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- OBJECTIVES
(proposed)

re

To assess the handpump requirements of rural
water supply programmes;

To develop guidelines for the selection and
development of handpumps for rural water

programmes ;

To establish guidelines for field evaluation

of handpumps;

To ‘establish a protocol for handpump testing;

To design a mechanism for international cooperation,
and systematic exchange of results of testing and

evaluation projects;

To develop a proposal for a programme of handpump

field trial projects in selected countries.



who international reference centