twice as long if an 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.

Analysis should note that the repair frequencies
specified in thase ratings apply specifically to the first 1-
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
abrasior, which are covered by the following ratings.

Corrosion Resistance

Ratings in this column will be relevant in situations where

76

the groundwater is aggressive. For a full discussion of
corrosion of handpump components, see Box 4.3 in
Chapter 4, if expert interpretation of water qualily data
leads the Analyst to conclude that corrosion is not a
threat, then the pump ratings for corrosion resistance
will not nead to be considered. However, it should be
noted that the Projec! has encountered aggressive
groundwater and associated corrosion problems far
more frequently than was anticipated.

In assessing pumps under this heading, attention
has focussed mainlty 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 corrasion resistance, so that low-rated pumps




may function satisfactorily under aggressive ground-
water conditions if alternative materials are chosen.
Interpretation of the ratings is:

00 Al downhole componenis are manufactured from
non-cofroding materials (e.g. stainless stesl rods;
plastic rising mains; rubber, brass, stainless stesl or
plastic cylinder) and no material combinations will
generally induce galvanic action. The pumphead has
proved resistant to corrosion damage.

© Most downhole components are corresion resistant,
but soma small, inexpensive and easily replaced
components may corrode. This raling may also be
given to pumps which hava suffered corrosion
damage only of the pumphead. Such pumps are not
recammended for use in highly corrgsive ground-
water.

— Downhgle components and/or pumphead are suscep-
tible to corrosion (e.g. mild stesl 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 ensuras that sand cannot enter the
pumping elements. However, many handpumps ope-
rating at moderate or high daily outputs sutfer frequent
breakdowns because of sand ingress. In thase circumn-
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:

oo The pump design minimizes the damage from
abrasion (e.g. rubber seals and valves, siainless
etand -";-'“-—-_..‘:._, --i.n.n: :uéa P;I-ll ig':iu';-,l, or deﬁlgﬁﬁ Wlih'
aut plungers}.

o Abrasion resistance is adequate, but some key
components such as valves and seals will need
reqular réplacement. The pumg may be suitable for
trace sand pumping.

— Regular failure of key components is likely at
moderate or high daily eutputs (> 4m¥d). The pump
cannot be recomniended for use under such oper-
ating conditions where sand ingress is probable.

Note that only one rating is given, regardiess 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 {1.5tod4md}, 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 therefare remain the same& in each
seiection 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 manutacture 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 Iindusirial base. Manufacturing industry is
operating on a small scale, with only basic manu-
facturing processes available. Skill levels are generally
low. Material availabilty is restricted and depends al-
mast entirely on imports. Mass production is fimited. No
formal quality control procedures are in use. Many lower
income African countries are examples of this type of
industrial base.

2. Moderately developed industrisl  base.
Manufacturing indusiry 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, toundries, etc. Limited
quality control is employed. Some better off Atrican coun-
tries and many Asian and Latin American gountries are
examples of a moderately developed industrial base,

3. Well deveioped Industriai base. Al 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 manutacturing 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
column1,20r3.

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:

0o The pump can be manufaciured to a consistently
high quality in a country with the specitied lavel of
industrial development {1, 2 or 3).

o |t should be possible to manufaciure the pump in the
country, with some external technical assistance to
ensure satistactory quality contrgl, and with impor-
tation of some special maternals or components.

— Local manufacture of acceptable quality is likely to
be impossible to sustain.

Fuller details of the manufacturing needs for indivi-
dual pumps can be fouad 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 prograrn under analysis.
The selection procedure is to trace each ksted pump

fram left to right across the appropriate Table, cheching
the rating in each column that the Analyst has judged to
be relevant. it an unsatistactory 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 columin.

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.




PUMP SELECTION TABLES

The ratings in the following tables represent the “best judgment” of the
Project staff. They are based in farge 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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THE RATINGS .~ ™.

Ratings in the Pump Selection Tables are based on evaluation of pump
performance in the laboratory and field trials. Three ratings are used:
oo = Good

o = Adequale
— = Does nol meet minimum requirements
A more detailed interpretation of the ratings for specitic headings can be
found in the earlier pan of this Chapier.

Column1 — Pump Name

The pumps are listed alphabetically in four sections, according to the
maximura pumping kft recommended by the manulacturer. The relerence
number which precedes each pump name indicates the order ol the
pumps in the Handpump Compendium.

olumn 2 — Data Source :

L = Thepumphasbeen tested in the laboratory
F = Thepump has had aminimum of 2 years' figld trials
{F} = The pump has had limited ligld trials

plumn 3 —-Dlschare Rﬁle N

The discharge rate deemed “adequate” for each pumping lift is nofed at
the top of the appropriate 1able. The rate reduces as depth increases,
for the reasons explained in Box 5.1. Some deepwell pumps thus
achieve lower ratings ter low-lift applications, where users will opt for
pumps giving greater discharges. A special note is made where a pump
s avalable with a range of cylinder sizes or adjusiable siroke length, 10
suit difiergnt depths.

Ease of Maintenance

Ratings indicate tha ease with which mainienance can be carried out by:

A — Avilage caretaker
B — Anareamechanic
C — Amobile maintenance leam

olumn 5 - Reliability - '

Rehatrlity ratings are an indication of the proporhon of the time that the
pump 15 hkely to be Junctioning propaerly. Separate ratngs are given far
diterent daily outputs. The ratings combine jJudgments of the "mean time
before failure™ {MTBF) and the probable “downtime” when the pump is

NOTES ON TABLES

The notes relaie io pumps with the same reference number — i.8. Nole
14 refers fo Pump 14, the Maldev. In the tebles, ralings to which the note

refers are hightighted | 0 |
Note 1. The oo corrosign rating for the Abi-ASM 15 based on current
modeis. Earlier modals did suffer from corrosion.

Note 2. The o corrosion rating for the Aindev is based on the use of
stainless steet pumprods. pliered as an option.

Mote 7. The Duba Tropic 7 is 1 high-discharge pump designed for two-
person operation.

Notes 9 and 10. The Ingia Mark Il uses a gravity return on the
plunger, and requires a minimum cylinder settng of 24 meters {one
manufacturer offers a fixed-fink system far shailower sethngs).
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waiting to be repaireg. They thus take account of the fact that pumps
which are suitable for village maintenance and can be repaired quickly
may be more “reliatle” than those which require more complex
maintenance, even it the latter break down less frequently.

Column 6 — Cérrosion Resistance -

Raftings are based primarily on the materials of the downhole compo-
nents. Galvanized stesl pumprods and rising mains are not corresion
resistant in aggressive water and earna — rating.

Column 7 '— Abrasion Resistance

Ratngs indicate the pump's capabilly to pump sand-laden waler,
Pertormance in Jaboratory and field trials is combined with assessment
of the seal and valve lypes. For non-suction pumps, ieather cupsea's
are raled — . though the extent of abrasion damage will be related to
the daily output of the pump. Analysts may therefore accept lower rated
pumps tor light duty applications.

Column 8 — Manufacturing Needs

Ratings indicate the ease with which a pump couid be manutaciured in a
developng country with the specified ievel ot industrial development.

1 — Lowindustrial basa. limited quality conirol

2 — Medium-levelindustry, no special processes

3 — Advancedindustry, good quaiity control

Column 9 — Short List L

The Analyst develops a short list by entering a check mark against
those pumps meeling his setection cntena

Analysts shouid obtain current prices for short-listed pumps.
Column 11— Remarks

Special fealures of ndividual pumps are noted in this column.
Amplihcation of the nales is given below. ’

Amplitication of the ratings for ndividual pups
woeene ... GBI D found Jny the. Handpump Cotmpandlarm

Note 14, The Maldev is a pumgphead only. All ratings are based on the
use of conventional downhole components.

Note 16. Reliability ratings for the Monolit are based on pumps with
metal gears. Plastic gears were less reliable.

Note 21. The oo corrosion rating for the Vergnet is based on current
models. Earlier models did suffer from corrosion.

Note 23. The oo discharge raling for the Volanta takes accouni of the
pump's adjusiable stroke length. Present designs require a minimum well
diameter of 110mm. _ )
Note 30. Downhole components of the Kangaroo are cofrosion resis-
tant. The o rating 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.




Table S.1

Maximum pumping lift — 7 meters
“Adequate” discharge rate — 19 liters/minute

Data |Discharge| maintenance | ior (misd, Corr.| Abr. Short | Price
Pump name source |  fale A B|C |15 4|8 |res|res. | 1 2| 3 fist | (LSS} Remarks
HIGH L:FT PUMPS (0-45 meters}
1 Ab-ASM L A —_ — |00 |00 (w0 |oi— g0 | 0 | —| o0 | o SeelMNotet |
2 Afridev {F) o o0 |00 |00 | 00 |00 D O o |lo o0 | 0o See Note 2
3 AID Deriv. Deepwell L F o — oo |00 00 [0 ]| — ]| = | — | — | 00| 0O
—4 Bestohell L -] — 100 |00 | 00 |9 (— | O | &0 [ 0 | 0D QO
5 Chmax L oo’ — . — |90 | 00 |00, 0 | — | — ; — = | 90
6 Dragon2 L (] —loo oo |00 |O | —| — | — | — o | a0
.7 _DubaTrepic?7 F oot — o oo 0o |0 |—| —|—l—=) «— ]| 00 See Note 7
B CGSW L{Fl o — oo lop oo |oolg | ||| o 00
_.9 IniaMarkli (standard, | L. F o — |00 |00 | 00 |00 =]l=]l—1] o |00 See Note @ |
10 India Mark H (rmodified) | {F} (1) — |00 |00 |00 |OQlOO| — ! D | — | © | QO See Note 10
_t1_ Jetmatic Deepwell L ) — 100 |00 | OO |00 | O | — | = | — o | 00
12 Kamfa L {F} 1] — o0 o 00 |l0o0|o (g0 ! 0 | — o | oo
13 Koral L F 90" — 100 (00 | 00 Q0.0 @ o | — |— . 00| Q0
14 Maldev L F ag* e |00 |C0 | 00 10010 | — | —— | O | 00! OO See Note 14 |
15 Monarch P3 L_F og” — loo (00 [ 00 |00 0 | — | e | e o | oo
16 Monolift L {F} - — | —|op |00 '00io i — |00 | —! — | 0o See Note 16
17 Moyno L F —_ — i —|og |0 {00j0 | — {OQ | — | — | @
18 Nira AF84 L [ — |oo jvo |00 j00|0 (00 | O | — | O | o0
19 Philippines Deepset 1 (F) o 00 ;o0 | 00 |10 |— | — | — | o | oo ao
20_SWNap& s F ot — {00 |oo | o0 00|00 | 00 |00 | — | 00 | OO
21_ Vergnet L F - o oo (oo |00 jo0j0 |00 | O [~ | ©6 | O See Note 2t |
22 VEWAIB L o — 0 |00 |00 |0 |— | 00 | = | —| — | @
23 Volanta L F 00 © 00 (00| 00D 00|00 00 (OO ;0 | O | QO See Note 23
INTERMEDIATE LIFT PUMPS (0-25 meters)
24 Consallen i D6 L_F ont — |00 |00 | 90 |90 o0 | O o ) 00
25 DMRA (Dermpster deriv.) F oo* — |60 (00 | 00 | O j=| == | - 00| o0
26_Nira AF76 L F| oo 00 |00 | 0O | @ — | o |— |00 o0
LOW LIFT PUMPS {0-12 meters)
27 Bae i F -] o0 |09 g0 | 00 | @ ¢ |9 | 00 00 —_—
28 Efhiopia BP50 L 00 0 oo (00|00 !0 — | ol ool 00 7m max. lift |
_28 10RC-UM L o0 o lco (00| 00 O — | o [ oo oo
L_F 90 — oo oo | 00 | © ¢ | — | 0 | 00 See Note 30
J ...El_ 00 |lo 18060 | o |=— ¢ o6 | oo oo Tm max. lift |
3 L .F 900 100 100 100 | 00 |00 ejeleejo0e | | —]
) b LFL oc ot | 00 |0 —.|le|ee o0 | ..
SUCTION PUMPS (0-7 meters)
_34 AIDSuction _ ; F | oo O 0D ;00| OO | O [=— | — | O a0 | ao
35 _Bandung L o0 00 !00 o0 (00 |o0l0 | @ | 0 {— | 00! 00
36 Inalsa Suction F (<] @ o0 |09 00 | Q0 |— | — | — | — ! 00| Q9 -
37 _Jelmatic Suction (F} 1) o |vojoolon io|—]| o D | — ! o0 oo
3B Lucky F aa 0 |oo oo | o0 |—|—1 — | 0| — 100 00
_39 NewNo.6 L _[F} o0 o0 |oo |0 [ o0 | O |— | — |00 | — | 0O | OO
.40 Rower ___ L i) o0 o0 !op lop ! 0o ‘oolo |l o 0 lool ool op See Note 40
41 SYB-190 USRI S - © (00 ;00001000 0 |00 — i 00| QO
42 Wasp - F a0 o loofoo o0l o0i—| — |0 | —!oo]| oo
ADDITIONAL PUMPS :
l |
A1 IR I O S A
A3 . L T P
Ad i R :

* Indicates that discharge ratings are based on chaice of the correct cylinder size fram a range offered by the manufacturer.
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“THE RATINGS

Ratings m the Pump Selection Tables are based on evaluation of pump
performanca n the laboratory and leld tnals. Three ratings are used:

Good

Adequate

Does not meet murimyum requrements

A more detaled interpretation of the ratings for specific headings can be
tound in the earlier part of th:is Chapter.

oo
o

The pumps are hsted alphabetcally in four sections. according 10 the
maximum pumping lift recommended by the manufacturer. The reference
number which precedes each purmp name indicates the order of the
pumps in the Handpump Cormpenchum.

olumn 2 — Data Source

The pump has been tested in the laboratory
The pump has had a mimmum of 2 years” field tnals
Ther pump has had imited fieks trials

[T

mnmr

}

il

{

H

olumn 3 — Dischar'e'Raie -

The discharge rate deemed “adequate” for gach pumping lifi is noted at
the top of the appropnale table. The rate reduces as depth increases.
tor the reasans explained in Box 5.1. Some deepwell pumps thus
achieve lower ratings tor low-dt apphcanons. where users will opt tor
pumps gwing greater discharges. A special note is made wherg a pump
is avanlable with a range of cylinder sizes or adjustabie siroke length, ta
Suit iferent depths.

olumn 4 — Ease of Maintenance

Ratngs indicate the ease with which maintenance can be carned out Dy

A — Avillage carelaners
B — Anareamechanc
C — Amobile maintenance team

Column 5 — Reliability

Belabiity ratngs are an sndication of the proportion ot the hme that the
purnp 15 kkely t0 be tunctioning properly. Separale ratings are givan for
difterent daily outputs The ratings combine judgments of the "mean time
befgre talure™ iIMTBF) and the nrobable “downtme” when the pumg is

waibing to be ropaired. They thus take account of the fact that pumps
which are suitable for village maintenance and can be repaired quickly
may be mare -“reliable” than those which requite more complex
mainienance, aven if the latter break down less frequently.

Column 6§ — Corrosion Resistarice

Ratngs are based primarly on the materials of the downhole compo-
nents. Galvanized stesl pumprods and rising mains are nol corrosion
resistantin aggressive water and earm a — rating.

olumn 7 — -Abrasion Resistance .

Ratings indicate the pump's capabibty to pump sand-laden water.

Doamarmmamoes im lobmroism; oemed fold triale (s cmmabeeomd sl some s s e )
oA nag iri vauuiaiuly anw ol Ngils 1 LyRtniedg Wikl abaooooaliianil
of the seal and valve types. Leather cupseals are rated — , though the

extent of abrasion damage will be related 10 the daily oulput of the pump.

Analysts may therelore accept lower rated pumps tor light duty |

applications.

olumn 8 — Manufacturing Needs -

Ratings indicate the ease with which a pump could be manufaciured in a
deveioping country with the specified level of industiial development.

1 — Lowindustrial base. limited guality control

2 — Medium-level ndusiry, no special processes

3 — Advancedindustry. good gualily conirol

e —

The Analyst develops a shon bst by entenng a check mark aganst
those pumps meeling his selection critena.

Analysts should obtain current pnces for short-listed pumps.

olumh 11 — Remarks

Special feajures of individual pumps are noted in this column,
Amplification of the notes is given below.

~ Amplification of the ‘ra.llng's'fb_r_'-'md{yid_uai pumps
. - ¢an be found-in the Handpump Compendium.© -

. NOTES ON TABLES "~

The notes refale 1o pumps will fhe same reference number —- i.e. Nore
14 refers 1o Fump 14. the Mafdev. In the fables. ratings fo which the note
reters are hvghhghted | " oj
Note 1. The go corosion rating for the Abi-ASM is based on current
models Earlier modeis did suffer from corrosion.

Mote 2. The o corroswon ratng tor the Afndev 15 based on the use of
staniess steel pumprods. offered as an ophion,

Note 7. The Duba Trapie 7 1s a high-discharge pumg designed far two-
person operahorn.

Notes 9 and 10. The Incia Mark Il uses a gravity return on the
plunger. and requres a rmimmum cylinder setting of 24 meters (one
manutacturer ofters a fixed-hnk system lor shallower sethngs).
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Note 14. The Maldev is a pumphead only. All ratings are based on the
use of conventionat downhele components.

Nate 16. Refiability ratings for the Monolifi are based on pumps with
metal gears. Plastic gzars were less reliable.

Mote 2t. The oo corrosion rating for the Vergnet (s based on current
madels Earlier m<gels did sutfer from corrosion.

Note 23. The oo discharge rating for the Volanta takes account of the
purmp’'s adjustable stroke length. Present designs require a mimmum well
diameter of 110mm.

Note 30. Dowrhole components of ihe Kangaroo are Corrosion resis-
tant. The o rating refates 1o the pedai raturm spnng.




Table S.2

Maximum pumping lit — 12 meters
“Adequate” discharge rate — 16 liters/minute

Data n Shont | Price
Pump name Sourcy list | (USS) Remarks

HIGH LIFT PUMPS (0-45 maters)
| 1 Abi-ASM L (). o 00 o0 | — o 0o See Note 1__ |

| 2 Afndev | 1A oo o0 0o o o Q0 | 00 See Note2 |

3 a0 Dariv. Deepwell L F 00 00 00 — ot 0o | 0o
|4 Besfobell L ] a0 | | 00 | - o_| o0 | 00
| _§_Climax L oot = 00 ] = -=| 00
{6 Omgon2 . _ 1L L | 00_| o0 o - o | o0

?_DubaTropic 7 F ao* -] oo — _— —| oo Seo Note 7
8 Gaw .. L L A Y og 00 | 9 o 1
L 8 ML&IM@ L_F o 0o | | O | e 0 | o0

10 _ India Mark It imodified) i . (F) o oo _| 00 (] o o _ o0 See Note 10
11 Jfetmatic Deepwell L 0 o0 o0 ] -— 0 | 00

12 Kardia ) o o0 o0 o o o | DO
13 Kot . . L F op" DO 0 ] — a0 | 0o
14 _Maldev . i L F_ | 00 | o0 (oo ) |00 | SegNote 14 |
35 MaonarchP3 L L F L 00 L] - o | oo _
L 16 Manoblt - L {F}] | = a0 9 Ul — | .00 See Note 16
17 Moyno L FI = 00 o 00 -1 e |
| 18 NraAFBa L | oo (]} o L 9 | 00 S
|19 _Phlllppmes Deepsel i {F} o0 Do o - 0o 00 |

| 20 SWNB0&ST ; F 00 | oo oo 00 Q0 ! oo o

| 21 Vemoet, . : L _F Qo ! oo ) e l—i ot 0| _ See Note 21
22 VEWAls o |00 ] oo — —]=}=]0 L.
23 Volamia | 0,100} 00 {og oo o0 .0} oo eenf.SeaNote 23 |

|

INTERMEDIATE LiFT PUMPS {0-25 meters) i

| 24 CnnsailenLDG ‘ L F: o ! oo | D

25 DMR Dempsterdenv), — F. 00'  — 4 ¢ | oo I
25 MNrghF?6 L F. 00 | — 00 | 00 _

. [

LOW LIFT PUMPS {0-12 meters)
- ' P vk e e o g —— e e ]
| 27 Blar oy [ SR - 0a
28 EthiopiaBPSO L... e L Tm max, it
229 10AC.uM Lo - o0
.30 Kangaroo . i L F o el See Nota 30 |
[ 31 Malawi Mark V : F | Immax. Hft
132 NwaAFss LLOF, ) e .

B Ta CUF | 00 - , R

|

ADOITIONAL PUMPS 1 :
T . 3 .. {. R S
_&1. . _ e e - _ o

1 :

Indicates that discharge rabings are based on chaice of the correct cylinder size from a range oftered by the manufacturer.
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* THE RATINGS

Ratings in the Pump Selection Tables are based on evaluation of pump
pertarmance in the laboratory and field trials. Three ratings are used:
oo = Good
o = Adequate
— = Does notmeet minimum requirements
A more detailed interpretation of the ratings for specific headings can bs
found in the earlier part ot this Chapter.

clumn 1 — Pump Name

The pumps are #isted alphabeticaily in four sections, according to the
maximum punping lift recommended by the manufacturer. The reference
number which precedes each pump name indicates the order ot the
pumps n the Handpump Compendium.

olumn 2 — Data Source

L
F
(F)

The pump has been lestad in the laboratory
The pump has had a minimum of 2 years' lield tnals
The pump has had limited fisld trials

H

13

L}

olumn 3 — Discharge Rate -

The discharge rate deemed ~adequate” for each pumping Iift is noted at
the top of the appropnale table. The rate reduces as depth increases.
tor the reasons expiained in Box 5.1, Some deepwell pumps thus
achiave lower ratings for fow-it applications, where usars will opt lar
pumps gwing greater discharges. A special note is made where a pump
15 avaiabte with a range of cylinder sizes or adjusiable stroke length, to
suit ditterent depths.

olumn 4 . — Ease of Maintenance

Raungs indicate the ease with which maintenance can be carried aut by:

A — Awvllage caretaker
B — Anarea mechanic
C — Amobile mantenance team

Calumn 5 — Reliabllity -

Retabibity ratngs are an indication of the proportion of the tme 1hal the
pumg s hkely ta be funchomng properly. Separate ratings are given for
ditterent daily outputs The ratings combine judgments of the “mean time
betore fallure” (MTBF) and the probable “downtime™ when the pump is

wailing lo be repaired. They thus take account of the fact that pump
which are suitable for vilage mainteriance and can be repaired quickl
may be more “rcliable” iban inose which require more comple
maintenance. even if the latter break down less frequently.

Colufin 6 — Corrosion Resistance.-

Aatings are based orimarily an the materials of the downhole compe
nents. Galvanized steel pumprods and rising maing are not corosio
resistant in aggressive watar and ¢arn a — raling.

Column 7 - ‘Ahrasion Resistance

Aatings indicate the pump's capability to pump sand-laden wates
Performance in laboraiory and field trials is combined with assessmer
ol the seal and valve types. Leather cupseals are rated — |, though th.
extant of abrasion damage wili be reiated to the daily culput of the pumg
Analysis may therefore accept lower rated pumps lor light dut
applications.

Column 8. — - Manufacturing Needs

RAatings indicate the aase with which a pump could be manutaciured in .
developing couniry with the specitied level of industrial development,

1 -~ Lowindustrial base, lirnited quality control

2 — Medium-level industry, no special processes

3 — Advanced industry, good quality control

Column 9 — Short List

The Analysi develops a short list by entering a check mark agains
those pumps meeting his selection criteria.

Analysts shouid obtain current prices for shor-hsted pumps.,

Column 1+ — Remarks . .

Special tealures of individual pumps are noted in this columf
Amplification of tha noles is given below.

Amplifléation of the ratings for individual pumps
~ tan be found In the Handpump Compendium

NOTES ON.TABLES

The notes relate to pumps with the same reference number — i.e. Nole
14 refers o Pump 14. the Maidev. In the tabies. ratings to which the note
retersare highighted  © 6

MHote 1. The oo corrosion rating for the Abi-ASM is based on current
madets. Earker modals did suffer from corrosion,

Note 2. The o corrosion rating for the Aindev is based on the use of
staintess steal pumprods. offered as an aption

Kote 7. The Duba Tropic 7 is a high-discharge pumg desigred lor Two-

persan operation,

Note 14. The Maldev is a pumphead only. All ratings are based on th
use of canventional downhole compongnts.

MNote 16. Reliability ratings for the Monolitt are based on pumps wit
metal gears. Plastic gears were less refiable.

Note 21. Tre oo corrasion rating for tne Vergnet is based on currer
models. Earker mogels did suHer irom carrosion.

Note 23. ‘ihe oo discharge rating tor the Volanta takes account of th
pump's adjustable stroke length. Present designs require a mimmum we
diarnater of 7 10mm.




Table S.3

Pumpname

Data
sounce

Reliability

Maximum pumping lift — 25 meters
“Adequate” discharge rate -— 10 liters/minute

Shert

8§
g

fist | (US$)

Remarks

HIGH LIFT PUMPS (0-45 meters)

1__Abi-ASM

L_{F)

See Note 1

2 _Afvidev

L1}

See Note 2

3_ AID Dedv. Deepwell

F

4 Bestoboll

| S Climax

| _6_Dragon2

L
L
L.
L

7 DybaTropic?

See Note 7

i}

|9 _Indig Mark 1 (standar
10 _ India Mark It imodified)

||

11 _ Jetmatic Deepwell

12 Kamja

| 13 Kol ]
14 Maidev

| 15 Monarch P3‘ S

FAgIEE el e

_See Note 14 |

6 Monolft

See Note 18

17 _Moyno

| 18 _Nira AFB4

19 _ Philippines Deepset

20 SWNB0& 81

%s=oosaks=seaaeanoso

| 21 _Vergnet

_SeoNote 21 |

| 22 VEWA18

(23 Volamta

lel@[tle@@ik|lilleltelfijililip|liell

oll (b b [e e gqifiigq

3i Bojoell !°I°'°8°8<°=°=°I|°°38

SosauSSSPknolgmnolbLISO

il il ettt kil fed|tliitell|lel

8|83818ll

°|°83°5|°hP°°P°°l°I§38°
2lolo[2i3ieloj3[8B/s[s B B 38 B3 (3]

o[||ol!|!JoI|||IIIIInI=I

See Note 23

| 24_ConsakenLD§

| 25 DMR (Dempster denv.) |

gg,;

(B

|26 NraAF76

ADDITIONAL PUMPS

f
i
1
i

*

388

o0 8

i@

Fil
g8l
3818

* inchicates that discharge ratings aie based on choice of the correct cytinder size from a range offered by the manulacturer,
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THE RATINGS o

Ratings in the Pump Selection Tables are based on evafuation of pump
performance n the laboratory and field trials. Three ratings are used:
ot Good
o Adequale
— Does not meet minimum requirements
A maore detailed interpretation of the ratings for specific headings can be
founc m the eariier pan of this Chapter.,

olumn 1 — Pump Name o

The pumps are listed alphabetically in four sections. according to the
maximum pumping lift recommended by the manufacturer, The reference
number which precedes zach pump name indicates the order of the
pumps in the Handpump Compendium.

olumn 2 — Data Sou;'f:e”

L = Thepump har daentestedin tha laboratory
F = The pump has had a minimum of 2 years’ figld trials
" =

The pump has had limited tigld trials

olumn 3 — Discharge Rate*

The discharge rate deemed “adequate” lor each purnping lift is noted at
the top of the appropriate table. The rate reduces as depth increases,
for the reasons explained in Box 5.1. Some deepwell pumps thus
achieve fower ratings for low-hft apphcations. where users wilt apt tar
pumps giving greater discharges. A special nole is made where a pump
15 availlable with a range of cylinder sizes or adjustable stroke lengtn. to
suit difterent depths.

olumn 4 — Ease df Maintenance

Ratings indicale the ease with which mainienance can be carried out by:
A — Avillage carelaker
8 — Anareamechanic
C - Amobilemaintengnne tosm

alumn 5 -— Reliability - - )

Reuability ratings are an indicabon ot the proporion of the tme 1hat the
pump is likely to be funchioming properly. Separate raungs are given for
diterant daily outputs. The ratings combine judgments of the “mean hme
betose tailure” (MTEBF) and the probable “downtime”™ whern the pump s

waiting to be repaired. They thus take account of the fact that pump:
which are suitable for village maintenance and can be repaired quickly
may be more ‘reliable” than those which reguire more compley
maintenance, even if the latter break down less frequently.

Calumn 6 — Corrosion Resistance

Ratings are based primarily on the materials of the downhole compo
nents. Galvanized steel pumprods and rising mains are not corrosior
rasistant in aggressive water and earn a — rating.

Column 7 — Abrasion Resistance

Ratings indicate the pump's capabilily to pump sand-laden water
Pertarmance in laboratory and fieid trials is combined with assessmen
of the seal and valve types. Leather cupseals are rated — , though the
extent of abrasion damage will be related to the daily output of the pump
Analysts may therelore accept lower rated pumps for hght duly
applications.

Column 8 ~ Manufacturing Needs

Ratings indicate the ease with which a pump could be manulactured in ¢
developing country with the specified levet of industrial development.

1 — Lowindustrial base, limited quality contral

2 — Medium-level ndustry, no special processes

3 - Advanced industry, good quality contral

Column 8 — Short List : '

The Analyst develops a snort list by entering a check mark agains
those pumps meeting his selaction criteria,

Column 10 — Capital Cost '

Anaiysts shoutd obtam current prices for short-listed pumps.

Special teatures of ndwidval pumps are noted in this column
Amplitication of the notes is given below.

NOTES ON TABLES

The notes refaie io pumps wiih the same relerence number — ie. Note
14 rgfers to Fump 14, the Maidev. In the tables. raings to which the nole

refers are tughtighted e

MNote 1. The 0o corrosion rating for the Ap-AS!1 s based on current
models Earler models did sutfer from corrosion.

Note 2. The o carrosion rafing for the Alridev 1s Dased on the use of
stanless steel pumprods, oflered as an aphon.

Note 7. The Dubz Tropic 7 15 a high-discharge pump designed for two-
person operahgn
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Note 12, The manufacturer recommends a maximum depih of 4«
meters tor the Kardia

Note 14. The Maldev is a pumphead only. All ratings are based on the
use of conventional downhole compgonents.

Note 16. Reliabilty ratings for the Monolif are based on pumps will
metal gears. Plastic gears were less reliable. A 2:1 gear ratio is supplie
for deepwell applications.

Note 21, The oo corosion rating for the Vergnet is based on curren
models. Earlier mogdels did suller trom corrosion.

Note 23. The oo discharge rating for the Voianta 1akes account of the
pump's adjustah'e stroke length Preseni designs reguire a mirimum we
diameterof 11012 n.




Table S.4

Maximum pumping lit — 45 meters

“Adequate” discharge rate — 7 liters/minute

Easeof Reliabifity Manulacluning
Data Discharge | _mainfenance for (m3/d) Corr.| Abyr. Shont | Price
Pump name source | rae AL B |C 4 res. | res. | 1 2| 3 list | (US$) Remarks
MIGH LIFT PUMPS (0-35 melors)
1 _Abi-ASM L _{F) -] — |00 | oo - oo —| o| o See Note 1
2 _Afridev £ oo oo _| oo | 00 o o | o o | oo o0 See Note 2
3 _AID Deriv. Deapwell L F ] -— | o }oo — — | am | | o0l oo
4 Bestoball L o -—_0] - g |l o o ! o0l Q0
5 Climgx L oo" —_—— 00 [} —_— | =] ] —=]00
6 Dragon2 L o — |l o oo — — o o | oo
| 7 DubaTropic 7 F oo* — | o |00 — —_— =] =] =]00 Set Naote 7
B GSW L {F} o0* — L O 0D — -4 = 0 ;00
|3 IndigMarkliistandard) i L. F |00 — 0 |90 — —y m | 2 o {op
10_ Incka Mark {i {modified) {F) o0 - | 00 | 0O o — | 0 {=! 0] oo
fL11 _Jetmanc Doepwell L oo -~ | 0o oo — — | =1= o _| oo
12 Kardia L P o0 — |o oo - o0 | 0 | — ! o | oo See Note 12
| 13 Korat L _F 00" | — | o laqo — = | = | Q0! 00
14 Maldov L F| o6 |- |0 [o0 — —j =10 00] [ See Note 14 |
15 MonarchP3 L F ou* - | 0 |eo — —_l—|—= | o |oo
16 Monolift L {R (-] — | =~ | oo o — 190 | — | — | 0O Sea Naote 16
t 17 Moyno L F ¢ |— | — (o0 o — oo =1 —1al_
18 NMira AF84 L o — (0 |00 o o0 | 0 | — o | DO
19_ Philippines Deepset (F) oo |— o loo —_ — | —|o | oo oo
20 SWNED &S F oo —_ | 0 |00 — e |0 ! — | oo OO
21 W L F o o (oo | oo (] g | o |— | o ) See Note 21
22 VEWAI18 L 0 — | — oD — o | === — | 8
23 Volama = L F L @ _| o0 j00 o o0 (00 | O o | oo Ses Note 23
I
ADDITIONAL PUMPS
A b e .
FAZ ___ T
A3 I -
M |

* Indkcates that discharge ratings are based on choice of the comect cylinder size from a range oflered by the manufaciurer,
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Chapter 6

Pump Selection:
Worked Examples

Tha 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 evaation of bids for the
procurement of handpumps. Draft Sample Bidding
Documents tar the Procurement of Handpumps!, desig-
ned for international competitive bidding, may alsc be
used and are available from the World Bank. They
include methods for weighting key pump attributes, $o
that the benefits of exceeding minimum requirements
{better reliability, easier maintenance, elc.) 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 imporitance placed on different
selaction criteria, and up-to-date prices. In selecting
handpumps for a particular application, the important
first step is a ciear definition of the operating
conditions (i.e. the range of pumping lifts. the amount
ot water to be pumped each day, the corrosivity ot the
waler and the potential for sand pumping), the
maintenance system that will be employsd. and the
importance placed on local manufacture.

Form 51 at the beginning of Chapler 5 is a
convenient way of establishing these pump sslection
criteria. These minimum requirements then permit the
Analyst o identify the appropriate Pump Selection
Table, and then to eliminate from further consideration
those pumps which would be unsuitable. The resulting
Short List of pumps may then be evaluated in more
detail.

The Handpump Compendium is grovided as a
referance for more detailed analysis of shortlisied

1. Apptied Research and Technology — Note No. 1, Dvaft
Sampie Bidding Documents for the Procurement of Handpumps,
World Bank. 1986.

Pumps. Information in the Compendium should be
Supplemented by up-to-date information on pump pricas,
Including freight and insurance, and, where approgriate
inspection of working pumps and manutacturing
tacilities, or by review of working drawings of nen-
Propristary pumps with potential local manufacturars.

The examples which follow demonstrate how the
Pump Selection Tables can be used 1o develop a shon
list of pumps. Thay are followad 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 typicat 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
Jesired, with a demand of 20 liters per person per day
{i.e. each pump must supply 1.5 cubic metsrs of watsr a
day). Very little drawdown is expected during pumping,
but nearby motorized pumps may lower the water table
locatly in some areas to 10 meters below the surface.
The groundwater is not corrosive, and only trace
amounts of sand may enler the wells during pumping.
Village-level maintenance is to be introduced, as is in-
Country manufacture of handpumps, in a country with a
Madium level industrial base. Two pumps are alfready
Widely used in the country - The India Mark I (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
elgction 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 pumping lift, so the Analyst opts for Table 5.2
{12 meters), ensuring that the mest severe conditions
are met.
From the criteria listed on Form 5.1, the Analyst
determines that for a pump 1o meet his minimum
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Figure 6.1 Handpump Selection Criteria for Worked Example No. 1

NAME OF PROJECT Worked Example No.1

MAXIMUM PUMPING LIFT
Selection Table for this lift?

DAILY OUTPUT PER PUMP

MAINTENANCE SYSTEM TOBE USED (A, B, orC)
Where A = Village-level maintenance
B = Area-mechanic maintenance
C = Centralized maintenance

MINIMUM RATING NEEDED FOR CORROSION RESISTANCE
Where — = Carrosion resistance is not required
o = Resistance to mildly corrosive water is required
00 = Resistance to aggressive water is required

i MINIMUM RATING NEEDED FOR ABRASION RESISTANCE

possibility of trace sand pumping and the daily output
will not be greater than 1.5m:?

output will be greater than 1.5m?
oo = Thereis a possibility of significant sand pumping

MANUFACTURING ENVIRONMENT (1. 2, or 3)
Where = The pumpis to be made in the country,
and there is 2 low-level industrial base
2 = Ttepumpis 1o be made in the country, and there is a
medium-level industrial base

there is a high level industrial base

PUMPS ALREADY PERFORMING SATISFACTORILY IN THE
COUNTRY (" IF ALSO MANUFACTURED IN THE COUNTRY)

HANDPUMP SELECTION CRITERIA

Where -— = Either there is no sand pumping anticipated, or there is a

o = There is a possibility of trace sand pumping and the daily

3 = The pump may be imported or mads in a country where

10 meters

15 myd

1

.4 [}




requirements it must achieve ratings in Table S.2 as
follows:

Column No. Criterion Minimum
inTable 52 Rating
3 Discharge rate ]
4 (A} Ease of maintenance
atvillago toval o
5{1.5) Reliability for output
at1.5mday o
& Comosion resistance —_
7 Abrasion resistance —
8{2) Manufacturing needs in

medium-level industrial base o

Each of the pumps in Table 5.2 is evaluated, to
check whather it achieves these minimum ratings. Figure
6.2 shows the completad Table 5.2, reveaiing 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 purmps curmmentiy 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 mare than 7 meters, and the indla Mark M is not
appropriate for village-level maintenance. The six shon-
listed pumps therefore are; the Afridev, Blair, IDRC-
UM, Nira AF85, Tara and Valanta,

This narrowing of the choice is a very important step
in the selection process, as it produces a manageable
list tor detailed analysis in the final selection stage. In
this particular example, further reduction of the shon list
will depend on tha priority givan to individual atiributes,
and on prices. For example, the Blatr has a lower rating
{0) than the others {oo) lor discharge. the IDRC.UM
and Volanta iower ratings for ease ot maintenance, and
the Tara a lower rating for reliability. Five of the pumps
rank equally 00} for local manufacture, which in this
€ase is an important ¢riterion. 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 daing so with adequate quality control.

Worked Examples Nos. 2 & 3:
intermediate and High Lift

A handpump program is being prepared for a region
whare maximum pumping iift, including drawdown during
the pumping day. is expected to be 25 meters for the
majority of the wells (Example No. 2), though lifis in
areas near to the project rnay be as much as 40 meters
{Exampie No. 3). Each pumg is to supply 200 people with
20 liters a day — giving a lolal daily output of 4mv™. The
pump must be suitable for maintenance by area

machanics, perhaps traveliing on mopeds or bicvcles,
Good quality control of driliing and well construction can
be assured, o prevent sand pumping, and the ground-
water is not corrosive. In-country manufaciure is not an
immediate objective.

In compieting the Eelaction 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 **:~if, and the other covering
anticipated conditions in th.: nearby area, where pumps
may be neaded in the future, and standardization would
be of benefit. The Analyst will perform his evaluation
using Tahle $.3 for the project area and Table 5.4 for the
proximale area. Figure 6.3 (Examples 2 and 3) shows
the compisted Forms, resulting in two Short Lists,

Sixteen pumps make the short list in Example 2
(256m purmnping lift) while only 5 make it in Example 3 (40m
lift). Tha large list for Example 2 reflects the fact that
trained area mechanics can successfully remove the
pumping element of most conventional handpumps at
pumping fifts down to 25 meters with no extemnal 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 therelore more
limited.

When selacting a pump for this region, special
consideration should be given to thase pumpg which are
on both lists, so as to choose a single high-lift pump
modei for the ragion.

Worked Example No. 4: VLOM Pumps
for intermediate and High Lifts

Example No. 4 identifies those intermediate (12-25m)
ard high (25-45) iift pumps (Afridev and Volanta) that
are most likely to be able to Le 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 110mm 1.D. well
casing, ruling out its use in 100mm wells. A small
diameter version of the Volanta is now being tested
{See Note 23 in the rating tables). The requirements of
viliage-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 fift
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 allowange must
also be made for animal watering or irrigation.
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Figure 6.2 CompHation of Short List for Worked Exampie No.1

Table 8.2 Maximum pumping lift — 12 meters
“Adequate"” discharge rate — 16 liters/minute

Data |Discharge| maintenance | for {mid Corr.| Abr. needs Short | Price

Pump name source | rale AlB|C |5, 4|8 |tes |res| 1 gi 3 tist | (USE Remarks

! HIGH LIFT PUMPS (0-45 meters)

1_Abi-ASM L _{F)
2 Afridev {F)
| 3_AID Derv. Deepwell
|4 Bestobell
S Climax

& Dragon2
7 _DubaToopic7 F
B _GSW
L9 IndiaMarklstandard) | L F [
10__India Mark Il imodified) {F} |
| 11__Jatmatic Deepwell '
12 Kardia
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V¥ See Note 23

INTERMEDIATE LIFT PUMPS (0-25 melors)

| 24_ConsallenLDs_
|25 DMR (Dempster dariv.)
28 NiraAF76

-
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LOW LIFT PUMPS (0-12 meters)
tZZ....BIau. F 00 ol
. 28 Ethiopa@PS50
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o0 See Note 30
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* Indicates that discharge ratings are based on choice of the correct cylinder size rom a range offered by the manutaciurer.
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Figure 6.3 Selection Criteria and Shoritisted Pumps for Worked Examples Nos. 1-4

L
HANDFPUMP SELECTION CRITERIA |
lcion crTERIA p— 1
NAME OF PROJECT Worked Exampie No. 1 No. 2 kcnou CRITERIA
 Expmpie No, 3
MAXIMUM PUMPING LIFT 10 maters 25 met
maters Worked Expmple Mo, 4
Selechon Tabie for s M 52 a3 40 meters
3 54 250143 meters
1 4
DAILY QUTPUT PEAPUMP 1.5 mid 4 1 S3orSé
MAINTENANCE SYSTEM TO BE USED (A, B.or G} AL 4 mie 4 mig
Where A = \illage-level mantenance . B
B = Area-mechanic mantenancs e
C = Caniralzed manienance
HINIMUM RATING NEEDED [CA CORROSION RESISTANCE =
Whare = = COMosion resistanca is not required ANCE B e -
o = Aesistance to mikdly corrosive water s required [ —_— L TANCE _
ou = Resstance to aggressive water & required ter is required ; —_—
required required Jiired _ _
MINIMUM RATING NEECED FOR ABRASION RESISTANGE _ prred "’g‘f’ 'sm’r";”"“
Where — = Eilher there is no sand pumping anbopated. or NCE od _ _ 15 réq
thera 1s a possibility of trace sand purmpng and nicipated. or -
the daity sutput will not be greater than 1.5m? nd purmnping and :Ialecl. orand ANCE o ang —_
o = There s apossibidy of trace sand pumping ano ter than 1 5m :;D:nsgmi :aja w'j pt::np:r?mi
the daiy Quiput willbe greater than 7 m pumping and Ifl‘mg - 4 g o
oo = Thare s apossibility of significant sand pumpng tsand pumping 1.5m? arthan 1.5m
MANUFACTURING ENVIRONMENT (1.2, or 3} 2 P pumeng ntsand pumping
Where 1 = The pumpis to be made in the country. and there - a kR
15 a low-level indusinal base urniry, and thera andthers Eourtry. ancthere
2 = The pumpis lo ba made in the couriry. and there e the ' - nry.
B a medium-level Indusinal base nrdry, and there
3 - Thepurrp may ba iMpoted or Mace n a country Fdﬂ try andthere pountry, and thare
: T . 2 Ind cow .
whera there 15 a high level industnai base usiral base h a country inacountry
PUMPS ALREADY PERFORMING SATISFACTORILY IN THE Mew No.&* HE NA fioase Lstnal base
. THI INTRY 1 [ X
COUNTRY (* fF ALSO MANUFACTURED IN THE COU } Inctip Mg t TRY) 3 NA (NTHE ™
NTRY)
L
| 4
L
CRITERIAFOR Pumping ift: <12 melers <25 meters <45 meters £25m or <45m
WORKED Maintenance system: VLOM Area Mechanic Area Mechanic vioM
EXAMPLES Industrial base: Medium Advanced Advanced Low
Abi-ASM, Afridev, Bestobell,
Duba Tropic 7, GSW, india
Mark i {std. & mod.}, Kardia,
Korat, Makdev, Monarch P3, Alridav,
PUMPS WHIGH MEET THE Alrigov, Blair, Nira AF84, Philippines India Mark i {mod.),
ILLUSTHATED SELECTION IDRC-UM, Nira AFBS, Deepset, SWN B0RS!1, Nira AFB4, Vergnet, Afridev
CRITERIA Tara, Yolanta Yergnet, Volama Volania Volanta




Figure 6.3 Selection Criteria and Shortlisted Pumps for Worked Examples Nos. 1-4

1
HANDPUMP SELECTION CRITERIA |
CTION CRITERIA N CRITERIA 1
NAME OF PROJECT Worked Example No. 1 ‘ cho" CRITERA
MAXIMUM PUMPING LIFT 10 metors forked Exompte No. 3 .
1 : 25 melars Worked Example No, 4
Salechion Table lor this LR 52 33 a0 meters
. sS4 25 0rd5 melers
DAILY QUTPUIT PEA PUMP mid
15 4 migd ) SlorSa
MAINTENANCE SYSTEM TO BE USED (A, B, o1 C) A 4 mwa Ay
Where A = Viliage-level maintenance B B m
L = Area-mechanc manteance A
C = Centralized manienance —
MINIMUM RATNG NEEDED FOR CORAOSION RESISTANCE _—
Where — = Cormosion resistance 1s not required ANCE - .
o = Resstance 10 mildly combsve waler s fequired ed i — -
00 = Resistance lo aggressive wateris required 1es s required ANCE -
requwed fequ;red Lired
MINIMUM RATING NEEGED FOR ABRASION RESISTANCE - pired raler s required
Where — = Evher there is na sand pumping anicipated. or NCE — s required
There 15 a possibilly of trace sand pumping and nticipaled or —_—
the daily output will nol be greater than 1.5m: E""d pumping 3[““ pated of ANCE -_
a = There s a posstbidy of race sand pumping and ater lhqn 1 5m? :""91“"59 3';"3 sand pumping 3;“1
the daily output will be greater than 1.5m* 3 pumping ?ﬂd 1;:9 ér:: '::‘:J:;:; :n";
- Bl i . r than 1.5m
o0 = There s a possibklity of sigrifican 5and pumpsng 1 sand pumping 1 5m? erthan 1 5m?
MANUFACTURING ENVIRONMENT (1. 2, or 3} 2 p umping it sand pumging
Where 1 = The pump)s 19 be made in the country, and there 3
s a ow-Igvel ingustnal Dase uniry. and thare ihe 3 -
2 = The pump s to be mace n the country, and there -an e founin,r. andthere
15 a redium-level industrial base uniry. aRc there o th [
3 = The pump may beimported or made in a country 4 ere pountry, and ihere
where thare s a high level ndustnal base 2da i 3 Country base
usinal base ' acountry nade in a country
PUMPS ALREALDY PERFORMING SATISFACTORILY IN THE New No,5* e A fioase [dustnial base
COUNTRY [ iF ALSO MANUFACTURED IN THE COUNTRY ig M 5y !
{ } India Mark !l TBY; 3 M.A. I8 THE HA,
INTHY)
|
|
|
CRITERIAFOR Pumping lift: <12meters <25 meters <45 meters s2bmor 45m
WORKED Maintenance system: VLOM Area Mechanic Area Mechanic VLOM
EXAMPLES Industrial base: Medium Advanced Advanced Low
Abi-ASM, Atridev, Bestobell,
Duba Tropic 7, GSW, india
Mark H (std. & mod.), Kardia,
Korat, Maldev, Monarch P3, Afridev,
PUMPS WHICHMEET THE Afridev, Blair, Mira AFB4, Philippines india Mark il {mod.),
WLUSTRATED SELECTION IDRC-UM, Mira AFS5, Deepset, SWN 80881, Mira AFR4, Vergnet, Afridev
CRITERIA Tara, Valanta Vergnet, Valanta Volanta Volania




merit point evaluation are tc be used for final pump
selection, up-lo-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 and 1986. For pump
selgction, the Analyst must have current prices,
including shipping and insurance costs for the quantities
needed, and must take account o! the anticipated cost
of spare parts over a reasonable period of operation (say
three years). The Handpump Compendium offers
guidance on likely frequency of repairs, and experiences
from other projects may also provide data for assessing
pump performance and spares requirements.

Sore Analysis may have decided to select the
least expansive pump which meets the minimum
requirements. Others may be using a procedure similar

to that outlined in the World Bank's sample bidding
documents, whera minimum requirements are specified
and merit points are then awarded 1o 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 mat all minimum
requirements. From this evaivation, Pump "B" would be
selected, because it has the highest total merit point
score among the shortlisted 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
Crteron score A 8 [ fa]
Price of pump S0 32 42 sU 34
Frice of spare pans 10 1 8 9 10
Discharge rate” 5 0 5 3 0
Aehability” 10 5 7 5 5
Ease of maintenance and repair* 10 8 8 4 4
Service and spare parts availability” 5 a 3 0 0
Abrasion resistance” 5 0 3 0 3
Standarthzation 5 o 5 0 0
Total Scares 1G0 5 81 Il 56

- Denotes categories for which maerit points may be awarded it 3 pump exceeds the minimum
requirement, A zero entry means that a pump just meets the minimum raquirement.
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Handpump Compendium

The Compendium contains details of the following pumps:

Pump 01  Abi-ASM Pump22 VEWA18

Pump 02 Afridev Pump 23 Volanta

Pump 03  AID Derivative Deepwell Pump 24 Consallen LD&
Pump 04 Bestobell Pump 25 DMR (Dempster Devivative)
Pump 05 Climax Pump 26 Nira AF76

Pump 06 Dragon2 Pump 27 Blair

Pump €7 Duba Tropic 7 Pump 28 Ethiopia BPSD
Pump 08 GSW Pump 29 IDRC-UM

Pump 02  India Mark (I (standard) Pump 30 Kangaroo

Pump 10  India Mark il (modified) Pump 31 Malawi Mark V
Pump 11 Jetmatic Deepwell Pump 32 Nira AF85

Pump 12 Kardia Pump 33 Tara

Pump 13 Korat Pump 34 A!D Suction
Pump 14 Maldev Pump 35 Bandung

Pump 15 Monarch P3 Pump 36 Inalsa Suction
Pump 16  Monolift Pump 37  Jetmatic Suction
Pump 17  Moyno Pump 38  Lucky

Pump 18  Nira AF 84 Pump 33 New No.6

Pump 19  Philippines Deepset Pump 40 Rower

Pump20 SWNB80&B81 Pump41 SYB-100

Pump 21 Vergnet Pump 42 Wasp




Handbump Compendium

The Compendium contains details of the following pumps:

Pump 01
Pump 02
Pump 03
Pump 04
Pump 05
Pump 06
Pump 07
Pump 08
Pump 02
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

India Mark Il (standard)
Iindia Mark I} (modified}
Jetmatic Deepwell
Kardia

Korat

Maldev

Monarch P3

Monolift

Moyno

Nira AF 84

Philippines Despset
SWN 80 & 81

Vergnet

Pump 22
Pump 23
Pump 24
Pump 25
Pump 26
Pump 27
Pump 28
Pump 29
Pump 30
Pump 3
Pump 32
Pump 33
Pump 34
Pump 35
Pump 36
Pump 37
Pump 38
Pump 39
Pump 40
Pump 41
Pump 42

VEW A18
Volanta
Consallen LD6
DMR (Dempster Derivative)
Nira AF76
Blalr

Ethiopia BPS0
IDRC-UM
Kangaroo
Malawl Mark V
Nira AF85
Tara

AD Suction
Bandung
Inalsa Suction
Jetmatic Suction
Lucky

New No.6
Rower
SYB-100
Wasp




Cote d'lvoire/France

General Description

The Abi-ASM is a hybrid pump using a
pumpstand manufactured in the Cota
d'ivoire and the hydraulically operated
Vergnet pumping element mads in France
{Pump 21). There are no mechanical links
betwesn 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 membrans contracts and expands
to force water through a second hose (9
tha surface.

The pumpstand is parly cast iron
angd partly tabricated mild staal. Fulcrum
bearings are split and injection molded in
nylon, Brass or stanless steel is used for
the primary drive cylinder and the brass
plunger has Ysather ring seals.

Manufscture

The pumpstand is suitable for manutac-
ture in developing countries with foundry,
fabrication and machining skills, and could
ba modified for all-fabricated manutacture.
The below-ground pumping elament
requires specialized techniques, high skill
levels and high quality control.

Suppiiers
Abidsan Industrie, (1 BP 343, Abidjan, 01
Cote d'lvoire.

Indicative prices — Feb 1985

Per unit US$ 680
Twin hose (per meter) Uss3

Laboratory Tesis

Date tested: 1952 Repaonied: Handpumps Project Report No. 3
Performance data (typical values)
Head {meters} .7 25 45
Pumping rate (Cyciesimin) 38 40 42
Volume/min (fers) 10 10 - 10
Inpust {watls) - 82 129 175
Mechanical efficiency (%) 14 a2 43
Maximum handle Jorce (kg-f) o ) 35 45
Footvaive leakage (mbmin) Na significant laakage
The volume discharged per stroke ranged from 0.25 fitars at 45 meters &t lo 0.27
fiters at 7 maters it

Evalustion enced with the above ground ~anipenents,

The two test pumps were wall packed, b
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
wara not comectly aligned on gither pump.

Comprehensive and well illustrated
installation and maintenance Insiruc-
tions wers supplied in French. Insta-
llation is slraighttorward and does nct
requice lifling tackle. Lightweight poly-
ethylene hoses connect the pumpstand
with the pumping etament.

Maintenance too is  simple.
Primary cylinder piston seals are bkely to
need lrequent replacement, but the task is
straighttorward and quick. The lightweight
heses mean that the pumping element can
be extracted by hand, withoul lifiing
vackle. and the slement ilself is sasy to
dismantle provided the appropriate hexa-
gon keys are available. Howaver, if the
diaphragm fails, a full reptacement unit is
needed, al comparatively high cost.

The 4000 hour endurence lest
was cafmried out at 40 cycles per minute,
with a simulated head of 45 meters,
subsequently reduced ta 20 meters. The
oniginal feather seals on the primary cyl-
inder plunger wore out very early in the
test. They were replaced with seals of
diffarent materials but continued to wear
oui rapidly. The fulcrum in the handle wore
out atter about a third of the test period
and the bolt securing the drive piston rod
to the fuicrum broka at about the same
fima. About ihalf way through the endu-
rance test, the rubber buffer in the plunger
was found to have coflapsed and was
replaced.

in contrast with the problems expeni-

the below ground pumpirg slement suff-
ared no breakdowns and was still in good
working order at the end of the 4000
hours.

Repeatad failure ol the primary cyl-
inder plunger seals was attributad to sharp
edges detected on the replenishing hole in
the cylinder. The hole had not been
propariy detyurred during manufacture — a
ditficult operation because of the position
of the hole.

Tie manufacturer has changed the
desipn 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
wers undamaged in the impact tests, and
the pump completed the allotted 96,000
cycles of handle shock tests without
tailure.

Users quickly bacame accustomed
to the rhythm required to operawe the
pump, but found it tiring 1o use because of
the comparatively low discharge rate and
high elforts needed.

The gverall conclusion of the labor-
atory trials was that there is a marked
contrast between the reliability of the
purmpstand and above ground works and
that of the below-ground pumping elemeant.
While the pumping element proved very
reliable, the pumpstand was judged 1o be
unsuitable for community waler supply.
Modifications have since been made to
the pumpstand. If the problems can be
overcome, the Abi-ASM is seen as a
potential YLOM pump because of its
simple installaton and maintenance
requiremants.
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Abi-ASM

Fleld Trials

Test conditions

Number Head Data

of range availai’s

Country pumps (malers, {months)
Cote d'lvoire 8 10-30 13

The basic design concept of the Abi-ASM
pump has been to .ombine the positive
teatures of the ADi-MN and Vergnet
pumps. The Vergret below-ground compo-
nents are easy to nstali and extract and
have gaad corrosion resistance. Tha lover
opsration of the Api is generally preferred
o the foot-operated “ergnet by Woest
Alrcan users.

Tha ASM pump is siill being
developed and improvements are needed
in the pumpstand design (beanngs,
handle, piston/cylinder assembly). Imo-
rovements are also being sought in the
diaphragm, 1o bring greater reliability and
gwer prices.

In Cote d'lvoire, the pump has
proveq easy 1o instal, requinng no hoavy
agquipment gr special 10015,

Maintenance too is quick and easy.
The seals of the primary cylinder plunger
had to be replaced at intervals of about six
months and the plastc fulcrum bearings at
a simnilar frequency.

The diaphragm proved gens..:ly
relable, though when tailure did ocour it
was necessary 1o replace i1, at a cost of
about US$ 200.

PUMP 01

The pump's discharge rite ranged
framn 0.510 1.0 cu mvh, which was judged
to be adequale by most users. There is a
nolable difference between discharges
measured in the field and those in the
laboratory. Discharge depends nol onfy on
the number of strokes par minute, but also
on the rhythm apglied. Villagers operate
the ASM at 20-35 strokes per minute at 50-
75% of ftull siroke. The measured
discharge ratas at 10, 20, 30 and 40
strokes per minule weare respectively 3.2,
B.5. 15.8, and 26 liters per minute at Jifts
betwseen 10m and 20m.

No problems were encountered 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
Casas.

Users found the ASM's pumping
action quite acceptable, and the pump has
high VLOM potential

Assessment

Ratings are based on both
laboratory and fisld tests.
Cischarge Rate

From tha figld trial results, the pump
Is clearly capable of achleving
reasonable discharges when used
with the right rhythm. It earns an
“adequace” (o) rating for lifts of 12,
28 and 45 meters, but is below the
minirnum for & 7m ift.

Ease of Maintenance

The above ground components of
the Abi-ASM are easily maintained
by village carefakers, but the need
for skilled mechanics to dismantle
the pumping elemant means that
the pump is rated “unsuilable” (=}
lor Level A maintenance. Absence
of rods and rising mains eamng the
pump a “good” (ga) rating for Level
B maintenance at all purmping lifts.
Reliabitity

Field avidence of breakdowns and
repair inlarventions earns the pump
a oo rallng for relizbitity at a dally
output of 1.5 m¥%d, o tor amid at 7,
12 and 25m litts and — for Bm3/d
and for 4md/d at 45m.,

Corrosion Resglstance

Below ground components of the
pump are made from comosion
resistant matenals. Though soma
corrgsion was sxperisnced wilh
earlier modeis. and the pumpsiand,
primary drive piston rod and
diaphragm end caps are slightly
vulngrabla 1o corrosion, the pump
NOW 8arNs a Qo rating.

Abrasion Registance

The ASM pump I3 little affected by
abrasion, as the pumping element
has no seals. However, the
diaphragm can rupture if sand or Silt
fils the element. The rating is
therefore reduced (o 0.
Manufacturing Needs

This is & hybrid pump. The below
around componenis require specia
skills, but the pumpstand is
suitabte for manufaciure  in
countries wilh foundry, fabrication
arnd machining skills. Ratings for
manufacturing environmenis 1,2
and 3 are therefore —, 0 and o
respectively.
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Genaral Description

The Afridev is a pump design developed
during the course of the Project with sup-
port from donors, research grganizations
and private companias. Available in the
public domain, (he design has aimed to
demonstrate the VLOM concepts of
gasy. low-cost maintenance and suitab-
ility for manufacture in  devuloping
countries.

The present design, «uch began
limited production in Kenya towards the
end of 1985, is baing modified further as a
result of field experences. Production of
the pumphead has also started i 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
sactions, and involves a minimum of close-
tolerance machining. The T-tar handle
comes in two versions: a 3:1 mechanical
advaniage for 10-30 meters [ifi; and a
4.5:1 mechanical advantage for 30-45m
i, A direct action version is under
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Laborstory Tests

THE AFRIDEV PUMP HAS NOT BEEN TESTED IN THE
CATR LABORATORY

development for lower lilts. The diferent
handles mean that the same 5S0mm
diameter long-stroke cylinder ¢can be used
for all lifts (see Box 4.6 in Chapter 4).
Handle beanngs are twin bushes of
propriciacy plastics which snap together.

Hising main is 63mm OD solvenl
welded uPYC pipe suspended from the
pumpstand using a compressed rubber
cone. Slandard pumprods are 10mm
galvanized mild steel with spec.al hooked
jeints which eliminate threads and need no
lools for assembly or dismaniling. Stain-
less steel pumprods are available at extra
cost for corrosive groundwater,

The standard 50mm cylinder is a long
stainiess stesl tube sieeved into uPVC
pipe. Plunger and footvalve are identical
components comprising two piastic mol-
dings permanently spin-welded together
{prototypas in the field were machined). A
moided 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
househald knife. A fishing tool, consisting

of a small grappling device at the end of a
length of ropa grips the footvalve to
ramove it for maintenance.

This fishing tool and a forgad socket
spanner are the only tcols reguirad for
installation and maintenance.

Manufacture

Though “‘modem” materials are used in the
Afridev, all componenis can be locally
manufactured in Kenya, with the excep-
tion of the stainless steel cylinder liners
which are imported.

Suppilers

The Afndev 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 purmnp 1o
30 meters LiS$ 450
Spares pack usg 12
PUMP 02




Afridev

Field Trials
Tast conditions
Number Head Data
of range available
Country  pumps _(melfers}  _(months,
Kenya kT 10-49 8
Malawi 3 10-25 12

As the Afridev desigh has developed,
ditferent prolotypes have been tested
during #eld trials in Kenya and Malawi,
though the pragressive nature ot the
design means that the monitoring time for
newly developed components is neces-
sarily restricted.

An importan! aspect of the design
has been the extenswe research and
specialist advice on plastic campanents,
particularly bearings.

Developments bave concenirated on
simplification of maintenance and meas-
ures to maximize local manutacturing
notential.

Installaton is simptle; even at dapths
of 45 meters, there is no need tor lifting
equpment. Two skilted people can comp-
let2 instaliation in about two hours (mainly
taken up m making the solveni-cement
jonts in the nsing mains).

In Kenya, the Afridevs were instatted
on wells with pumping heads ol 10-50
meters. averaging 25-30 meters. These
arduous test -onditions led ta very few
breakdowns. Some early prototype plastic
beanngs seized due 1o poor dimensioning,
but since the present beanngs were
wnstalled at the beginmng of 1986, thgre
has been little wear, though corrasion of
baanng houstngs bas resullad in some

damage to the bearings.

Users jike the Afridev. The variable
handle mechanical advamage 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
stest cylinder lining give abrasion resis-
fance which = futher improved by the
usa of a large drameter suction pipe. This
minimizes sand inarass Ly Jedycing water
velocities at the cylinder intake,

The hooked coviciiong on the
pumprods have proved successiul, enab-
ling two peoplg t© remove and replace a
plunger and footvalve from a depth ot 30m
in about 30 minutes without the need ior lif-
fing tackle or special tools. Some pumprad
breakages have occurred. and these have
been attribuled to shortcomings in the
productiors of the hooked connections.
The push-fit bearings aiso make village
mainienance very easy.

Overall, the Afridev design is now
demonstrating that deepweli handpumps
can ba mantaned by vilagers. eftectively
and econpmically, and that lacal manufac-
ture can produce reliable pumps at an
atfordable cost.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

Field testing has been carring out
on pra-production models of the
Afrdev. Design modifications arg
being made continuously, most
recently to overcome problems
identified with bearing housing
corrosion and hooked pumprod
manufzciura. The ratings reflect
field trial parforma;iice so far, but
tha limited nature of these trials
moans thet the ratings zre not
well substantialed at this stage.
Discharge Rate

The variable handle mechanical
advantage ensures a high dis-
charga tor heads from 10 to 50m,
but the “good” (oo} rating reduces
to ‘adequate” (o) for 7m lifts,
where even the shortest practical
handle could not compele with
discharges from direct action
pumips {a direct action version of
the Afridav is being developad).
Eass of Maintenance

Tha Afridev is a VLOM pump, and
wials have confirmed its easy
maintenanca, |uslifying the o0
rating &t alt dayths for all maintan-
ance systems.

Rellability

The combination of simple repairs
and tow frequency of breakdowns
eams the pump a8 oo raing for
mast operating conditions, redu-
cing to o for itls of 45m or a daily
outpat of 8mad.

Corrosion Resistance

All downhole components are
corrosion resistant (if staintess
steef pumprods ere selected).
However, corrosion of the pump-
head bearing housing reduces the
rating to 0.

Abraslon Resistance

The nitile seal in the polished
stainless steel cylinder lining
handles sand-laden waler reason-
ably well, earning the pump a
rating of “adequale” {o).
Manufacturing Needs

The Afridev uses a number of
modem materials, the majority of
which could be reliably processed
«1 most developing countries, The
need to import staintess steel
cylinder linings and the quality
control needed in plastics manu-
facture reduce the oo rating for
Categories 2 and 3 o o fo
Category 1 couniries.
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Sri Lanka

Pt ml ey i S
T

Goneral Description

This is a deapwsll version of a pump
derived from a basic design developsd by
the Battelle Mamorial Institute and Georgia
institute of Technology on behaif of
USAID. The pumpstand consists of a cast
iron drive head assembk and cast iron
base joined by a steel tuce. The fulcrum
stand is pinnad o the pumpstand balow
and the handle above, so that the fulcrum
moves in an arc as the handle is operatad.

The cylindar is conventional but uses
uPVC tuba instead of brass. The plunger
is fined with two leather cupseals and
there are two foatvalves — cne fitted to an
extension pipe balow the cylinder.

Manutacture

Basic skilis in foundry work, machining
and lgather crakiing are needed t0 many-
faciure the pump and caretul quality
control is needed to ensure interchange-
ability of parts.

Suppliers
The field test pumps were supplied by
Diason Pumps Lid, 112 Isipathana
Mawatha, Colombo 5, SriLanka.

Tha laboratory tests were carried out
on pumps from Honduras {the Funymaq)
and Indonesia (the Sumber Banyu).

Prices — Not available

The AID Darvative pumps are specifically
designed to be manufactured in the deve-
loping country in which they will be used.
Local prices should be obtained.
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Leboratory Sests

The AID Derivative manufactured in S Lanka has nol been tested in lhe CATR
Laboratory. This evaluation is related to the testing of pumps based on the same design
manulactured in Honduras (the Funymagj and Indonesia {the Sumber Banyu). The
pumps were lested in 1983/84 and sseparate reports are included in Handpumps Project

ReportNo. 3.
Performance data (typicel valusa) o
Head (meters) 7 28 a5
Pump"® 68 M 8B FM . &8 M
Pumging tate (eyclas/min} 40 a8 - 3 2 30 30
Volume/min {iters) M7 25 20 24 21
Input (waits) 67 85 - 145 134. 229 230
tlechanical afficiency (%) S8 a5 69 61 76 66
Maximum handle farce (k) 10 12 30 a0 45 50
Foulvalve leakags (mUmin) NS NS 04 NS 24 NS
* 88  Sumber Banyu;, 78mm cylinder; FM = Funymag, 70mym cylinder; NS = No
Evaluation the first 1000 hours, and the head was

Though the basic design of the two pumps
is the same, the Funymaq performed much
better in the endurance tests than the
Sumber Banyu. il would therefore be
unwisa {0 draw genatal conclusions about
all AiD Derivatives on the basis of these
losis, though Lhey do indicate pointers to
b taken into consideration when evalu-
aling the pumps.

For example, both pumps demand a
substantial complement of tools and aquip-
mant  for Installation and mainte-
nance and there was difficulty in
assembling the pumps from the compo-
nents supplied. In the case of the Sumber
Banyw, components of the two sample
pumps wers not interchangeable, and the
spares supplied did not fit githar pump.
The Funymagq pump tops did not fit the
bodies (holes were drilled in the wrong
positions) and the handles were stiff to
operata. Clearly, good quality control is
needad if pumps are to be servicaabls.

Tha design is such that frequent
lubrication of the handle and fulcrum link
pivots is needed for satisfactory pump
operation. Below ground maintenancs inv-
olvas removal of the complete assembly
and therefore needs heavy lifting sguip-
ment. and irequent attention is likely 10 be
needed to the leather cupseals and foot-
valves.

Initially, the 4000 hour endurance
test on the Sumber Banyu was
conducted at 40 cycles per minute with a
simulated head of 45 maters. Rapid wear
of linkages in the pumpstand, broken rods
and worn footvalves led to five failures in

reduced to 30 meters tor the remainder of
the tests.

Pumprod failures continued to oceur,
inciuding two failures of the plunger rod
when the footvalve leather rotted away
and allowad the cast iron weight to foul the
plunger. At the and of the tesl. the cyl-
inder end caps were heavily rusied, the
plunger and cupseals were still in good
condition and the cylinder bore was pol-
ished but otherwise showing few signs of
waar. All othar parts had been replaced at
i 20300,

The Funymag was tested at 3¢
meters simuiated head from the stant and
perfortned very much better than the
Sumbar Banyu. Only ano failure occurred
during the 4000 hours, when the leather
footvalve broke away and caused severe
damage © the plunger and the cylinder
borg. Tharg was considerable wear in the
handie bearings and guide blocks by the
end of the 4000 hours, though they
remaingd serviceable. The Funymagq was
badly correded 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 owerall conclusion of the
laboratory tests was that the AID design
has some shoricomings. In particular, the
second footvalve is redundant and can
actually cause worse damage than would
ocour without it. Good quality control is
needad if the pump is fo be used lor
community watar supply, and this was nat
achievad on the pumps tested.

PUMP 03




AID Derivative {Deepwell)

Field Trials
Test conditions
Number  He:-' Data
of range available
Country pumps {(mgters)  {manths)
Srlanka 9 28652 b
* Average head

In the Sn Lankan field trials, the deepwell
pumps operated at enly small pumping lifts
and with comparatively low outputs. The
field trials therelore yigld lithe evidence of
the pump's likely performance in high lift
applicatgns.

No instruction manual was supplied
with the pumps. Skilled workers are
ngeded for inslallation and they must be
equipped with tools and litting aquipmant.
On average. il took four workers about two
hours to instalt each pump. A concrete
pedestal is desirable, o It the operator to
acomforiable position.

The exposad drive head means that
requent lubncation is neaded of the
pumphead moving parls {at least once a
marthy The wholg pump assembly has to
be removed tor any repair to the plunge: or
valve assembly, and this means that a
pump mechanic and two trained workers
must be available with special tools and
skills. Great care 1s needed in handling the
cast won parts. A new gaske! is needed
@ach tme that the pumpsiand is removed,
and care 18 neaded when dismantiing the
threaded cyhnder cap from the uwPVC
cylinder.

All test pumps perormed without
major tailure, 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 stilt serviceable and little

wear occurred on the fulcrum  and
rodhanger pins, which ware well lubricated
during the trials.

The pumping action and relatively
high delivery (24 liters per minule at 30
sirokes par minute) were popular with the
users, and the pumps proved well suited
to this comparalively light duty. It was
clear however that maintenance commit-
mants will be quite high and call tor

significant  resources in terms of
anpower and equipment,
Laboratory prablems over the

interchangeability of componeants were noi
ercountered In the field wials on Sri
Lankan manutactured pumps.

n conciuding that the pump is
adequate for very low lifts and relatwvely
light use. it must be recagnized that a
suction version of the pump {Pump No 34)
1S available for litts up to 7 meters, ang
has the agvantage that the cylinder does
noL have 1o be lifted out 1or maintenance.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

Because all AID Despwsll tisld
trial pumps were installed in
shallow wells, the laboraiory lests
have been especially important in
rating this pump.

Nischurge Rate

The pump delivars a high
discharge for moderate effort at
shallow lifts, and eamns a “good”
{00} rating for lifts of 7 and 12
meters. The high handle force
needed at higher heads reduces
the rating to “adequate” {0) at 25
and 45 maters.

Ease of Maintenance

The need for Biting gear and
special tools means that the
pump is rated “unsuitable” (—}) for
Level A maintenance. At 7m and
12m, area mechcnics can readily
carry out mainienance, eaming a
oo rating for Level B, but this
drops to 0 a1 25m and 45m, whers
litting gear bacomes essential,
Rellability

Laboratory tests showed that the
AID Deepwell pump would need
exuassivea  maintenance  for
anything other than low lift and
low ocutput applications. It is
therefore rated — for lifis higher
than 12 meters and lor high
oulpul applications at all bfls.
Corrosion Reslstance

Heavy corrosion accurred in the
laboratory tests and some rusting
was apparent in the field trals.
The raling is theratare —.
Abrasion Resistance

Leather cupseals are known (o be
a problem when sand is present in
the water, and the pump is
therefore rated —  for abrasion
resistance.

Manufaciuring Needs

Although intended for
manufacture  in  developing
countnes, the AID Deepwell
needs careful quality control of
casting and machining. It
therefore  rates -- tar
manutacturing environment 1 {iow
indusinal development), but oo
for environments 2 and 3.
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Zambia

eneral Description

o Bestobell is a conventonal lever-
‘on deepweil force pump, designed and
znutactured m Zambva. The pumpstand
¢ T-shaped handle are fabricated from
Id steel. Handle beanngs are ball races.
singie spanner fits all the fastenings in
e pumpstand. The pump is designed o
& uPV¥C nsing main. With 2 inch rising
ain, the pision may be withdrawn withoul
maving the main. Foolvalve mainte-
ince does require extraction of the full
dow ground assembly. Pumprods are
'men steel with threaded conneciors.

The cylinder 15 heavy duty uPVC
se. Early models used leather ring seals,
it the currant desgn has a molded
pber seal itted to the uPVC pisten body.
ston components are also used n the
atvalve, or 2 Socla valve 1s suppled as
roption.

anufscture

yove and below ground components are
itabte for manufacture in many devel-
nng countnes. with care needed in alig-
19 and assembhing handle bearings and
cutting threads in the cylinder barret.

Jppliers
wstobell Zama Ltd, 875 Zambia Road.
J Box 230003. Ndola, Zamtxa.

dicative prices - 1986

i umit, exchding
mprod ana nsing mamn

UsSs 225

M4

Laboratory Tests

Date testod: 1986

Reparted: Report not yet published

Periormance data (iypical vaives)

Head {meters) 7 25 45
Pumping rate {cycles/min) 43 40 40
Volume/min (liters) 12 " 1
Input {wans} 29 71 11
Mechanical efficiency (%} 49 63 71
Maximum handle farce (kg-f} 6 15 26
Footvalve isakage (mifmin) o signiiicani isakage

Evaiualion due to sand contarmination. A new piston,

The two test pumps were securely packed
in @ wooden case. Bearings in one handle
assembly were in poor condition, passibly
as a result of darnage during assembly.
Otherwisa, both pumgs were received in
good condition.

Comprehensive and helpiul instruc-
thuns were supplied in English. Instal
lation is relatively easy. with no need for
lifing tackle, provided that uPVT rising
main s used (ihe pump can also be used
with galvanized steel rising mamn).

Maintenance is  also  straight-
torward, as the plunger can be withdrawn
withou! remowving the rising main (though
the whole below-ground assembly must be
ramoved to service the footvalve. One
sparner s all the pumpstand fastenings,
but care wil be needed when new handle
bearings have to be fitted.

The 4000 hour endurance test
was camed out at 40 cycles per minute,
with a simulated head ot 45 melers. At the
beginning of the test, the pump was hited
with a pision ol the early design, with
leather nng seats. There ware no lailures
in lhe trst 2000 hours, when pumping
clean water. However, when the ¢ylinder
was dismantled for inspection, the piston
body was found o have broken between
the two leather seals.

The piston was replaced. bui failed
sgon afler the start of the second phase
of the test, when sand and Kieselguhr had
been added ta the water. Sand embedded
in the leather seals had caused severe
wear of the cylnger bore. The lootvalve
had also developed a serious leak, again

machined from wPVC and with a motded
rubbar seal, was litted, along with a Socla
footvalve. in  this  form, the pump
completed the remainder of the endurance
test. Bolh piston and footvalve were in
good working order at the final inspection.

Following these tests, tha manufac-
turer has adopted a piston design similar
to that introduced in the laboratory, and
intends o use the same components in
the foetvalve. The Socla valve will be avail-
able as an aliernative.

Corrosion was detected inside the
pumpstand and on the center spindle of
the original piston, which was nof stain-
less steel.

in the impacl lesls, the baseplate
was distoried by a heavy impact on the
pumpstand, and a small crack appeared at
the weld. The handle fulcrum bracket
broxg during the handle shack test.

The pump was generally well fec-
eived by users, who liked the T-handle
and the relatively low eHors fequired.
Mowever, some adulls considered that the
rate ot delivery was rather low,

The overall conclusion of the
laboratory tests was that the Bestobell
was a design with good potential for
manutacture, maintenance and repair n
developing countries. but requiring some
additional development beiore it could be
considered for jarge scate application.

The manufaciurer has  been
hampered by the limited availability of
suitable materials in Zambia, bui has
nevertheless demonsvrated a receplive
ang flexible attitude.
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Bestobell

Field Trials

Aasessment

The Bestobsll ratings are based
on its pedurmance in laboratary
trials and on judgments of tha
Project staff using comparisons
with pumps of similar design.
Discharge Rate

Though the pump is aasy 10 uss,
it is difficult to sustain a very high
output. With acceptable work
inputs, it scores an “adequale” (o)
rating for al; ifs.

Eass of Malntonance

Even at shallow seftings, the
pump is not suitable for main-
tenance by a village caretaker
Lavel A), though arsa mechanics
THE BESTOBELL PUMP HAS NOT BEEN TESTED IN et bl et ioag
gear is likely to be needed for lilis
THE PRCJECT FIELD TRIALS of 25 meters or more, The pump
therefore eams a “good” (00)
rating for Leval B rmaintenance at
m and 12m, reducing to
“adequate” (o) at 25m and 45m.
Rellablity

Replacsement of the oripinal plston
with a new design improved the
pump’s performance in  the
laboratory Irials. In His new form,
roliability is rated as oo for an
output of 1.5m34d, and o for 4m¥/d
at lifts up to 25 meters. It is not
consldered suitable for a dally
output of 8m3/d and with presently
available data, it is considered
prudent to rate it “ensuitable™ {(—)
for 4m3rd at a litt of 45m.
Corrosion Resistance

With stainless stes] pumprods,
and piston spindle, no corrosion
ol downhole components
occurred in the laboratory trials.
Spots ol rust inside the
pumpstand racuce the rating to 0.
Abrasion Resistance

After replacement of the leather
seals with molded rubber, a little
abrasion occurred in  the
laboratory tests, but the pump
remalned in good working order. it
therelore earns a o rating.
Manufacturing Neads

Though the Bestobell has been
designed for manufacture in a
developing country, a degree of
quality control is needed. This
reducas the 00 raling to o for
manufacturing environment 1 (low
lavel of industrial devstopment).
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United Kingdom

Laboratory Tes
1. Datetested : 1979 Reparted : O.0.A. Repart 1981
Performance data (typical values) — 2.25 inch eylinder
Haad (mators) 7 25 : 45
i N Pumping rate (cycles/min} 29 60 20 60 20 80
) Voluma/min (iiters) 93 19 '] 1as 87 18
1 I Input {watte) 31 64 63 130 89 183
' " Mechanical efficiency {%) 33 32 58 58 73 73
. Maximum handle force (kg-f) 15 25 18 20 10 15
Foatvalve leakage {mimin) Mot significant (X 35
- = Note: The maximum handle force s very operator dependent and is higher when
Evaiuation satisfactory, and mechanical efficiencies

General Description

The Climax is a rotary-drivé raciprocating
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 Hywheels are available as
an option. Internal mechanical parts are
splash lubricated lom an oil bath. A
moving pumprod seal in a cylinder below
the crank provides a double-acling effect
1o smooth the flow of waler.

A range ol cylinder diameters is avail-
able to suit ditterent depths. The cylinder
is a brass tube with a gunmetal plunger
titted with two lealher seals. An afternative
model i$ avaitable with extractable piston
and tootvalve. Wooden pumprods are
supplied with the extractable valve
cylinder and galvanized steel rods wilh the
non-extractatie cylinder.

Manufacture

Both pumpstand and cylinder require good
iron and gunmetal toundry and machinery
skilts with high quality control.

Suppliers

Wildon Engineering (Worcester) Lid, White-
ladies Close, Litle London, Worcester,
WRI1PZ, UK,

Indicative prices - Jul 1985

A very heavy pump (185 kg in all for the
pumpstand), which though complicated is
designed to have a long life. Its waight
means that Instellation and mainte-
nance involve the use of heavy lifting
equipment. Though the optional exwac-
table cylinder avoids the nged lor rising
main removal during maintenance, the
pumpstand sbill has o be removed betore
the piston and valveé can be axtracted. The
crank case oil needs periodic replon-
ishmont,

The design of the pump proved
popular with most users. Use of a very
heavy flywheel makes the pump smooth
and easy lo operate, even on deep wells,
though the starting and stopping handle
load can be as high as 35kg-!. Also, the
continuing Hywheel rotation after the user
has stopped pumping is a hazard to any
chiidren who may stray near lo the tast
moving handie. The pumpstand design
makes it difficult to achieve a satisfactory
sanitary seal, as it is ralatively sasy 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
jocking washers, which are easy to
ramové. The pump is not therefore resis-
tant to vandalism or pilferage.

Leathers supplied with the sample
pumps were too thick {3mm instead of
4.2mm}. Whan the pump was installed the
operation was just satisfactory, but after a
tew days Lhe teathers swelled and jammed
inthe cylinder..

up to 74% were recordsd.

The  andurance  test  was
conducted at 40 cycles per minute with a
simutated head of 45 meters. The Climax
provad very reliable. There weara no break-
downs during the 4000 hours of pumping
and no significant wear of key compo-
nents. Some leakage through the pump-
sland inspeclion cover was easily rectified
and did not recur.

The high handle loads during starting
and stopping did cause fatigue fzilure of
the handig at the threaded connection with
the flywheal, where maximum bending load
occurs. Rapeal tests on a fatigue testing
machine revealed that loads as low as
20kg-1 could cause failure within a million
revolutions.

Use of a brass cylinder with galva-
nized rising main and pumprods causes
corragion problems in acidic walers, and
severe pitting occumred in both the pipe
and the rad near the cylinder when pum-
ping water with a high dissolved nxygen
content. The pumpstand withstood the
impact tests satistaciarily.

In comparson with other deepwell
pumps, the Climax's performance was
liked by users. The fiywheel action givas
an even discharge from the spout. and
most buckets could be filled without
splashing, though the relatively iow spout
{375mm) may mean thal some containers
would have 1o be tilted.

The aoverall conclusion of the
jaboratory trials was that the Climax is a
well-made, easy o use and reliable pump,

Single fywhee! pump US$480 Second and third sels of leathers  Jiked by users, bui with some minor
B0mm rising main (per meter)  US$7.50 purchased from the manufacturer expe-  problems with the handle and leathers
Pumprods and connectors {m) US$3.10 rienced the same problem, so leathers needing to be overcome. Hs heavy
Non-extractable cylinder LSS 90 from a difterent source were substituted  construction makes it unsuitabie for
Extractable cylinder US$ 105 and used in all the tests. These were  village-level maintenance.
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Climax

Field Trials

Assessment

In the absence of field trals,
ratings for the Climax pump are
basad mainty on performancs in
the iaboratory lests.

Diacharge Rate

A range of cylinders to suit
different lifts altows the Climax to
achieve “good” (00) ratings for all
pumping lifis.

Ease of Maintenance

The pump is difficult to service
and requires a mobile mainte-
nance team for installatians at afl
depths. It is therefore rated
unsuitable {—) for maintenance
systems A and B.

THE CLIMAX PUMP WAS NOT FIELD TESTED Raliability

The pump performed relatively
BY THE HANDPUMPS PROJECT well in the taboratory endurance

last and achieves a oo rating for
. reliability for depths up w0 25
ineters and daily ouiputs up to
4md/d. The rating reduces to o for
an autput ot Bm¥d at all lifls and
for 4md at 45m lift, where the
operating eftort and wear of
moving pans is greater.

Corrosion Resistance

Comosion  occurred  in the
laboratory, and the Climax's
downhole companents are not
corrosion resistant. Il is therglore
rated  unsuitzble  under  this
heading.

Abragion Hesistance

The pump swvived without
breakdown in the laboratory sand-
pumping tests, but use of leather
cupseals means a - rating for
abrasion resistance.
Manulectuting Needs

The manufacturing faciliies and
skills sequired 10 make the
Climax. and the degree of quality
control neaded, mean that it is
unsuitable for manufaclure in
countries with low or moderate
industrial  development  {cate-
gories 1 and 2). However, as
specialist  facilities are not
required, the pump is rated oo for
manufacture under Category 3
(high tevel industrial deve-
lopment}.
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General Description

The Dragon pump s avadable adher as a
shallow - weil SUChon pump or as a deepwell
torce pumn. The purmp tested was the
deepweli corhiguraton. as Wlustrated. The
oumostang s pendipaily cas! ron, with a
aischarge valve n the spout atiowing
edner treg discharge Or delvery unges
pressure hrough a nose or gupe. The
tupular steel hangie moves through an
unusuaily wde arc 178

N the geepwell pump, the cast sron
syinger body and enameiied sleel iner of
the snailow-well vers.on s retaned 35 a
pedestal The pump reeds a mounting
punth 3% least 30Cmm high to provide ade:
Juate ciearance ander the spout The
geepweli Cylinger s convennonadi seam:
@55 BIMM brass tube with cas! ron eng
caps Tha piunger has two ieather cup
£2als ang ihe todtvalve has a rubber seat

Manufacture

Gunmeta and ron foundry work and bas«
machinmg are required and good gualdy
control 15 needed 10 ensure correct tunc-
boning and interchangeabibty of pans.

Suppliers

Kawamoto Pumn Manufactunng Co. 11-39
4—chome, Obsu, Naka-ku,  Nagoya.
Japzn. Simiar pumps made o the Philip-
ines by Sea Commercial ing (Jetmatic!
and Malanday Machinng and Mandtac-
tunng Corp | Sea Horse).

Prices — Not available
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Laboratory Tests

Date lested 1852

Reported Handpumps Prowect Repos No 3

Performance data (typicai values) — 63mm dia. cylinder

1
i

aWBNE T

Pymiping arc®

Pumping rale {cycles/min)
Volumesmin (liters)

tnput (wats)

#echanical effsency (3%
Maxrmum handle torce (ug-f)
Foot valve leakage {mi'min)

Head (maters) 7

=&

o B8

25

F
40
2

168 2
52
8
Mo significant leakage

BBEDEE

* At 7 mglers hesad, fests were conducted both with the full 178 handle move-
ment (F = Full) and with only the ceniral 60° of movement utiized (P = Parial).

Evaluation
The two sample pumps were well packed
and were receved i Gaod Congihon

No installation instructions
were  supplied with the pumps  and
ingtallanon proved dificu. as the cy!-
nged sirche length 18 wiNuaily the same
as the handle movemeant 0 {he pumgphead
ang caretul agjustment of purrprod length
13 needed 0 avord damage dunng
operation A photh s peaded 10 provae
a0equlil Siearance under the pump
spowt Cithing tackie 3 required tor pump
nstallatan.

Mantenance demands are hkely {0
e nigh. invplving regular fusacahon ang
frequent  repar  or  replacement  of
pumpstand components 8Belgw ground
maintenance involves removal of the
complete assembiy, which means that
ithng 1ackie must be avallable

The 4000 nhour endurance test
was carned oot at 40 strokes per mingte
wilh a simuylated head ot 45 meters The
Dragon 2 taied three umes duang the
testing. once when the handle fork broke
after wear had caused i to come 0
contact wih the tuicrum pin retarwng
screw: and twice A% a result of breaks #
the threaded section o) pumprods.

Atter 1000 hours. the plunger had
become difficutl 1o remove because of
scale n the cyhnder bore: the footvalve
guide and pumprod gland were worn, the
spoul would not swival into the pressure
delivery position. and iherg was some
corrosion of cykrder end caps and the
plunger rod. Ingpecuon after a tfurther

1000 hours revealed that handle fulcrum
joints were badly worn ang there were
s:gns of wear on the plunger valve.

The thvee breakdowns occurred in
the second hat! of the tests The hnai
nspechon revealed that the purmpsiand,
cylinder and plunger were generally :n
goed condiion, bt the foorvalve guide
was badly worn ang there was some wear
on the valve stem The cyiinder end caps
were rusty. ihere was consdderable
corrgsion on the plunger rod. and the
outiet diverter vatve had rusied sohd

The Dragon 2 faled the side \mpact
test on the hangle, which began 1o bend
at 1he lowest impact energy (50 Joules).
Al 200 Jouies. the base casting of the
pumpstand broke

Many users jfound i1 dsfficull o
dec:de on the best operaiing acthon.
because of the wvery large handie
movermnent. Those who anempiss a full

strohe  found the exaggerated body
movements uncomfonable.
The overall conclusion of the

laboratory tnals was ibat the Dragon 2
seems designed tor lamily yse. perhaps
serving up 10 15 people. and 15 not suth-
cently  robust  for commondy  waler
supPly. It is nexpensive, but intensive
use will produce rapid wear in the moving
parts of the pumpstand, and rod
breakages are 2's0 kkely. The diverer
valvé i§ seen as ar unnecessary compli-
canon for most applcatons, The arc of
movement 15 tag large. gartcularly as
there 15 Giftie maton movement at each
end of the handie movement.
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Dragon 2

Field Trials

THE DRAGON 2 PUMP WAS NOT FIELD TESTED

PUMP 06

BY THE HANDPUMPS PROJECT

Assessment

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 avaitahle
tor {ifts up to 7 melers, but these
ratings are based on the deepwell
version lasted in the laboratory.
Dlscharge Rate

The Dragon 2 should be capable
of comparatively high discharges
over the full range of pumping
lits. However, the awkward opo-
raling action reduces the rating 10
“adequate” () in each table,

tase of Maintenance

Though liing tackle is not
needed for shallow litts (7 or 12
maters), the relative complexity
of servicing makes it unsuitable
for village-evel malrtenance (Sys-
tern A) even at thase (ifts. Area
mechanics would need assis-
tance for servicing at depths of
25 meters or more so that the
ratings for Lavel B maintenance
are "good” (o) tor lifis of 7m and
12 ang “adequate” (o) for lifts of
25m and 45m.

Retlability

The laboratory tests showed that
the Dragon is not well suited to
intansive use, or o pumping lifis
of 25 meiers or more. or fow lifts
and fight use, servicing needs
would not be high and the pump is
theretore rated oo at lifis ol 7m
and 12m for a daily output of
1.5mdd, o at the same [ifts for
4m¥d and -« for 8md, At 25m
and 45m, the raling is —.
Corrosion Reslstance
Significant corcosion was obser-
ved in the laboratory tests, and
the Dragon is not suitable for use
with corrosive water.

Abrasion Resistance

Use of leather cupseals eams the
pump a - rating for abrasion
rasigiance.

Manufacturing Needs

The Dragon 2 is not suitable for
manufacture in countries with &
low level of indusirial 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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Laboratory Tests

THE TROPIC 7 PUMP WAS NOT TESTED IN THE
CATR LABORATORY

bng pump operated
hsk tlywheets hited
vy cast ron pump-
with  ong  or  twg
ump 15 Ccommonly
& The flywheels are
handles are al the
p s at rest. and tus
mp water by racking
o wihout complete

n 15 wansmitted 1o
mprods  through  a
19 rod and nter-
nong - guides, all
pstand A verson
in which the piston
Jland and the purmp
water an gxtra 10
L

umprods below the
1.n the pumpstand
2r. though stamnless
ble as an opton.
acer) at each rod
ris an open-topped
io leather cupseais
alves. Five cylinder
le. 1o suit diflerent
ston and footvalve
wutl hfting out the

can pe galvanized
uPVC s used. a

wited whereby the

n 5 suppored in a

well casing.

nt s avalable from

Manufacturer’s perforimance data

Head {meters) 20 30 40 60
Cylinder diameter ‘mm) 90 75 60 50
Well casing diameter (mm) 150 100 1] 9
Pumping rate {cycles/min) 60 o0 0 60
Volume:min (liters) 54 36 24 17
Input {watts) 179 186 157 164
Maximum handle force tkg-f)* 14 13 13 13
* Farce showis tar ane operatar. With twg operators, force par parson is faive .
the manulacturer 1a enable the Trepic 710 Indicative prices - Feb 1985
be driven by ammal. diesel, or electnc
power A slenhzer system s also  Tropic 3 pumpstand US$980
avallable. Cylinder assambly US$ 230
The pump 1s soid wih a S-year Galvanized steel rising main
warranty, per meter (in 3m lengths} Us§?7
Alternative uPVC rising main
Manufacture first 15 meters US$ 140
The Tropic 7 iwncludes a number of per extra § meters US$ 36
patented design features and its manufac- Timber pumgrod and galva-
ure involves several highly specialized nized conneciors
processes. which call for a mgh level of per mater {in 5m lengihs} US$ 4
skill and stnngent quality controls. Alternative 12mm stainless
Manufacivre in a developing couniry steel pumprod
could ftherelore only he undernaken in permeter {in 3m lengths) Uss 10
collabgration with the Belgian manutac-
turer and then only in a country with an Discount:
advanced wndustnal base and ready 50 units igss 10%
access to the necessary malenals. 500 urits tess 20%
Suppliers FOB Amtwerp
Pompes Deglechin  SA.  Avenuve de
Maire 28. B- 7500 Tournai, Belgm,
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Duba Tropic 7

Field Trials
Test conditions
Number  Head Data
ol range available
Couniry  puamps  meters) (months)
MNiger 32 8-57 19

Average nstaliation depth of the Niger
test pumps 15 36 meters, and all but two
are on large diameter dug wells and
located alongside !ndia Mark It pumps.
Depending on the static water level, the
cylinder diameter used is 60 or 75rmm,

The gperakng canditions ditfer trom
those anhcipated by the manufacturer in
two ways: on the dug wells, the pump
nsing mains arg nrot ixed 1o the well
hmings. which means 1hat the nsing man/
pumprod assembly can move laterally
much more than in a dniled well; and the
wells are dug only a short distance beyond
the water table. 5o that the bottom of the
cyhnder is generatly only 0.5 1o 1.0 meters
above the sandy well bottom.

Frequart falures of cupseals and
valve seals can be aitributed 1o sand
drawn in by the Tropic's igh delivery rate.
Pumprod breakages may not have occur-
red in grilled welis, where lateral move:
ments of the nsing mains and pumprods
are very imied, Heavy wear of the guide
rod bushing alio required frequent inter-
venhons, and this problem seems o be
aggravated by tine sand geting nto the
bushing.

The Mmgh discharge achievable with
the Tropic 7 proved highly popular with
users. and some wilages ashked tor the
India Mark lis to be replaced with Tropics
Typecally. two men operating the Tropic 7

at 70 revolutions per minute were able to
pumg 40 liters per minuta from a depth of
45 melers, whereas one man on the India
Mark Il achieved 13 iiters per minute at 50
strokes per minute. During the dry sea-
son, Trapic 7 pumps with 75mm cyhnders
were estimated to be achieving maximum
daiy outputs as high as 25m’.

Though heavy lifting equipment s
needed for pump installabian, the epen-top
cylhnder ailows most maentenance of down-
hole components (o be carned out withaut
special ing 1ackle.

In a held trial demansiranon, a local
mechanic. assisted by tour villagers and
using only simple 1ools. was able o
exiract the piston and foolvalve from a
depth of 46 meters in B0 minutes and to
replace them in 40 minutes

The Niger pumps were hited with non-
galvaruzed steel rising mains, and this led
ta corrosion problems in the triais

As  the 1mber pumprods ofler
corrosion  resistance. it would  seem
prudent 1o use the oplional uPVC nsing
main - wherever  corrosion might be
anhcipated.

CAUSES OF ESSENTIAL INTERVENTIONS

Assessment

Ratings are based on field trials in
which pumping lifts ranged trem 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
“goad” {oo) rating lor all pumping
lifts.

Ease of Maintenance

The pump is not suitable for
village-leval maintenance, bul the
apen-tapped ¢ylinder does make
area-mechanic maintenance fea-
sible for routine repairs. Ratings
for Maintenance systems A, B
and C are therefore “unsuitable”
{—). "adequate” (o). and 00
respactively for all fifts.

Reliabitity

On the basis of the number of
inferventions needed in the field
trials, the Tropic 7 is rated — lor a
daily output of 8m¥/d at 25 meters
i and for dmyd at 45m lit. The
rating is © for 4m¥d at 7m, 12m
and 25m, and oo for 1.5m3d at
Tm and 12m. Ratings may weil
have been betier it the pump had
been installed on drilled wells.
Corroston Resistance

The standard version with mild
sigel or galvanized rising mains is
not corrasion resistant, though
cormosion  resistant  aternatives
are available as an option.
Abrasion: Resistance

Use of leather cupseals means a
— rating Jor abrasion resistance.
Manufacturing Needs

The Duba Tropic 7 re  :irés a high
level of manutacturing skill and

3 8 -5 sophisticated facilites. It is not
4.5 |, therefore suitable for manufac-
n 4 La 8 ure it counlries with low ar
2 s e & é medium fevel industrial develop-
3 g i o ment, though for a category 3
§ 34 -5 ﬁ ks g country (high level of industrial
g 244 e 5! A development) the rating is ©o.
g 24 g ., g This would neverheless require
@ 3 close  collaborabon  with  the
g 1.5 _2 g . E Belgian manutacturer, because of
FE T B patenied design teatures.
0.5 B *
G- L [

TOTAL HD F RH PR RWM PS PE Fy OT
PART REPLACED

=i maEe Am Aog nanger  AM.Asing maen HE Pumpey pipeieer
FFsam PR Purp rog PSPPSR a4 iy Fogh vates T Qg
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Canada

Laboratory Tests

Date tesied: 1984-85

Reportad: Worid Bank Applied Technology Note No. 2

General Description

The GSW is a conventicnal reciprocating
pump with @ cast iron pumpstand suppar-
ted on a fabricated steel pedestal. The
intermediate pumprad shides in a guide
bush and gland, and the handle is ali-
ached via a swinging link. Al handle
beanngs are sealed ball races.

The conventional drawn brass tube
cylinder has a gunmetal plunger and foot-
valve, the plunger being fitled with two
lgather cupseals. A 2 inch diameler cyl-
inder has replaced the 2.5 inch eylinder
used on eartier madals.

Manufacture

Very good quality control 8 needed lo
ensure correct  functioning o the
pumphead and interchangeabilty of spare
parts. Manufacture in a developing coun-
try woutld only be possible if good quality
irgn foundry work and accurate machining
could be guaranteed

Suppliers
GSW Water Products Company, 599 Hill
Street West, Fergus. Ontario, Canada.

Indicative prices - Apr 1985

Purnp and cylinder US$ 340
Pumprod per meter Us$1.65
Rising main per meter us$9.00
112

Performance data (typical values) — 2 inch dla. cylinder

Head {(meters}

Volume/min {liters} 1
Input {watis)

Mechanlcal efficiency (%)

Maximum handle force (kg-)
Footvalve ieakage (mbmin)

7
Pumping rate {tyches/min) 40

-
-~

e 44

25 45
40 40
11.7 11.6
66 100
72 90
10 14
One sample ieaked badly
Otthar sample no significant isakage

30% at 7 mebers ift.

Note: The volume flow was almost unchanged alter the 4000 hour sndurance
fesh, but tha effort had increased, lowsering the efficiency by 9% at 45 meters and

Evaluation

The two sampie puraps were well packed
and arrived undamaged. However, one
footvalve body was subssequently found to
leak, one plunger rod had been poorly
threaded, and the handle pivot bearings
were not tight in one sample,

installation  instruclons  were
supplied in English and contained culaway
drawings ot the pumpstand and cylindar
asgembly. More iliusirition of installation
procedures and jess 1exl would be more
uset.l for developing countries.

Lifting tackle is essential for instal-
lation and skills are needed lo ensure
proper seating of the well top. The pump-
rod may need cutting and rethreading.

Mainrtenance of the pumpsiand
demands special skills and tools. and
replacement of worn or damaged parts will
only be possite il manufacturing quality
contrgl has baen high. Servieing of balow-
ground components involves extraction of
the complete assembly, including rising
main, sa that liting tackle is essential for
despwell installations.

The 4000 hour endurance test
was camed 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-fo-metal contact  between  the
handie and the fulcrum link. The noise
subsided alter 1000 hours.

Al the end of the endurance test, the
plunger rod was found to be seversily
corroded immediately above the plun-
ger, and same handia bearings ware loose
in thaeir housings. The pumprod guide
bushes were in good condition, as
were the plunger and footvalve. The
cylinder bore was slightly scratched but
showed litila sign of wear.

The pumpstand was bent by some ot
the heavier loads applied in the impact
tests. The pump remained serviceabls,
but distortion of the pumprods could be
expecied 1o accelerale wear of the guide
bushes. Twa handles broke early in the
shock test and a hon-standard solid stest
handle was fitted to enable tests to be
complated.

Users found the pump comforiable,
and particularly easy to oparate.

As a result of the testing. CATR
suggested a number of design improve-
ments, including strengthening of the
handie and modifications 1o the fixing
arrangements,  slrenglhening of  (he
pedestal, changes to the bearing arrange-
ments, and a modilied 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 raliable pump, easy to
operate angd efficient, but fikely o sufler
trom corrosion in aggressive waters and
not suitable for manutacture in most
develaping countries.
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GSW

Field Trials

Assessment

In the absence of field trials,
ratings for the GSW are based on
peorformancs in laboratory tests.
Discharge Rate

The GSW produces a “good™ (00}
discharge for the deaper lifts (25
and 45 meters). but is only rated
"adequate” (¢} when compared
with high discharge pumps avail-
able for lower lifts (7 and 12

meters),

Ease of Maintenance

The need for special tools and
An ewrlior model of the GSW . which has skills to service the pumpstand
stice Been mndified makes the GSW unsuitable for

village-tevel maintenance (Sys-
tem A) at any depth. At 7 and 12
meters, an area machanic could
carry out most maintenance ope-
ralions, eaming the pump a oo
raling at these depths for System

THE GSW PUMP WAS NOT FIELD TESTED B maintenance. Howaver, the
BY THE HANDPUMPS PROJECT need for lifting gear reduces the
rating to o at 25m and 45m.
Reliability

More dilficult maintenance at
deeper settings, reduces the
GSW's reliability ratings from oo
at 7m and 12m lift and discharges
up to 4md, to o for 4m3d at 25m
lit (the same as the Bm3/d rating
for the lower lifts), and the pump
i rated “unsuitable”™ {—} for 45m
tifts or for a daily output of 8mdrd
at25miift.

Corrasion Reststance

Severe corrosion occurred in the
laboratory tests, and the pump is
not considered suitable for use
with corrosive water.

Abraston Reststance

Though there was litde sign of
abrasion damage during the
laboratory tesis, the use ol
leather cupseals rams the pump
a — rmting for abrasion rests-
tance.

Manufacturing Neads

Good quality contiol is essential
in manufacturg of the GSW, which
is not therefore suitable for manu-
facturs in countrics with [ow indus-
trial development {category 1). No
specialized processes are invol
ved, so the pump is rated o for
manufacture in a category 2
envisonment {medium industrial
development) and oo for category
3 ¢high tevel of industrial davelop-
ment).
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India, Mali

General Description

The ndia Mark it is a lgver-action deepweil
pump developed wilh UNICEF support and
now the subject af lndian Standard IS
9301 {1984} The pump is widely used in
India and is increasingly being instalted in
other countries.

The pumpstand and handle are gaiva-
nized steel, and the pump is distinguished
by the chain and quadrant link betlween
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 concreled
o the pump apran.

The below-ground assembly is con-
ventional with a brass-ined cast iron
cylinder and a foolvalve incorporated in
the lower ot the gunmetal endcaps. The
standard pump has galvanized stee] rising
main. it s recommeanded that the pump
has a 24 meier mimmum selting for gravity
return with the standard rods. Heavier rods
are available for shallower settings.

Manufaciure

The pump is made in India and Mali and
calls for skills in steel labrication and
toundry work with good quality contral.
Limited pumphead manufacture is carried
outin Kenya.

lers
A st of manufacturers making the pump in
india is available from UNICEF, 73 Lodi
Estate, New Dethi 11003, india.
Emama-Sikasso, BP 68 Sikasso, Mali,

Indicative prices - Feb 1985

Per unit for 35m depih uss 295
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Laboratory Tests

Dale tested: India Mark it - 1979; Indig-Mali - 1986

Reported; ODA Report 1981

Performance data (typlcel values) - 63.5mm cylinder
Head (meters) 7 25 45
Pumping rate (cycles/min) 40 40 40
Voluma/min (liters) 12 12 12
Input {watts) 47 92 140
Mechanical efficiency (%) 30 55 65
Maximum handie for¢e (kg-) 13 20 30
Footvalve leakage (mUmin) No significant ieakage

Evaluation

The tast pumps from both tndia and Mali  the joint between the plunger and

were securely packed in wooden crales
and asrrived in good condition. Tha Mali
pumps did not have brass-lined cylinders,
as specfied in IS 9301, but instead had
stainless steel cylinders. Both sats of
pumps had minor detects: lixings tor the
chain inside the pumpstand were incom-
patible on the indian pumps: in ong Mali
pump the handle pivot had been
misalligned during assembly, and one
handle had been incorrectly machined.

No instructions for instaltation and
mainienance were supplied, but a compre-
nensive manual 1S now available from most
manufacturars. Installation needs well
developed skills, lfting tackle, and a
comprehensive toal kit, ruling out village-
love! maintenance.

The 4000 hour endurance test
was carried out al 40 cycles per minuie
with a simulated head of 35 metars for 1he
tndia pump and 45m tor the Mali pump.
Both pumps completed the test with no
failures. In the final nspections, the
handle pivol bearings were 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 whera the
handle had rubbed againstit.

Below ground, both pumps suffered a
good deal of corraston. particularly at

pumprod. The cylinder bores were poli-
shed, but only lightly scored, and the cup-
seals were slill serviceable. The footvalve
seals were worn, bul also shill serviceable.

impact lests on the handle and
pumpsiland caused no damage. and lhe
pump completad the handle shock test
without fallure.

Most users tound the reguired
efforts relatively easy to apply. though
adults commented that a longer siroke
would make the pump more comiortable 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 JI
i5 a strong. generously proportioned
design. of which examples manufactured
in both India and Mali proved lo be rabusi
and rafiable.

Its potential for widespread applic-
alion in village water supplies is limited by
sarigus drawbacks in terms ol manufac-
tunng and maintenance. Il is suitable for
rmanufacture 1o a consistently high gualily
only in countries with moderately well
developed industry and enginearing shkills.
Maintenance also demands a high degree
of skilt, and litting tackle will be required
unless piaslic rising main can be used.

* The modlfied version of the India Mark H, which

has extraciable downhole components,

ribed iater (Pump 10).

is desc-
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India Mark 1l (standard)

Field Trials

Test conditions

Nurmber  Head Oata

of range available
Courlry _purnps _ {meters) _(manths)
Inda 50 17-44 21
Snlankat 1t 29 22
Burkina Faso3C 10-26 3
Ghana 220 465 34
Niger 9 15-58 15
Sudan 75 12-38 24
Malawi 24 7-25 40
Kenya 15 16-31 17
Tanzana 22 1-25 9
Philippines 15 6-40 20
China 34 9.26 10

1 Low-iift versiun

As betils a pump which is so widely used
0 india and elsewhare, the India Mark 1)
nas teatured in a great many of the lield
trials, and has tended to be the standard
aganst which other pumps are judged.

tre Incha, whaere a million or more Mark,
lis are 1n use throughout the country. the
tasts were carned out vl unflined hard rock
wells with cylinder settings averaging 36
meters. The pump s weil accepied in the
country and can be satrsfactorly mamn-
tained by expenenced area mechanics,
though this ¢ not the case n other
countries, where mabile teams with lifing
equipment are almost essential,

Chain lubricavon and tightening of
fasteners accounted for most of the
rgutine  mantepance  oparabions. and
plunger seal replacement was the most
cammon repaw needed in the India tnals,
accounhing lor 78% of the essential inter-
ventions. tnterestingly, one manutactuser
has recenily reptaced the standard
leather cupseals with mitnle rubber cup-
seals, which are more abrasion resistant
ard do not swell (see Pump 10}

The experience of India's area
mechanics means thal repars are gene-
rally carned ouwl promptly and econo-
mically. This contrasts wih the Sudan
tnals. where the India Mark lls stood up
well {o very ntensive use, but where the
ragsources available lor maintenance of
such pumps are scarce. In one survey of
50 pumps needing below-ground repairs in

Sucan, trained viliage repairers were
successful in gnty 10 cases, could have
repaired another 9 it the parts had been
avaitable, failed in 15 cases, and made no
attempt in the remaining 16.

The pump also proved ditficult for
mechanics in West Africa to install and
mainain, though again the durability of the
pump was very good. and it was well liked
by vsers - excepl for Niger, where there
was a strong preference for the high dis-
charge lrom the Duba Tropic 7 (Pump 07).

Bearing talures accounted for a
number ot breakdowns, but the India Mark
I's mair prablam in West Aifrica came for
carrgsion al below-ground compoanents.
The galvanized steel pumprods and rising
mains fell vichm to the region’s corrosive
water, to the extent that some 65% of
breakdowns in the southern Ghana field
triat could be put down to cofrosion.

Corrasion also teatured indirectly in
the Sri Lanka trials, where the shaillow
wells were filed with a low-lift version of
the India Mark I. The pumps used six
melers of 25mm diameter pumprods in
place of the standard 24 meters of 12mm
rods needed to achieve grawvity relurn,
Complants trom users about tha taste ol
the water wera almost cerainly aftribu-
table to corresian by-products.

The test pumps were fitted with open
top cylinders and 3-inch galvanized slest
fsing main (three were later fitted with
PYC  nising  maingy.  Though  seal
replacement was easier, Serviceability
was imitad by e need 1o remove the
large diameter rising main to gain access
1o the fogtvalve. Problems also arose trom
sweling of the leather seals, which
intertzred with the plunger downstroke.

Overall, the India Mark Il proved to
be a durable puwiup, but one which 15 far
from easy to service when needed.

INTERVENTION CHARTS FOR THE INDIA MARK Il
FIELD TRIALS ARE ON PAGE 116

Assessment

The ratings for the India Mark i
pump are based on wide-ranging
and consistent data from field
trials and laboratory tests.
Ulscharge Rate

For desp lifts, the pump achieves
comparalively high discharges,
scoring a “good” {oo) rating for
depihs of 25 and 45 meters.
However, the pump cannol com-
peta with the high outputs of
direct action pumps at lower liis,
and tha rating drops io “adeguate”
{o) for iifts of 7m and 12m.

Ease of Maintenance

The skills and 100ls needed to
sefvice the India Mark Il preciude
village-level maintenance, and
the pump is rated "unsuitable” (—)
under System A. Area mechanics
¢an service the pump at shallower
Hfts {bearing In mind that the
standard pump has a minimum
cylinder setting of 24 meters to
achiove gravity return), but
beyond 25m lifs, the oo rating for
System B rexduces to o, as
assistance may be nesded from a
mobile team.

Raflabitity

The india Mark i is turable, but
the ditficulty of maintenance at
depth reduces the oo rating ltor
retiability 1o © at 25m lift and 4m¥d
output, and the pump ralas — for
Em3id at the same [t and for
4m3/d at 45m.

_ Corroslon Resistance

Use ot galvanized stesel rods and
rising maln means a - rating.
Abrasion Rogistance

Leather cupseals are known to
give problems In sand-laden
waler, and resultin a— rating.
Manufacturing Needs

The India Mark Hl is manufaciured
in India and Mali. The degree of
quality control needsd to ensure
reliable operation makes the
pump unsuilable for manufacture
in a country with only fow Indus-
frial development {Category 1),
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 J respectively.

PUMP 09
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India Mark Il {standard) continued

INDIA MARK lIl: CAUSES OF ESSENTIAL INTERVENTIONS
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India

India Mark {l (modified)

General Description

The modified version of the India Mark 11
dilfers trom the standard version in that it
has pumping elements which can e
removed without having to iRt out the
rising main. An opan-toppad cylindar is
used in a 2-¥/2 inch galvanized steel
figing main (experiments are also gaing an
with PVG rising main).

The pump has a “quick change™ drive
head, and versions are being tested with
fixed or removable foolvalves. Some
expenmental pumps have also been fitted
with nitiie rubber seals in place of the
slandad leather cupseals.

The purpose of the modifications is
10 make maintenance gasiser, by reducing
the tools needed and the time taken lo
service downhole companents. improved
seal lite is expected fkom the nitrile
plunger seals,

Field Trials

Eleven experimental pumps have bgen
monitared for 2pproaching twa years in
the Project lisld trals 0 Coimbatore
District, Tamit Nadu. India. Early trals with
PVC rising mains on thrae pumps did not
come up 1o expectations, and galvanized
steel main was substituted pending
turther research on PVC jointing and
Suppot.

Of the six instaliations with fixed
lootvalves, twa experienced no failures in
17 months of mamtoring with pumping lifts
of 20-22 meters. Threa pumps had leather
cupseal failurgs, but then worked without
breakdown when nitrile seals were fitted.
Tha remaining pump suffered both ball
race and nsing main tailure. There was no
faiture of the tixed footvalves.

Five pumps were fitted with
footvalves designed to be extracted
through the cylinder and rising main.
Though the monitering periad s short
(oniy five months data available lor this
report), initial indictions are that the
pumps are perorming well.  More
significantly. the modifications have had a
substantial impact on the lime neaded to
seivice downhole companents,

PUMP 10

in a timed experiment on the deapast
pump {starding water level 27 meaters,
cylinder setting 33 meters and oparating
10 hours a day to serve 1000 benafi-
ciafies). impressive timas were set for
removal and replacement ot downhole
components, as follows:

»  RAemoval of the pumphead took 2
minutes

«  The plunger and lootvalve 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 weare refitted, as
there was virually no sign of wear. The
complele operalion was perdormed by a
team of four and needed no special litting
tackle. A similar operation with the
standard Mark I would have spanned
saevaral hours, and requirad fifting gear to
remove the rising main and cylinder.

In this experiment, the break-out
farce needed to release the footvalve was
very high, parlly because ol galvanic
action betwesn the brass and casi iron.
The design has been modifiad and shouid
result in a break-out force of about 150-
200kg, easity achievable through the
leverage of a standard Mark {l head.

Though the experimental Mark ils
have bean on trial only for a short penod,
thete 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 unskiled help from
villagers. The reduceo amount of lools
needed means that a bicycle or motor
cycle should be the only lranspori
needed.

It is siilt hoged that PVC rising main
may prove suitable for use with the india
Mark f. The initial problems invclved
failure of both solvent-cement and
thraaded joints. PVC tension connectors
are being tried. but fretting of the rising
main in the unlined hard rock boreholes
still has to be overcome.

Asseasment

The exparimental modified ver-
sions of the India Mark Il have
givan ancouraging early resuits,
but there are limited data (eteven
pumps for lese than two years in
one situation}. Judgments should
theratare ba regarded as prel-
minary at this stage.

Diacharge Rsta

The modifications do nat alter the
pumnp’s discharge capecity, and
ratings are the same as for the
standard Indta Mark il {Pump 08).
Eass of Malntenance

Though the modifications still do
not alow the Mak H to be
ragarded as sultable for village-
lavel maintenance, it doas now
qualify for a “good” (oo} rating for
area-mechanic malntenance (sys-
tom B) atalllifts.

Raliabllity

The simpler maintenance and
nitile  seals seem likely to
reduce the pump's downtime,
improving the ralings 1o oo at 26
meters lit and a dally output of
4m3, and 1o "adequate” at highar
flows and at 45 meters haad.
Corrosion Reslstance
Galvanized pumprods and rising
mains maan that the pump cannot
be recommended where ground-
water is corosive, though this
rafing mav be aiterad it
oxperiments with PVC rising main
are succassiul.

Abrasion Resistance
Replacament of leather cupseals
with nitrils rubber seals aams the
modiiled Mark |l a & rating.
Manuilacturing Needs

The meodifications do not affect
the Mark IF's suitability for
manulacttre in developing
counties, and ratings are
therefors the same as those for
the standard India Mark i (Pump
09).
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Philippines

-———"

General Description

The Jetmahc s made in the Philkippines to
4 design sirmiar lo that of Kawamoto
Pumps of Japan It 15 also avalable as a
shallow well suction purp (Pump 37). The
cast won pumpstand 15 compact and tits
on the protruding end of the nsing man,
which must protrude at least 440mm
above groung 1o prevent the handle
touchhng the ground and e provide
clearance tar the spout A discharge valve
n the spout allows either free discharge or
pressure dehvery through a hese or pipe.

The deepwell cylinder is unusually
smalt (46mm bore), 1n urder o it insige 2
wnch nsing main It consists of a brass
wbe. gunmetal plunger and leather
cupseals. The plunger can be screwed on
lo the tootvalve 0 remove & without
rempwing the cytinger.

Manufacture

Gumetal and ran foundry work and basic
machining are required. with good quality
control to ensure interchangeability of
spare pars.

Suppilers

There are severat. including Sea Com-
mercial Co Ing, Cor. V Cruz Street, Manila
2806. Philippines, who supphed the
laboratory-tested pumps

indicative prices - Feb 1985

Pumpstand and cylinder UsS$35
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Laboratory Tests

Date tested: 1933

Reported: Handpumps Project Repor No. 3

Performance data {typlcal values) - 46mm cylinder

Head (meters)

Pumping rate {cycles/min)
Volume:min {liters)

Input (watts)

Mechanical efficiency (%)}
Maximum handle force (kg-f)
Footvalve leakage {mlmin)

L 8ERE

25 45
40 40
i "
69 115
63 72
7 "
No significant laakage

Evaluation
The two test pumps were securely packsd
n 4 wooden case and arnved in good
warkuing order

No installation and maintenance
Instruglons  were  suppled with the
pumps. Aising main of 2 inch diameter is
required and plastic pipe cannot be usad
because the pumpstand is  mounted
dwectly on the proiruding rising main,
Lifing 1ackle is likely to be nesded for
installation. Skitl is needed to ensure that
the cylinder is correctly installed in the
rising main and thal the pumpstand is
correctly mounted. Care must be taken
not 10 overtighten pumpsiand fastenings,
to avoid breaking the cast-iron flanges.
The bottom of the pumpstand is threaded
1.25 inch APi and not the more commaon
150 pipe thread.

The pumpstand may require frequent
maintenance of worn handle compo-
nents and the giand nut. Approgriate hand
tools and a suittable sieck of spare parts
are tharefore needed. Below ground. the
cylinger is designed 1o be extracted
without remowing the rising majin,

The 4000 hour endurance lest
was carned gut at 40 cycies per minute
with @ simulated head of 45 meters. The
internal clamp securing the cylinder within
the rising main had 1o be tightened soon
after the stan of the test, but this probiem
did nat recur. Components of the bandle
mechamsm were replaced because of
wear durnng the test. The pumprod broke

after about 3900 hours and again shartly
befare the end of the test

In the final inspaction, all the internal
components of the cylinder were found tG
be in good condition, with few signs of
wear. The gland nut in the pumpstang was
badly worn however, and corrosion was
observed on the piston rod, pan of the
cylinder clarnp, and the pumpstand.

Impacts on the handle werg
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
pumprod. Repeated shocks on the handle
damaged the mounting threads in the base
casting.

Users disliked the relatively low rate
ot delivery and found the handle aclion
awkward. The handle moves through an
arc ot about 180° but for handie
movemants near the upper and lower limits
of its travel thera is little movemant of the
pumprod.

The overall conclusion of the
laboralory tests was that the Jetmalic
Deepwell pump would be unsuitable for
community use. The delivery rale 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
counlries, the design is by no means
ideal.
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Jetmatic Deepwell

Field Trials

— Assessment

j in the absenca of Project fisld
i trials, the Jeimatic Dsepwells
! ratings are based on its
!
i
t

performance in the laboratory and
on the experience and judgment
of Project staff. Ratings are for
the Deopwell version; the
Jetmatic Suction has been rated
separately (Pump 37).
e e -~ Discharge Rate
The small cylinder and awkward
operatin ion result in n
THE JETMATIC DEEPWELL PUMP WAS NOT FIELD aequay’ () rainglor it
TESTED BY THE HANDPUMPS PROJECT Ease of Maintenance
The need for special tools and
lifting pear make the Jelmatic
unsuitable  for  village-evel
{System A) maintenance. Area
maechanics (System B) and mobile
teams {System C) will find the
purnp relatively easy to maintain.
The "good” {00} rating for System
B maintenance reduces to o for
depths beyond 25 meters, as the
tasts revealed that the cylinder
retainer may not be reliable in the
long term, so that lilting gear
would be needed 1o remave the
rising main.
Rellability
The laboratory tests suggest that
frequent maintenance would be
neaded for lifts of 25 meters or
more at distharges of 4md/d, and
the pump is therefore rated
“yhsuitable” {—) in Tabtes 5.3 and
5.4, For 7m and 12m lits. the
pump ears a oo rating, reducing
too at8mld.
Corrosion Resistance
The pump has no  special
pratectlon against corrasion and
suftered extensively irom rusting
in tha laboratory tests. It cannol
therefore be recommended for
situations where groundwater is
likely to be corrosive.
Abrasion Resistance
Use of leather cupseais means a
— rating for abrasion resistance.
Manufacturing Needs
The Jetmatic Deepwell is nol
suitable for manufacture in coun-
tries with a low leve! of industrial
develgpment {category 1}
because of the need for foundry
and machining skills. For
categories 2 and 3, the ratings
are g and og respactively.

Fholo nol available
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Germany, Federal Republic of

General Description

The Kardia is a deepweil force pump with a
convenlional reciprocaling action. The
pistan has a propriatary moided rubber lip
seal acting directly on the uPVC pipe
cylinder bare. Piunger and footvalve are
similar in design. machinad from uPVC and
fited with Hat rubber sealing washers. Two
plunger seals are recommended for
depths beyond 35 meters. Recommended
rising main is the manufacturers awn
special plastic pipe with threaded connec-
tors and rubber sealing washers. The
pumprod is stainless steel with conven-
tional bwass fube-nut couplings.

The pumpstand is fabricated from
sheet steel and sections and hot-dip galva-
nized and the handle bearings are large
proprielary batl races in lunged housings.

Manuiacture

The pump could be manufactured in davel-
oping countries with stee! fabrication and
machining experise, but high levels of
skill and quality control are needed to
produce the pumpstand. Skill is also
necded in machining the plunger and

footvalve companents.
Suppilers
Preussag AG, Moorbeorenweg 1.

Postfach 6009, D-3150 Peine, Federal
Repubiic of Germarny.

Indicative prices - Mar 1985

Per unit lor 20m depth USS 900
Extra pipe per meter Uss 14
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Laboratory Tests

Date tested: 1984

Reporied: RHandpumps Project Repori No, 4

Performancs data (typical valves) — 63mm dla. cylinder

Head (metars) 7 25 40
Pumping rata {cycles/min) 40 4 40
Volumwfrnin (kters) 16 16 16
Input (wals) 38 80 128
Mechanical elfficiency (%) 43 75 75
Maximum handle force (kg-f) 4 11 18
Leakage of foot valve {muimin) Not significant
The volume discharged per stroke was 0.35-0.37 iters and was not affected by
pumping rate.

Evaluation the joint was still serviceable,

The two pumps acquired for testing were
well protected and both arrived in working
order, though the cases were large and
difficult to manhandhe.

An ingtallation manual provided
concise and clear ingtructions. No [lifting
tackie is needed for installation. Rising
main and pumprod are supplied to length,
and toois and PTFE sealing tape are
supplied with the pumps. Area-mechanic
maintenance is relatively simple, as
there is no requirement for litting equip-
mant, but the spacial tools supplied by (he
manutacturer must be retained.

The Kardia went through the 4000
hour endurance test without break.
down - the fest was conducted at 40
sirokes per minute, with a simuiated head
of 30 meters. Damage did occur ta the
cylinder bore and plunger seal during the
first 1000 hours of pumping, but this was
caused by debvis from corrosion in the
CATR head simuiation valve, and
rapresents a condition unlikely fo arnse in
tigld conditions.

At the end of the endurance test,
gsand was embedded in the plunger seal
and both the seal and the cylinder wall
were scraiched, ihough performance was
not impaired. A slight step was noted in
the cylinder bore at the top and bottom of
the plunger stroke. Center hotes of valve
blocks in the plunger and footvaive were
worn but stifl serviceable, and there was
no corrosion. Some play was found in
the joint between handle and pumprod. but
again performance was unaflected and

The impact lesis caused distortion
of the pumpstand body which was enough
at 300 Joules to afiect the alignment ot
the rising main {the manufacturer has sub-
saquently doubled the thicknass of the
pumpstand t 356 to 10mm. The handle too
has been strengthened, following a failure
in the labaratory shock test. The handle
taited after 54,000 cycles at the welded
joint between round and raectangular
sections.

The Kardia consistently delivered
just under 0LA0 liters per stroka, hoth
belore and after the endurance tests, squi-
valent io a discharge of 16 liters per
minyte at the selegied pumping rate of 40
cycCles per minute.

The discharge rate remained
congtant for heads ranging from 7 meters
to 40 meters, though the work rate clearly
increased (from 38 watts at 7 meters to
128 walts at 40 meters pumping lift).

Some uwsers thought that the
Kardia's delivery rale was rather low,
though most liked the smooth action of the
pump, and smallar users in paricular liked
the maderate operating effort. The handle
height and movement seem o be a good
compromise between the preferences of
short and tall users.

Overall, the Kardia was found to be a
reliable handpurnp in which modern mate-
rials have been used to update a conven-
tonal plunger action design. Relatively
easy to maintain and repair, the pump is
seon as suitable for community waler
supply use for depths down to 30 meters.
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Kardia

Field Trials

Test conditions

Number  Head Data
of range available
Couniry pumps  [melers) (menths}
China 12 6-25 12

Burkina Fasa1

in the China field trals, the Kardia was
very popular among the villagers, who
rated it 25 reliable but slow (low dis-
charge). It was the only pump which could
continue to operate dunng the sovere
winter ol 1984/85, when Itreezing cong-
itions caused others o ¢ease 1o function.
lcr in the upper rsing main made he
Kardia heavy to pump and led to handle
breakages at the welding poinl The prob-
lem ¢could be avaided by drilling a small
hole in the rising main a couple of meters
below ground. to atlow bleed back when
pumping ceased.

The Kardia's prastic cylinder proved
durable, but some doubts were expressed

about the long-term durability of the uPVC
riging main, particutarly in view ot past
axpariences with plastic rising mains at
depihs beyond 25 meters.

A single Kardia pump has been
monitared in the Burkina Fasa field triais,
where it perormed well, delivering a
consistent 1.4-1.7 cu mfn ar 50 strokes
per minute.

Further tield trials are needed fo
provide conclusive data on the long-term
performance ot this pump.

CAUSES OF ESSENTIAL INTERVENTIONS
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Aszessment

The Kardia ratings are based on
laboratory test resulls and perfor-
mance in tieid trials, though with a
limited numbar of pumps.
Discharge Rate

At lifis ot 25 meters and more, the
Kamdia achisves a “goocd” {oo)
discharge {note that the ratings in
Table S.4 are for 40m (ift, which is
tha maximum recommended by the
manmufacturer). For lower lifts, the
pump is only rated “adequate” (o)
in comperison with the high dis-
charge pumps available for these
fts.

Ease of Maintenance

No lifting tackle is needed ior
maintenance of the Kardia. which
eams & o0 rating undser  main-
fenance systems B and C for lits
up 10 25 meters. Al greawer
dapths, area mechanics may nesd
dssistance, sa the rating drops to
o for system B in Table $.4.
Retiablitty

A combination of wear rates and
mare difficuit mainienance ar
deeper settings rasulis in the
reliabifity ratings dropping from oo
at 7m and 12m its for daily
oulputs up to 4m3d, to ¢ at 25m lift
and 4m3/d and “unsuitabie” (—} for
greater depths or daily outpur.
Corrosion Resistance

Use of stainless steel pumprods
with brass connectors and a PVC
fising main, plunger and cylinder,
restlls 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 PVYC cylinder,
mean a general rating of o for
abrasion resistance.
Manufacturing Needs

High levels of skill and quality
control are peeded in the manutac-
fure of the pump, though the
design is sesn as suitable for
many developing  countries.
Ratings are oo for & country with a
well-developed industrial base, o
where the Iindustrial base is
moderataly developad, and —
whete industial skill fevels are
low.
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Thailand

General Description

The Kgrat 1s a deepwell force pump. The
purmpsiand 15 constructed primanly from
eight iron castings it must be mounted on
a phnth to prowde clearance for water
containers under the spout and to accom-
modate the full movement of the lang
wooden handle. Handle pearings are
sealed ball races

Beiow ground, the cylinder is conven.
tional. with a drawn brass batrel and cast
end caps enciosing a cast piston fitted
with leather cupseals. There are two foot-
vaives. ane in the base of the cylinder and
a second at 1he end of a short diptube. As
an altarnative 0 the cast rack and quad-
rant mechamsm in the pumpstand, the
manutacturer now otters a chain and
quadrant assembly.

Manulaciure
Feundry skills are needed.

Suopilers

Saha HKokarn Factory, 9496 Soi
Sukapiban 2. Ramintra, Bangkhen,
Bangkok. Thanand

ingicative prices - Sep 1985

Pumping urut US% 150
Pumprods per meter US$1 50
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Laboratory Tests

Date tested: 1983

Reported: Handpumps Prgject Report No. 3

Porformance data {lyplcal values) — 3 Inch dia, cylinder

Footvalve leakage (mi/min)

Head (meters) 7
Pumping rate {cycles/min) 40
Volume/min (liters) 16
Input {watts) 33
Mechanical efficiency (%) 53
Maximum handle farce ikg-f) 11

25 45
40 40
14 14
106 133
53 76
20 28
No leakage when new
4.8 at end of test

Evaluation

The wo test pumps were packed in
woodon packing cases, one containing
the pumpstands, the other the handles,
riging main and pumprods. Thay were n
working order, but had a number of
defects which couid have caused prem-
alure failure it not remedied betore instal-
latipn. In particular, it was necessary to
seal the cylinder end caps with shellac, to
overcems  porosity  in the  gunmetal
castings.

No instructicns were supplied lor
ingtallation or mainenance. W galvanized
steel pipe is used, lifng tackle is needed
for installation. A muNi-size spanner
was provided by the manufaciurer, bul
several other loois are also necessary.
The pump must be instalied on a plinth at
teast as iugh as the largest water con-
tainer o be placed under the spout.

Routing maintenance will involve
regular lubncation, but should be easy. If
adequately greased. the cast iron quad-
rant ang ack should nol wear oul in leas
than two years. The enhire beiow-ground
assembly must be extracted for cylinder
maintenance. ang fifing tackle is neces-
5ary.
The 4000 bhour endurance test
was carmmed out af 40 cycles per minule
with a simu!2ted head of 45 meters. The
rack gutde rolzrs in the pumpstand seized
towards the end of the test, and by the

end the rack and quadrant were comp-
lgtely worn out. The plunger and cylinder
were aliso wom, though siili senicealie.
and there was no reduction in pump perior-
mance. The leather cupseat in the foot-
valve had compressed, allowing metal-to-
matal contact and causing the valve to
leak,

Considerable corrosion was appa-
rent on the ferrous parts of the pump, andg
paricularly on the tock nul betwsen the
connacting rad and the plunger.

In the impact tests, the pump was
undamaged by impacis o bolh the handie
and the pumpstand body. The Korat alsg
completed the alloted 96,000 cycles of
the handle shock jest without faiture.

The pump was not well received by
ugers. The handle was long, but the
stroke was short. ang many people cormm-
entod that the handle was uncornfortably
high. As a result, mosi of the required
eftort bad to be supplied by arms and
shouiders.

The overgll conclusion of the
laboratory tests was that the Korat is an
unrelined bul rugged design, suitable tor
manufacture in developing countnes with
ustablished toundry skills, Althowgh not
popuiar with users, it has the capacity o
supply the needs of a community. Below
ground maintenance i difficult, but the
cylinder itseif proved generally reliable.
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Korat

Field Trials

Test conditions

Number  Head Data

of range avaable
Gountry  pumps _(meters)  months}
Thailand 94 5-23 21

The Korat 608 design 15 in transition. The
onginal rack and pimon  action was
modified in the 608C series ta a chain and
Guadrant. and s being moditied again in
the 608 CTS senes. The Korat 60BCTS is
expected to become a standard pumg n
Thatand's rural water supply pragram, and
the design s intended 1o be companble
wilh below ground componers being
deveioped for the madihed ndia Mark (I
{Pump 10}

Of the 94 field tnal purmnps, 50 were of
the onginal 608A1 design. 40 ot the later
BOBC design. and 4 were of the BOBCTS
design. Gne impoitant change has been a
reduction in the manufactunng accuracy
neeged o ensure nterchangeability of
spare pans

With s standard 3 nch cylinder. the
Korat produces a high discharge, and this
cylinder was used for the comparatively
shallow its ot the Project hield tnals. For
its of 25 meters of more, the 3 inch

cylnder would result in high pumping
eitorts being required. as the laboratory
test showed. and this would put extra
stress on the pumphead.

For these deeper lilts. smaller
cyhnders are avallable, with corres.
pondingly reduced discharge rates.

The Korat 608C showed great
potential in the held trials, and further
development ot the CTS series should
mprove #s reliability still further.

CAUSES OF ESSENTIAL INTERVENTIONS

Assessment

The Korat ratings are bassd on
bown field and taboratary iesting,
and relate principally to the §08C
series.

Discharge Rate

With the right choice of cylinder,
the Korat is capable of achiaving
a "guod” (o) discharge over the
full range of pumping lifis.

Ease of Maintenate

The pump is not suitable for
village-level maintenance (Sys-
tem A). An area mechanic could
readily camy out routing rmainte-
nance gperations on pumps with 7
or 12 meter fifis, but the need for
lifting gear reduces the o raling
for System B at these fifts to
“adequate” (0} al 25mand 45m,
Reflability

The lreguency ¢f malntenance
interventions needed and the
need for assistance hom a
central  maintenance  team,
reduces the Korat's reliability
rating to o for a daily oulput of
am3d at 25m i, and to
unsuilable” (—) for 8m¥/d at the
same it and for 4m3rd at 45m lift,
Corroslon Resistance

The pump sutfered appreciable
corrgsion in the laboratory tests,
and is not sulfable for use with
corrosive water.

Abrasion Resistance

Use of leather cupseals means a
— raling tor abrasion resitance.
Manufacturing Needs
Successive modifications to the
Korat have reduced the degres of
manufacturing accuracy and
quality control needed. The pump
is well suited tor manutacture in
countries with medium or high

5
10 r3 lovel industrial  development.
5 b= @ scoring oo for categories 2 and 3.
a4 bl It requires good foundry skills,
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General Description

The Maldev 15 a reciprocanng deepwell
pumphead devaloped n Malaw, and
designed tor easy mantenance. It was the
torerunner at the Afndov {Pump 02}, and
was intended to be parlt o a modular
system, Optmum range of pumping litt is
15.30 meters, though it can be operated io
60 meters,

Fabrcated steel sheet ang standard
ppe sechons are used to make the
pumphead. Bearings are sealed ball
races

Euher steel or PYC rising main can be
supported.  depending on the adapter
used, and a range of plunger diameters
can be hited. The head design allows tha
plunger and foolvalve to be exiracted
through a s«npte access cover. f suitably
sized nsing myn s used.

Manufaciure

The pumpstand requres machining and
weldng of steel sheet and tubing.
Faclities are straightforward, but high
standards of warkmanship and quality
coritrol are necessary to achieve optimum
beanng perforrnance.

Suppliers
Petroleumn Services Ltd, PO Box 1800,
Blantyre, Malaw:.

Indicative prices - Feb 1985

Pumphead Us$ 300
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Laboratory Tests

Date tested: 195384

Perlormance

Reporied: Handpumps Project Report No. 3

The Maldev 15 a pumphead designed to be coupled to any suitable cylinder assembly of
about 2-1/2 inch diameler. Performance data is theretore not given. For laboratory
testng. the Maldev was initially attached to a prototype ali-plastic cylinder and later ko a
cylinder from a Funymag Aid-derivative pump. in both cases. high levels of efficiency
were measured. canfirming that liction in the pumpstand was relatively Jow.

Evaluation

The test pumpstands were securely
packed in two woaden cases, and arrived
in good condition.

No instructions were suppfed. but
the technigues of installaben  and
maintenance had been demonsirated in
Malawi to laboratory statf. The pumpstand
is straightiorward to install, provided that
care is taken when concrefing in the
column and in assembling the handlg to
the pumpstand body. For maintenance,
a par ol pupose-made uriversal
spanners are supplied with each pump.
The meost imporant  mamnienance
operation 15 replacing the handle bearings.
Ta remave worn-out ball races i the field,
they must be drven or pressed oul. If the
same lechnique is used to install the new
ball-races. i 15 easy io damage the
beanngs themselves of ther housings.
Only a cover plate need be removed to
dllow the pumprod and plunger o be
extracted.

For the 4000 hour endurance test,
the pump was driven ai 40 cycles per
minute. at a simulaled head of 45 meters,
using a £-1/2 inch cylinder.  Midway
throygh the tast. the rising man slipped in
the compression  hitting  within  the
purnstand. It was ratightenad but

persistent leaks occurred wntil  an
improved conical rubber seal was fitted.
At the end of the tesl, considerabie free
play was found in the handie bearings, bul
they were siill serviceable.

Thare were spots of rust inside 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 eithes the
pumpstand body or the handle. The pump
complated the aliotted 96,000 cycles of
the handle shock test without tailure.

The Maldev was generally well liked
by users, who alf stood behind the pump
ang graspad the T-bar handle with ong
hand on each side.

The overall conclusion of the
laboratory tests was that the Malday is a
very robust pump, designed with the
needs ol YLOM and of manufacture in a
developing country in mind.  However,
although capital-intensive manufacturing
tacilties are not required, strict quality
contral is necessary v achieve a reliable
product,  Replacing the ball races with
piastic bushes could make the pump
easior lo manufacture and to maintain,
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Maldev

Field Trials
Test conditions
Number Head Data

of range avasiable
Country _purmps _ (maters) __(months;
Matawi 117 5-27 36
Kenya 14 10-35 19
Tanzama 10 316 9
Pnilippines 3% 5-40 20
China 34 9-26 10

An important result of field thals on the
Maldev has been the comparison between
beanng pertormance in the older proto-
type heads. consiructed with poor quatity
jigs and txtures and installed in 1982, and
that in the later heads where both jigs and
quahty control were much improved. The
later production kKeads have given ball
bearing Ite some 2-3 times langer than in
the older heads. This undertines the
impartance of manufacturing quality con-
ol even in such a simple pump as tha
Maldev.

Although the Maldev nead was
designed for use with plasiic sising mains
and extraclable cylinder componenis,
qnly few of the pumps on 1est had ths
type of assemify and all were prototypes.
Most test pumps vsed conventional down-
hole components, and in consequence
were difficult to maintain angd hag

corrasion problems. The assessmeni of
the Maldev has been based an its use with
canventional downhols components,

Most pumphead breakdowns were
due to ball bearing tailure. If allowed to
progress, bearing wear can have serious

consequences. There were several
examptes where collapsed heanngs
resufted in dalls faling down inside the
rising main and damaging the cylinders.

The Maldev's T-bar handle was
popular with users, who aiso tiked the high
discharges made possible by selection of
appropriate cylinder sizes and bhandle
langths.

As a first atternpt at development ol
adeepwalthandpump suitabla tor manufac-
ture and simple maintenance i Alrica, the
Maidev was mainly successful. introduc-
tion 2 plastic beanings, as on the Atridev,
should improve the pump’s reliability and
ease of manufaclure.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Maldav 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 coi ventional compo-
nenis, as uses in the majority of
the field trials.B stter ralings may
be possible with riodarn downhole
compaonents.

Discharge Rate

The choice of cylinder size and
variable handle fength maan that
high digcharges are possible ai all
lilts, eaming the pump a uniform
“good” (oo) rating.

Eage of Mainlenance

The conventional downhole comp-
ongnts result in a rating of
“unsuitable” {~) for wvillage-lavel
rmaintvnance  irespective  of
depth. Area mechanics would
need support from mobile teams
for repairs at 25m ang 45m, s0
that the rating for maintanance
system B drops from o0 to
“adequate” (0) for these lifis.
Reliability

The mainenance ratings also
affect the ralings under this
heading, giving the pump a 00
rating at 7 and 12 meters litt and
daily outputs up to  dmid,
reducing to o for higher lifts and
discharges, and lo — for 45m liit
and for a daily output of 8mxt at
25miifi.

Corroalon Reaistance
Galvanized steel pumprods and
rising mains mean a = rating.
Abraslon Resislance

Use of leather cupseals means a
— rating for abrasion resistance.
Manufacturing Needs

Judging the pumphsad only,
manufacturing nesds for the
Maldev are simple, and it samns a
oo raling for manufaciure in
countries with moderate or high
jevals of industrial deve'opmeant
{Categories 2 and 3), reducing to
¢ for Category 1 {low indusirial
base), because of the demon-
strated need for good quality jigs
te ensure reasonable bearing
performance.
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Canada

General Description

The Monarch 1s a conventonal deepwatl
pump with a cast wfon pumpstand and
ntegral cast iron pedestal A plastc guide
bush angd glangd ensute that the uppert
pumprad moves in a straight hineg, and the
steel handle 15 altached by a swinging
ink  Handle beanngs are sealed hall
races A T-bar handle 15 offered for (wao-
person gperaton at higher s,

The prass lube cylinder has a gun:
melal plunger with hwo leather cupseals. A
fogivalve ¢ mcorporated n the lower
cyhnder end cap and there 15 3 second
foalvalve with (Oning seal below the
cylinder  Several cylnder chameters are
avalable fo swl diterent depth ranges.
and  pumprods can be  supphed as
gaiwanzed steel. stamess sieel. or glass
fibet rewntorced plasic (GRP)

Manufaclure

High quality ron and gunmetal foundry
work 1S required o ensuce the mterchange:
aity of spare parts and fhe correct
functiormng of the pumphead.

Suppliers
Monarch Industnes Ltd, 889 Enn Sireet.
Winrupeg. Mariioba, Canada

Indicative prices - Feb 1985

Pump pius 2. 25 inch cyhnder LSS 300
Pumprog i GRP1 per meter Us$ 260
Rising man ger meter USs8.80
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Laboratory Tests

Phate tosieds JUSA R

Reported: Workd Bunk Applied Technology Note No. 2

Performance data (typical values) - 2.25 inch dia cylinder

Head {meters) 25 45
Pumping rate {cycles/min) 40 41 40
Volume/min (liters) 14 15 14
Input (watts} 43 a2 138
Mechanical efficlenay (%) 37 66 76
Maxirmum handle force {(kg-f} 13 20
Footvalve lpakage {ml/min) No significant leakage

Nota: The volume discharged per siroke was about 0.35 liters, and was not
gftected by pumping rate.

Evaluation breakdowns occurred in the 4000 hours,

The Monarch handpump was onginally
tested by CATR in 1979/80, as part of the
ODA program. Since then, the manulfac-
turer has introduced a number of modifi-
cahons. The present samplas ware supp-
lied with 2.25 inch Clayton Mark cylinders.

Tha two samples were well packed,
though the single packing case with a
weight of 283 kg was difticult to manhandle
and might be darnaged by rough treatment.
Both samples bad some free movement in
the handle pivet beanngs. and the trun-
nions for attaching the pumprods to the
handle link were not square with the rods.

A comprehensive instruction
manyal is avadable, in English and French
and includes a useful checklist of possible
troubles and remedies. For developing
countnes, morg lustration and less text
may be more appropnate

Lithng fackle 15 essential lor pump
Instatlation. 0 addition 1o the compre-
hensive faol kit suppled with the pumps,
tn some inslallations it may be necessary
lo cut and rethread the pumprod.

Pumpstangd mainlenance generally
should require only basic tocis. though a
dritt may be needed o remove and replace
handle bearings. Below-ground main-
tenance. such as footvatve repair or
replacement of {eather cupseals involves
extraction of the rising main ang therefore
reguires hiting tackle LUse of two foot-
valves can gwe rfise g unnecessary
problems. f the upper footvalve fails but
the lower one continues to function,
oroken paris can damage the cyfindar,
plunger and seals.

The 4000 hour endurance test
was carmed out at 40 cycles per minute,
with a simulated head ot 45 meters. Ne

The misatignment of the pumprad trunnion
caused it to move sideways at each
siroke reversal, resulling in a knocking
noise and wear on one side of the guide
bushes.

In the tipal inspection, handle
bearings wesre Jound 1o be loose in their
recesses and the shoulder bolls were
lagse. The galvanized steet pumprod was
severely corroged immediately above
the plunger and the iron nipple between
the cylinder base and the tower footvalve
was alse badly corroded. The lowsr leather
cupseal was split, but otherwise the
plunger and both foolvalves were in good
condition and there was little sign of
cylinder wear.

in the impacl test, the pumpstand
broke above the baseplate at an impact of
153 Joutes (the normal maximun impact is
500 Joules). The iracture appeared to
originate at tha inspection hole. Because
of this failure, no handle impact test was
carned oul, bul the handie compieted the
96,000 cycles of the handle shock test
without failure.

Users found the pump comifortable
and easy to use.

The overail conclusion of ihe
{aboratory tests was that the Monarch is
easier to operate at 45 meters depth than
many other pumps. The cast iron pedestal
needs strengthening to withstand acci-
dental impact or abuse, but otherwise the
pump proved reliable. One footvaive would
be sufficient.

Corrosion can be expected 10 cause
probiems in aggressive waters, though tha
availability of allernative pumprod and
rising mair materials should alleviate
some of thermn.
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Monarch P3

Field Trials

Test conditions

Number Head Data
of range available
Country pumps meters) _ _ {monihs)

Ghana 65 6-20 22

A total of 65 Monarch P3 pumps with 3:4
inch guide rods have been menitored in
the Balgatanga region of nornthem Ghana,
The pumps were equipped with 3 inch
diameter cylinders. 716 inch diameter
gaivanized pumprods. and 1.5 inch
diarmeter galvanized risng mains,

On nstallations below 15 meters,
heavy lithing equipment was needed to
install the pumps, which also need special
toois for assembly of the pumpstand.

Maintenance of downhole compo-
neMs aiso means the use of litting tackle,
as the complete assembly has to be
remaved 10 change seals or repair valves.

The 3 inch cylinder gives the
Monarch a good discharge rate — in the
range of 1.0 o 2.0 mih. which proved
popular with users. Mine pumps were fitted
with water meters, and the amount of
water pumped per day ranged from 2.8m?
10 10mJ, with an average of 6.8mJ. Thase
resulls covered the six months from April
to September 1986 In March 1986, ong
Monarch P3 reached an average daily
discharge of 16.5m?

During the 22 months of monitoring,
the 65 pumps sutfered a total of 58
breakdowns and needed 61 lurther
intervanhigns to correct pOOr performance.

Breakdowns were caused mainly by
disconnected pumprods, broken guide
rods, broken pumprods, lopse piston rods,
and loose followers. The main causes of
poor performance were broken shoulder
bolts. poor well yield, damaged shackle
beasings. detective footvalves, leakage al
rising mains/couplings, laather cupseals.
and damaged fulcrum beanngs. The
broken guide rods generaily resulted from
broken shoulder bolts or damaged shackle
bearings. and led the manutacturer o
tedesign the pumphead. Since modili-
cations were made. pumphead defects
have tallen substantially.

Three of the Monarch pumps wera
equipped with GRP rods, which performed
withgut oreakdown for the 2t months
duning which they ware monitored.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Monarch P3 ralings are
Yaset on iabaratory and field test
resuils.

Discharge Rate

With the right choice of cylinder
size, to suit the pumping lifi, the
Monarch P3 is capable of achie-
ving a “good” (o0) discharge rate
for the full range of pumping lifts.
Ease of Maintanance

The relatively complicated pump-
head and the nesd for lifling
tackde and special tools makes
the Monarch "unsuitable® (—) for
village-level maintenance imes-
peclive of depth. Area mechanics
wouid need support from mobile
teams for repairs at 25m and 45m.
The raling for maintenance Sys-
tem B is therefore reduced from
ao o “adequate” (o) for these
iitts.

Rellabitity

On the basis of interventions
needed during tha field Wrials, the
pump eamns a oo raling for
reliability at 7 and 12 meters lift
and dally oulputs up to 4midg,
raducing o o for higher iifts and
discharges and lo — for 45m lifis
and for a daily output of Bm¥d at
25m lift. The improved version of
the pump is likely to achieve
better ratings.

Corrasion Reslstance

The standard wversion of the
Monarch P3 Is rated unsuitable
for use wlh comosive waler
because of its galvanized pump-
rods and rising mains. Alternalive

materlals are available as
optlons,

Abraslon Reslstance

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
Manutacture of the Monarch P3
demands strict quality control ard
a high level of joundry skills. It is
not tharefore suitable for manufac-
ture in a country with a low level of
indusirial development {Category
1}. The o raling under Category 2
indicates that some extamal
assistance may be needed with
quality control. The rating for Cate-
gory 3is o0.
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United Kingdom

General Description

The Monolit is a positive displacement
despwell handpump ol the established
Mono proyressing 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 bevet
gears. with a ralchet mechanism lo
ensure correct rotation. The pedestal is
tabricated steel. Steel gears in an oil-filled
gearbax were for a time replaced with
thermoplastic gears requiring no  lubyri-
cation. but Mono has now reveded (o
metal gears, this time using a long-lasting
grease lubricant.

Pumping elements are designed tor
water temparatures ot 16-40°C. A proprie-
tary all-plastic tootvalve is fitted.

A direct drive version ol the pump,
with no gearbox and the hardle connected
directly to the pumprod is available from
Mono Pumps (Africa) in Zimbabwe and
South Africa.

Manufacture

Special skills and equipment are required
o make the pumping elemant and the
gearbox.

Suppfiiers
Mong Pumps Lid, Amiield Works,
Audenshaw, Manchester M34 5JA, UK.

Indieative prices - Feb 1985
Complete assembly to

3meters depth US$as3
Extra rods per 3 meters US§ 16
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Laboratory Tests

Dale tested: 1964 Reported: Handpumps Project Repart No.4
Performance data (typical values)
Head (meters} _.5_ A5 60
Gearbox ratio 3 21 X1 21 21
Purnging rate {cyclag/min) 40 40 40 40 40
Volume/min (liters) 16 10 16 ¢ 9
Input {wams) 135 B9 191 126 139
Mechanical efficiency (%) 48 8 - 89 61 65
Madimumhandieforce kgf) 15 19 20 14 15
Footvaive leakage (mlmin) Na significant leakage

Evaluation

The Monolit was criginally tested in
19834, when only a 3:1 gearbox was
available. Performance and user tesis
were repeated mare recently on a modified
version of the pump with both 3:1 and 2:1
gearboxes, thermopiastic gears. a modi-
fied pumpstand and handle arrangement,
antl a new compound for the stator.

The Mang Direct Drive pump manufac-
tured in South Africa has also been tested
in the laboratory. This repert combines
resulls from the three sets of laboratory
tosts, 1o give an averalt svaluation of the
Mono pump types. The figures in the
pertormance table above are from the tater
modeal of the Monglitt and were genarally
the same as or better than those in the
oniginal trials.

Installation and  maintenance
of the Mono pump raquires lifting
equipment and skillad mechanics, Work-
shop facilities are ngeded to repair gears
and pumping elements must be raplaced
antirgly when taulty.

The older design of the Monolift was
subjected 1o endurance festing at 40
cycles par minute with a simuiated head of
45 meters. The pump completed the tesls
without failure, except for wear of an unlub-
ricated handgrip dusing the first 100 hours,

At the end of the 4000 hours, the
outer surfaces of the rotor helix were scrai-
ched and the inner sufaces had deposits
of rubber from the stator, but the pumping
element was slill serviceable. There was
some cofrasion of the pumping element
end caps, but otherwise no noticeable
corrosion.

The pumpstand withsiood the
impact tests without damage.

Some users, paricularly small
children, found the old design difficult to
operate. The shorer pedestal and handie
modilications have made the new model

gasier to use, and children much preferred
the 2:1 gearbox (intended to extend the
pump's range beyond 45 meters}.

The overall concluslon 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 21 gearbox extends the
range beyond 45 meters and the new
version is more suitable for children.

The Mono Direct Drive

Laboratory users did not lke the
operation- of the direct drive pumnp, finding
it difficult to susizin effort through a
compleate revolution.

The pump also performed badly in
endurance tests, with failures in both
the drive head (now redesigned) and the
pumping element, suggesting that
fraquent attention might be needed in
community water supply use. Tha delivery
rate was jow, without the advantage of the
gearbox.

The laboratery concluded that
considerable turther development would
be nseded 10 make the pump suitable for
communily water supply.
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Monolift

Field Trials
Test conditions
Number  Head Data
of range available
Country pumps _(melers) (monihs
China 10 960 12
Bolivia 19 0" 10

* Average lift

Only a few Monalift pumps have been
monitcred as part of the Project, and the
field information is supplemented with
reparts received trom ather users.

In general, the Monolift is a popular
pump with users. who find the chscharge
rate and the reliablity acceptable and tend
o favor the pump over equivalent laver
Acton puiT-ps.

n China, where the pumps were very
heavily used — serving 200 users par
pump and operatng from sunnse to
sunset — the Monalift and the Kardia
(Pump 12) were the mast popular pumps in
the tnals.

Howsever. the China trials also
revealed ftaws in the thermoptastic bevel
gears which were introduced fos a shon
time by the manufacturer. The gears and
the ratchet system ysed with them did not
prove durable enough. Similar oroblems
have been reported to the Project from the
Sudan. where about 100 Monolitis with
thermaplastic gears also suflered failure
wathin four to six months of instatiation,

Tha Monglift 15 a pump in which hkey

pads — the pumping alement and the
gears — are replaced rather than main-
1ained. Long service life is therefore crib-
cal in village use. The manufacturer has
‘now ceased manufacture ol pumps wilh
thermaplastc gears and is oftering replace-
ments to existng users. The new gears
are meial castngs with a stainless steel
shaft and a new non-return mechanism,

The pump's below ground compo-
nents are durabie. and ihe progressing
cavity design is comparatively resistant 1o
sand pumping. but maintenance when
needed is difficult and requires a fully
trasned mobile team.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Monolilt ralings are based on
laboratory tests and fimited
monioring in fisid trials.

Discharge Rate

For low lift applications. where
ovarcoming fricticn in the pum-
ping element represents a signi-
licant part of the pumping effort,
the pump would have to be
worked very hard to deliver
enough water to compete with
pumps designed specilicaliy for
shallow [lifts. In deep wells, the
Monglift can compete more
readity and earns an “adequate”
{0} rating for all but tha 7m lift,
Easg of Maintenance
Mainienance is complex and
requires  special skils and
equipment, The pump is not
suitable for village-ievel or area-
mechanic maintenance,
Rellability

The Monolift is a durable pump
and earns a *good” (00} rating for
lifts up to 25 metars and daily
ouiputs up to am3/d. For 45m lifts
or for 8Bm¥d output its rating is
reduced 0 0.

Corrogion Resistance

With galvanized pumprods, the
Monolift is not suitable for use
with corrosive water.

Abrasion Reslatence

The progressing cavity design
copes well with sand-laden waler,
and eams the Monoliit a oo rating
for abrasion reslstance.
Menutacturing Needs
Specialized processes are inv-
oived in the manulacture of the
pumping element and very tight
quality control is essential. The
gearbox too requires tight quality
control. The Monolit is not
therefore suitable for manufac-
twra in a developing country which
does not have an advanced
industrial base. Howaver,
manufaciure of the Diract Drive
Mono pump in Zimbabwe shows
that there is scope for joint-
venture tvpe manutacture, and
the pump is therefore rated oo
under manufactunng srviranment
3

129




Canada, United States

!
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General Description

The Moyno 1s a progressing cavity deep-
well handpump with a helical rotar turning
n a double helical stator. A pair of rotary
crank handies means that the pump is
suited tar one or two person operation.
Dnve is threugh bevel gears in a gearbox
prepacked with iubricant, and a one-way
clutch to ensure correct rotahon.

The pumpstand is all-steel const-
ruchon and very fobust. The footvalve is
gunmetat. The steed rolor is chrome of
nicket plated. The Moyno can be installed
it a 75Smm giametar well, and two purmping
olements arg available — a single-stage
lor depihs down to 45 meters. and a
dauble-stage. said to be suitable to 90m.

Manutacture

Highly speciakzed skills and equipment
are needed to manufacture the pumping
element and the gearbox.

The current model 15 made in Canada,
though an earlier model was made in the
USA and future production could be in
gither country. Manufaciurer is Raobbins
anrd Myers {Canada) Lid, PO Box 280.
Brantford, Qntario NIT SN6, Canada.

Indlicative prices — Aug 1986

Single-stage unit to 45m UsS$410
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Laboratory Tests

Daio tested: 1983 (1S model) pius 1985 engineenng assessrment of Canadian model.

Performance data (typlcal values)

Head (meters) 7 25 45
Pumping rate {cycles/min) 49 40 409
Volume/min (litars) 9 8 7
input {watts) a5 59 91
Mechanical efficiency (%) 22 59 58
Maximum handle force (kg-f) g 10 14
Footvalve leakage (m¥min) No significant leakage

Naote: Operating force must be sustained throughout the working cycle.

Evaluation

The two test pumps ware delivered in
cartons rmade from heavy-duty corrugated
cardboard and renntorced with 4 wooden
pallel. Both pumps were in 9ood working
order; one foolvalve was ben! but was
easily siraightened.

No Instructions were provided lor
instaltation or maintenance, though a well-
illustrated Installation angd Maintenance
manual is available from the manutacturer.
A numbar of tools were supplied, including
a te and diestock for threading the
purnprod. The weight of the below-ground
assembly means that lifting tackle is
essential for installation, which requires
sl and understanding of the pump. i is
especially important that the pumprod is
cut o length and threaded accurately.

Freguent maintenance is unlikaiy
to be required. A broken handle could be
easily reptaced. but repairs to the gearbox
could not be undeniaken in the field. if the
pumping element is faully it must be rep-
laced as a complate unil, which raquires
fifing gear and the availability of a
replacament unit. In general, the Moyno
requires an exchange rather than a repair-
based routine.

The 4000 hour endurance tesi
was caried out at 40 cycles per minute,
with a simulated head of 45 meters. The
pump failed once in the {est. Alter about
3000 howrs, a rubber black, intended to
prevent the rotor from striking the base of
the cylinder during installation, became
entangled in the rotor and caused the
pump 1o seize. The cylinder has since

been madified to eliminate tha rubber
black.

Grease lpaked oul of the gearbox
fhroughout the test, but plenty remained
at the end. Both rotor and stator were in
good condition after the test. A consider-
abie amount of sand was lodged in the
footvalve. but it was still working. There
was no corrosion of the warking paris of
the pump. but the paint gn the cylinder
barrel had nol stopped some rust from
torming there.

Heavy impacte on the body of the
pumpstand produced no damage. Users
consistently disliked the pump. Most of
the requirsd efforl has to come from the
arms and snoutders; thare 5 littie
opportunity 10 bring other muscle groups
inlo play. Smaller users, with limiled
reach, could not maintain a smooth
circutar motion of the handles. Though the
abaolute values of the required operating
torce do not seem great, people faund it

diicul to sustain the same efiort
throughaul the pumping cycle.
The overall concluslon of the

laboratory tests was that the Moyno would
not be suitable for communily water sup-
ply. except in wunusuat circumstances.
Though the pump proved raligble in the
laboratory endurance fest, the rate of
discharge is small — significanty less
than the other progressing cavity iype
pump tested by the Projecl, the Monolifi
{Pump 16). The Maoyng is difficult and
expensive to install, maintain and repair,
and is unsuitable for manufacture in
develaping countries.

PUMP 17




Moyno

Field Trials

Test conditions

Number Head Data
ot range availabig
Courtry _ pumps (melers)  (months)
Burkina Faso 50 8-40 40
Cote d'tvoire 14 10-39 12
Ghana
Kumasi 57 1-35 kK|
Bolgatanga 68 5-22 K]

The Moyno had technical problems in the
early stages ol the Burkina Faso and
Zhana (Kumasi) field rials. Main hailures
wwolved scaling of the rotar nicke! plating,
cluich failure, and wear of handle kays.
The manutacturer reverted to a previous
desigh with  chrome  plating.  which
overcame the scaling problems.

The modified pumps proved quite
rehable and were generally well accepled
by the users. The outstanding remaining
problem 1s corrosion af the galvanized
pumprods and rising mains. This has led to
pumprod breakages. and to corrosion
paricles from the pumprods and rising
mans jamming the pumping elsment or
blocking the lootvalves. Taste prublems
caused by corrosion products have {ed to
some pumps being disliked by users.

in the Ghana {Bofgatangaj lield trial,
the Moynos are equipped with 1 inch rising
mamns. This has led 1o damage to the rising
mans and to pumprods and rad couplings

CAUSES OF ESSENTIAL INTERVENTIONS

which rub gn gach other. Tha result has
been rod disconnections or breakages
and leakage through the rising mains.

in terms of pump perdformance, wear
ot the thrusi spacer and leakage turned
out fo be the most frequent causes ot
essential ilerventions,

In field aperation, the discharge rate
of the Moyno is in the range of 0.5 to
0.8m¥h. The average daily output ol the
Bolgata iga pumps between Aprl and
September 1986 was 4.5m3. The pattern of
pump use in Burkina Faso is similar o that
in northem 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 nonhern Ghana and Burkina
Fasareached 12m3.
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Asgssessment

The Moyno ratings are basad on
the pump's performance in both
fiald trials and laboratory tests.
Dischargs Rate

The Mayno's comparatively low
discharge rale mean that it
cannot compsle 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 Malntenance

Servicing of the Moyno is
complex and requires special
tools and equipment. It is
‘unsuitable® (~=} for village-level
{system A} or arsa-mechanic
{system B) maintenance.
Reliability

On the basis of the number of
interventfons needed during the
fisld trials, the Moyno sams a
“godd” (0o} rating tor reliability for
discharges up to 4m3/d. For 45m
iifts or for 8m¥d output it sating
is raduced to 0.

Corrosion Raglstance

Use of galvanized pumprods and
fising mains means a that the
Moyno is unsuited for use with
corrosive water.

Abrasion Reslstanze

The progressing cavily design
copes woll with sand-laden waler

and earns the Moyno a 0o raling.
Manufaciuring Needs
Spaclalized processes  are

involvad in the manufacture of the
pumping element and very tight
quality control is needed. The
goarbox i complex and aiso
dermands tight quality contral. The
Moyno is therefore not suitable
for manufacture in a developing
country which does not have an
advanced industrial base, amd
even then would require close
collaboration with the originai
manufacturer. The pump there-
fore earns a o rating only for
manufacturing environment 3.
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Finland

General Description

A deepwsll lever-amm force pump, which
can be supplied with cylinders of 60mm or
50mm. The pumpstand is mainly fabn-
cated fromn steel sheet, galvanized, and
enciosing a molded rubber delivery cup
attached to the top of the rising main. The
staintess stee! pumprod is connected to
the handie through a flexible strap wrap-
ped round a quadeant, so the pump has a
gravity retum. Handle bearings are large
ballraces in tianged housings.

Stainless steel, palyethylene or galv-
anized stes! rising main ¢an be used. The
cylinder is a drawn bvass tube with
gunmetal endcaps. The plunger is also
gunmatal with a molded rubber cupseal.
The maolded polyurethana poppet valves
arg identical in the plunger and footvalve.

Manufaciure

The pumpstand needs steel fabrication
skills. Well equipped workshaps with high
quality control are needed for cylinder
manufacture.

Suppliers
Vammalan Konepaja inc, 38200 Vammala,
Finland.

Indicative prices - Sep 1986

Per unit for 40m depth
stairiess steel isingmain  US$ 1396
Polyethylene fisingmain ~ US$ 1188
Galvanized rising main USs 1123
132

Laboratory Tests

Date tested: 1988 Rsported: Raport not yet published
Performance data (typical valuss) — 60mm cylinder
Head (meters) R A 25 45
Pumping rate (cycles/min) 41 40 a9
Volume/min {iitars} 23 22 4 |
Input {watis) _ 90 183 223
Meachanical efficiency {%) 29 55 &0
Maxirnum handle force (kg-f) 13 o 20 27
Footvalve leakage {rlimin) - Ko slgniﬁumt leakage

Evaiyation At the same time, the included angle of the

The two test pumps were securely packed
in wooden cases, and were generally in
good condition on armival, though the
threaded studs on the bottom of the
pumpstand delivery pipe were not straight
in ong sampte. The manufacturer later
supplied polyurethane valve poppets to
replace the rubber valves in the original
cansignment.

tnstallation instructions were supp-
lied in English and were comprehensive
and heipful. A full set of tools was also
provided. Instaliaion was easy. Lilting
tackle would be needed for galvanized
steel rising main and for stainless steel at
deep settings. but is unnecessary for

polyethylens.
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 deepwall pumps because of
the relalively light weight of the pumprods
and rising main. The pumpstand design
allows extraction of the rising main without
ramoving the pump from the welthead.

The 4000 bhour endurance test
was carfied out atl 40 cycles per minute,
with a simulated head of 40 metars. A
waight of 20kg was added to the pumprod
to maintain tension in the strap connecting
the rad to the handle.

There were persistent {atlures of the
ofiginat 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
ot rubber were unsuccesstul. n consul-
tation with the manufacturer, the rubber
valves werg replaced with polyurethane
moldings. both for this pump and for the
Nira AF85 direct aciion pump (Pump 32).

valve seat was increased to 80°.

At the end of the test, the plungar
and cylinder ware in good condition. There
ware low signs of wear on the valves,
though cracks had begun to appear
around the integral retaining rings a\ the
bass ot the palyurethane poppets.

The manufacturer has since made
further modifications to the valves, o
gliminate the need for integral relaining
nings.

There was no corrogion. The
pumpstand was in good genaral condition,
but there ware signs of wear gn 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 impacits on the
handle caused it 1o bend slightly, though
the pump could stil be used without
difficuity. But in the handle shock test, the
handie broke at the weld near the pivot
beardngs after 67,000 of the allotted
96,000 cycles.

In the user test the pump was
generally well recetved by both adults and
children. Adulls tended to use a full
stroke, whereas maost children adopted a
taster short-siroke technique.

in the overall conclusion of the
laboratory tests it was noted that the AFB4
requires heavy rods or a deep setting 1o
ensure that the flexible strap connecling
the handie 1o the pumprod remains taut
while pumping.

The final design for the plunger and
tootvalve should make a substantial
contribution 1o ths pumps overall
reliability, bt the Nira AF84 is unlikely to
be roliable it it is subjected to abuse or
heavy-handed use.
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Nira AF84

Field Trials

Assessment

In the absence of fiskd trals,
ratings for the Nira AF84 are
based on performance in tha
laboratory tests and on the
expadence and judgment of
Project stalf.
Dischargs Rals
The comparatively high effort
needed to oblain high output
festricts the rafing to “adsquate”
{0) for alt lifts.
Ease of Maintenance
The pump is not suitable for
maintenance by a village
carstaker (System A) even at
shaliow settings. However, area
mechanics (Systemn B} and mobile
teams {System C) will find the
pump straightforward. The rating
for both these systems for iits up
2 12 maters is “good” (oo},
reducing te o at 25 metsts or more
for System B, reflecting the fact
THE NIRA AF84 PUMP WAS NOT FIELD TESTED BY THE l!‘lmﬂllml%vm may be required.
HANDPUMPS PROJECT In the laboratory tests, problems
with the initial rubber vaives cast
doubts on the pumps rallability,
With the improved dasign, the
pump is expectad to be more
reliable and eams a oo rating for
moat instaliations, reducing to o
for a discharge of 8m3rd ai kifts of
7 to 25 metars and for 4m3/d at 45
meters lift,
Corrosion Resistance
Al parts of the pump are made
from corrosion rasistant materials
and it earns a oo rating.
Abraglon Resistance
The pump did not sutfer abrasion
during the laboratory tests. The
cupseal is molded rubber and the
cylinder is drawn brass. The
abrasion resistance raling is
therefore 0.
Menutaciuring Neads
Manufacture of the Nira AFB4
requires facilities and skifls which
would not be available in a
country with a low industrial base
{category 1). However, much of
the pump could be made in
coumtries  with  medium-level
industrial development (category
2). The ratings for categories 2
and 3 are thersdfore o and oo
respactively.
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Philippines

:IIL
A

e

o

General Description

The locally made pumphead (Iph) is used
in the Phiippines with either the locally
made Ecreka or the Japanese made
Takasago cylinder. The Iph ¢an be made
from standard ~gff-the-shell” hardware and
plumbing supplies, though an assembly
drawing and a compltete set of parls
axcepi tor the wooden handle and grip can
alse be provided by local companies or by
Takasago.

The Iph consisis of a concrete
pedestal, a very long wooden handle, and
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Laboratory Tests

The complete cenfiguration of the iocal
pumphead with sither the Eureka or
Tagasago cylinders was not tested by the
Project in the laboratory. However, a
laboratory test of the Eureka cylinder
conngcted to a Philippine made Jetmatic
pumphead (Pump 11) was pedormed 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 nolable thal

after only 280 hours of endurance testing,
the Eureka cylinder, which was secured in
the riging main with an expanding rupber
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 excelient and
the mechanical efficiency of the unit was
vary good (71% when operated at 30
strokas par minute with a ft of 45 metars).

some pige fittings and bolis to form a
pumphead and spout. The long handie has
a high mechanicai advaniage and thus
reduces the required operating force to a
manageable level even when pumping
from wvery high lifts {the Preject has
monitored litts of over 80 meters}. Handle
length and mechanical advantage vary
from one installation to another. In the
field trials the ranges were 3.7 to 4.9
meters handle lengths ang 11:1 to 151
mechanical advantages.

The Takasago modet HW-CE35
cylinder, is a conventipnat design, but has
an open top to allow extraction of the
plunger for maintenance. The 24 inch long
brass cylinder has a 2-1/4 inch inside
diameter and is intended for connection to
a 2-1/2 inch galvamzed steet rising main.
The plunger is also made from brass and
uses a sequence of four leather cupseals.
It is specitied for 5 mch nominal diameter
wetlls and a maximum recomrmended lift of
45 meters (though in practice it is used for
greater lifts).

The Eureka (also known as the US
Champion Eurgka) cylinder is similar in
design 1o the model with the same name
made by Clayton Mark in the USA. The
brass cylinder is available in nominal
diameters of 2, 2-1/2 and 3 inches. Those
monitored by the Project had a diameter of
46mm and were designed lor installation in
a 2 inch rising main.

The bottemn of the plunger is tapered
to aliow it to be s¢rewead ontd a threaded
recover protruding from the footvalve.
The aim is lo aliow extraclion of the
plunger and footvaive through the open-
topped cylinder without removing the
nsing main. A spring “dog” holds the
cylinder in the riging 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 footvatva fits in
a laper in the bottom of the cylinder. The
plunger has two leather cupseals.

Manufacture
The pumphead is specifically intended for
local manufacture in the Phitippines and
could be made locally in other devefoping
countries, even with only low level
industrial bases.

The Eureka cylinder is manufactured
in the Philippines. It demands at least a
medium fevel ol industrial development
with good quality control of brass
machining. The Takasago coudd also
probably be manufactured under similar
conditions, though it is presently imported
from Japan {there are aiso some vnautho-
rizad and inferior locat versions).

Suppliers

Lecal pumphead componenis: There are
several manutacturers, including Atlanta
Vinyl Corparation, 97 9th Avenue, Grace
Park, Cafoocan City, Philippines.

Eureka cylinder; Malanday Machinery &
Mig Corp. Km 15 McArthur Hi-way-A.
Banco Street, Dalandaman, Valenzuela,
Metro Manila, Philippines.

Takasago cylinder: Takasago Pump Co
Lid, No. 10-24 Osaki 1-chome, Shinagawa-
ku, Tokyo, Japan.

Indicative prices - Apr 1985

Eureka cylinder, m¢luding

plunger ang footvaive US40

Prices not provided for other components.
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Philippines Deepset

Field Trials
Test conditions

Number  Head Data

ot range availabie

Counlry pumps _ (megters} {months)
Phifippines
Eureka 62 8-42 24
Takasago 64 1-112 24

Statistical analysis of the field data,
inclyding graphical pregsentation, was not
considered justified, because the data
were incomplete. Factors alecting the
lack of data included many repairs which
were caried out in the field without the
presance of the Project's Country Moni-
toring Enginaar (CME) and wilthgut consis-
tently informing the Project. The following
commeniary is based on observations
which can be reliably reponied.

In most raespects, the iocal
pumphead performs well. &t is well
accepted by users, though it is wery
difficult for chitdren to reach the iong
handle. Parts which require most frequent
raptacement are the wooden handle and
the top guide bushing. Nuts, bolts and
fulgrum  pins  have also  required
occasional replacement.  Heplacements
are relatively simple fo underake and
parts can be cbtained iocally. The handie
is the most expensive of the commaonly
needed spare pafis, costing about US$H7-
11, depending on the length and local
prices. The large concru'e pedesial adds
to the cost.

The Takasago cylinder has perfor-
med well.  Units with this gylinder have
baen intensively used, despite the high lit
conditions in which many of them have
been instailed. Typically, they have
sefved about 20 famities per pump, and
during the dry season about 4.3m¥/d has
been pumped |with the consumption
ranging trom 30 to 50 liters per capita.

The most common repair needed has

PUMP 19

been replacement of the plunger seals.
Data are not conclusive, but it appears
that seal raplacement frequency is less
than on oth2r pumps. and in oiher
tespecis too the cylinder can be rated
highly.

In practica. the Takasaga tootvalve
is not extractable after 6-12 months
sorvice, because the leather seals swell
and jam it in position. Also threads on the
protruding taper cortade,

The Eureka cylinder has proved
somewhat problematic. Repairs to the
pumping element have been required
about twice a year {about 2.5 tmes per
1000m3  pumped). Although typically
installed at lesser lifts than the Takasago,
whiere it couid be expected to be easier to
operate and subject {o less wear, it has in
fact been ‘gss infensively used and
required mare repairs than the Takasago.
Eureka instaflations have generally
served about 15 families per pump, and
pumped about 2.2m%d {a consumption
range of 20 10 30 liters per capita per day).

Qverali, the Eurgha cannpi be
recommended.  The expanded ruibber
rings jammed 0 the rising main and made
ramoval impossible. The desigh has
inherent inadequacies and manufacturing
quality controdis doubtful.

A number of modifications could be
instituted fo imprave the durability of the
combined unit, which would aiso be
enhanced by improved manutacturing
quaiity contral and better installation
procedures.

Assessment

The ratings for the Phi¥ppines
Deepset pump are generally
based on the performance of the
Takasage cylinder with a locai
pumphoead, The Eureka cylinder
cannet be recommended, as its
perormance in laboratary and
field trials revealed design
inadequacles and a  high
fraquency of rapairs,

Diacharge Rate

For deep settings, the pump
achiaves a comparatively high
discharge and earms a “good” {vo}
rating. it cannot easlly accom-
plish the higher discharges
needed for a oo rating at lower
lifts, where the rating drops to
“adequate” (o).

Ease of Maintenance

Though the concept of a local
pumphead and  extractable
cylinder and footvatve should
make the pump suitable for village-
level maintenance, practice
shows that this is not the case.
The oo raling for maintenance
systen B at 7m and 12m lifis,
draps to o for lits of 25m and
45m.

Reliabhity

Far low lifis and low dischargas,
the Takasago cylinder and locat
pumphead eam a oo rating, but
higher repair frequencies mean a
o rating for 4mdd output up to
25m it, and the pump is not
recommended for higher lifts or
discharges.

Corrosion Reslistance

The pump has no special
protection against cofrosion and
cannol e recommended for
sttuations where groundwater is
COmosive.

Abrasion Resistance

Use of leather cupseals means a
— rating for abrasion resistance.
Manufacturing Needs

The pumphead can be manufac-
tured locally in most developing
counlries, earning the pump a2 o
rating for countries with a low
industrial base {level t). Mods-
rate  industrial  development
should ensure salisfactory manu-
facture of the cylinders, giving a
o0 rating for levels 2 and 3.
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The Netherlands

General Description

The SWN 15 a lever-operated reciprocating
daeapwall pump constructed of fabricaled
steal It is designed o be fitted wilh ball
bearings or polymar journal bearings at the
tulerum and rod hanger. Tha manutaclurer
stggests lhat these might also be
seplaced in the lield with locally-made
hardwood beanngs.

The SWN B0 is the shatlow-litt
version of the pump, with a recommended
maximum lilf of 25 meters. The SWN 81 is
for deeper iitis {25-50m). It has more
substantiaf bearing assemblies and i
generally a more robust pumphgad. An
adjustable counterweight handle is used
on the SWN B1 to balance the additional
weighl of pumprods at greater depth.

Below-ground components, whith
are also used on the Kangaroo pump
{Pump 30) made by the same company,
corsist of a PVC cylinder. a plunger and
foutvalve made from stainiess steel and
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Laboratory Tests

THE SWHN 80 & 81 PUMPS HAVE NOT BEEN TESTED IN
THE CATR LABORATORY

nylon, and @& Dbi-directional elastorneric
seal. Valves are brass, with neoprene on
the seahing laces. Pumprods are encased
in polyelhylene lubing lo prasant abrasion
of the thick-walled (48/36mm} PVC rising
main. n the SWN 81, the PVC cylinder is
reinforged with staniess steel bands.

Conversior: units are available to
make the pump suilable for pressure
discharge to a storage tank, or for yse as
a suction pump, but these have not bean
tested as part of the Project.

Manufacture

The pumpstand requires steal fabrication,
wming and weiding. with good quality
control. For the below-ground assembly a
high Jevel of machining skills and quality
control are essential.

Suppliors
Van Raekum Materials BY, Kanaa! Noord
115, Postbus 89, 7300 AB Apeldoorn. The
Netherlands.

indicative prices - Apr 1985

SWN Bi
with bail bearings US$ 630
with plastic bearings US$ 609
SWN 81
with ball bearnings US$945
wilh plastic bearings US$ 1085
Riser/rod combination
in 3m langths Us§ 94
Cylindars
2inchdiameter UsS$230
2.58in. diameler Uss 287
3.5in. diameler 1158336
4inch diameter UsSEs7s
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SWN 80 & 81

Field Trials
Test conditions
Numper  Head Data
of range available
Courtry pumps__(meters) __ (months)
Kenya B 10-38 24
Tanzama 3i 118 22

Though the field tnals in Tanzania nvol-
ved only shallow lifts, the combined data
from Kenya and Tanzamia provides a good
basis tor judging the performance of the
SWN 80 & B1. The pumg i3 very easy o
use, with 2 lang pumping handle and the
soll pumping achan sesulting from glastic
nsING Mamns

Inihafly. several ¢f the Tanzania test
pumps Suttered rod hanger breakages
caysed by seizure of the polymer
bearings Increased clearance on the
bushes resolved the probiem In one
pump nstalled on a deeper than average
well {water level about 15 meters) there
were four Broken piungers in 14 months
due 1o stress tatures. In Kenya. there
have been several failures of pumprod
ang nsing mamin threads in the deeper
wells. though overall, the pump has
proved quite rehabla.

installabon and mantenance are not
edsy. The pumphead 15 heavy., which
adds 1o the already dfficult operation of
screwmng the pre-assembled pumprods

and rising main into the pumphead. With
the added weight of Gownhole compenents

at deeper lifis, the operation would be
even more difficult. For maintenance,
when the opsration is reversed, the heavy
pumphead must be lifted and supported an
a temporary frame while the rising main is
unscrewed,

The double acting elastomeric seal is
an outstanding ieature of this pump.
Running n a catibraled uPVC cytinder 1t
gives excaptional wear resisltance. though
in time both seal and cylinder will become
warn  and require castly repiacement.
Corrosion fesistance too is excellent, all
the downhgle components baing made
from resistant materiats.

The availability of different cyfinder
sizes means that high discharges can be
achieved at shallow lifts.

in general, the Project views the
SWHN B0 & 81 as a very promising, though
expansive pump. with the major reser-
vation thal manienance needs appear 1o
have been negiected in the basic design.

CAUSES OF ESSEMTIAL INTERVENTIONS
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Assessment

The SWHN 80 & 81 ratings are
based on field trals at compara-
tively shallow depths, but with
encugh data avaiiable to make
coniidant  Judgments on the
pumps likaly performance In a
wide rangs of conditions.
Discharge Rate

The availabde choice of cyiinder
sizes means a “good” (0o) rating
for all pumping lifts.

Ease of Malntenance
Cansideration of maintenance
naads is a major shoricoming of
this pump. The method of
connecting and dismantling the
downhols componenis to and
from the pumphead preciudes
village-levgl maintenance at any
iift. For iits of less than 12
meters, area mechanic maintan-
ante {system B} is quite feasible,
saming the pump a oo rating,
which drops to “adeguate” (0) at
daeper lifts.

Retlabitity

The difficulty of maintenance at
higher lifts, combined with Lhe
need for more frequent interven-
tions, makes the pump unsuitable
for 45 meter lifts, or for a daily
output of 8m3rd at 25 meters. The
rating is o for lesser daily outputs
at 25m, and the pump eams a 06
rating at lower lilis.

Corrosicn Reslstance

The choice of materiats for
downhole components provides
axcellent  corrosion  resislance
and eams a 00 rating,

Abraslon Reslistance

A good design and choice of
materials justifies 2 @ rating.
Manufacturing Needs

The number ot skills and the
degree of quality control needed
make the pump unsuitakle for
manufacture in developing count-
figs with only low industrial bases
{Category 1). It is however quite
suitable for manulaciure in
countrigs with moderately devel-
oped industry, scoring oo for
Categories 2 and 3.
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General Description

The Vaergnat is a loot-gperated pump
working on  hygrauhc principtes. Twin
tiexible polyethylens hoses connect the
apove and below ground units — thera is
no mechanical fink. The pumpsiand is miid
steel with stainless steel and brass prim-
ary drive cylinder components. The below
ground purnping element is a stainless
steel cylinder with valves top and bottam
and a fexible rubber diaphragm inside.

The diaphragm expands in response
10 nternat prassure exertad by the primary
drive pston in the pumpsiand. displacing
water from the pumping elemen up the
delvery pipe. When foot pressure is
removed. the elasticity of the diaphragm
forces water back up the dnve hose to it
the pedal and draws in water through the
footvaive.

Manufacture

The pumpstand requires moderate skills in
steet labncabon and biting, while the pum-
ping eiement demands advanced manufac-
tunng techmgues and high quality controt,

Suppliers

Saciete Mengin. Zone Industrigile o Amilly.
45203 Montarg:s. France.

Indicative prices - Feb 1985

Pumpstand and

pumping element UsS$ 587
Twin hase iper meter) US§2.55
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Laboratory Tests

Daie tasted: 1979

Raported: ODA Report 1951

Performance daia (typical values)

Hoad (metars) 7 45
Pumping rate (cyclas/min) 36 92 24 75
Volume/min (litars) 10 24 5 14
Input {watts) &9 199 51 245
Mechanical efficiency (%) 15 14 57 44
Maximum pedat force (kg-f) 47 76
Footvalve leakage {mbimin) No significant isakage

Note: The rubber pumping element has boen modified since the laboralory lests,
so that performarnce characleristics may now be differant

Evaluation

At the time of the laboratory tests in 1979,
the Vergnel was a relatively new design.
The concept has remained essentially the
same, but detailed design changes have
laken place since the tests were carried
out, and the labaratoty findings should be
vigwed in that light, More recent downhaolg
componenis wei 2 tested in 1982 on the
ABI-ASM pump (Pump 01).

Instaliation of the Vergnst pump is
very simple. No liftng tackie is needed, as
the pumping elemant can be lowered down
the well by hand. using the connecting
pulyethylene hoses. The pumrp s not self-
priming.

The ground-level primary cylinder is
also comparatively easy 1o malntain,
and removal of the pumping element 15 a
simple task, though replacement of the
dhiaphragm with a new one 15 expensive.
The laboratary tnals ngicated that the
mast hkely mainienance needs would be
reptacement of the pedal rod guides and
plunger seals in the primary cylinder,
every 1500 to 2000 pumping hours.

The 4000 hour endurance test
was carried out at 40 cycles per minute
with a simulated head of 45 meters. The
plunger guide wore badly and was rep-
aued midway through the test. otherwise

the pump compleied the tesl wilhout
lailure. At the end of the test, there was
significant leakage past the seals of the
drive plunger, feading to the need to raise
the pedat by hand froquently. The guides
have been moditied since the tests and a
repnrming arrangement has been added to
overcome the pedal return problem.

Corrosion regsisiance is generally
good. Some pitling did occur n the end
caps of ihe rubber diaphragm, but again
the matenial has subsequently bean
changed.

The pump requires considerable
effort 1o operate, but full body weight can
be applied fo the pedal. Users thereiore
lound the pump relatively easy 1o use,
though 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 resisiani to abuse or pillerage.

Overall conclusion of the labor-
atory triat was that the Vergnet's navel
design should prove reliable for comm-
umty water supply use, though the ane-oft
cast of replaring the diaphragm is high.
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Vergnet

Field Trials

Test conditions

Number Head Data

af range availabie

Counitry pumps (meters) (rmonths}
Buruna Faso 25 1444 26
Mal 25 a2 27
Kenya 8 15.50 19

The Vergnel pump has ungergone a
number of desgn modticatons 0 the
course ot the Project held inais. and deve-
Igpment work 5 shill gong on o improve
the pump chaphragm (Current versions are
supphed with a thige year guarantee).

Pump nstalizion has proved very
easy. with no need tor hinng equipment
The pump can be enpracted from a well
arnd re-mstiied wittun half an hour. It s
2is0 possble 1o INs1all twd O More pumps
oA single well a 125mm well for two
pumps, or 4 150mm wett lor three or tour
pumpst Only one spanner 15 needed ta
service the upper cylinder. and the down
hole pumpng element can te mspected
withou! drthculty

I the West Atnica held tnals. the
Vergnet proved quite rehable. though
was suscephble fo sold particies entenng
the pumping eigment. erfber through the
rHernal pumping circlnk af wa the upper
cybnder assembly When the pumping
element tils with sand (or silt or clay). the
diaphragm  becomes  noperatve  and
tnally ruptures it 1t 15 not cleaned. A new.
ihproved diaphragm s being field tested,
angd an 3ome reglans mechangs  have
bean able o ropi ruptured duaphragms

The upper cybngder plunger seats
neeted regqukar replacement. bul The 1ask

was well within the capabilibes of a local
caretaker and costs very hille.

A small amount ot corrosion
occurred on the metal pards of the
diaphragm. but 1n general the Vergnet
proved substantialy COrrRSION resstant.
This was nol the expenence n Kenya
however. where the end caps of e
pumping element sufiered  severe
corrosion. Pedal breakage was another
probiem n the Kenyan tnals. though
rarely occurred in the lengthier Wost
Afrcan nals.

The discharge rate of 0.6 to 1.0mh
artveved n West  Alnca  proved
acceplatle o users, but Kenyan users
ad ngt ke the etfort needed o pump rom
more than 25 melters,

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Vergnet ratings are based on
its performance in fteld trials and
in laboratory tests carried cut in
1979. The beiow ground compo-
nents were alsu taboratary tested
i 1982, in connection with testing
of the Abi-ASM pumps.

Discharge Rato

The discharge rate achievable
with acceptable pumping eflort is
toa low to make the pump
competit.e  for  low-lift  appl-
cations, and it is rated “ungui-
table” {(-—) for pumping Jlifts of 7
and 12 meters. For lilts of 25 and
45 meters . the Vergnet can ach-
ieve the discharge rates needed
to earn a o {"adequate”) rating.
Ease of Maintenance

Below ground camponents of the
Vergnat can be exiracted tfram
any depth without the need for
special tools or equipment, and
above ground maintenance is
simple. However, for replacement
ot the diaphragm. a village care-
laker might need the assistance
of an area mechanic. The “good”
{oo) rating for maintenance Sys-
tems B and C reduces to o for
System A.

Reliability

Field periormance of the Vergnel
earns the pump a oo rating tor
lifis up o 25m and daily outputs
up to 4m3 For 45m lifts or for
dischatges of Bm¥d, the rating
drops o ¢.

Corrosion Resistance

The o0 rating is based on
poriormance in Wast Atrica.
Abrasion Resistance

The Vergnet is littte aflected by
abrasion, but the possthility of
damage to the diaphragm caused
by sift build up in the pumping
element reduces the rating 1o ¢.
Menufacturing Needs

The Vergnet pumpstand s
suitable for manutacture in a
country with moderaie industrial
facilifies, but the downhole compo-
nents require specialized skills
and tight quality controls and
could only be manufactured in a
couniry with a high level of indus-
trial development (Category 3}.
The ratings for manufacturing
gnvironments 1. 2 and 3 are there-
lore —, o ard o respectively.
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Austria
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General Description

The VEW is a despwell torce pump with a
rotary Operating mechanism. using cable
rather than rods. The pumpstand is made
Irom varnished steel plate (stainless stoel
3 an optional extra) and ball races are
used at the crank pin joumals. The cable
atisches o an aye on the hanger, and a
large stainfess sieel counterweight main-
tains (he cable tension. Twin handles
make the pump suitable for two-person
operation, and each has a counterweight.

The heavy cylindar can be withdrawn
thraugh the 4 inch uPVC rising mair., which
has stainless steel conneclers and can
aiso torm the well casing. The piston seal
is PTFE backed by a concealed rubber
nng. and piston and tootvalves use stain-
less steal balls. Six cylinder diameters arg
available to suit different depths,

Manufacture

Both above and below ground components
call for high levels of manufacturing skills
and guality control

Suppllers
Vereimgte Edelstanlwerke AG. Franz
Josefs-Ma 51, A-1011 Vienna, PO Box
56, Ausinia.

indicative prices - Mar 1985

Pumpstand, cable. cylinders, and
spares. for 30m Jift US$ 1.400
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Laboratory Yests

Date tested. 198223

Rsported: Handpumgps Froject Report No. 3

Performance data (typical values) - 70mm dla. cylinder

Head {melers) 7 25 45
Pumping rale (cyclesimin) 40 40 40
Volumesmin (Mers) 28 26 24
input (wats)* 62 177 300
Mechanical sificiency (%) 42 59 80
Maximum handte force {kg-)* © 10 0 45
Footvalve leakage (mymin) No significant leakage

* Total walls input is nated. With two operators, input and handle forca per person
will be half the fguras ingicated here.

Evaiuation handie broke once and the cable itgel!

The sample pumps were well packed,
though unwieldy (4 meters long packing
case). They arrived in good condition, bu
the nandles of bath pumps had been
slghtly misaligned in assembly.

Steel rising main was used i the
laboratory tests, as recommended by the
manufacturer at that time. Installation
instructions were useful, Hut would
have benefited from more illustrations. In
fact. heavy lifting tackla and skilled
people are essential for installation, as
downhole components are heavy and not
readily manipulated by bhand. Pipe
wranches have o be big enough for 4 inch
Pipe.

For matnienance purposes, the cyl-
inder can be withgrawn using the crank as
a windlass. Originally, the manufacturer
did nat racommend an-site repiacement ot
plunger seals, proferting replacement of
the compieta cylinder. More recaenily the
cylinder has besn made easier 10 dis-
mantla, but seal replacement remans a
skifled operation. it the cable breaks,
cylmder extraction is bkely 1o be dificult.

The 4000 hour endurance test
was carried out al 40 cycles per minute,
with a simulated head of 45 meters. Four
breakdowns in the first 1100 hours could
be attributed to inadequacies in the cable
supporting arrangements and the handle
and crankshaft arrangement, Thase rasui-
ted in the cable twisting under tension,
making the bearing saddie run oul of trug
and causing rapid wear of the saddle and
Ihe crankshalt.

The craukshalt wore out twice, the

tinally broks. Moditied handles and crank-
shalts were provided rapidly by the manu-
facturer and a swivel was filed in the
cable. With these modifications (now
permanent) the VEW completed the endu-
rance test without further failure, though
at one point the plunger jammed al top
dead cenar and had to be Ireed 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 crankshaht bearing.
The plunger sea! was excessively worm
and there were signs of wear on the
plunger body. The tootvalve was in good
condition.

There was littiz sign of corragion,
except for some around the cylinder snap
fitting at the bottorm of the rising main,

The pumpstand withstood the
impact tests without damage.

Usgers found the VEW difficult to
operate. Most did not have the sirangth to
attain sufficient momentum to keep the
kandle turning smoothly. Tha maodified
handles now used make operation easier,
and the VEW is well suited ta two-person
operation.

The overall conclusion of the labor-
3iory rials 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 botiom of
the casing. The purnp needs special skilis
for instaltation and maintenance. It is not
suitable tor manufacture in developing
countries.
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VEW A18

Field Trials

Assessment

The VEW ralings sre based on
performanca in the iaboratory
tasts.
THE VEW PUMP HAS NOT BEEN FIELD TESTED Discharge Rale

BY THE HANDPUMPS PROJECT Though the pump is capable of
high discharges at all dopths, the
difficuity of operatlon and high
sfforts nesded keep the rating
down to “adequate” (o} for all
pumping fifts.
Ease of Maintenance
The pump is "unsuitable” (—) for
village-level maintenance (Sys-
tem A} and lifting gear would ba
nesdad for malntenance at
depths of 25 and 45 meters. The
pump therefve eamns a o raling
for area-mechanic maintenance
{System B} at depths ot 7m and
12m only.
Rellabllity
Modifications have corrected the
oarly rellability problems In the
laboratory  ftrimls, but when
maintenance needs are taken into
account, the pump is not rated
suitable for discharges greater
than 4nv/d or lifts greater than 25
meters. The rating of e for other
applications, nses 1o " {00}
for discharges of 1.5m/d, whom
maintenance naeds would be
slight,
Comoslon Resistance
The pump is manufactured from
corrosion resistant materials and
eams a oo rafing.
Abraslon Realstance
Rapld waar in the plunger ssal
when sand was added to the
waler in the endurance test
reésulis in 8 ~ rating ior abrasion
resistanca.

Neads

Manufacturing

Well-developed skills and compre-
hensive (acilities are required for
manufacture of the VEW. It could
only bes manufactured in A
dsveloping country with an
advanced industia! base, and
then only with some exiernal
support and guidance. The pump
is therefore rated o under manu-
facturing environment 3, and —
tor categories 1 and 2.
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The Netherlanas, Burkina Faso
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General Description

The Volania 15 a deepwell reciprocating
pump dnven by rotauon ot a large fly-
wheel. A crank and connecting rod
canvert the rotary motion 10 a recipro-
caung acton transmitted o the plunger
through stainless steel pumprods. For
depths Igss than 30m, hook-and-eye
connecters are used (o (0N the pumprods;
for greater depths. the manutacturer has
recently adopied threaded connectors.
The crank throw can be adjusted to surt
water depth.

Crankshaft and tlywheel run on ball
beanngs mounted on a plate which can be
fixed 10 a steel or concrele pedestal. The
cylnder s 3 fberglass renforced epoxy
resin tube with a close-fitting seal-fess
stainlgss slesl plunger. Molded rubber
valves are used and a 0.1mm screen (5
nited. The cyinder can be littea trom the
well withou? removing the 75mm diameter
PVC nstng main,

Manufacture

The above-ground components of the
Volanta are comparabvely straightforward
to manutacture. The fibergiass reinforced
plastic cylinder and stainless stee!
plunger must be manufactured tp hne
tolerances.

Hiers

Jensen Venneboer BV. Industneweg 4,
Postbus 12. 8130 AA Wike. The Nethsr-
iands.

Centre Sante Famille, Saaba. B8P 3305,
Ouagadougou. Burkina Faso. fInter
national orders can be supplied via STAR,
BP 4387. Quagadouguu. Burkina Faso

Supp
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Laboratory Tests

Date tested: 1985

Reported: World Bank Applied Technology Note No. 2

Performance data (typical values) — 50mm dia. ¢ylinder

Head (meters) 7
Stroke (mm) 310
Pumping rate (cyclas/min) 50
Votume/min (liters) a0
Input (watts) 78
Mechanicat efficiency (%) 40
Maximusm handie force (kg-f) 10
Footvalve leakage (mlfmin}

25 45
130 140
52 50
19 N
120 133
63 60
12 18
No significant leakage

Note: Figures are for a Yflying” start

Evaluation

Three versions of the Volania have been
fested at difterant times. This summary is
based on the mosi recent design, incor-
poratng stainless steel pumprods with
hook-and-eye connectors in place of the
previous cable connection between above
ard below ground parts. Dstails of the
earlier tests ara in Projact Repart No. 3.

Following the earlier faboratory friais,
the manufacturer made a number ol
changes, setting for the sealfess
stainiess steet plunger in a fiberglass
remtorced plastic cylindsr as stangard,
relocaling the taper seat at the top of the
cylinder to prevent sand-locking, adding
brass weights 1o the moided rubber
vaives. and substituting steel pumprods
with hoogk-and-e@ye connectors tor the
previous cables.

inifially, pump performance did not
match the manutacturer's figures and this
was found 10 be due to excessive
clearance between the plunger and the
cylinger. A replacement cylinder produced
wmproved results. Twa pumprod breakages
occurred dunng the first half of the
endurgnce tests. The manufacturer
supphed new rods from a different grade of
stainlgss steel for the remainder of the
endurance tests and no turthsr failures
oeccurred.

In the tinal inspection, e valves
showed some signs of wear but were still
serviceable and the cylinder and footvalve
were n good condition. The pumpstand

Indicative prices - Mar 1985

Par pump US% 600-630

gland needed repacking, but otherwise the
pumgpstand was in gond order.

There was no evidence of corro-
ghon al the end ol 1he lest,

Some wugers lound the Volanta
difficult to start and to maintain a steady
rhythm, and the delivery is greater when
the pump has a flying stant. as it
commonly does during daily use in the
field.

Aller the endurance test, the work
inpul per stroka was very much lower, with
a correspanding improvement in overall
pumping efficiency. There was no signi-
ficant change in the plunger or cylinder
dimensions, and the plunger has no seals,
so the lower work input was aitriputed to
reduced friction in the welinead gland.

The body impact test was not
applicable to the Volanta, which is fixed to
an in-sifu pedestal, but in the earlier trials
tests were carried out on the spokes of
the wheel, which bent at an impact of 400
Joutes, though the purnp remainad usable,

The overall concluston 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-
abitity of the purnp.

Many parts are suitable for
manufacture in  developing countries,
thougn rigorous quality contral is needed
in manufacture of fe cylinder assembly.
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Volanta

Field Trials

Test conditions

Number  Head Data
of range available
Countrty pumps__ (meters) __ {moniths)

Burhina Faso50 16-1 36
Ghana 24 6-14 t5
Kenya 9 12-45 12

The pumps inibally installed in Burkina
Faso were of the old design, using a cablg
as the connection between the plunger
angd the head assembly and threaded
jaints for the PVC nising mains. The cables
frequently caused poor perlormance and
were aventually replaced with the new
arrangement of staintess steel pumprods.
Cracks and joint faitures occurred v the
fising mains until 2 solvent cement jointing
system was introduced.

Except tor these early lailures, the
Volanta proved very reliable, though
whitenng quatities of stainless steel can
stlt 'ead tg seme rod failures (the softer
sieel1s more sahstactory).

The Volanma's above-ground assem-
bly s robust, and in Burkina Faso it has
been found that the rolary action is wall
suitad to mechanical operation, uging a
small engine. User reaction to the rotating
flywheel has generally been goad, and the
output, averaging 08 to 1.5m¥h has
proved adequate for the tield tnal users.

The apparenily tugh number of pump-
rod talures on the bar charn is largely
accounted for by the early experiences
with steel cables and rods. More recently,
the Volanias have been averaging about

0.3 breakdowns per pump per year and a
sirmitar number of interventions to correct
poor performance. Both figures are very
simitar to the record of the lndia Mark [l in
West Africa,

The Volanta has also been well
accepted by the users in northarn Ghana,
None of the 24 pumps monitored there
required any maintenance intervenhon
during the brst 15 months of operation.
Though the pumping lift is only 6-14
melers. they are heavily used. From
March to Seplember 1886, daily outputs
ranged from 2.2 to 18.7m?3, with an
average of 7.7m3. and in the dry season
some pumps reached an output of 25mid.

The Volanta pumps tested in Ghana
are of a later model {1984}, while those in
Burkina Fasa 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. Cniy simple tools are needed to
pull ocut the entire pumping element,
including pumprads and footvalve. The
tact that the pump is manulactured in
Burkina Faso, in 2 workshop without any
sophisticated equipment (a  Catholic
Mission near Quagadougau)}. verifies its
suitability for local manutacture.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Volarta ratings are based on
the pump's performance in both
field trials and laboratory tests.
Discharge Rate

The adjustable stroke enables the
pump to defiver a high discharge
at aii litts, and it sarns a “good"
{oo} rating wider this heading in
aliths tablss.

Egse of Maintenance

Mast maintenance oparations on
the Volanta can be readily carried
out by village carstakers over the
full depth range, but the need for
some heip trom area machanics
for special repairs reduce the
rating to “adequate™ (o) under
maintenance system A from oo
under systems Band C.

Reliability

Pedormance in the figld trials
aams the Volanta a oo rating for
reliability for depths down to 30
meters, but reservations about
pumprod performance below that
depth mean a © rating for the 45m
hift.

Corrosion Reslstance

The Volanta is built entiraly tfrom
comoston reistant materials below
ground and earns a o0 rating.
Abrasion Reslstance

The pump has a seal-less piston
and was unaffecled by sand
pumping in the field trials, earning
a4 00 rating for abrasion resis-
tance.

Manuiacturing Needs

Most of the pump components are
suitable for manufacture in dave-
loping countries with a moderate
industrial base (manulaciuring
environments 2 and 3). thaugh
good quality controf is needed in
manufacture of the fiberglass
reinforced plastic cylinder and
stainless steel plunger. External
help would be needed it altempls
were mada to make the Volanta in
a country with only a low or
moderate level of industdial
developmaent {(manufaciuring envi-
ronments 1 and 2). The ratings
under categories 1,2 and 3 are
therglore o, o and oo respec-
tively.
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General Description

The Consallen is a deep-well. laver-arm
force pump. Pumpstand and handle are
tabricated from steet and hot-dip galvan-
ized. Handie bearings are soaled ball
races. The rising main is attached to a
removable delivery tray, mahing it poss-
ibla to extract the below-ground assembly
without removing the pumpstand.

The nsing main is ABS pipe and
pumprods are stainiess stee! with rolled
ihreads. The cylinder barrel is internally
honed stainiess steel tube. The brass
plunger is fitted with a hydraulic poly-
urethane U-seal. The foatvalve varies with
ditterant cylinders using either a molded
rubber mambrane or a rubber O-ring seal.

Manulscture

The pumpstand requires machining and
welding ol sigel sheet and section.
Processes are straightforward. but high
standards of workmanship and quality
contral are necessary. Similar require-
menis apply 1o the below-ground assem-
bly, particutarly to achieve an appropriate
intermal finish in the cylinder bare,

Suppllers '
Consallen Structures Lid., Epping. Essex,
UK.

Indicative prices - Feb 1985

Pumpstand and cylinder uss132
Stainless steel pump rod,

per meler us$3
ABS fising main, per mater US$3.50
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gggra!gg Tests

Dale tested: Full test in 1980; exira tests on modified below-ground components in 1983

Reported: ODA Report 1981 on 1980 tesling.

Porformance data (typlcal valuea) - 63mm cylinder, 1883

Head (msters) 7
Pumping rate (cyclea/min) 40
Volume/min (litrs} 14
Inpd {weatts) 29
Mechanicat efficiercy (%) 54
Maximum handle force (kg-f) 4

Footvalve leakage {ml'min)

25 45

40 40

14 14

7 135

68 72

10 18
No significant ieakage

Nofe: These resulls oblained afler bedding in the pump for 190 hours. Initially,
the pump was stiff to cperate bacause the piston seals were oversized.

Evaluation
The pumps lested in 1980 were packed in
heavy-duly corrugated cardboard cases,
locally reinforced with wood, and wera
received in working order. In ane of the
samples tested in 1883, however. the
brass bush inserted in one of thy handle
bearings was 100 long, 50 that the handle
could not be assembled into the pump-
stand. The threads on the pumprods were
not straight, due to a tault which the
manufacturer corrected immediately,

Helptul and comprehensive Instruc-
Uons for installation, mainterance and
repair were provided, in English. Using
ABS rising main, the pump is relatively
easy to Iinstall without liHing tackle.
General maintenance is alsg
straightforward, though repairs (o the
sleslwark of the pumpstand would be
difficult to carry out in the keld, and cara is
needed when the handle bearings are
replaced.

in the 4000 hour enduranca test,
carried out on the 1980 version, the pump
was driven at 40 cycles per minule, 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 ¢orrosion. The 1983

varsion was not endurance tested.

The 1983 version was subjected o
impact tests. The handle was distorted,
though this did not affect the operation of
the pump. The basoplate was also
distorted by a heavy impact on the body of
the pumpstand.  Although the construc-
tion of the pumpstand should prevent any
loss of sanitary seal at the wellhead, such
distortion would be likely 1o impose
additional bending loads on the pumprod
and rising main. The pump withstood the
atlotied 96,000 cycles of the handle shock
test without failure. Users found the pump
generally easy 1o operate.

The overall conclusion of the lab-
oratory tests was that the pump has the
potantial 0 be suitable for community
water supply, if adequate raliability in the
field can be assured. A number of modifi-
cations have been introduced since 1980,
though there remains scope for further
improverment. The fight weight ot the
below-ground assembly, using ABS pips,
assists in both installation and mainten-
ance. However, the materals and
meihods of construction mean that the
pump wauld not be easy to manutacture in
mast developing countries.
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Consallen

Field Trials
Test conditions
Number  Head Data
of range available
Countrty _pumps (melers) _ (monihs)
Matawi 16 8-25 3t

The lengthy field trial in Malawi has
provided good data on the periormance of
the Consailen pump. Generally, the pumps
have performed poorly. The most signi-
ficant problem was the failure of ABS
nising mains at the threadad jaints. It is
thaught that the problam was aggravated
in many cases by oversized polyurethane
seais supplied with the cylinders. After the
seats had been filed down by the
manutacturar. fewer breakdowns oOcur-
red. though soma ware stifl recaorded.
Several pumpheads suftered severe
damage. with the handle fulcrum bracket
sheanng oft the pumpstand. because of
the weak nature of the flange and its con-
nection (o the square-section pumpstand.
As fieid trials progressed. the
manutacturer was kepl nformed of the
poblems. As a consequence, stifened
pumpheads were delivered and replaced
the gartier gnes. The maditied pumps also
incorporated a delivery tray which allows
remngval of the downhole compaonents
through a cover plate an the pumpstand.
Most of the Malawt pumps waere
equpped with 2-inch cylinders, giving
relatvely low discharge. The combination
af low discharge and frequent breakdown
meaant that users wafe not enthusiastic

about using the Consallen. Corsailen
pumps, which were breaiing every 2-3
months were eventually repiaced wilh
either Maldev [Pump 14} or india Mark il
{Pump 09} purnps, which would last far 1-2
years between repairs.

Insaftation of the Consallen is a
tairly simple operation, helped by the fight
weight of the downhole compangnts,
though some skill is needed. Maintenance
too is comparatively easy. unless the
breakdown is major (a3 with the broken
fulcrum brackets).

The overall conclusion of the held
tests was that use of the 1983 Consallen
should be rastricted 1o lifts ot 10 meters ar
less. when it can be expected to have reas-
onable relability and be straight-forward to
maintain, For greater lifts, frequent break-
downs can be expected, and the pump
cannot therefore be recommended far
village use {though ¥ has been advertised
as suitable for lits down to 60 melers).
lised tor low lifts, the pump has the
advantages of good abrasion and core-
0sI0n resistance.

Dasign changes have been mads,
but the midfied pumps have not been
tasted.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Consalien ratings are based
on the pump's performance In
lengthy field trials in Malaw: and
on laboratory testing. Modifi-
cations made to the pump design
as a rasult of early trial results
have been {aken inlo account
where possible in the ratings.
Bacause of the Project judgment
that the pump cannot be recom-
manded for deep lifts, it has besn
included in Pump Selection
Tables for lifts up fo 25 melers
only, though manufacturer's liter-
aiwre indhicates greater lifis.
Discharge Rate

With the rght choice of cylinder
sizg. the pump can achieve high
discharges and sams a “good’
{o0) rating for ail Bfts.

Eass of Malntenance

The skils amd tools needed
preclude  village-level mainten-
ance, but the comparative
simplicity of most maintenance
sarn ine pump & &0 raling for area-
mechanic or central maintenance,
Refiabllity

The frequency of breakdown
rasulls in the pump Belng rated
“‘unsuitable” (—) for use at 25
meters 0fl [t is rated “adequate”
{0} for daily outputs up to 4m/d at
12m [t or 8mdd at 7m W, and
earns a oo raling for Hghter
duties.

Corrosion Resistance

All components are cofrosion
resigtant, giving 8 0o rating.
Abrasion Reslstlance

The polished cylinder and polyur-
sthane seals earn a o rating.
Manufacturing Needs

Thaugh 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 devaloping counirigs.
Ratings for high, moderate and
low levels of industrial develop-
ment are thevefare 00, 0, and —
respactively.
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Thailand

General Description

The angal Dempster pump was designed
in the USA n the last century. as a family
purmnp used agrmally in a larmyard. The
OMR uses a simitar design. Most parts of
the pumphead and working mechanism are
made fram cast ron. with steel used for
the top quide flat bar. connecling rod and
pivol pins. The many exposed moving
parns need heavy fubncabon.

Betow ground. the pump is of
conventional recipraocating design, using
galvamzed sleel risng main, steel
pumprods and 3 d-inch diameter brass
cyhngdar with tradimonal leather cupseals.

Manulacture

In  Thaitangd, fairly comolicated sand
casting s used o manufacture the pump.
Machine tnishing is necessary lor some
above-ground components and many
below-graund ones. notably the cylinder
and pumping element assembly.

Suppliers

There are sevesal manulacturers in
Thanand, imncluding Muangihong Charkko!
Co. itd. 3632 Takisin Road. Bangkok
10600, Thailand.

Indicative prices - May 1985

Purnpstand and cylinder US5$93.50
Pumpreds and rising
M3 per meter US$2.680
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Laboratory Tests

THE DMR (DEMPSTER DERIVATIVE) HAS NOT BEEN

TESTED IN THE CATR LABORATORY
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(Dempster derivative)

Field Trials

Test conditions
Number Head Data
of range available
Country  pumps (meters) _  (morths)
Thaland 35 21 21

The DMR Dempster derivative did not per-
form well in the held trials. The pump was
heavy to oparate with the original mech-
anical advantage ot 5:1. Extension of the
handte. to increase the mechanicai advan-
tage tn 81 did not prove successful, as
the handles were not strong encugh io
withstand the extra strain then imposed.

A good discharge rate can be aca-
igved by those able to use the full stroke
length {215mmy). but the long pump body
makes the handle ice mgh for young
children. The drive mechamsm s shaky
and the exposed moving pars need
continual heavy lubncation to avoid rapid
wear Even with fubncation there are prob-
lems. as the grease combining with dust
and sand in the air causes grinding of
severdl moving parns.

The most common tadure in the field
was breakage of the tulcrum hnk, with
other falures including wear of the tlat bar
lo connecting rod thread, pumprod break-
age at the connecting red adaptor, bruken
handles. and tailure ot the pump base
flange weld.

The below ground componants of the
DMR Dempstar derivative are conventional
and required the usual repairs 10 worm
leather cupseals. foolvaives and leaking
joints. The threaded connection between
the pump bady and the t- 1/2 inch diameter
galvanized steel rising main proved
especially prone to tatigue tailure.

As a result of the fieid trials, it was
recommended that DMR  Dempster
denvalive pumpheads in Thailand's rural
wate’ programme should be replaced with
Korats (Pump 13}, leaving the downhole
companents inplace.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The ratings for the DMR Dempster
derivative are based on the
pump's periormance in field trials
over a limited depth range.
Discharge Rate

Availabiiity of a range of cylinder
sizes means that the pump can
achieve a “good” (oo} discharge
forall heads upto 25m.,

Ease of Maintenance

The pump is not suitabla for
village-lovel maintenance, but at
shallow [Ms can be readily main-
tained by area mechanics. it
therefore eams a og rating for
maintenance system B at 7m and
12m, reducing to “adequate” (o) at
26m.

Rsliabliity

Perlormance in the field wigs
showad that the DMR Dempster
derivative would require an
unacceptadle level of repair if
used for lifts in excess of 12
maters. Al shallower lifts, the
pump is rated go for low daily
oufputs and o lor moderale daily
outputs {4m34d), but unsuitable
for highar outputs.

Corrosion Reslstance

The pump has no special
protection against comosion and
cannot be recommended for
situations where groundwaler is
corrosive.

Abrasion Reslstance

Use of leather cupsesls means a
— rating for abrasion rasistance
Manufacluring Needs

The Dempster design has been
adapted lo make the pumgp suil-
able for manufacture in Thailand,
and it could be readily made in a
country  with  a  moderately
developed  industrial  base,
gaming a oo rating for many-
facturing categories 2 and 3.
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General Description

The Nirg AF76 is a deep-wall, levar-arm
force pump. The pumpstand has a
galvanized tubular steel colurin with a
cast iron base and pumphead wiich is
nylon coated. The seamtess thin-walled
trass cylinder has a gunmetal plunger and
molded rubber cupseal and valve bobbins,

Cylinders are available in S¢mm and
76mm diameters,

Manufacture
Foundry work and steel tabrication skills
are needed, together with facilities for
nubber molding.

Suppliers
Vammalan Konepaja In¢, 38200 Vammala,
Finkand.

Indicative prices - Feb 1985

Pumpstand and ¢ylinder LIS$ 236
Rising main and pumprod

per meter usg 1
148

Laboratory Tests

Daie tasted. 1982 Reported: Handpumps Project Raport No 3
Performance data (typicat values) — 76mm dia cylinder
Head {metars) 7 25
Pumping rate {cycles/min) 40 40
Volume/min (kters) 25 26
input (watts) 39 138
Mechanical efficiency {5%) n 75
Manximum hand'e force (kg-1) B 34
Footvalve leakagse {mlimin) No significant leakage
Evalugtion grealer depths. Al the end of the tesl, the

The two lest pumps, including the
pumprods and rising main, were deliverad
in a single wooden case. The case was
large and very heavy, Both pumps were in
waorking order, but one cylinder had kran
damaged causing distartion of the bora.

A leaflet was supplied with the purnps
which ingluded an annotated sketch of the
components, bul there were no instruc-
tlons tor installation or maintenance.
Installation is straighflorward, but the
below-ground assembly is heavy, deman-
ding litting tackle tor all but the shallowest
settings. Care is needad 10 avoid dama-
ging the relatively thin cylindar barrel.

Maintenance of the cylinder will
also require lifting tackle, since tha
purmphead and entire below-ground assem-
bly must be lifted out. To service the plun-
ger or foplvalve, manufacturer's spares
are required. The pumpstand is easy 1o
dismantle. Handle bearings would be
simple to replace in a workshop: in the
fietd, replacement of the complete fuleruin
casting mighi be required.

For the 4000 hour endurance test,
the pump was driven at 40 cycles per
minute, at a simutated head of 36 meters.
This was the maximum depth recomm-
ended by the manufacturer at the stant of
the test. The handle broke several fimes
during the fest, and in respanse Jie manu-
tacturer reduced the maximum recorm.
ended depth for tha 76 mm cylinder to 18
meters, and offered a S0 mm cylinder for

hardle bearings. plunger seaf, cylinder
and valves ware in good condition,

Carrosion caused the pump to fait
afier 1000 hours. The seiscrews used to
assembia the plunger were badly corr-
oded, and one of them broka. The plunger
could not be dismantled and was therelare
replaced. The setscrews in the second
plunger cerroded in the same way as
thase of the first, but less rapidly, so the
second plunger completed the remainder
of the 1est without failure. Thers was no
cofrpsion edsawhera in the pump.

The pump was undamaged by
impacts on the handle, but a heavy
impact on the pumpstand bpdy broke the
cast iron bageplate. However, the cast
iron haseplate has been superseded by a
fabricated, all-steet version. Fitted with a
handle constructed in the laboratory, the
pump completed the aliotted 96,000
cycles ol the handle shock test without
failure.

Many users found the high levels of
effort required o operate tha pump
difficult to apply. Children n particular
found it difficult to bring their weight to
bear on the handie at the s1ar ¢ the dewn-
stroke.

The overail tonclusion of de
laboratory tests was that the AF76 wae
not a VLOM pump, but relatively simall
design changes coutd make it suitable o
community water supply, although the
range of warking depihs i fimitad,
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Nira AF76

Field Trials
Test conditions
Number Head Data
of range available

Country  pumps _{meters} _ (months)

Kenya 3 6-25 12
Tanzania 89 1-10 i

A large sample of pumps have been on
test over a long period in Tanzania on a
project where a total of soms 2G00 pumps
are installed. Comparative data is there-
tore extensive, thaugh average pumping
heads are extremmely low, so tew break-
dgowns mught be expected and lew
occurred.

A senous design Haw with this pump
15 that the single major wearing comp-
onent., which is the brass fulcrum unit
{relerred to as “the lever’) is a very
expensive spare part (in the region of
US$50).

The pump proved relatively popuiar.
It ifts substantial quantities of water with
its short handle and low mechamcal
advantage acting on a 76mm cylinder,

Field maintenance was simpie in the
shallow settings used in  Tanzania,

because the complete pumphead,
together with rsing main and pumproads,
could be puiied out in one piece.
Nevertheless, a substanbal tool kit is
raauired, and al greater depths (beyond
apout 6-8 meters) the pump is more
difficult to mainmain.

Wear on the tulcrum "lever” can result
in impact damage (o the cast iron purmnp-
head, caused by endplay in the handla.

The elastomeric seat in the brass
cylinder gives good abrasion resistance,
bui corrosion would be a problem in
aggressive groundwaler, because of the
use of steel rising main.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Nira AF75 ralings are based
on monitoring of large numbers of
pumps in lengthy field trials and
or laboratory tests, giving a hasis
for confident judgments.
Discharge Rate

Cylinder options available give
the pump a “guod” (00) rating for
all heads {7-25 meters).

Ease of Malntenance

Though the tools and skilis
ngeded preclude  village-level
maintenance of the Nira AF76,
the comparative ease of the
operation at shaflow depths eams
the pump a oo rating for area-
mechanic maintenance at 7m and
12m, faling to “adequate” {0) at
a25m,

Rellability

Combining the anlicipated break-
down {requency with the repair
skills needed, the pump's
reliability is less than adequate
{—) at 25 meters lift, or lor high
daily oulputs at shaliower lifts. i
tales o for a daily cutput of 4miid
at 7 or 12m Kt and oo for 1.5m3d
atfhe same iits.

Corrosion Rasistance

Corrosion  occurred  in the
laboratory tests, and the pump
has no special protaction against
corrasion. it cannot therefore be
recommended where groundwater
will be comosive.

Abrasion Resistanco

The pump earmns a o rating for
abrasion resistence, with the
cautionary note that the soit
brass cyiinder fining does abrade
slowly and may be coslly to
replace when tha limit is reached.
Manufacturing Neads

Tha need for good quality casting
of brass and cast iron comp-
ongnts means that the pump is
unsuitable for manufacture in
countries with a low level of
industrial development (Category
1), it requires no exolic malerials
and could be readily manufac-
tured in developing countries with
moderate  industrial  Dases,
scoring 0o for Categaries 2and 3.
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Zimbabwe, Malawi, Papua New Guinea

o Hlndlthpollt‘___")_

General Description

The Blair pump is an innovative direct
action design developed by the Blair Res-
sarch Laboratory of Zimbabwe's Ministry
of Heairn. It is manutactured in 2Zimbabwae,
and moditied versions are being made in
Malawi {known as the Madzi pump) and in
Papua New Guinea. Prototypes have also
besn made inthe Philippings.

All above ground parts are made from
slegl and below ground parts in plastic.
The Blair is diferent from ofiier direct
aclion pumps in that the rising main alse
servas as the pumprod, with water dis-
charging from the "walking stick™ handle.
Because the pumprod is always full of
walge, it roturns under gravity, in confrast
10 the Jow-mass high-displacemant rods
used on othar direct action pumps, which
requirg a positive downstrake.

It i5 possibla to connect rubber
hosing to the ouflet and thus Gift water (o
anoverhaad tank.

As the pump consists primarnly of
standard pipe and fittings, it is well suited
for manulacture in any couniry with
experience in working with PVC,

SUPP"GFS

Proderite (Pvt) Lid. 291 Leyland Road,
Ardbennie Industrial Sites. FO Box 2887,
Harare, Zimbabwe.

Pipe Extruders Lid, PO Box 30041
Lilongwe 3, Malawi.
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Laboratory Tests

THE BLAIR PUMP HAS NOT BEEN TESTED IN THE

CATR LABORATORY

Indicative prices - Mar 1985

Pump for 7m depth US$ 145
Pumprod and rising main
per mater US$ 7.60

FOB less 13% for export (Progerite}
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Blair

Fleld Trials
Test conditions
Number MHead Data
of range available
Counlry  pumps  (mejers) {months)
Malawi 10 2-10 36
Tanzgnia 20 1-5 6
Sudan 5 37 a0
Pnilippines 5 N.A. N.A,
Papua New
Guinea 45 MNLA. 20
Kenya 1 7 28

The Blair pump gbtained mixed results in
the figld trials, which covered a wide range
of operating conditions, and, particularly,
intensity of use. In heavy use in Sudan,
two out of five pumps broke down during
the first six months, and in Tanzania, § out
of 11 suftered the same late.

In Malawi, where user group sizes
are smaller {about 125 users per pump),
the tailure rate was about one broakdown
per pump per year, while in Papua New
Guinea. where the pumps serve gnly a fow
people and are used for only short penods
each day, no breakdowns were expen-
gnced in the tirst 20 months of testing. It
is important to recognize that in PNG, the
tecally modihed Blair pump is assembled
from tugh quality PYC pipes and fitbngs

from Australian manutacturers.

Most breakdowns which have
occurred have been at the conneciion
between Ihe plastic rising main a2nd ihe
stee! “walking stick” handle.

The pump is very easy to install and
to maintain. It is possible 1o remove, repair
and replace the complete installation in
only half an hour, with no lifting equipment
and minimal tools,

The pump has not been papular with
users who have experence of gther
handpurnps, partly because of ihe low
discharge and parlly because of the
ditficulty of directing the How from the
moving spout into  narrow-necked con-
tainers.

The innovative Blair desigr has many
merits, nolably 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 vared
liefd trials, which provide a good
leval of conlidence in  the
judgmenis made. The direct
action operztion of {he pump
restricts s use o iifts not
exceanding 12-15 meters.
Discharge Rata

In comparnison with other low-ift
pumps, the Blair has a low
discharge, because of the small
plunger size. Its rating at 7 and 12
maeters ift is “adequate” (o).

Ease of Maintenance

The pump is extramely simple to
sarvice and must be regarded as
a true VLOM pump, earning a
*good” {00} raling for alt possible
maintenance systams,

Reliabliity

The ease of repair combinad with
breakdown frequencies under
diftarant operating conditians
gives the pump a oo reliability
rating for a daily output of 1.5m3d
at 7 meters lift and al 12 meters
lift. The rating drops for heavier
duty applicatior.., ang the pump
is not recommendad for daily
outputs as igh as 8m3/d,
Corrosion Resistance

Use of PVC pipe and fittings
below ground eams a o« rating for
COmosion resistance.

Abrasion Resistance

The sealless design gives
adequate abrasion resistance,
though sand would score the
cylinder wall.

Manutacturing Needs

The Blair pump is very easy to
assemble and parts are relativeiy
simple to manufaciure. The rating
of ¢o for manufacture in count-
ries with moderate or high fevels
of industrial development {Categ-
origs 2 and 3), reduces to o in
thuse with only low industrial
bases, becavse of the
dependence on good quality PVC,
ta agsure purrp raliability.
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Ethiopia

8
"
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v

General Description

The Ethiopia BPSO is a shallow lift direct
acdon pump. In 1981, the pump used
standard uPVC pipe for rising main and
pump rod, and was originally intended for
lits of up to 12 meters. The plunger had
no flaxibla seal; it consisted of a machined
block of HDPE. with circumlersntial
grooves on the outer surface acting as
simple labyrinth seals. The pump rods,
though hollow. were not sealed.

Recently. it has not been passible to
obtain suitable materiats in Ethiopia. The
current design retains uPVC pipe as the
cyfinder barret, bul the nsing main s
galvanized stee! and the pumprod is solid
steel. The plunger is conventional, cast in
punmelal, with a leather cup seal.

Manufacture

The Ethiopia BP50 has buen designed for
manufacture 0 a developing country.
Basic facilities and skills in steel fabri-
cation will be suflicient for the manutac-
ture o} the pumpstand. In 1981, oniy
simpls machining skills were required 1o
manulaciure the below-greund parts. In
s current farm, however, a foundry is
required to cast the gunmetal plunger.
iogether with basic machining skills to
cormplete the plunger and foot valve.

Suppliers
Ethiopia Water Works  Construction
Authority, Addis Ababa, Ethiopia.

Prices not available
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Laborstory Tests.

Date tasted: Fuff tast 1983; additional
tests on current design1966.
RAeparted: Handpumps Project Raport
No.3

Pesformance data
(typical valuas)

Head {maters)
Pumping ate
Cydlesimin)
Volume/min {liters)
nput (watis)
Mechanical efficiency (%)
Maximum handie
force (kg-)
Leakage of foot
valve {mlmin} 0.8

5 K888

Figures are for the 1988 version
of the 30mm cylinder.

Evaluation
The pumps were supplied in a wooden
case, and armved in good working order.

A technical report and engineering
drawings were provided with the pumps
supplied for testing in 1983. The repor. in
English, was informative and the drawings
weve helplul for installation. However, it
15 nol clear what information is normally
provided lor installations in the field.

Maintenance of the 1983 versian of
the pump was particularly straiohtforward.
The plunger ¢could be extracted by simply
removing the guide bush in the pumpstand
and puling out the pump rods. In the
currant version, this is mora difficult.
Since lhe pump is suitable only for shallow
setlings, this should not prove difficult.

The 4000 hour endurance test was
carried cut in 1983 with the pumgp driven at
40 cycles per minute at a head of 7
meiers. The pump completed the test with
no failures, but wear in the plunger tended
to increase the end Noat of the center bolt,
and remedial action was takean 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 waler. At the end
of the endurance test, the rate of delivery
was about 50% of that obfained in the
original performance test.

In the final inspection, most parts of
the piston and foot valve were warn, with
carresponding wear on the bare of the
rising main, Many particles of sand ware
embedded in the HODPE piston.

Corrosion was observed in ierrous
parts of both the piston and foot valve.

Successively more severe impacls
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 lest
without fail ire.

Usetrs found the pump very ditficult
to operate. The 1983 design used uPVC
pipe for the pump rods, but these ware not
saaled and there was theretare no gontr-
bution from buoyancy. In the cuwent
design, the rods are solid sleel, so thal a
liting force of about 40kgl s required,
even ai only 7 meters lik. The pump is
therefore much more difficult to operate
than ether direct action pumps which use
lightweight, high displacement pump rods.

The overall concluslon of the
laboratary tests in 1983 was that the BF50
representad a simpie design with potential
for VLOM. However, it has not been
possible 10 develop many of tae onginal
concepls because suitable materials are
not available in Ethiopia, and in its currem
form the BP50 has steel pump rods and a
conventional, sealed plunger with a
leather seal. This has further increased
the required lifting force, with the effect of
limiting the maximum practical lifl to about
5 maters. Lightweight, high cisptacemeant
pump rods could provide a more favour-
abie distribution of the required operaling
elfort between the upward and duwnward
parts o} the pumping cycle, and this is a
development which should be encou-
raged.
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Ethiopia BP50

Field Trigls

Assessment

in the absence of held tials, the
Ethiopia BPS50 ratings are based
on the pump's performanca in the
laboratory tests and on the
judgment and expsfience of
Project staft.

Though, as a direct action
pump, the BP50 is grouped in the
0-12 meter rangs, the high
operating force restricts its use to
low lifts, and it is tharefore rated
only for a maximum lift of 7m.
Discharge rate
At the recommended fow lifts, the
pump achieves a high discharge
and sams a *good” (oo} rating.
Ease of Malntenance
In the curent version of the
THE ETHIOPIA BP50 PUMP WAS NOT FIELD TESTED BY pump, the complete downhole

THE HANDPUMPS PROJECT assembly must be removed to
service theé plunger or footvalve,
While this is relalively sasy 10
achieva at low lifts it means that
the oo rating for maintenance
systems B and C reduces to
‘adequate” (@) for maintenance
system A (village-level).

Reliabitity

The pump is well suited for light
use, but would require relatively
frequent interventions at higher
discharpss. and eams only a ©
rating for daily outputs of 4 and
amd.

Corrosion Resistance

The uPVC cylinder barrel is corro-
sion rasistant, but use of steel
pumprods and galvanized stesl
rising main reduces the raling to

0.

Abrsasion Reslstance

Use of leather cupseals means
that the pump cannot be recomm-
ended for use in sand-laden
water,

Manuiacturing Needs

The need far foundry facilities and
machining skills in the manulag-
wre 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 developmant, the pump
is well suited for local manufac-
fure.
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Malaysia

General Description

The IDAC-UM is a shallow lift lever-arm
lorce pump designed al the University of
Mataya. It is manutactured in Malaysia
with support from the Internalional Devel-
opment Rasearch Center of Canada, It is
also available as a suction pump.

The pumpstand casing is steel. Inter-
nal componants and the spout are uPVC.
Tha wooden handie pivots on woodan links
fitted with brass bushes.

Rising main and pumprod are Stan-
dard uPVC pipe with soiveni-cemenied
joints. Pumprods are not sealed. The cylin-
der 15 a length of thicker walled uPVC pipe
and has an all-plastic plunger fitted with
polyethylene ring seals. The basic
components of tha plunger are also used
n the footvalve. which ¢an be exiracied
without withdrawmng the rising main, by
removing the piston and aftaching an
axtracter to tha end of the pumprod.

Manutacture

Plastic molding skills and facilities are
needed, along with simple uPYC and metal
machining. Construction s simple.

Sy

ippliors
Dept. of Mech. Engineering, University of
Malaya, Kuala Lumpur, Malaysia.

indicative pricas - Apr 1985

Pump, per unit US$ 290
Pumprods, per meter UsS$2.00
Rising main. per meter US§5.00

FOB Port Kelang, Malaysia
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Laboratory Tests

Date tosted: 1986
Reported: Report not yet published

Performance data
(typical values)

Head (meters) 7 12
Pumping rate

{cycles/min) 0 41
Voluma/min (flers) 2 25
Input (watis)} 83 14
Mechanical afficiency (%36 33
Maximum handle

force (kg-f) 1" 24
Leakage of foot

valve (mimin) 05 1.0

Evaluation

The two lest pumps were securely packed
in a wooden packing case, and arrived in
good condition. However, in both samples
the spout lended to Igak at the joint with
the rising main, and the steal tube at the
top of the pumprod tended to jam in the
wooden plate al the top of the pumpsiand
until lubficated with water. Rising main
and pumprods were nol suplied.

A manual was supplied with tha test
samples. covering both installation and
mainienance, in English. Tho presen-
lation was very good. with plenty of
drawings in a ciear, lively style. However,
the ingtructiona for installation did not
make clear how the pump should be
installed in relation to ground leve),

The all-plastic below-ground assem-
bly is oasy to Inatall, and the pump is des-
igned tor both the ptunger and footvalve to
be removed lor subsequent main-
tenance and repair, withaut extracting
the rising main.  Instaling the above
ground parts requires siill to ensure that
the pumpstand is correctly assembled and
securely rmounted at the well head.
Prefabricated uPVC components wilt be
required if the rising main breaks at the
spout connection,

The 4000 hour endurance test was
<amried out at approximately 30 cycles per
minute, with a simulated head of 12
meters. In the first few hundred howrs of
the test, there were repeated failures of
the upper pumprod dué {o 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 tha guidance
of the upper pumprod, the brass pins in
the connecting rad were replaced with
steel bolts, and a Tara-lype (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, coriginating at the
welded connection to the spout. A number
of suggestions were made either to elimi-
nate the fabricated spout connection, or
o re-position the rising main support so
that this part of the pipe would not be
subject 1o tensile stress.

Al the end of ths test the plunger, the
seals and the cylinder were badly worn,
and the rate of deiivery from the pump was
substantially reduced as a resull. Thera
was no significan comoslon, however.

In the impact losts, the pumpstand
body proved to be robust but the wooden
handle links cracked. However, the pump
compisted the alloted 96,000 cycles of
the handle shock test without {ailure.

Many of the younger users dasc-
ribed the pump as awkward lo use. and
some found it difficult to apply tha neces-
sary force on the down-stroke. Both
adults and chiidren crilicized 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 tor Malaysia and with
limited scope for wider application. 1t is
suitable only foc depths of 12 maters or
less. whare it has 10 compete with inhe-
rently simpler direct-action pumps. The
wooden handle links proved l¢ be durable
in narmal yse but susceptible to abuse.
The plunger seals wore rapidly in sandy
waler.

It is undersiood that, with further field
trial experignce, 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 sedesigned to increase dura-
bility; and the purrp is now bolted i a
concrete pedestal. This new version is
baing installed by the Ministry of Health in
Malaysia and is being field tested by IDRC
in several countries in Africa ans Asia,
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IDRC-UM

Field Trials

Assessment

in the absence of fiald trizls, the
IDRC-UM ratings are based on the
pump's parformance in labaratory
tasts and on the experience and
judgment of Project staff.
Diacharge Rate
A refatively high discharge rate
can be achieved, earning the
pump a “good” (o0} rating (though
the work input is comparatively
high at 12 meters lift}.
Egse of Maintenance
Maintenance I8 quite simple, but
the degree of skil neaded to
agsemble the pumpstand means
that the 0o rating for maintenance
THE IDRC-UM PUMP WAS NOT FIELD TESTED BY THE systems B and C reduces to
HANDPUMPS PROJECT ‘adequate” (o) for system A
{village-tevel).
Retlability
The IDRC-UM is best suited for
Hght use and sarms a 00 rating far
a daily output of 1.5mdd, red-
uging to o at dm¥d. The pump is
nat recommanded for higher daily
ouiput.
Corrosion Re:lstance
Use of all-plastic components
gams the pump 3 00 rating.
Abraslon Resistance
Tre plunger, seals znd cylinder
showed considerable signs of
wear after pumping sandy water,
and the pump is not considared
suitable whare sand pumping is
expacted..
Manufacturing Neade
The IDAC-UM has been designed
for manufaclure in z daveloping
country (Malaysla) and earns a
oo raling Jor countrigs with
modarale or Migh lavels of indus-
triat devziopment (Categories 2
and 3). The machinirg and steet
fabrication nesded reduces the
rating to o for countries with only
a low level of industrial develop-
ment {Category 1).
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The Netherlands

(] ¥

General Description

The Kangarog is a direct action pump with
a unique Torm ol action. Foot-operated, its
upstroks is provided by the relaxation of a
spring compressed by the operator on the
downstroke.  Below-ground componants
are the same as thase of the SWN 80 & 81
(Pump 201, consisting of a uPVC cylinder,
negprene double-acting cupseal, and plun-
ger made from stainless steel and nylon,
Pumprods and conneclors are stainless
steel, with each connection encased in
polyethylene hose. 1o combat abrasion of
the uPVC fising main. Valves are brass
with rubber sealing laces. Difterent cylin-
der diameters are available to suil different
depths. Two models are made: Mark 1,
with square telescoping tubes around the
spring; and the heavier duty Mark 2 with
~ircular tubes,

Manufacture

The manulaciurer supplies parts to be
welded and assembled in developing
countrigs. The spring would have to be
purchased from a special manufacturer
and belew ground the componeands call for
a high degree of skill and quality control.

Suppliers
V%ekum BV, Kanaal Noord 115, Post-
bus 89, 7300 AB Apefdoorn, Netherlands.

Indicative prices - May 1985

Pumpstand onty
Riser/rod in 3m lengths

USE J96
Usg o4
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Laboratory Tests
Date tested. 1980
FAepared: 0.D.A. Report 1981
Performance daia
{typical values)
Head (meters) 7 7
Pumping rate
{cycles/min} 20 49
Volume/min (liters) 0 24
input {waits) Not recorded
Mechanical afficiency (%15 12
Maximum footplate
force (kg-) Q0 10
Leakage of foot
valve (mimin) Not recorded
Figures ane for 2-inch cylinder
Evaluation

The two test pumps were collected from
the manufacturer's tactory in the Nelher-
lands, and the normal method of packing
was theretfore not assessed.

Ne  Instructions for  installation,
mainienance oOF repair were provided.
Because the below-ground assembly was
light in weight, installation was relal-
ively easy, with no need of lifting tackls.

Care is needed to ensure an adequale
seal at the wellhead.

The most frequent maintenance
requiremeant 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 aasy.

For endurance testing, the pump
was driveri 2t 40 cycles per minute at a
head of 7 matars. The spring broke after
250 hours and again atter 400 hours, at
which point the test was stopped. Corro-
sion was no! assessed; howaver, ail the
below-ground parts are plastic, brass or
stainless steel, and the spring in the
pumpstand is also stainless steal.

The pump proved o be resistant o
Impacts.

Some users found the pump difficult
0 use, parlicularly where their body
weight was insufiicient to comptess the
spring.

The overall conclusion of the
laboratory lests was that the Kangaroo is
unsuitable for community waler supply. it
i difficult to use, the range of warking
depth is very limited, and the spring inside
the pumpstand proved © be very
unreliable.
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Kangaroo

Field Trials
Test conditions
Number Head Data
of range available
Countrty pumps (meters)  (manihs}
Tanzania 10 4.7 13

The field tnal was conducted on the
tMiwara project in Tanzania, and the humid
atmosphere was a severe test for the
Kangarao pump's steel spring. The down-
hole companents of the pump are identical
10 those of the SWNB80 & 81 {Pump 20).
and again proved highly resistan! to
abrason and cormasion.

The pumphead however did not
perdorm well. Though the triat was limited
-— only ten pumps for a fittle over a year
and shallow lifts — e measured lailure
rate  was 1.5 breakdowns for every
1000m3 of water pumped. Al the lalures
were assoclated with the pumphead, and
invoived broken sphngs and some broken
tootplatas Twen working springs exhib-
ied severe carrosion. Though the pump
can be operated by hand when the spring
1s broken, it is a heavy lift, requiring two
strang men.

The pump is difficult 1o repair, the

spring being hard to repface and the under-
ground camponents difficult o remave.

Installation is complex, because the
pump is neavy and connection of the
rising main to the pumphsead requires a
minimum of two skilled people.

laor reactions  were  generally
favorable when the pumps were working.
Peaple tiked the oot operation. and the
capacity to employ full body weight in a
comlartabie way.

In general, the conclusion of the
field frials was that the Kangaroo's
innovative design is let down by major
problems with the pumphead. The system
15 judged too complex. when compared
with a conventional direct action pump
using a high displacement pumprod, with
which the operator can achieve the
upsiroke withput the need for a spring.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Kangaroo ratings are based
on limited field and laboratory
triafs, together giving reasonable
data from which to draw conc-
iusions about the pump’s parfor-
mance.

Discharge Rate

The Kangamo is capable of
retatively high discharges and
eams a “good” (0o} rating for both
7 andd 12 meter lifts.

Eass of Maintenance

The pump Is not suitable for
village-level maintenanice, but is
within the capacily of an area
machanic {o maintain, and s0

fates oo for maintenance
systemsBand C.
Reliability

The frequency of necessary
repairs combined with the need
lor area-mechanic maintenance,
means that the pump is nol
raliable for high daily outputs. 1t is
raled "adequate” (a) for 4m¥d and
ooat 1.5md.

Corrogion Reaistence

Downhole components of the
Kangaro¢ are highly corrosion
resistant, but the susceptibility of
the spring to sulfer in the
corrgsive conditions of the field
trials reduces the rating 10 0.
Ahrasion Reslstance

The downhole components of the
Kangaroo proved highly resistant
to abrasion, conlirming the
rosults obtained by the SWN 80 &
81, which use the same compo-
nenis, and saming a 00 rating.
Manutacturing Needs

The complexily of the pumphead
assembly makes the Kangaroo
unsuitable for manufacture in
developing countries with a low
level of indusirial development
{Category 1). The degres of
quality contral needed means 2 o
rating for Category 2 {moderately
devaloped industrial base), and
the pumps scores oo only for
manufacture in a Category 3
environment (highly developed
industry).
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rat Description

ark ¥ 1s a shallow-weli direct action
deveioped »n Malawi and deswgned
:at manufacture and to suit local
tor a corrosion resistant  fow-If
The pump coninues fo undergo
modificatons, and this description
on.y 1o the pumps tesled n the
als. The pumpsiand is made trom
zed stegl ppe and standard
zed pipe fitings, and fits nic a
a socket castinta the well cap.
12 32mm diameter PYGC pumprod
- through a polypropylene bush and
ected 10 a hardwaod T-handle via a
ot galvanized steel pipe. The uPVC
" has a low density polyathylone
tanng nio a 56mm diameter PYC
nain winch atso forms the cylinder.
density polyelhylene disk lorms the
© ¢heck valve. while the footvalve
rbber disk i a uPVC body.

acture

mp was specifically developed tar

cture in Malaw: and could be made
developing country where the

of plaskcs malenals are available

Quahty.

ers

crefary for Works and Supplies.
nen{ at Lands. Valuation and
Prvate Bag 330. Capitat! City.
3, Malaw.

ive prices - Jun 1985
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Laboratory Tests

THE MALAWI MARK V PUMP HAS NOT BEEN TESTED IN

THE CATR LABORATORY
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Malawi Mark V

Field Trials
Test conditions
Number Head Data
of range available
Counlry pumps {melers) {months)
Malawi 61 2-10 22

The Malawi Mark V was an early example
of what has become an impontant pump
group for low Jilts — the direct action
pumps. It makes extensive use of
plastics. and has baen designed for quick
and simpls maintenance. Howaver, there
are some serious design flaws, which
have resulied in rapid breakdown in the
fiald inals.

The types of tailure which have
occurred have demandasd more than
straightiorward replacement of paris,
involving skilled repair, with the need for
solvent cemant, eiching Huid and tools
which would not be available to a village
cargtaker.

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 peint, where the pumprod joins
the plunger.

The top guide bush wore rapidly. and
there was some scoring of tha plastic
rising main when pumping sandy water,
though the seal-less design is generally
abrasion resistant.

Because of the freguenl siress
tailures in the field trials, the Mark V
cannot be recommendad for lils beyond 7
matars, and evan then is only appropriate
for comparatively light use.

Under those conditions, it does have
the merit ol complete corrosion resis-
tance. It is also capable of delivering a
high amount of water per stroke, which
makes i popular with users when i is
working.

CAUSES OF ESSENTIAL INTERVENTIONS
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- Asgessment

Tha Malawi Mark V ratings are
based on monitoring of a large
sampie of pumps over a reason-
able perigd of time, giving a good
degres of confidence in the judg-
ments made. As a direct action
pump, it would be limited to iifts of
less than 12-15 meters, and the
fisld oxperience has shown that
the present design Is not suitabla
for use bayond 7 meters Jift.
Discherge Rate

The pump is capable of achieving
a high discharge rate and eams a
“good” (0o} rating under this
haadi

Q.
Ease of Malntenance
The sknplcily of parts replace-
ment on the Mark V should mahe
it well suited 16 village-level main-
tanance. Howaver, the common
breakeges of rodhandle and
redipiunger connections requirg
skilied repair, which reduces the
raling to “adaquate” () for main-
tenance cystem A.
Reliability
The frequency of essential
repairs combined with the need
for skilled assistance in carrying
them out restrict the Mark V's
recommended applicalion o low
duties. It is rated o for a daily
output of $.5md/d at 7 meters i,
Corragion Reaistance
Use of all plasiic parns below
ground earns a oo rating.
Abraaion Resistance

Tho seal-less design cuts down
abrasion, but scoring of the PVC
cyfindat wall limits the rating to 0.
Manufacturing Neods
Manufacture of the Malawi Mark V
Is simple and could be readlly
accomphished in most developing
countrdes. The demonstrated
need for high quality plastics
restricts tha rating fo o in
countries with only low levels of
industrial developmant (Category
1),
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Finland

General Description

The Nira AFB5 is a direct aclion pump
developed as a result of, and with
feedback trom, the Projeci lield trials. The
pumpstand is made from fabricated steel
and 15 nylon coated #or corrosion
protection. A staintess steel T-bar handle
slides in a long guide bush made from high
density polyelhylene (HDPE). A footplate
15 botted to the bottom of the pumpstand.

The rising main and large diameter
pumprod are made from polyethylene and
both griginally had brass screwed coup-
fings, but the pumprods are now conn-
ected using polysthylene couplings. Tight
fiting rubber plugs prevent water ingress
at the ends of pumprods, Plunger and
tootvalves are in HDPE with identical
moldad rubber bobbins. The plunger seal is
alse HOPE. Valves are interchangeable
with those on the Nira AFB4 {Pump 18).

Manufacture

Use of expensive irmporied materials is a
constraint o manufacture in developing
couniries,

Suppliers
Vammalan Konepaja Inc, 36200 Varnmala,
Firland.

Indicative prices - Feb 1985

Pumpstand, cylinder, rods,
and rising main {o 10.5m

US$ 340
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Laboratory Tests

Date tested: 1986

Reported: Not yet reporied

Performance data (typlcal values) — S8mm dla cylinder
Head (metgrs) 7 10
Pumping rate (cycles/min) a0 30
Volurne/min (liters) 26 24
Input {(watts} 70 85
Mechanical efficiency (%%} d2 45
Maximum handia force {kg-) 1B dawn 24

29 up H
Footvalvae leakage (mbimin} No significant leakage

Evaluation rubber vaives were replaced with polyur-

The two test pumps were securaly packed
in woolen cases, and were in good
condition gn arrival. The manufacturer
subsequently supplied new valve poppets
1o replace those in the original consign-
ment.

fnstructions  for instatiation and
maintenance were supplied wilh the test
samples. They consisted mainly of draw-
ings and photographs, augmented by a
small amount of text, in English. The inst-
allation instructions were comprehensive
and helpiul, and a {ull set of tools was alse
provided.  Installation was easy, with
no need ot lifting tackle.

In contrast with the installation litera-
wre, the insiructions for maintenance
were very brief. Nevertheless, the light
weight of the below-ground assembly, and
ihe simplicity of its dasign, mean that only
a few to0ls and a modest degree of skill
will be required o maimain the pump in
working order.  On the pumpstand, the
only item likely to réquire attention is the
pumprod guide bush, and this is easy 10
replace using a single hexagon key.

Far the 4000 hour endurance test,
the pump was driven at approximately 30
cycles per minule, at a simulated hesd 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 typicatly applied by usars.

For the first phase of the test, with
clean water, the pump was fitted with
molded rubber valves. The footvalve
faited shorily before the end of this phase,
when the rubber exiruded into the valve
port. causing the valve lo seize shut. In
consultation with the manufacturer, the

ethane maldings, for both this pump and
the Nira AF84 deapwell pump {Pump18).

At the end of the test, the plunger and
cylinder were badly worn, and the rate of
delivery from the pump was considserably
reduced. The rising main and pumprod
were also locally wom as a result of
cantact betwewn them. The latest valves
showed few signs of wear, but were
beginning to crack. The manutacturer has
since made further modifications to the
valves. There was no corrasion.

The pump proved to be robust in the
impact lests; although heavy impacts on
the pumpstand bent it a few degrees out of
vertical, the pump could still be used
without diflicuity. The pump completed
the aliotted 96,000 cycles of the handle
shick test withoul failure.

in the user test, the smaller children
found it difficult lo achiove the necessary
operating force on the upstroka, bul
adults commeanted favorably on the rate of
delivery from the pump. Several users
found the footrasts uncomfortable 1o use,
and would have preferied to stand on the
graund besids the pump.

The overall conclusion of the
laboratory tests wag that the Nira AF85 is
a generally robust pump of simple design,
well-suited to the requirements ot YLOM.
Thefe was considerable wear of the
plunger seal, particulaily in sandy water,
but the pump is easy to maintzin and
repaic. The new vaive design infroduced
by the manufacturer in consultation with
the laboratory represents a significant
improvemant. The pump also has consid-
erable potential for manufacture in
developing countries, though specialist
equipment for molding the polyurethane
valves is unlikely to be widaly available.
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Nira AF85

Field Trials
Test conditians
Number MHead Data
of range available

Country  pumps (meters)  (months)

Tanzania 13 09 12
Kenya 7 2-15 9
Malaw 10 116 8

Though gnly a few Nira AF85 pumps have
been monitored in the field triais. and data
is therefore limited. increasing numbers of
pumps have been nstalled during the
iatter stages of the Project. allowing
jedgments to be made beyond those
rellected in the record of interventions
represented below.

Overall, the pump has performed
very well. It is popular with users, being
vary easy to operate down to hewds of
dbout 12 meters, and giving a high dis-
charge. One significant problem has been
fature of valve bobbins. This has been
trought to the attention of the manufac-
tuter 35 a result of which the valve has
recently been substanbally redesigned
and further prablems are not expected.

The Nira AF85 is very easy to instalt
and to maintain, requiring only two simple
tolt spanners to disconnect the rising
main. Removal and replacement of the
entirg pump can be achieved by two
people inabout half an hour.

The use ol plastics, stamless steel
and brass for downhole components
gves good corrgsion resistance. The
pump uses a plastic piston nng. which is

susceptible to abrasion damage, but the
seahng provided by this ring is not
important, because of the high plunger
velocily, which means that the pumg wilt
continue ta lift water if the seal is damaged
{even without the seal).

The manutaciurer has made several
substantial modilicabons to the pump
design during the field inals, partly in
response 10 suggestions made by Project
staff. The changes have proved generally
successtul. They include standardizing on
one cylinder size and simplitying the
connection of the 1op bush te the
pumphead.

Overall. the judgment is that the Nira
AF85 13 an important pump for s of up to
12 meters, using the most up-lo-date
thinking and prtoducing good results,
though the price is high.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Nira AFS85 ratings are based
on data from comparatively short
field trials involving only small
numbers of pumps. However, with
the laboratory test data ard
observations ol additional pumps
in other locations, there is
adequate information for judg-
ments 1o be made. As a direct
action pump, the Nira AF85 has a
practical operating fimit of 12-15
meters.

Discharge Rate

A high discharge rate can be
achieved comfortably, and the
pump earmns a “good” (00) rating.
Ease of Maintenance

The Nira AFBS is well suited to
vilage-lovel mainlenance and
eams a oo raling under each
possible maintenance system.
Reliabithy

Because of the quick and simple
maintenance, the pump is raled
oo for reliability for all uses
axcepl a daily output of 8m¥d at
12 maters fiff, which represents
very heavy use for a pump of this
nature. The rating then drops to
“adequate” {o).

Corroston Resistance

Al downhole components are
comosion resistant, earning a oo
rating.

Abrasion Resistance

Heavy sand pumping will lgad to
weaar ol the plaslic pision ring, but
thi has a limited sftect on pump
performance, justifying the o
rating for abrasion resistance.
Manulaciuring Needs

The Nira AF85 is relatively simple
to manufacture. but the need to
import soma mataerials reduces
the rating fo o for countries with
anly a low leval of industrial deve-
lopment {Categeory 1). The rating
ig 00 tor Categories 2 and 3.
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Bangladesh

§

General Description

The Tara is a direct action handpump
under devalopmen] in Bangladesh (See
Biox 4.7 in Chapler 4). The pumpstand
casing is fabricated from steel. Pumprod
and nsing main are standard uPVC pipe,
Tha eylindar is also PVC pipe of the same
outside diameter as the rising main but
greater wall thickness. When used in the
small diameter tubewells consiructed 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 an the malded
plastic footvalve. Fittings on the piston
and fgolvaive enable them 19 be coupled
togethar and remaved tor maintenance or
repair without extracting the rising main.

Manufaciure

The Tara has been designed for manulac-
ture in Bangladesh, and involves simple
steel tabrication, soma thermal forming of
uPVC pipe, machining of aluminum, and
simple plastic moiding. The design
provides scope for use ot allernative
maierials where appropriate.

Mirpur Agricultural Workshop and Training
Schaol, Pallabi, Dhaka-16. Bangtadesh.

Indicative prices - Mar 1985

Parunii, including rods and

fising main to 1 f meters US$103

Laboratory Tests

Date tested: 1985
Reported: Applied Technology Note No. 2
Parlormance data
(typical values)
Head {malers) 7 15
Pumping rate
{eycles/min} 21 20
Volyme/min {iters) 24 23
Input {watts) 53 a7
Mechanical
efficlency (%) 5t 58
Maximum handle
foree (kg-f) 18 downd?
20up B
Footvalve leakage
{md/min) Not significant
The volume discharged per stroke
was about 1.2 liters and was not
alfecied by pumping rate.
Performance was ftested for a
cylinder immersion of 5 melers.
Evaluation

The two test pumps were well packed and
were received in good condition. Cylinder
pipes were supplied, but uPVC pipe for the
tising main and pumprod was bought
locally.

Installation and rmaintenance instruc-
tions were included in a comprehensive
album of drawings and specifications,
which might be considered overwhelming
at the village level. Specific installation
instructions wers supplted laler, and
included clear line drawings and guidance
on site selection.

Only simple hand tools are required
for installetlon of the Tara, and all the
componsents are light and easy to handle.
Care is needed w ensure that all the pump-
rod jeints are watertight, as the buoyancy
of the rod is critical 1o pump performance,
It is also important that the joinis on the
rising main should point downwards, 10
enablé the piston to be extracied for main-
tenance.

The grapple device below the plunger
makes il possible to ramove the foofvatve
for maintenance without extracting the
rising main, though some care is neaded
to avoid damage to the pumprod as it is
lited oul. All maintenance operations
can be performed by a village carelaker.

The 4000 hour endurance test was

carried gut at 30 cycles per minute. with a
simulated head of 15 maters. Special
arrangements were made to simulate the
buoyancy effect ot the pumprod. and the
mechanical drive was set up to malich the
out-ol-line forces typically applied oy
usars operating dirsct action pumps.

There wera no failures in the first 2000
haurs 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 to the water.
Fragments of uPVC jammad under the
leather cup seal caused the pump to
s@ize, and the problem was repeated
several limes when new leather seals were
fitted. It was thought that sand paricles
embedded in the teather seaf abvaded 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 badily and the patiern of
the valve ports was impressed in the
piston valve rubber, but the valve was stili
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 imposzsible to remove
from above. Except lor the piston spindlg
nut, corrosion was limited to surdace
marks on the aluminum components of the
piston.

The pumpstand withstood the Impact
tests, sutfering slight bending of the base-
plate, but remaining serviceable. The
handis was subjected to a shock test invol-
ving repeated banging against the lower
stop. 1t survived the alletted 96,000
cyclas withaut failure.

The Tara's proporfions 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 deptht and with a cylinder immer-
sion of 5 m, the required forces are diffi-
culit for children.

The overall conclusion of the
laboratory trials was that the Tara is a
VLOM pump, designed to exploit the
materials and manutacturing skills indi-
genous 1o Bangladesh, with potential for
further improvemnent and wider application.
Refatively easy to manufacture, operate,
maintain and repair, it is seen as suitable
for cornmunity water supply use for litts of
15 meters or less, and should be fitted with
a nitrile rubber seal if sand may be

piimped.
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Tara

Field Trials
Test conditions

Number  Head Data

of range available

e o PUMPS_ (meters)  _ imonths)
SriLanka 20 3-11 15
Bangladesh 128 312 11
Kenya 10 12 7
Tanzania § 2-6 1
Malawi 8 11 1
Boiiwvia 16 4-11 14
China 44 7-14 4

This repart concentrates on the resuits of
testing in Bangladesh, where design modi-
hcabons have been made as testing
progressed

The most wmporant aspect of instal-
fation1s proper jointing of the PVC pipe for
pumpred and risng main, and some mas-
onry skit s negded o embed the pump-
stand lower flange in concrete. An
average pump insiallabon was completed
11 S fOurS Dy four workers.

An average of three essential inter-
ventigns was needed tor each pump in
approamately two years of testing. mostly
10 cofrect poor pertormance. Including
preventive mamnienance and other non-
essenbal  ntervenhons, each pump
recerved some kind of maintenance atlen-
ton about five tmes in the year. with 1he
average ntervenhion lasting about two
hours. and nvolvng  a labor cog* of
US$037 and a spare parts cost of
US30.39. Since June 1985, groups of
threr women caretakers have been ser-
vicing ten pumps pes group, with encou-
raging resulls.

Amang the 128 pumps under test,
there was a tolal of four breakdowns, two
due t¢ pumprod breakage. and two dus 10
uncouphing of the bottom connecior Cther

assential interventions were mainly ta rep-
lace tootvalve parts (O-nings and body) or
leather cupseals. Sand entry into the welt
is a problem in Bangladesh, and igather
cupseais are nol suitable in these con-
ditions: nitrile rubber seals have proved
substantially better.

The field trials also revealed potential
problems caused by abrasion of the seal
onthe PYG cylinder and between thg pump-
rod and rising main. Nitrile rubber guides
arg being inveshgated (see also Box 4.7 in
Chapter 4. There were no complaints from
users about the mode of cperation of the
Tara. and the high discharge was iiked.
The Taras atso continued to work when
suction pumps failed in the dry season, as
the waler table dropped.

The Tara frials showed that the pump
has greaf potential, though some problems
roman to be soived The number of inter-
ventons needed was high, but the speed
and simplicity of rgpairs meant that fow
pumps were out of aclion at a time.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The Tara ratings are based an the
pump’s performanca in both fiskd
trials and faboratory tests. For a
girect action pump, the practical
operating fimit is 15 metars, and
the pump is thersfore included
onlyin Tables 8.1 and S.2.
Discharge Rate

A discharge rate of mare than 20
liters per minute earns the Tara a
"good” (Q0) rafing.

Ease of Maintenance

The Tara is a true VLOM pump
and eams a oo rating for main-
tenance wunder each possible
malntenance system.

Reliability

Under conditions of low usage
and 7m head, the ease with which
maintenance can be cariad out
gives the pump a oo rating for
refiability, but for higher daily out-
puts, the frequency of essential
inlgrventions to replace cup
seals or footvaive components
reducas the rating to “adequate®
{0) at 4m¥d and to “unsuitable”
(—) at 8m3d. Al 12m [, the
pump achigves a @ rafing for a
daily output of 1.5m3 but is
unsuitable at this stage of its
developmaent for higher outpuis.
Corrosion Reslstance

Most of the pump's camponenis
are cofrosion resistent, but expe-
rences in the Jaboralory and the
field with the footvalve assembly
mean that the appropriate rating
is 9.

Abrasion Resistance

Sand caused severe problems
with the leather cupseals, and
nitfile rubber seals are therafore
essential if there is a possibility
of sand entering the well.
Manufacturing Needs

The Tara has been specifically
designed for manutasturain Bang-
fadesh, and is suitable lor modi-
fication {using aliernative mate-
riafs) lo take advanlage of indi-
genous materials and skills in any
developing country. The need for
some  assistance with  quality
control reduces the rating to o for
rmanufacturing environment 1.
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Sri Lanka

Laboratory 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 TWOQ AID DEEPWELL
DERIVATIVES WHICH WERE TESTED CONTAINS SOME
RELEVANT DATA

SEE ENTRY FOR PUMP 03

General description

This is a shallow-well version of a pump
cerived fram the basic design developed
by the Battelle institute and Georgia Inst-
itute of Technoiogy an behalf of USAID.
The pumpstand is similar to the deepwell
versian (Pump 03) and consists of & cast
ron dnve head assembly and cast iron
base joined by a steel tube. The base is
ftanged to bolt to the platform.

In this suction versign, the steel tube
is fmed with 75mm D PVC pipe and a
32mm {0 PVC suction pipe extends down
to the deswed pumping level. Two out-
beard cast iron cleais on the rodhanger
axlg slide up and down in cast won run-
nars. The fulcrum stand is pinned to the
pumpsiand below and the handle above.
3o that the fulcrum moves in an arc as the
handls is operated. A cross head guides
the pumprog.

Manufacture

Basic skills n foundry werk, machining
and leather crafting are naeded (o
manutaciure the pump and careful quality
contral is needed to ensure interchan-
geability of spare parts.

Suppliers

Diason Pumps Lid, tt2 Isipathana
Mawatha, Cotombo 4, Sn Lanka.

Indicative prices — 1582

Per unit, excluding
suction pipes LS5 120-160
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AID Suction

Field Trials

Test conditions

Number  Hedd Data
of range avalable
Country pumps  [meters)  (months)
Snbanka 13 2848 t
* Average head

There were no major tailures among the 13
test pumps dunng the monitoring perigd.
Three leather cupseals and ong tiap valve
were the anly parts replaced in essential
interventons, The PVC cylinders shcwed
ittle wear and the cross heads and
guides. though worn, were siill tunctioming
satisfacionly after 11 months. Cn the
other hand, routing Maintenance demands
were caomparatively bigh, The drive bead is
exposed and needs frequent fubnication
lat least once a month) of julcrum, eye
and pivot pins.

All mowing parts are accessibie
above ground and mantenance tasks can
be gasily accomplished by a trained mech-
anic equpped with only phers. a screw-
dnver and three spanners. A new gasket
must be installed when the base llange is
detached to service the laohvalve.

No nstaliahon  nstructions  were
supplted with the pumps, but nstallation
was easiy accamphshed by ane skilled
warker and one helper using basic hand
100ls. Pumps can be nstalled on a ground-
level weilhead without a plinth.

Because the moving parts of the
drve-head assembly are not protected
from dust, heat and rain. corrosign and
abrasion ot these compeonenis 15 a
danger. Complaints about the laste of the
water were noted at 10 af the 13 tost sites,

suggesting that cofrosion products may
have aflecied palatability.

tmpact can lead 1o water leaks at the
threaded joint between the cylinder ang
the base flange: otherwise the pumpstand
i5 adequately robust. The pump's open
desipn mgans that water can be contami-
nated through the connecting rod hole.
and the spout profile 15 such that deii-
berate conlamination s possible. Split
pins are easily removed and there are ng
locking lixings. so the pumg can fall victim
tovangalism or abuse

Users lked the relatively high dis-
charge rale of the pump {about 24
liters/rminute at & comfortable 30 strokes a
minute). Though thare were potential fincer
traps around the fulcrum fmechanism and
the sliding guide blocks. no njunes were
reponed.

As the bar chant shows. the pars
replaced for every 1000m? of water pum.
ped were very low (0.3). Though the test
penod i3 shorl, 1 does seem that this
pump wili perform well for low lifts,
provided that the drive head 1s lubricated
regularly.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The ratings are based on field
trials in Sri Lanka, As a suction
purp, this AID Derivative is
appropriate only tor pumging lifts
of 7 maters or less. It also requ-
ires priming and is theretore af
risk ol contamination if poiluted
water is used forthe purpose.
Dischargs Rate

The discharge raie of 24 fiters per
minute at 30 strokes per minule
eams a“good” (o) rating.

Ease of Malntenance

No special wols or lifting tackle
aré¢ needed, but for village-leve!
mainienance it will be necessary
1o ensure that a village caretaker
has access to spare cupseals
and valves. Assistance from an
area machanic may be needed for
special repairs, and the rating
reduces from oo to o for System
A maintenance.

Reliability

The reliability rating is aiso oo for
outputs of 1.5 and 4m¥d, but
drops to o for 8mYd, when the
frequency of maintenance requ-
irad would be greater. It shouid
aisa be noted thal the pump calls
for regular lubrcation, and the
ratings should be downgraded if
such rouling maintenance may
not be readily achieved.

Corrosion Resistance

A gaivanized stesl suclion pipe
and exposed drive head compo-
nants  make the AID Suction
unsyitable (—) where ground-
water (may be conosive.

Abrasion Resistance

Jseo of teathar cupseals means a
o rating for abrasion registance.
Manufacturing Needs

The pump is suitable fer manu-
factura in countries with & mode-
rate level industrial base. but the
need tor carslul quality control of
casting and machining operations
reduces the rating from 00 to — in
a country with minimum manufac-
turing capabilities {Category 1).
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Indonesia

Swnion

bk valve

General Description

The Bandung is a suction pump with a
conventional lever action. It is construc-
ted mawly of cast iron, wilh an anamelled
steel liner in the cylinder bore. The ptunger
15 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 pivol pins
bear on holas drilled and reamad in the iron
cashings.

Manufacture
The pump can be manulactured in a

country with cast won foundry and simple
machining skills together with rubber
plastic molding facilines. Quality controt is
necessary 1o ensure that the pivot holes in
the handie fulcrum  and fork are correctly
aligned.

iers
fnggoplav. Wast Java Rural Water Supply
Project, Jalan Banga 25, Bandung,
Indonesia. The pump s manulactured by
several firms in Ingonesia,

Indicative prices - Mar 1985

Per unit LS$65
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Laboratory Tests

Datg tested: 1963

FAsporied: Project Asport No. 3

Note: The sample tested differed slightly
from the latest drawings supplied by the
manufacturer. The cast iron handle hag
been replaced with one of galvanized iron;
the webs of the top fulcrum casting have
been extended 10 increase strangth; and
the connecting rod fork has been rede-
signéd to remove the potential finger trap.

Parformance data
(typical vaiuss)

Head {meters)

Pyumping rate {cycles/min)
Valume/minute (Frars)

Input {watts)

Etfigigney (%)

Maximwm handie farce (kgf}
Footvalve leakage (mimin)  0.25

The volwne discharged was about
1.0 liters per siroke and varied litile

with pumping rate.

23538

Evaluation

The two pumps acquired for testing both
arrived damaged. because of inadequale
packaging. According to the supphier, the
pumps left the factory packed together in
a wooden ¢rate and must have been sepa-
rated by the carrier. Thay arrived wrappad
in pieces ol corrugated cardboard and
plastic sacks, with the handles ¢i both
pumps ard a third spare handle broken
and one cylinder iop casting cracked.
Damaged components ware replaged Dy
the manufaciurer.

inptallatlon and maintenance
is quite straightforward and requires only
simple tools, though no installation or
maintenance instructions were supplied
with the pumps. Frequeni attention is
likely to be needed, particularly ta replace
cup washers, Three replacement cup
washers ware neaded during the 4000
hour endurance test which took place
at 30 strokes per minute at 7 meters haad.

At the end of the endurance test,
rust was found on the sliding plate at the
pump top. in the plunger valve cage and
insida the pump body above the cylinder
lining, though the eylinder bore remained
in good condition. Fulcrum pins and
bushes were worn, and the piunger valve
was noticeably worn, but stilt serviceable.

The top fulerum casting and the base
casting both iwoke during the Impact
tesls, indicating a susceplibility to acci-
dental damage, and the absence of lock
washars on the fixings lowers the pump’s
resistance 10 possible abuse. The labara-
tory noted a potential finger trap batwesn
the connecting rod fork and the top ot the
pumpstand, but later designs have elimi-
nated this danger.

User reactions were neutral: overall
few users criticized the pump and few
singled it aut for praise. The handle move-
ment means that many muscie groups
contribute to the operaling action,

The overall conclugsion of the
laboratory trials was Hhat the Bandung is
inexpensive, but could be comparatively
easily damaged and is likely 10 nead fra-
quent maintanance. As with any suction
pump, the Bandung has 1o be primed and
i5 therefora suscaptible to contamination
il polluted water is used.
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Bandung

Field Trials

. . ] Assessment

In the absence of field irials, the
Bandung's ratings are based on
its pertormance in the laboratory,
and on the best judgement of
Project staft as to its likely perfar-
mance in field conditions. As a
suction pump, the Bandung is nol
suitable for Bfts in excess of 7
melers. It alsg requires priming
and is therefore at rigk of
contamination if polluted water is
used for the purpose.
Discharge Rate
The measured discharge rate of
29 litgrs/minute earns the pump a
“good” (0] rating.
Ease of Malntenance
Matintenance is simple and requ-
ires few togls. earning the pump a
oo rating for sach possible main-
terance system.
Refiability
The retiability rating is oo for daily
outpuls up lo 4m3, taling to “ade-
quate” (D), 8l Bmi/d, as \he enduy-
rance testing suggsests that more
THE BANDUNG PUMP WAS NOT FIELD TESTED BY THE frequent repair intervantions will
HANDPUMPS PROJECT then be needed.
Corrosion Resistance
Some corrpsion was noted in the
laboratory trials, which indicates
that the pump cannot be recomm-
ended for use where groundwater
is likely 10 ba highly aggressive.
However, rfustng was mainly
confined (o the pumphead, so the
pump is givena o rating.
Abrasion Resistance
The rubber seals failed compara-
tively froquently during the endu-
rance lests, so the pump earns
enly A 0O rating for abrasion
resistance.
Manufactiring Maarde
The Bandung is swtable for
manufacture in countries with a
medium-level indusirial base. but
the degree of quality conirol
needed makes il upsuitable for
manutacture in a country with a
low-fevel base (Category 1).
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India

Laboratory Tests

THE INALSA SUCTION PUMP WAS NOT TESTED IN THE
CATR LABORATORY

General Description

The Inalsa Suction is a shallow-well
suction pump with a cast iron pumpstand
and fabricaiad mild steef top plate assem-
bly. The cylinder is machined in the cast
iran stand. Sealed ball bearings are fitted
in the finkage pwots and the pumprod
passes through a brass bush in the top
plate, which also has a plugged hale for
pnming. The iisk of contamination is there-
lore less than for other suction pumps.

Pumprod, nandle and links are galva-
nized steel. The plunger and valves are
cast gunmetal, with a leather plunger seal
and rubber valve seals.

Manutscture

The Inalsa Suction pump can be manufac-
tured in a country with adugquate skills in
toundry wurk, simpla sheat metal work,
basic machining and simpie ieather work,
bul exacting quality contral is needed, in
particular to ensure a smooth surtace on
the castiron cyfinder.

Suppliers

industrial and Alied Sales Private Litd
{INALSA}, Suriya Kiram, 19 Kasturba
Gandi Marg, New Dethi 110001, india.

indicative prices - 1983

Price per unit uss$i27
excluding sucton pipe and footvalve
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Inalsa Suction

Field Trials
Test condltions
Number  Head Dara
of range  available
Caunity  pumps ({malers) (months)
India 5 1937 13.2
* Avarage head

The field trial pumps had only low useage
— avera%e output tor the five pumps was
just 0.7 miid.

No lilerature was suppiied with the
pumps. but onfy basic taots and skilfs are
required for installation. Average ingtal-
tation time was halt an hour and involved
three workers. The pump base should be
al least 300mm above ihe welihgad for
camiortabls pumping.

No breakdowns ocrurred in the 18
month test period. Bt a iotal of 14 leather
cupseals ware changed in that me, and it
seoms that the cupseals will last trom 4 to
& manths, depending on the intensity of
use and the cylinder roughness. Frequent
maintenance was aise needed 1o adjust
the afignment of the fulcrum plate and
piston rod. to avoid acceleraled wear an
the quide bushing and the cup seal. Mast
maintetance tasks were found to be
simple to pertorm, requiring only two open
spanners and a 450mm pipe wrench. Care
was needed fo avoid overtightaning of the
chack valve cage, which could lock open
the poppet valve. The lever arrangemsnt
did not requive lubrication over the test
period. On average. each mainienance
ntervention tasted for one hour, at a cost
01$0.50.

Al 30 strokes per minute. the pumps
detivered 25 liters/min uynder the lest

conditions (l2ss than 5 meters head).

Theres were no complaials from
users about operation of tha pumps, bui
the iregular discharge paftern from the
spout caused by built-in baffles was regar-
ded as a nwisanca. Complaints about the
taste of the water wore noted at four of the
five 105t sites, supporting Project stait's
belief that combining brass fittings with
ferrous metals can lead to galvanic corro-
sion in aggressive waters. Slight rusting
was dstected on the inner portions of the
pump body.

The test pumps had low-grade
leather cupseals, which accounted for the
majorily of maintenance imervantions,
and which could be expected lo wear even
mare quickly if sand was present in tha
water. Abrasion would aisg he a risk in
those circumstances.

Tne pumpsiand was found to be
generally robust, and the baffles offer
rasistance 1o abuse, by preventing debris
trom antening the pump. Sotme finger traps
are apparent around the handle fulcrum.

Overali, the :nalsa Suction pump
compares favorably with the other two suc-
fion pumps wsad in the India field trials.
The two major maintenance needs could
be reduced by design improvertents and
us® ot better qualily icather cupseals.

CAUSES OF ESSENTIAL INTERVENTIONS
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Assessment

The lhalsa Suction ralings are
based on the pump's performance
in fleld trals in india. As a suction
pump, it is not suitable for pum-
ping iifts in axcess of 7 meters. It
also raquires priming, and is thare-
fore at risk of contamination if
poliuted waler is uwsed for the
purpase.

Diacharge Rate

Tha discharge rate of 25 litets pear
minute sams the pump a "goad”
{00) rating undat this heading.
Ease of Maintenance

All wearing componenls are easily
serviceable with hand tools, but
thete are problems in aligning the
top plate. The pump therelore
scores 00 for maintenance Sys-
tem B (area mechanks), bt only
"adequate” (o) for Systam A
(villaga-lavel).

Rellabllity

Because maintenance is compara-
tively quick and easy, the reliab-
Tty rating is also 0O where u
i:lylnw. r'I:ng.ll whan the daily om
risas, the anticipated frequsncy of
seal replacament means that
downtime will b6 greater, and the
rating drops to {9) at 4m¥d and
unsuitable” {(—) at 8m3s,
Corroslon Resistance

The present design incorporates
brass and ferrous metal parts,
which have been shown o lead 10
gatvanlc coirosion, and the pump
cannot therelfore ba recornmended
fur sttuations where water is
comosive.

Abrasion Resistance

The leather cup seals failed
fraquently in the Held trials, aven
with low usage, and would be more
susceptiote to failure In sand-
laden water, which is why the
pump i5 rated - for abrasion
rasistance.

Manutacturing Needs

The Inalsa Suction is suilable for
manufacture in countries with a
mediusni-level industrial base, but
the degree of quality control
needed reduces the rating from
00 to — in a couniry with minimum
manufacturing capabilities (Cate-
gory 1).
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Philippines

a

General Description

The Jetmatic 1s made in the Phiippines
to a design simviar o that of Kawamoto
Pumps of Japan. It is also avadable as a
deepwell pump {(Pump 11). The cast won
pumpstand s compact and tls on the
protruding end ot the suchon pipe. which
must protrude  at least 440mm above
graund to prevent the handle touching the
ground ang 'o provide clearance tor the
spoul. A discharge valve n the spout
ailows either tree discharge ar pressure
detivery thraugh 3 hose or pipe.

Manufacture

Gumaetal and won foundry work and bas:c
machmng are requirad, with good quality
zoritrol to ensure ntarchangeability of
spare nans

Suppliers

There are several, inciuding Sea Com-
merciah Co lne. Cor. V. Cruz Street, Manila
2806. Philippimes

Indicative prices - Feb 1985

Pumpstand and cylinder US$35

FO8 Maniia
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Laboratory Tests

The suction vearsion ol the Jetmatic pump was nol 1ested in the CATR Laboratory.
Hovyevar, tests were carried oul on the deepwell version, which has the same pumphead
mechanism, and the entry tor Pump 11 has some details which are also relevant tc the
Jatmatic Suction. In pardicular, tha handle machanism faifed during the enduranca test
angt the gland nut wore badly.
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Jetmatic Suction

Field Trials
Test conditions
Number  Head Data
of range available
Country  pumps (meters)  (months)

Philippnes 43 2-6 18

The Jetmanc pumps suifered many iail-
wres in the field trials. Production quality
was generally poor, so that the low initial
cost of the unit was more than cempen-
sated by the high demand for spare pars.

Failures ware occurring within a few
weeks of installation. and included broken
handles and crossheads and worn pins, In
acicition. there was constant replacement
of seals warn down by the rough cylinder
surface.

The general conclusion was that the
present design and manutactunng stan-
dard ot the pump make it swtable tor only
hght use. It might. for instance provide
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water for @ family unit or a group of 10-15
users for up o one year without major
failure.

If production quality coutd be imp-
raved and controlled. and il the design
was altered 1o include sleeved cylinders,
quality seale, ball race pivols, and quatity
castings, it should be possible to improve
durability and raisg the user group 1o
perhaps 50 beneficiaries. Some design
improvements have already been made. in
response to shortcomings encouniered
during the field trials.

Assessment

The Jetmatfic Suction ratings are
based on field trials and the
performance of the deepwel
version in the lapboratory, and on
the experience and judgment of
Projoct staff. As a suction pump,
it is not suitable for lifts in excess
of 7 meters, and is also at risk of
contamination if polluted water is
used lor priming.

Discharge Rate

The pump is capable of achieving
a relatively high discharge and
gams a "good” (oo) rating.

Ease of Maintenance

The number of wearing pans
which need regular atieniion
keops the rating for villago-level
isystem A) maintenance down tao
“adequate” {0). For maintenance
systems B and C, the rating is oo.
Reliabllity

The field 1ests showed thai the
Jetmatte sulers rapid wear, and
the oo rvating for reliability at
1.5m¥%d reduces to o at 4rmd/d.
Tha pu is rated “unsuitable®
(—)at8md,

Corrosion Resistance

The suction verslon of the pump
earns a o raling for corrosion
resistanca.

Abrasich Resistance

Regular replacement of leather
cupseals in the field trials
rasulted trom roughness of the
cylinder casting. in general, the
syclion pump has adequate resis-
tanca to sand pumping and earns
a o rating.

Manufacluring Neada

The Jetmalic Sucton is nol
suitabta for manufacture in coun-
tries with a low leve! of industrial
development {calegory 1) beca-
use of the need far foundry and
machining shills. For categories 2
and 3, the ratings are 0.

171




Thailand

-+ Laboratory Tests

THE LUCKY WAS NOT TESTED IN THE CATR
LABORATORY

General Description

The Lucky is a simple shallow-well suction
pump constructed mainly ot cast iron and
upplied complete with 10 meters of 1-1/2
inch grameter galvanized stee) drop pipe
fitted with a fooivalve. PVC drop pipes
can be used as an altlernative.

The plunger has a large diameter
fubber seal, giving a high discharge per
stroke.

Manufacture

The Lucky is widely manufactured in
Thaitand by small and medium foundries,
but its reliability depends on good casting
shills and quality contral of items such as
the handle. felcrum pins, piston rod
guides, atc.

Suppliers
Avatable from many foundrigs throughout
Thaitand,

indicative prices - Apr 1988

Per unit, including 10m of
G.\. drop pine and
tootvalve US$ 35-40
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Lucky

Field Trials
Test conditions
Number Hpad Daia
of range available
. pumes  {melers) fmonths)
Thaitandg 20 26 3o

The Lucky pumps performed very poorly
in the tisld, proving quite unsuitable for
heavy duty operakion at the village level.

The crosshead system has too
many moving pans, which are subjecl to
rapid wear Though the discharge is high
and the pump is therefore popular with
users when it is working properly, the
fraquency of ngcessary repairs means
that its use would have {0 be rastricted o
smail user groups.

As a suction pump, the Lucky is
inharently aasy to maintain, though in

companson with other suction pumps, it
does have some disadvantages. Several
spanners are needed 1o lake the pump
apart, and the need 10 lift aut 10 meters ot
1-1/2 inch diameter galvanized stesl drop
pipe 10 semnvice the footvaive precludes
maintenanie by a village caretaker.

Even it higher production standards
could be achioved, il is uniikely thal the
Lucky design would be suitable for high
daity outpuis.

CAUSES OF ESSENTIAL INTERVENTIONS
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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 for confi-
dent juugments about the pump's
capabilities. As a suctior pump,
the Lucky is restricied 1o pumping
iitts of 7 meters or less. It also
requires priming and Is theretore
at sisk of contamination # poliuted
water is used for the purpose.
Discharge Rate

The pump is capable of achieving
a high discharge rate and gams a
*good® (00) rating undar this
heading,

Maintenancs Nesds

As a suction pump, the Lucky Is
tairly simple 10 matntain, dut the
naed for saveral spanners 10 take
the pumphead apart, and the
diflculty in remaving the footvalve
tor servicing make it unsuitable
for village-level maintenance (Sys-
tem A). For area-machanic and
central maintenance (Systems 8
and C), the pump eams & oo
rating.

Reliabllity

The Lucky needed frequent
repairs in tha tield trials and
cannot be tecommanded for high
daily cuitputs. It Is rated “ade-
quate” (o) tor 4m¥d, and oo for
1.5m¥d.

Conosion Reslstance

The pump has no speclal protec-
tion against comosion and s
cannot be recommeandad where
groundwater will be comosive.
Abrasion Rasiatance

The rubber seal earns a o rating
for abrasion resistance.
Manufacturing Noads

The pump is widsly manufacturad
in Thailand, though o a varying
guality standard. It would not be
suitable for manufacture in a coun-
tey with a low level of industriaf
devalopmant (Category 1), but is
given a ae rating for medium or
high levels of industrial develop-
ment {Categarnies 2 and 3),
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Bangladesh

4

General Description

The New No. 6 15 a simple and robust
shallow-well  suckon pump constructed
aimost entirely of cast iron. The piston
uses a molded PVE cupseal and the
chech valve 1s a weighted leather llap. The
pumpstand is mounted directly on the
suction pipe., which is 1.5 inch galvanizad
sieet or PYC. More than a million units
have been installed in Bangladesh.

Manuiacture

The pump is manulaciured widely in
Bangtadesh and i siitable for manutac-
ture in any developing country with basic
loundry skills. it has no fine tolerances.

Suppliers

The pump tesied at CATR was supphed by
Engineers Wood Steel tndustries Lid. 67
Teigaon Industrial Area. Dhaka-8,
Bangladesh. There are many mare manu-
facturers af the New No. 6 in Bangiadesh.

Indicative prices - Fab 1585

Price per urut {mmin. 50 units) US%63
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Laboratory Tests

Date tested: 1982
Raported: Project Repart No. 3

Perfarmance data
{typlcal values)

Head {meters)

Purnping rate (cycles/min}
Volume/minute (liters)

Input {watis}

Efficiency (%)

Maximumn handie foree (kal)
Loakags of footvalve {mimin) <1.0

2388«

The volume discharged per stroke
was about 1.2 fiters.

Evaluation

Yhe two pumps acquired for testing were
both received in working order, though
pump tops were loose and in one case the
halves of the plunger were not tighily
screwed logether.

No installation and  mainte-
nance instruclions were supplied with the
pumps, but a helpful leaflet was supplied
on request. installation is simple and
requirgs only basic toals and skills. The
assembled pump is mounted directly on
the drop pipe. which must be securely
lixed in position. Maintenance is simple
and could be camied out by a village
caretaker. Handle pivols nged to be oiled
twica weekly, and the manulacturer
recommands that the piston seal and
valve should be replaced yearly. This
¢ould be troublesome. as the test pumps
suttored axtencive corresion.

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 aftes 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 al the
end. Poor performance n the first 1000
tours reflected an initial roughness in the

cylinder bore causing rapid wear in ihe
cupsaal.

At the end of the endurance test, the
plunger could not be dismantied because
of rusted threads, comosion of the
rataining screw prevented removal of the
check valve weight from the leather Hlap,
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 all noliceably
worn and the pivot axles were also wom,
thaugh 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 doas rmean that it has little
resistance lo ahuse, as it is easy to
remove the completa pump from the drop
pipe and steal it. Pivot axles and bofts are
also easy to remove.

Many users ware pleasantly
sumprised hy the performance of the New
No.6, which contrasied wilh 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. € is
a vary simple, cheap and sturdy pump, but
likely to wear considarably whan haavily
used. It is well suited to manufacture in
developing countries with basic foundry
skifls angd has no close tolerances - the
holes for the handle pivot axles are deli-
berately drilled oversize 1o avoio problems
of misalignment.

As with any suction pump, the New
No. & has to be primed and is thereiore
suscepiible fo contamination if polluted
water is used. A sliding plate on the
connecting rod would be a simple design
improvement, to combat accidentat conta-
mination.
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New No. 6

Field trials

Assessment

In the absence of field yrial moni-
toring, the New No.&'s ratings
are based on its performance in
the laboratory, and on the expe-
rience and judgment of Project
staf. As a suction pump, the
New No. 6 is not suitable for liftts
in 2xeass of 7 metars. it also
requires priming and is therefore at
risk of coantamination if poliuted
waiter is used for the purposa.
Discharge Rale

The high discharge rate of 36 liters
per minute eams the pump &
“‘good" (00) rtating under this
heading.

THE NEW NO. 6 PUMP WAS NOT FIELD TESTED BY THE Ease of Maintenance

Repairs are simple (o carry out and
HANDPUMPS PROJECT requite only Dasic tools, so that

the pump qualifies for a 0O rating
under sach of the maintenance
fieadings (A, Band C}.

Reliability

Under low usage conditions the
pump atso eams a 00 rating for
roliability, but for more intensive
applications, more trequent rapair
interventions would be necessary,
and the rating drops o "adequate”
@} for dm¥d and & “unsuitabie”
—} for Bm¥d.

Corrosion Rasistance

The pump has no special protec-
tion against corrosion and suffered
extansively from rusting in the
laboratory tests. [t cannot thore-
fore be recommended for situ-
atlons whers groundwater is likely
o be corrogive,

Abrasion Reslstance

In general, the pump proved to be
reasonably resistant 10 sand pum-
ping in the laboratory. it eams a
00 rating for abeasion resistance
teincipally iswause of the taugh
plasticised PVC seal.
Manufacturing Needs

The New MNo. 6 is widely made in
Bangtadesh and is well suited for
manufagture in a couniry with a
moderately developed industrial
basa. However, its manulacture
raquifes a basic awareness of
quality control procedures, and it
is therefore rated only o for coun-
tries with a low lever of industrial
development (Category 1}.
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Bangladesh

General Description

The Rower is a high-capacity low-litt pump
designed primarily tor imigation. The
operator pulls direclly on ke plunger rod
by means of a T-bar handle, and the angte
is convenient for operation from a sitting
pasition ysing a rowing action. The
cylinder is an extruded uPVC tube with
heal-swaged ends and the aluminum
piston is fitted with a leather cup washer
and flap valvas cut from tire inner tubes.
Saveral difterant sizes are available.

The pump is fitted with an aluminum
surge chamber, and 15 narmally embedded
in earth for support and protection, of may
be supported by a smaller earth bank and
protectad by strips o bambao arountd the
cylinder.

Menutacture

The pump was dasigned for manulacture
in a developing country and most compo-
nents are easy to make. Some skill is
ceyuied 0 neattorming the uPVC lube
and spinning the surge chamber, and care
is naeded in machining.

Suppliers

Mimpur Agricultural  Workshop  Training
Schoal, Mirgur Section 12, Dhaka,
Bangladesh.

SWS Filtralion in the UK have also
developed versigns of the Rowar pump.

Indicative prices - Jun 1985

Per2in. pump with screen angd

7.6meters of drop pipe US$30-35
Extra drop pipe per 0.76m uS$4.00
17¢

Laboratory Tests

Date tested. 1985/84
Reported: Project Report No. 3

Parlormance data {typical
values) — 54mim cylindsr

Head (maters) 7
Pumping rate {cycles/min) 15
Velume/minute {lters) 27
Inglst (wats) 48
Efficiency (%) o84
Maximum handis force {kgh) 20
Leakage of foot valve (mlimin) High

The volume dischargad por shroke
was abourt 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 lo installation
and maintenance instructions. However,
installation of the Rower pump shoukd
be very easy, particularly it plastic pipe is
used. The most important tool may well be
a spade or shovel to construct the earth
bank. Care is needed 0 achieve airtight
joints in the drop pipe, as any leaks will
significantly affect the efficiency of the
pump,

Maintenance toc is very slraight-
forward, and requires only the simplast
hand tools. The Rower is a true VLOM
pump, though the need lar priming inirg-
duces a pollution risk when it is used for
drinking water. The pump achieves a high
delivery on oach siroke, and s
dlscharge of 27 lilers per minute at 15
cycles per minuté is also high.

The 4000 hour endurance test was
carried out at 19 cycles per minute and a
nead 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
laaking during the test, and the threaded
joints ware replaced with cement joints. As
well as reducing performance, ieaking
joints caused a rapid loss of prime.

Small amgunis of surface rust were
found on the chech vaive and plunger
body lixings and there was slight pitting of
the plunger rod, but all parts remained

sefviceable. The cylinder bore was worn at -

the end of the test, resuiting in a 2mm step
in the Hore at the end of the swept stroke.
The volume delivered per stroke was down
on the original performance test, but stil
watl aver one liter.

User reaction was generally tavor-
able, once users were instructed in the
appropriate method o operation. Only
small children found the pump difficult to
use. Everyone fiked the very high dis-
charge, though some objected to gelting
wat when water spurted out of the pump at
the start of the return stroke. The lack of
an upper stop cauvsed some problems,
with some stronger users pulling the
plunger right out of the cylinder.

The impact test was nol applied, as
the Rower is intended to be protected
against such eventualiies. The handle
can be distorted quile easily, but is
equally gasy to straighten.

The overall conclusion of the labora-
tary trials was that the Rower is a commen-
dably simple pump, easy 1o 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 tima,
because ot wear, but all wearing parts are
cheap and easy to replace.

PUMP 40




Rower

Fietd 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 COMMENT THAT THE ROWERIS A
TRUE VLOM PUMP, WHICH SETS A STANDARD FOR
DESIGNERS IN A RANGE OF IMPORTANT PARAMETERS:

LOW COST

EASY SERVICEABILITY
HIGH CAPACITY

EASE OF MANUFACTURE

THE ROWER IS IDEAL FOR SMALL PLOT IRRIGATION

UNDER LOW LIFT CONDITIONS IN MOST DEVELOPING
COUNTRIES.

PUMP 40

Assessment

The Rower pump ratings are
based on psarformance in the lab-
oratory tests and on experignce
and judgment of Project stafl. The
Rower was developed principally
as an irigation pump, and
produces a high discharge. As a
suction pump, it is not sultable for
pumping lifts in excess of
7 meters. It also requiras priming
and is therefora at risk of
contamination if poliuted water is
used for the purposs.

Diacharge Rale

The discharge rate of 27 liters per
minute at a pumping rate of 15
cycles per minute declines as
wear lakes place in the PVC
cylinder, but remains high snough
{o justify the pumps "good” (00)
rating.

Easo of Maintenance

Practically no tools are needed for
mainienange and the pump eamns
a no rating under each mainte-
nance system (A, Band C).
Retiability

The reliability ratlng is also 0D, for
outputs up to 4mdd, as the
repairs which are necessary can
be caried out very quickly and
easily. The raling drops to
“adequale” (o} when daily output
rises 1o 8md,

Corrosion Resistance

Though small amounts of cosmo-
gion have been detected both in
the faboratory and in the field in
Bangladesh, they have not baen
axtensive enough to impair the
pump’s performance, and should
not he a problem unless the
groundwater is highly corrosive.
The Rower is therefore rated O.
Abrasion Resistance

The Hower design allows it to
pump sand-laden water withouwt
diffizgity. but the wear of the
cvlinder walls will be accelerated i
sand is present regularly, and the
purnp is therefore given a & raling
for abrasion resistance.
Manufaciuring Needs

The Rower has been designed for
cheap and simple manufacture in
a developing country with a low
industrial base. R eams a 00
rating under each category of
manufacturing capabitity.
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China

Laboratory Tests

™y

A’:g{l—*" THE SYB-100 WAS NOT TESTED IN THE CATR

S LABORATORY
General Description

The 5YB-100 15 a simple shallow-well

suchon pump construcied mainiy of cast

ron. The handle and pumprod pivots are

fitted with ball races. Plunger and check

valves are rubber Raps and rubber is also

used for the plunger seal which moves in a

honed cylinder bore.

Manutacture

The pump 15 manufactured to a high

standard «n China, under good quality

control ¢ casting and with first class

machirung.

Suppliers

Changsha Covnly Light indusinat Plant,

Hunan, People s Repubtic of Chira.

Indicative prices - May 1586

Per unit LS$ 30-40
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SYB-100

Field Trials
Test conditions
Numbar Head Data
of range avalable

_pumps__ (meters) _ (monihs)

China a5* 1-6 24
Papua New
Guinea 10 2-7 12

20 of the discaontinued SYD-80 were also
tested.

The China ftieid tnals involved large num-
bers of prototype suction purnps, many of
which have been discontinued as a result
of thew perfarmance in the tietd nals. The
SYB-100 15 the excepkion. having proved
beth popuiar and relkabte.

The tnals were cenducted in Chang-
sha {Hunan Province) where the pump is
manufactured. It must be remembered
that therg are many mukions af suction
handpumps wm use n China. and they
generally operate for only short periods
each day. serving |ust one family or a
smalt user group. The same kind of ope-
ratng condihons also apply tn Papua New
Guinea.  Nevertheless. the  Project
callected engugh data on the pump perior-

mance 10 predict that it could reliably
serve up to 100 users over two years
without excessive lailures. Tha standard
ol village-level maintenance in China is
Righ in comparison with most developing
countrigs, and in China, the SYB-100 is
well suited for village-level maintenance.

The quality of manufacture of the
SYB-100 was high, and the pump is wali
designed tor economic replacement of fow-
cost components (though this may not be
readily replicable in other countries).

The pump design has been improved
as a resull of the Project experiences, and
the SYB-100 is becoming increasingiy
popular in the country, Some 17,000 units
were ordered to one province, with
anainier 18,000 prepacation.

CAUSES OF ESSENTIAL INTERVENTIONS

Agsessment

The SYB-100 ratings ara based
primarity on the pump's perfor-
mance in figld trials in China and
10 a lesser axient on ihe limited
axperionce in Papua New Gulnea.
This provided encugh data for con-
fident assessmant of the pump's
capabilies. As a suclion pump,
the SYB-100 is resticted to
purnping lits of 7 meters or lass.
it also requires priming and is
tharslare susceptible to contami-
nation if polluted water is used for
the purpose.

Discharge Rate

Thea pump is capable of delivering
a high discharge and eamns a
"good” (ao) rating,

Ease of Maintenance

With the standard of village-level
mainlgnance available in China,
the pump would be readily ser-
vicad by a village caretaker. in
general, however, for countries
with lower skill lavels available in
most villages, the rating under
maintenance System A is "ade-
quate” (0}.

Reliability

The SYB-100 proved highly reli-
able for moderate daily outputs in
China and Papua New Cuinea,
and gams a oo raling for dis-
charges up to 4m¥d, dropping to
o tor BmYd.

Corrasion Resistance

Though the pump has no special
provision for combatling como-
sion, little sign of corrosion emer-
ged from the fiald trials, earning a
o rating.

Abraslon Resistance

The honed cylinder bore and
rubbar dupseals rasulted in long

1 !
v.94 T ;r: . seal life, and juslify a oo rating
' ., ¥ under this heading,
3 ¢34 P-‘ g Lis ] Manufacturing Needs
§ 971 A Manutacturing quality in China is
£ os] PR high, and the SYB-100 design
% 0.4 S0, g would suit manufacture  in
p 3 3 countries with maderate or highly
g ¢4 F04 3 developed  indusirial  bases
& 0-31 4 ; g {Categories 2 and 3), for which
S 02- Loy & 0% P the pump scores a oo rating. The
014 - g = skill levels and quality control
H B R & % needed 10 ensure reliable perior-
T S S bs P or or -0 mance make it unsuitable for
PART REPLACED manutacture in deveioping coun-
B CHANGSMA ) JINCHENG tries with low levels of industrial
:10 gt A A manger AR g ran SF R_my i et devempment‘
LR L N LY ) B B oylirk sl [N PR sAT
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India

Laboratory Tests

THE WASP PUMP WAS NOT TESTED IN THE CATR
LABORATORY

General Description

The Wasp 15 a conventional shaliow well
stcton pump consiructed almast enfirely -
af cast won. The cylinder 15 machined in
the lower part of the pump body. The cast
von piston s fitted with a single leather
cup seal and gunmetal valve.

The check valve 15 also of gunmetal
and 15 held in 3 cast irgn cage. The stain-
less steel puoprod passes through a
slichng brass plate coverng the slot in the
pumpstand tap-plate and so reducing the
contamination nsk.

Bars in the spout prevent sticks or
stones trom being pushed inta the pump.
The handle has a low starting pusmon.

Manulacture

The Wasp can be readly manufaciurad n
a couniry with basic toundry skils plus
basic machwung and leather cralting,
though careful guality control is needed
with ¢astron components.

Suppliers

Shukla-Mznseta Industnes Private Lig,
248 Ambala) Dashi Marg, Bombay 400023,
Ingha.

Indicative prices - 1983

Perunit, excluding sucton pipe  US%185

CIF Coiombo
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Wasp

Field Trials
Tesi conditions
Number Head Data
of range available
Country pumps (meters) {months)
SriLanka 25 28"-5.0 20
" Average head

The Wasp 15 a denivative of the Maya No. &
cast irgn sucton pump design common on
the Indhan subcontinent. its drive mecha-
msmis exposed (o dust and weathering.

No literalure was supplied with the
pumps. but only basic toofs .nd skills are
required for nstallahon. On average, three
wotkers completed instaltaton W half an
hour oh prolected dug walls in Sri Lanka.
The pump 15 atached to anchor boits
embedded in the concrete cover slab of
the well and must be set at feast 300mm
abave the well head to provide a comlor.
table standing positron for gperation. The
handle can be sel al a right angle 10 the
spout to avad the need tor the operator to
stand gn the well cover slab.

Senvicing of all parts 1§ gasy. using a
single adustable spanner and a scraw-
dnver. Ajl bolts are the same 1ze. and are
sgt in slots 1o prevent rotation of the bolt
head Frequent lubtcation of the exposed
anlgs and bushes was found to be
essenhal, and even then bearing failure
accounted tor halt of all breakdowns.

The pumps were anly lightly used and
an average of 2.1 interventions were nee-
ded per pump per year to repair break-
downs or correct poor perfarmance, the
man Mems being Hoanngs and seals. In
all. 23 teathar cupseals were changed on
the 25 test pumps dunng the tirst 18
months of teshing, and it seems that a

cupseal can be expected to last from 3 W0
10 months, depending on the usage and
the roughness of the cylinder.

Plungar valves and check valves
wers noticeably worn alter 18 months,
both on their cirgumterences and on thew
faces. There was no significant wear an
the cytinders. Pivot bushes generally wore
out within a year ang pivol pins were worn
bul serviceable. In all, thres handles and
twao fulcrum plates broke during the trials.

The Wasp delivers a respectable
26.5 hters/min at 30 strokes/min, but the
some users dislike the operating action
because of the low starting point of the
handle.

The use of brass with lerrous metais
led o galvanic corrasion, and there were
complaints about taste andror color of the
water at 15 of the 25 test sites.

As with any suction pump, the Wasp
has 1o be prnmed. and s therelore
susceptible to contaminanon if polluted
water 15 used lor the purpose. In the Sri
Lanka trials it compared yntavorably wih
the Inalsa Suctaon pump in terms of cast,
relabilly, ease of maintanance. and
resistanca (o abuse and contamination

CAUSES OF ESSENTIAL INTERVENTIONS

] 3 rae
5]
7 4 F 29 -80 o
3.5
g . 8ok
3 2
2.5 - 1.8 30
24
E 154 1 g - 20
< H E
= 0.3 10 "
0.3 1 |.
TOTALHD F RH PR RM PS PE FV OT
PART REPLACED
HOmgnde  AM.ASD harger AMAdung M FE.Pumping giement
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Assessment

The Wasp ratings are based on the
purmp's performance in field trials
in S Lanka. As a suglion pump,
ifto Wasp is not suilable for lifts in
axcess of 7 meters. It also requ-
ires priming and is therefore at risk
of contamination if poliuied water
is used for the purpose.

Diacharge Rate

A discharge rate of 26.5 liters per
ntinute at 30 strokes per minute
gives the pump a "gogd” {(on)
fating.

£ase of Maintenance
Maintenanca is simple, requiring
only a single spanner and
screwdriver, but trequent lubwi-
cation of bushes is needed. The
pump tharefore earns a "good" (on)
rating for mainienance Systems B
and C, reducing to “adaqualte” (o)
fui System A (village-laved).
Reliability

The rafiability rating is oo for low
usage - similar to ¢omditions in
the Sr Lanka field trials — but
reduces to o for 4m¥d and to
“unsuitable” for 8mYyd, where the
higher intensity of use would
require too frequent maintenance
intervantions.

Comosion Resalstance

After 18 monihs in the field, the
inner pump body, pumprod, plun-
ger and chack valve were heavily
rusted, and the Wasp cannot
theralorg be recommended for use
where waler is corrosive.

Abrasion Resistance

The teather cupseals falled regu-
larly during the field trials, and
would be even more susceptible in
sand-laden water. The pump is
tharefore given only a o rating.
Manulacturing Needs

The Wasp is made in india and is
suitabfe for manutacture in any
developing country with  basic
foundry, machining and leather
craft skills. The degree of quaiity
controt needed results in a —
rating for countries with a low-lgvel
industrial base, but a oo rating for
other countries.
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Annex 1

Interesting Pumps Not Tested

by the Project

This Annex contains brisf details of 17 additional pumps
which have come to the attention of Project staff during
the course of the lieid trials, They were not includad in
the laboratory or field trials organized by the Projact (or
were included too late for rasults 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
they are known to be used by large numbers of people in
particular regions. The information available is genarally

restricted to manufacturers’ published data and obser-
vations by Project lield 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 dstails from the
manufaciurer, and, where possible, obtain field expe-
rience from existing users. The pumps included in the
Annex are tabulated below,

Pump Country of manufaclure Known installations Page
Abi-MN Cote d'lvoire Cote d'lvaire 184
Aquamont United Kingdom Burkina Faso, Cameroon, Malawi, Zambia 184
Allas-Copco Swaden Ghana 184
Bourga Cote d'ivoire, France, Niger Niger 184
Bucket Zimbabwe Sierra Leons, Zimbabwe 185
Bush Zimbabwe Zimbabwe 185
Grundlos Denmark Sudan 186
Nsimbi Zimbabwe Zimbabwe 186
Pak Canada Bolivia, Cole d'lvoire, Kenya, Senegal 186
Pulsa ftaly Benin, Burkina Faso 187
Puno 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 Nethertands Bolivia, India, Kenya, Malawi, Tanzania 190
Weammaster United Kingdom Not known 190
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Abi-MN

The Abi-MN is a conventional recipro-
caling piston pump with a lever handle.
The cylinder is made of bvass, and the
standard version is equipped with galva-
nized rods and rising mains. Most of the
above-ground compeorients are  identical
to thosa cf the Abl-ASM pump {Pump 01 in
the Handpump Compendium), except for

Cote d'lvoire

l

the connections o the rising main and rod,
the lack of a hydrautlc drive cylinder, and
a slightly ditersnt handle. An earlier
model with the samg name {Abl-MN) had
diigrent above-ground components, and
was generally iked by usars because of
its easy operation and reasonable dis-
charge rate, aithough repairs wefe
difficut. The most significant difference
between the old and new above-ground
components of the Abi-MN is the change
trom bail bearings to plastic bearings. The
plastic bearings, which have been stan-
dardized fot both the Abi-ASM and the Abi-
MN pumps, have the advanlage of being
easily replaceable.

Manyfacturer:  Abidian industrie, 0N BP
343, Abidjan ., 01 Cote dlvoire.

Aguamont United Kingdom

This pump is manufactured in the UK and
marketed by E.T.C. Agquaservice of Liver-

184

pool. Two head assemblies are avaflable:
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 painted and
sealed taper roller bearings are fitted to
the fulcrum and hanger. Galvanized iron
or ABS rsing main is used with 10mm
stainless steel pumprods incorporating
PTFE centralizers. A PTFE lined glass-
reinforced opoxy resin cylinder is rov-
ided, employing niirile seals and claimed
to have both low waar and friction, making
pumping from fifts up to 390 melres a prac-
tical possibility. Pumps have been sent
to Camaroan, Malawi, Zambia and Burkina

H

Faso for ilimited Feld trals and will be
tasted inthe CATR Laboratory in the near
future.

More information: E.T.C. Aguaservice,

Cunard Building, Liverpool, L3 1HR,
United Kingdom,
Attas-Copco Sweden

The Allas Copco model 111 is a Swedish-
made pump with a galvanized welded
pumpstand assembly. The handle fulcrum
bearing has a special rubber elemant
which purports to sliminale wear problems
evident in conventional boating systems.
A connecling belt between the end ol 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 Yo a wire-reinforced
rubbar hose pumping element, Recomm-
engded maximum installation depth is 30
meters. Samples with stainless stesl

—}-
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below-ground components are being sent
to Ghana for field testing and CATR
laboratory tests of this pump started af
the end of 1986.

Model 122 uses the same above-
ground pumpstand, rising main and pump-
rods as the 111 but uses a conventional
stainlass steel cylindar batow ground.
Manufaciurer. Mlas Copoo Energy AB, S-
105 23 Stockholm, Sweden,

Cote d'Ivoire,
France, Niger

Bourga

This is a reciprocating piston pump ope-

raled with a lsver handle, based on

conventional handpump design concepls.

The siandard versions are equipped with

galvanized stee! rising mains and rods,

and cylinders made of brass. The handles
are counterbalanced o ease oparation.

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 al lits up to 45
malers, and two-person (two aduits
or 3-4 children) operation at lifts up
1o 50m;

+  tha Model 2000 has a 100-mm piston,
and is specifieq tor one-person ope-
ration at lifis up to 22.5m, and two-
person operation at lifts up to 45m;




= the Model 3000 has a 120-mm
piston, and is specified for one-
parson oparation at lifts up to 15m,
and wo-person operation up to 30m.

The handle has a T-bar 1o tacifilale
oparation by more than one person and 1o
allow the user to apply force at the

[l T

Spout

extrame end ol the handle where the
MaxiMum mechanical advantage can be
achiaved. Also, the handle has a counter
walght which can be adapted for the lift at
which the pump is to be used. The pump
has a high discharge rate, ahhough this
is accompanied by the need for a
relatively high force to be applied to the
handle. However, the facility of having
multi-persan oparation compansates far
the high force required. and users like the
high discharge rate. The Frojsct has
field tested a faw of these pumps in  Niger
— 3 of Model 2000, and 1 of Model 3000.
These have been intensively used during
22 months of field daia coliection, and
have performed welt. Although the small
numbers of each modst thal were tested
limits the statistical significance of the
fiekd data, the following may nonethaless
provide a rough  indication of repair
requiremants.

The average rate of repair or main-
tenance intarventions has been 1.2 per
year for each pump. The majorty of
rapairs were required due 1o defects on
tootvalves {27%%), pumprods (18%),
handles (9%). fulcrums (9%). and pum-
ping elements (8%). The manulacturer

has responded ta these mepors by
madifying several companents.

The assessment of this pump can be
summarized as follows: users fike the high
volume flow; it s robust; it is suilable for
local manufacture in some developing
countries; accass o below-ground com-
ponents for repair is dilficul and the
pump therefore cannot be classifed as
VLOM (Vilage Level Operation and
Maintenance).

Manufacturers: The pump was onginally
manufactured in France by G. Bourrer, 5,
Rue Ellsee-Reclus, 93300 Aubervilliers,
France. Later, production was begun by
the lollowing two manufaciurers In Cote
d'lvoire and Niger {in at least some cases
pumps have been assembled in Niger with
componenis made In Cote divoire and
France): Aleliers de Construction Eleciro-
Mécanique de Cote divoire (ACEM-CI),
B P. 522, Abidjan 15, République de Cdta

d'ivoire; SEEE (Soclété d'Eludes et
Entreprise d'Equipment), BP 11,986,
Niamey, Niger,

Bucket Zimbabwe

The Bucket Pump is an improved version
of the traditional rope and bucket
connected o a windlass. However, the
Bucket Pump is suitable for instaliation in
narrow-diameter waells, whereas the
traditional arrangement requires a wide-
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
waler to escape as the bucket is litted up
the well {this is analogous t¢ the piston
valve on a conventicnal handpump). lis
own weight is sufficiem o submasrge it
when lowerad into the well, and, when full,
it is lited by tuming the windlass, thus
lifing the connecling chaln and puliing the
bucket up. A simple “water discharger” is
attached to a post, and, when the bucket
is 56t on it by hand, this opens the check
valve and discharges imlo a waiting con-
tainer which the user has placed below.
When compared to the traditional rope
and buckst, it has, in addition to the ability
1o be used with dritted welis, the advan-
tage of decreasing the likelihood of conta-
minaling the well water. This is because
the bucket is not normally set on the
ground wherg it could pick up contamin-
ation before being lowered into the  wall,
as commonly happens whan personal
buckets are used with wide-diameter
walls. Alsa, only a small tid is required tc
cover the well when itis not being used.
Compared with most other hang-
pumps, the Buckel Pump has the advan-
tages that it is extremely simple fo manu-
tacture, operate, and maintain, and is

particularly well suited to VLOM (Village
Level Operation and Maintenance). A
major disadvantage of the Bucke! Pump
is the low rale at which water ¢an be
axtracted from the well, making it more of
a tamily or multi-tamily pump and not suit-
abl lor use by larger numbers of people.
Another disadvaniage is that some conta-
mination may take place.

The Bucket Pump is made by local
shops in Zimbabwe and Sierra Leons.
More information can be found in a
pamphiet describing the pump, entitled
Pump Handow! No.1: The Zimbabwe
Bucket Pump, avaibble from the Blai

Research  laboralory, Box 8105,
Causeway, Harare, Zimbabwe.
Bush Zimbabwe

The Bush pump, a reciprocating deep- wall
force pump, was originally designed and
installad in the aarly 1930's in Zimbabwe.
The pump is still used extensively in the
country, with one estimate placing the
number ot pumps installed at 10,000
units. Since then, it has appeared in
various forms throughout East Africa,
The pump design has no fxacting tole-
rances and it can be erected by reason-
ably well trained persons using basic
tools. The original pumpstand colurmm was
made of G-inch borehole casing. while
{ater models used 5-inch casing or black
iron pipe. The pumpstand column is set in
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a congrete foundaton  block that also
encompasses the borenole casing The
handie 15 made from 2-inch galvanized
steel ppe and s typically 10 {o 12 feet
130 o 3 7m) long with a single bend. In
this way the upward travel of the piston 15
hited by the bandie contacting the
ground.

Mechanical advantages of as much
as 12to t allow use of a 3 inch cylingder
even af ugh pumping kts. An gil- soaked
hardwood beanng block 15 used at the
fulcrym and rog hangger. Four holes are
drilled. iwo of which providy a backup pan
10 entend the lite of the Bocks. Pins are
made trom 1:nch pipe.

The relatively large size of the pump
camponents serves the purpese of min-
mizing wedr rates of the wooden beanng
biocks. A 0.9m-long cannecting link 15
used to minimize the lateral movement of
ihe pump rod 0 s wooden guide bush.
Also. a 3:4 wch sleeve 15 placed over the
pumprod.  its larger diameler reduces
wear on the guide bush.

The Handpumps Proect has no
migemabon on water delivery rates or
repair frequencies for this pump. As with
other closed cyinder designs. replace-
ment of seals and repair of of .2r down-
fwle components are dificult and require
hfeng tackle.

A version of the Bush Pump, known
as the Kenya Allas-Copco, was tested n
the CATR Laboratary n 1981, and the
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results are repofted in Handpumps Project
Report No. 4.

Additional  wnformation:  Office of  the
Provincial Water Engineer, Ministry of
Energy, Water Resources and Develop-

ment. P.O. Box 566  Bulawayo,
Zimbabwe.
Grunctfos Denmark

The disttnguishing teatures of this pump
are 1he slainless siesl cylinder and
piston, which are designed 10 provide
corrgsign resistance, strength, and eth-
cient operation. These pumping elements
can be connected to a wide variety of
makes ol above-groung components, inc-
luding the Maldev type pumphead (Pump
14 1 the Handpump Compendium}, which
can be either tcally produced or pur-
chased from Grundios.

If total corrosion resistance is
raquired tor ali below-ground elements,
Grundtos can supply stainless steel rising
man and pumprods. although this wall
increase the cost of the unit.

Aside trom the use of stainless steel,
with rubber seals. the pumping elgment is
tarly conventional in design, with a 2.5
nch giameter cylinder connected ta 1-1/4
inch nsing  main. When connected to a
Maldev pumphead and subjected to an
endurance test at the Consumers
Associalion Testing and Research {CATH)
laboratory in the w K. the pumping
elements exhibited high efficiency. high
discharge rates. and very little wear of
the piston seal. They were tested at litts
of 25 and 45 meters.

Manytacture of the pumping sle-
ments requires stairless steel tabrication
techniquas and is not suitable for most
developing countries. Howover, the
Maldev pumphead. or other pumpheads 1o
which the pumping elamants can be conn-
eciod, can be iocally produced in many
developing countnes.

The hrst of these units were installed
in the Sudan and other East Afrigan
countries in early 1986, but ¢ is siill too
500N 1o have meaningfui Giiz LSiceming
theyw endurance under field conditions.
Manufacturer: Grundios Inlernational a/s.
DK-8350 Bjernngbra, Tanmark.

Nsimbi Zimbabwe

This 15 a dirgct action pump manufactured
and installed \n Zimbabwe by the Luthergn
World Federation. It uses lecally manufac-
tured PVC for the rising main and pump-
rod.  The fgotvalve is  a unit oblamed
lacally. The plunger uses a simple disc
valve and an mported. doubie-acting
rubber seat. The head consists largely of
standard pipe sections and #tings, the
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latest  design fealuring a plastic guide
bush for the handie tube.
Additional information: Lutheran World
Service, Aftn. Rev. Wulfgang Laver.

P.0. Box 98B, Harare, Zimbabwe,

Pek Canada

The PEK pump is a direct action hand-
pump, using an innovative design and
sevaral plastic materials. 1t has a hoilow
rad, and in 1985 was ollerad with two
differenl cylinder diamelers: Model P
rated by the manulacturer for a maximum
pumping head of 25 meters; and Madel G
for up to 50 meters. Those tested by the
Handpumps Projact were all of Model P
{25my).

Modificafions were made by the
manufacturer immediataly {cllowing w
laboratary test and on ather occasions.
Consequently, there are slight variafions
among PEK pumps sent 1o different coun-
tries for tield irials. However. these modifi-
cations did not result i significant chan-
ges in performance. Further changes
made in 1986 in respanse fo reporls of
field problems have nct been evaluated by
the Projeci at the time of preparation of
this report,

Manulacture involves casting in
polyurethane and simple steel fabrication
technigues. Complex molding taols are
required, as wel as experience in {the use
ol polyurethane and a supply cf raw
material. )t is theretore  unkkely to o




suitable for manufaciure in the majovity of
develogping countries.

Complete for installation at 30
meters depth when S0 units are ordered,
the ex-factory peica in February 1985 was
USS$4E5 aach.

The CATR laboratory evaluation
concluded that the PEK is simple amd
lightweight, and therefore very easy o
install and to maintain at village leval.
The rate of delivery is fow and likely to fall
substantially. In labaratary testing the
mechanical efficiency at a 25 meter
pumping it was initially measured at 80%.
However. a1t the end of the 4000 hour
endurance test it had decreased to 13%
as a result of wear, The pumprods ware
tound to be inadsquately sealed. and the
ingress of water will dramaticaliy aifect
the operaling characteristics. The pump--
stand is tough and wear-rasistant, but
extensive use of polyurethane may maks
the PEK unsuitable for manufacture in
developing counlries.

The Project did limited field testing of
25 PEK pumps in 5 countries. Due ‘o
excessive operational problems, puMpPS
in all countries except Bolivia were with-
drawn shorlly after instalfation, and
theralore there are no statistical data for
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repair frequencies. The most noteworthy
shartcomings af the PEK abserved in the
limited fietd 1esting included: A. Operalion
1$ exhausting work; B. Cischarge rates
are very low: C. Users dislike the pump;
D. Manufacturing guality control has been
inadequate; E.  Instailation requires
excessive care 10 ensure praper ape-

ration; F. The piston seal weats {oo
rapidiy.

The pump has many interasting lea-
tures and is a break from traditional ideas
of pump design {even of ditect action
pumps). However, good inngvative thin.
king is lat down by several weak points.
In spite of ils severe shoricomings, i is
tha judgment of the Project that the PEK
pump has 1he potantial to be developed
into a good VLOM product, but would
roquire soma major changas. it has the
basic advantages of being lightweight,
having a minimum number ol wearing
parts, requiring a minimum number of
tools tor instaltation, and having most of
its components mads from long-life mate-
rials. Also, if produced in large quantities,
the Project believes it could be sold for a
maodest price.

The manufacturer is responding to
the Project's reports of shortcomings of
the pump, by producing & modified
version which the Project has not yet
evaluated.

Manufacturer: Produits pour TExhaure de
I€au Kaing Liee, 1106 Clairs Crescent,
Laching, Quebec, H8S 1A1, Canada.

Pulsa italy

The Pulsa J Is a Jever-operated deepwell
handpump which works via a principle of
oscillating water columns. The connection
betwean the above-ground and downhale
elements of the pump is via a single hase,
without rods. ft comprises two basic ele-
ments: an upper part made of stainless
steet situated above ground, containing a
plunger actioned by a lever handle; and a
lower parn, submerged in the waler. which
is an elastic element closed at the boltom
by a check valve with a filler, The wa are
joined by a flexible hose. The cylinder at
the bottom acts tike a diapbragm, with the
internal volume of waler becoming larger
when it is under increased hydraulic
pressure. via the compression ot Hexible
balts that are sitvated in the cylinder.

In some ways, it is analogous to the
better-known Vargnet pump (Pump 21 in
the Handpump Compendium), inscfar as
both have flexible hoses and operate via
hydraulic pressure wilhout conventional
sunprods. However, efficient use ol the
Pulsa is wvery dependent on the speed
and rhythm with which i is operated.

The design concept lacililates
installatton and access to below-ground
components. Installation is unaffected by
curvas in the borehole because of the
flexible hose used for the rising main, and
the lack of conventional pumprods. The
manufacturer  alsn  provides modified
versions which altow instaltation of several
pumps on the same borehole, which under
certain  circumstances  can  be  very

advantageous. The Handpumps Project
stafl have periodically inspected three
Pulsa pumps in Burkina Faso since
October 1983, and also made a single
limiled inspection of five Pulsa pumps in
Benin in 1984, However, full-scale moni-
toring of a large sampla of Pulsa pumps

Spour

rercfa i ]

Taka *o 4 4 n”}

Faad T

!

was not undertaken. Furhermore, the
manulaclurer has made some changes
since these pumps were installed, so the
observations of tha Projecl are no more
thanindicative and nat a tinal “verdict.”

A major drawback of using this pump
lor community water supply s its low
dischargs rate. In Buwkina Faso, it was
found that when operated at 50 strokes
per minute the discharge ranges from 2 to
g liters per minute. In Benin, the
discharge rate, when operated by local
women and children who were exps-
renced with it and seemed to be
oparating it optimally, was only about 50
to 75% ol what would be expected with
other pumps such as the (ndia Mark I,
which is installed in nearby communitigs.
The pump is also difficult to operale
gfficiently, although as users becoma
accustomed to tha rhythmic opération
requirgd, this becomes less troublesome.
Several breakgowns occurred during the
firet 2.5 years that the pumps in Burkina
Faso were visited.

Manulacturer: Flaings, Via Genova 10,
58100 Grosseto, ltaly.

Puno Peru

This is a corventional reciprocating hand-
pump with a lever handie, which was
daevelaped specifically for production in
small local machine shops. The Puno
handpumg is preduced in the Department
of Puno, Peru, where it was developed
under a Peruvian project with support from
the MNetherlands.The firsi prototype was
installed in 1981, but most Puno pumps
have been installed only in the past
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couple of years.The Handpumps Project
has inciuded 1S Puno pumps in i3
Bolivian field trals. Testing began oo
recently to provide meaningful data on
frequency of repairs, bul some worthwhile
obsetvations have bean made.These
observations are presenied below, and
are based on both the exparience in
Balivia and an sho#t visits to Puno made
in 1985 and 1986 by the Project's Bolivian
Country Menitoring Engineer.

This pump was originally dasigned
with the intention of hiting water rom as
much as 25 meters, but it is now recomm-
ended by its producers for @ maximum Eift
of only 15 meters, and in practice it is
used where the average kit is abowt 9
melers. An advantage is its suitability for
local manutacture with no imported parts,

and tha maority of parts are “off-the-sheli”
items found in the medium-sized town of
Puno. Manufacture does not require
exyemoly precise machining or ather
difficutt operations. Manufacture is said to
be economical in quantities of as lew as
25 pumps, and there are several shops in
Pung which produce the pump.

Some of the materials used in its
construction are highly susceptible 1o
coyrosion, such as the 3/8-inch diameter
construction reinforcing steel used for the
pumprod. The galvanized steel rising main
is also susceplible 1o comosion. However,
other components were designed specifi-
cally to resist cofrosion, such as the
tronze piston and the cast iron gylindes
with a PYC pipe lining its interior {some
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models are sold without the PVC  lining,
and have very rough cylinder walls which
will probably result in short lite for the
piston seals). As of 1985, quality control
was assured by inspecticns undertaken
by a tocal entity supported by the Puno
Departmental Development Gorporation
{CORPUNO) and GTZ of the Fedaral
Republic of Garmany. However, some
local shops in Puno were bypassing this
controd, and seling apparently inferior
pumps to the public.

Tha price is modast, with single units
sod in Puno quoted in mid-1985 al the
equivalent of US$142, complete tor instal-
iation at a 6m cylinder setting.

The pumphgad has an interesting
feature shared with the Kenyan-made
Afridev (Pump 02 in the Handpump
Compendium): an interna! overflow refurn
pipe assures that, it a user ({such as a
child playing) plugs the discharge spout
or if the user pumps so rapidly that not all
of the water ¢an discharge through the
spout, then the excess water will flow
pack ino the well via the overtlow pipe
instead ot backing up into the upper part
ot the pumphead, whers it could acce-
lerate corasion,

instaliation is Jlairly simpie, espe-
cially ftor shallow settings, where the
length of rising main is short. Howevar,
maintenance is complicated by the fact
that access 10 the pisian requires that all
below-ground components be lifted out of
the well. This is mada particularly difficult
by the poor design of the flange conn-
eclion between the rising main and the
pumpstand, which requires awkward hand-
ing, while lifting the rising main whose
weight is increased by tha water.

The pumphead seems 10 be robust.
and is ergonomically comfartable to use.
Qne gconcern with the latest model of this
pump relates to the bushings for the
futcrum and rodhanger, which are PVC.
cut from standard pipe stock, against
steel. The wide diamester should help
prolong the life of this component, but
local sand-storms may resuit in sand
becoming embedded i the PYC, which
would then act like sandpaper against the
steel pins. This could result in  accele-
rated wear ol the pins, which are much
more expensive than the plastic.

The discharge rate is good. For
instance, in a location where the lift was
about 13 meters, a igcal man was mea-
sured to pump 47 liters per minute (he
tilled a 20-iiter bucket in 26 seconds}. The
high discharge rate may relate to the T-
bar at the end of the handle, combined
Wilh an appropriate machanical advan-
tage for this Lft, resuling in good
Brgonomics.

Supplier: Centro de Aseseoria Para Bom-
beo de Agua. Convenio Peru-Alermania,
Jiron Bolognesi 165, Puno. Peru.

Rope ("Soga”} Peru,

Nicaragua

The Rops Pump described here is manu-
factured in Peru, whera it is known as the
*Soga 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 fifts up lo 6 meters, but field
obsarvalions indicate that above 4 melers
pumping is difficull. In Nicaragua, ihere
has baen experimentation with a2 smallar
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
lustrated in the drawing presenied here,
the card is pullad up through a PVC rising
main, lifting the ¢olumn of water in the
fising main into a receptacle, irom where it
fiows out of the discharge spout. The cord
is instaltad as a long loop and conti-
nuously returns down the well and back
up the rising main. Tha pump is operated
by rotating handles on either side ol the
wheel. The rope and disgs move through
the grooved rim of the wheel as it is
rotated. Tha rim of the wheel is made trom
an automobile tire turned inside out.

The Project has bogun to field test
the Rope Pump in Balivia, but it is still igo
early to provide a complete assessment.
However, it is already apparent that the
discharge rate is patticularly high. For
instance. it was observed thal when




operated by a single parson where the lift
was 2.4 melers, a 20 liter buckst was
filled in 6.5 seconds {i.e. al a rate of 180
ipm). Al the same site, when it was ope-
rated by two men, 650 liters were pumped
in 5 minutes {ile. 130 Ipm). Due o
gxhausiion of the operaiors, these
pumping rates could not be sustained for
longar periods, but, nonetholess, they
indicats that the discharge rats of this
pump is very high. Pending further
gvaluation, this pump ssems o mest the
critena lor village-level operation and
maintenance (VLOM), including being
suitable for local manufacture, and belng
simple o maintain. All components are
sasily accessible. However, it is still too
soon 1o reach a conclusion conceming its
durability when used intensively either for
irigation or community water supply. In
jate 1988, the ex-factory price was
approximately US$125.

The pumpis designed lor use in wide-
diameter wells. However, it is reported
that an experimentat version has been
devaloped in Nicaragua which may be
suilable for use in 150mm  diameter
ubeweils.

The Rope Handpump {known locally
as the Bormba Manual de Soga) is manu-
factured by several small workshops in
Puno. Peru, with supervision and quality
confral inspections peovided under a joint
Peru-GT2Z (Federal Republic of Germany}

project.

Additional informatiorr. Gentro de Asesoria
Para Bombeo de Agua. Jiron Bologresi
165, Pung, Peny.

Sholapur india

In the mid 1960's, the first predecessor of
the India Mark H was made as part of the
Jalna Project in Maharashira State, India.
The pump teatured all steel construction,
a single pivat handle instead of the mutti-
pivol handle typicat of earlier pumps. and
a chain and quadranl. Alihough modifed,
thase basic design components remain
today on the India Mark .

In the early 1970%, the Sholapur
Wall Service improved on the Jalna
design. and accuralely manutactured
their pump on jigs and fixtures for unifor-
mity. Other Maharashtra-baged mission
projects copied the Sholapur design.
However, without standardized drawings,
dimensions tended to vary and parts wera
not  interchangeable. Manufaciure was
primarily dorte by mission projects manu-
facturing sufficient pumps for wells drilled
by their own drilling rigs.

In the mid 1970's, both UNICEF and
the Government of india became conv-
n¢ed of the need for a standardized
pump. The Sholapur hardpump was faken
as a starting pant for development of the

India Mark il. The Sholapur pump was
strengthened and the solid bar handle for
counterwaighting was added. Various
other design changes made it possible o
mass produce the pump in  simply
equippad workshops, to make it easier o
mainiain, and lo prevent tampering. At
present, there are 36 manufacturers
certifiad to make the tndia Mark |1

Both the India Mark #l and the Shola-
pur pumps have continued to evolve.
Changes o the standard specificatons
for the India Mark [l are anly made when
their advaniage outweighs difficulties of
changing a standard design used by
many different manufacturers and by ing-
reasing the numbar of spare parts that
must be distributed. Thus some design
feqiures of the Sholapur pump may be
mavre advanced than the India Mark .

At present, the main ditlerences
between the two are that the Sholapur
pump has: (1) internal handle stops with
rubber cushions that reduce tha chance
of finger injuries and reduce shock loads
on the pumphead and bearngs; (2) an
enlarged access cover to make it easier
1o 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 bensfit
from the same quality control inspechions
to which certified manufacturers of the
India Mark il must subject their pumps.
Manufacturer:  Sholapur Well Service,
560/59 South Sadar Bazar, Civil Lines,
Sholapur 413003, india

Swedpump Sweden

This is a Swedish-designed lever-arm
purmp from Scandinavian Clinics in Stock-
holm. It has & galvanized ion pumpstand
and uses a spherical plain bearing on the
pumprod assembly, with ball bearings
sither side of the handle fulcrum. Below
ground & uses a stalnless steal lined
acatal eylinder with a plastic piston incee-
porating two Delrin piston sings. Delrin
pumprod guides are used on sfainless
steal  pumprods operaling in stainless

steel rising main. Samples of this pump
are on fieid trial in the Central African
Republic, the Sudan and Ghana. The
pump will he tested in the CATH iabor-
alories during 1987.

Manufacturer: Swedpump, Scandinavian
Clinies, Box 511, S-101 26 Stockholm,
Sweden.

LIPM France

The UPM is a desp-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-
tan depanures lrom the mainstroam of
conventional reciprocating handpump
design. The pumpstand is designed to
act as Itting tackle for instatlation and
maintenance of the below ground assem-
bly. The letters UPM in the original French

189




stand for “Universal Multi-Pistons®, which
relates 1o the design feature of having a
piston, with discharge valve, ‘'scated
every 3 meters along the pumprad. These
pistons mova within the 2-inch uPV rising
main. The muitiplicity of pistons minimizes
lsakage of water arcund them, especially
when operated at a high velocity, and
thys allows the design to do without piston
seals. lpaving a clearance ol 1mm over
the diameter. Piston guides are provided
1o ceniralize the motion of the pistons,
amt thus the manulacturer claims that
friction and wear between the pistons and
the riging main (which doubles as an
axtonded cylinder) is minimized.

The superstruciure is made of struc-
turat sieel, and includes a 3.5m high mast
with a pully at the top, and a beam with a T-

bar which serves as the handie. This T-
bar handle ist.25m wide and is conveniert
for aparation by one 1o four persons. A
cabie passes over the mast. One end of
the cable is connected to the top of the
pumprod, and the othar end to the baam-
handle. This beamn is filted with an adjus-
table counter-weight. Tha mechanical
advaniage of the beam-handie may be
adjusted to suit the water depth and the
power available {one to four persons) by
simply moving the cable connection to the
appropriate hook on the baam.

For use where groundwater is
aggressive, the manytacturer can supply
stainless steei rods and couplings, at an
additional cost. The standard pumprod is
made of galvan:zed steel. The Project has
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periodically inspected a single UPM pump
in Burkina Faso, which was ingtalled in
October 1983. The dapth to the water
table at this installation is only 10m. This
pump has parfermed well undar conditions
of heavy use, but it would be inappropriate
to present conclusions on the repair frequ-
ency as data ara from only a single pump,
instalied in low-lift conditions, although it
is designed tu serve both low and high-lift
canditions.

In response to teadback from the tab-
oratory and the field, the manutacturer
has made some design modilications
since this pump was installed in Burkina
Faso. Nonetheless, it can be concluded
that this pump is worthy of lurther evaly-
ation because of its high discharge rata,
corosion resistance (when used with
stainiess steal rods), suitabliity for a
wide range of lilis, easy access 10 most
below-ground componants for inspection
or repair, and its VLOM (Vilage Level
Opeoration and Maintenance) approach.
Manufacturer: Domine SA, 86530 Naintre,
France.

Wavin The Netherlands

This is a direct action low-lit handpump
which is not yet being mass-produced. It
has been doveioped by a major inter-
national plastics manufacturer with the
participation of its gparations in both India
and the Netherlands. Prototypes of the
pumps are being installed for figld testing.

Conceptually, this pump has simi-
{aritias with the Tara pump made in Bangla-
desh and the Nira AF85 made in Finland
{tor related information see the Handpump
Compendiym entrias for Pumps 33 and 32)
in s0 far as all are innovative diract action
low-litt handpumps which have a predo-
minant use of plastics for their below-
ground components.

~ The design concept of these direct
action pumps holde promise lor  applic
cations wherg the fift is Jess than about t2
1015 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 10 be proven).
Such purmps are light simple and easy to
install, are corrosion resistant due o thair
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 o be less expensive than
many cthertypes of low-iift pumps,

The design details of this pump, at
least until racently, have baen undergoing
changes as the manufacturer responds to
initial teedback from laboratory and field
lests. It is still premature to comment on
repair frequency due lo the short time this
pump has been available and the dasign
modifications it has undergone. Nonethe-
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lass, based on CATR laboratory tests and
1986 installation of a small number of
Wavin pumps in Kenya, Tanzania, Malawi,
and Bolivia, the Project has observed
that: it is easy %o install, operate and
maintain; it is accepled by users, aspe-
cially because ¢t good volume flow and
ease of oparation; discharge rates are
about 25 liters per minute with typical
usars and heads of 7.5 to 13 meters; the
piston seals require a few hours of use
before they are “bedded-in” and vperaling
elticiontly; some components, such as
the rods, have shown an undesirable
degree of wear (the manutacturer is consi-
daring design modilications to minimize
these problems).

The Project encourages the further
development and testing of this pump by
the manufacturer, and the Projact itself
will monitor a smail number in the field.
Manutacturer: Wavin Overseas bv, Rolle-
paal 19, 7701 BR, P.O. Box 158, 7700 AD
Dedemsvaart, The Nethertands. .

Wearmaster UK.

This hydraulic pump has been designed
to be operated by either a conventional
lever-arm pumphead, a see-saw drive or




Flexible
Rl pipe

Flexible
hydraulic pipe

bicycle drive. The pumphead containg a
hydraulic unit connected by Nexible pipes
to anothes diaphragm pumping unit balow
ground claimed to be capable of
producing over 8 liters par minute trom B0
matres. This pump is axpected o be
tested at CATR laboratories during 1987,
Manulactrer: Merrill Pumps and Engi-
neering Co. Ltd. Chapat Works, Sheflield
Road. Sheepbridge, Chesterigld, S41
9EH, England.
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Annex 2

Complete List of Pumps Tested

Number Pump ref. no.
Pump narne Country of manufaciure tested in Compendium
Abi-ASM Cote d'lvoire, France 9 1
Abi-MN Cote d'lvoire, France 20 Annex 1
Alridev Kenya a7 2
Atridev Malawi 3 2
AlD Deriv. Deepwell (Funymag) Honduras 1 3
ALD Deriv, Deapwell (Sumber Banyu) tndonesia 1 3
AID Suction SriLanka 13 34
Bandung Indonesia 1 35
Bestobel Zambia 1 4
Blair Zimbabwe 31 27
Blair Darivative Philippinas 5 27
Blair Derivative Papua New Guinea 45 27
Blair Derivative (Madzi) Malawi 190 27
Bolivia {Ingavi) Bolivia 2 Monitoring in progress
Bourga Niger, Cote d'lvoire Tt Annax 1
CIFEMA (Denv. SIHILASE) Bolivia 6 Monitoring in progress
Climax United Kingdom 1 5
Consallen LD6 United Kingdom 17 24
DMRA (Dempster Derivative) Thailand 35 25
Direct Action Prototype Kenya 5 Prototypes only
Direct Action Prototype Tanzania 19 Prototypes only
Dragon 2 Japan 1 6
Duba Tropic 7 Belgium 32 7
Ethiopia BP-54 Ethiopia 3 28
GSW Canada 1 8
IDRC-UM Malaysia 1 29
Inalsa Suction India 5 36
India Mark || {stardard) India 505 9
India Mark il {modifiad) India 11 10
Inti {Tara Denvative) Bolivia 10 Similar to Tara {No. 33)
Jetmatic Deepwell Philippines 1 11
Jetmatic Suction Philippines 43 37
Kargarao The Netherlands 1 30
Kardia Germany, Fed. Rep. 14 12
Kenya Atlas-Copco Kenya 1 Old model, discontinued
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Annex 2

Complete List of Pumps Tested

Number Pump rel, no.
Pump name Country of manufacture tested in Compendium
Abi-ASM Cote d'ivoire, France 9 1
Abi-MN Cote d'lvoire, France 20 Annex 1
Alridav Kenya 37 2
Afridev Malawi 3 2
AID Deriv. Deepwell (Funymaq) Honduras 1 3
AID Dariv. Deepwell (Sumber Banyu} Indonesia 1 3
AID Suction SriLanka 13 34
Bandung Indonesia 1 35
Bestobell Zambia 1 2
Blair Zimbabwe N 27
Blair Derivative Philippines 5 27
Blair Derivative Papua New Guinea 45 27
Blair Derivative (Madzi) Malawi 10 27
Bolivia (Ingavi) Bolivia 2 Monitoring in prograss
Bourga Niger, Cote d'lvoire 11 Annex 1
CIFEMA {Deriv. SIHILASE) Bolivia 6 Monitoring in progress
Climax United Kingdam t =
Consallen LD6 United Kingdom 17 24
OMR (Dempster Derivative) Thailand as 25
Direct Action Prototype Kenya 5 Prototypes only
Direct Action Prototype Tanzania 19 Prototypes only
Dragon2 Japan 1 8
Duba Tropic 7 Belgiurn 32 7
Ethiopia BP-50 Ethiopia 1 28
GSW Canada 1 8
IDRC-UM Malaysia 1 29
Inalsa Suction India 5 36
India Mark 1! (standard)} India 505 g
india Mark i {modified) India 1 10
Inti {Tara Derivative) Bolivia 10 Similar to Tara (No. 33)
Jetrnatic Despwet! Philippines ] 1%
Jatmatic Suction Philippines 43 37
Kangaroo The Netherlands 11 30
Kardia Germany, Fed. Rep. 14 12
Kenya Atlas-Copco Kenya 1 Old model, discontinued




Number Pump ref. no.
Pump Couniry of manufacture tested in Compendium
Korat 608 A-1 {conventional) Thailand 51 13
Korat 608 C {modified) Thailand 40 13
Korat 808 CT {prototype) Thailand 4 13
Lucky Thailard 20 38
Maldev Malawi 198 14
Maldev Kenya 14 i4
Mark V {Lutheran modified) Zimbabwe 2 K|
Malawi Mark V Malawi a1 o
Monarch P3 Canada A6 15
Monitor United Statas 8 Monitoring in progress
Mone Divect Drive South Africa 1 16
Monolift United Kingdom 30 16
Moyno Canada 180 17
Nepta {Briau) France 1 QOid mode, discontinued
New No. & Bangladesh 1 a9
Nira AF76 Finland a3 26
Nira AFg84 rinland 1 18
Nira AF85 Finland ke 32
Onga (Intersigma) Czechoslovakia 2 Unsuccesstul in fiskd trial
Philippinas Deepset. Eureka cylinder Philippines 63 19
Philippines D'set, Takasagoe cylinder Philippines 65 i9
PVC Deep Thailand 1 Unsuccessful prototype
PVC Shalfow Thailand 20 Unsuccessful prototype
Pb Mari It Germany Fed. Rep. 1 See India Mark Il (No.9)
Pek Canada 35 Annex 1
Pelro Sweden 21 Production discontinued
Puno Peru 15 Annex 1
Rope (“Soga™) Peru g Annex 1
Rotary China 10 Unsuccessful prototype
Rower krrigation Bangladesh 15 40. Testing to begin soon
Rower (ATA) Thailand 14 Limited observations
SLB-00 China 14 Unsuccessful prototype
5M-2 China 15 Unsuccassful prototype
SWN 80481 The Netherlands 39 20
SY-81 China 15 Unsuccassiul prototype
SYB-100 China 895 4
SYB-80 China 20 Unsuccesstul prototype
Sarvodayal -4 SriLanka 8 Unsuccessful
Sholapur India 5 Annex 1
Sihilasa (Kandy) Srilanka 1 Unsuccesstul
Six types of in.gation pumps China 18 Laboratory tested
Tara Bangladesh 230 as
Treadle Imigation Bangladesh 3 Limited fie.d cbservaltion
Tumi Germany Fed. Rep. 13 Production suspended
VEW A18 Ausiria 1 22
Vergnet France 69 21
Volanta The Netherlands 24 23
Volanta Burkina Faso/Netherlands 60 23
Wara Bolivia 5 Monitoring in prograss
Wasp India 25 42
Wavin (prototype) The Netherdands 16 Annex 1
Number of pump types 87 Total number of pumps 2678
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Annex 3

Comparison of Costs and Time
Savings for CWS Options

This Annex oullines a mathod for estimating and
co.oparing the costs and time savings of CWS options in
spegcitic situations. The method has been developed into
a computerized calculation to aid in program dasign a:
decision making. When choosing an option, other impc
tant factors must also be taken into account, as discut
sed in Chapter 2, particularly financial, resource and
organczational constraints. But, it used with caution, the
method can be a useful aid in decision making, at least
to shew some of the implications of deciding between
alternativaes.

The inputs to the calculation, i.e. the cost and
benefit parameters, vary considerably from one situation
to another. Cost data were coliected by the Praject from
a number of countries in Alrica 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 lypical
input parameters in a relativaly efficient CWS project in a
hypothstical situation. The computer program will be
made available shorlly to inte-ested readers, who are
urged to explore for themselves to whal extent the
calculation can assist in ther 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 inciude pur ps, wells, storage
tanks, piping, and oparation and main- sance.

Bezause of the difficullies of identityiny 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 bensfit. 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 inte the analysis separately.

In the model, reductions in the time taken to collect

Table A-1. Parameters for

Prototype Villags
D hi .
Total population 400
Parsons per household 8
Total househsids 50
Density — persons per hectare 200
— housaholds per hectara 25

& . it
Av. value of time {US$/hr) 0.125
Income {US$/capitasyr) 200
Discount rate {%} 10
Electric power cost (US$kW) 0.10
Village waler use and collection HE 1ot Yr
Distance to altemalive

water source {metears) 500 500 $00
Amount of water carried

perinp {liters) 20 20 —
Waiking rate (krmvhr) 4 4 —
Collection tma {minvirip)

Travettime 15 1.5 —

Queue time 2.5 1.0 —

Fill tima 1.3 1.3 —
Daily water use (lit/cap) 20 a0 60
Water supply system
Number of walls 2 1 1
Number of water points 2 3 50
Capital cost per well (US$) 2000 2000 2740
Pumping iift (meters) 20 20 20
Storage voldaily iow - 0.30 .30
Useful lite {yrs)

Mechanical equipment 10 10 10

Non-mechanical equipment 20 20 20
Water defivery rate (liymin) 15 15 10
Annuat O&M (% of cost)

Mechanical equipment 10 10 10

Non-mechanical equipment 1 1 1
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walor represent oenefits, reducing the ‘“price” or the
water, and a further benetit 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-1. If a water supply
improvement reduzes the collection time, the “price” of
water falls from P1 to P2, with a corresponding increase

Figure A-1 Typical Demand Curve

)
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///;/

P2

Warer cost {dollans pet cubi meter)

Q1

Water wsc {luen pet vapia per dayy

in per capita consumption from Q1 to Q2. The consumer
benefits in two ways: tirst, tha price P1 of the original Q1
liters falls to P2 (shaded area S1 represents the benstit);
and second. the valus placed on the extra water
excesds the price {benelit = shaded area $2).

In comparing different community water supply
options, the model computes the tolal benefits 81 + 52,
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 bensfils
for providing dilferent numbers of handpumps or
standpipes and noting which comesponds to the
maximum nat beneiit. Figure A-2 illustrates the
optimization process for handpumps. Only one yardtap
sarvice lavel is possible (one tap per household), so no

Figure A-2 Determination of the Optimum

Number of Handpumps
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optimization is needed for that option. Once the best
vonfiguration for each type ot system has been
determined, handpump, standpipe and yardtap systems
can be comparad on the basis on net benefils.

The importance of the value of time is brought out
when the model is applied to the prototype community,
with diesa! as the enargy source for mitorized pumps.
The costs and bensfits for the differer’ technologies are
as shown in Table A-2.

Table A-2 Costs and Benefits of
Technology Options for the Prototype

Village (US$/capita/year)
Vailue of time = 12.5¢hr 25¢tr

HP 5P YT HP sP YT
Cost 2.1 55 1.7 3.2 65 17
Benefit 8.0 91 122 481 198 245
Net Benefit 59 3.6 05 149 133 128

Note: Costs in dollars per capita for handpumps (HP), stand-
pipes (SF) and yardtaps (YT) 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
USH2000 par well,

Handpumps have the lowest cost and show the
greatest net bensfit when the value of time is 12.5¢/h.,
and that situation is unchanged, when the vatue of time
rises to 25¢/h, though standpipes and yardtaps are
becoming more competitive as the value of time
increases. In fact, at time values over about 35¢/m,
yardtaps give the greatest net bensfit. Note that at
12.5¢/h, the greatest nel benelit from handpumps
comes from two handpumps in the village of 400 people,
while at 25¢/h, the optimum number of handpumps is
three per village.

To obtain an overview of the way that community
waler supply choices can be expected to turn out on a
global basis, the madel has bean applied 1o & wide range
of dilterent 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 1o
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 of two alternative
technologies are equal to each other. The graphs in
Figure A-4 illustrate typical resulls for a range of
pumping lifts, well costs and village populations. The




Figure A-3 Influence of Distance to
Traditiatal Source on Net Benefits
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labeled areas represent the combination of conditions
where that particular technofogy has the highest net
benefit. The shaded area at lhe bottom indicales a
nagative net banefit. it is in this ar 3a that considaration
of other benelits {e.g. heaith impact) would be
necessary to justify nvestmeid in rural waler supply
iImprovemants.

The general canclusions ermerging from applications
ot the computer madel 19 a variety of diferent scenarios
are summarized n Table A-3.

Table A-3 Technology Seiection®

' Eectic | Diesel

i pumps : pumps
R R f o
. Pumping bt up 10 25m ; i
. Wellicost<US$2000 1 HP/SP 1 HP
. Pumping Wi 25-45m ! ﬁ
© Wellcost up to US$5000 | SP f HP
¢ Pumping lift =45 meters ! SP 1I No good
[ e —— . l E altemative

* Value of time less than 20¢/hr. If value of bme is greater than
30¢hr, yard taps are the most econamic technaiogy.

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 maodel is not so much designed for

yes/no rural water supply decisions, but as an aid to
technology selechon, Furthermore, the model is no
substitute for site-specific nvestigations and the
preference of individual communities. in  situations
where the model calculates a negative net benetit {shon
distance to traditional source, low vawe of time, or high
well costs), planners will need to make a careful
assessmant of Mner baniahils than time savings, before
going ahead with investment.

Figure A-4 Examples of Technology
Selaction for Varying Village Parameters
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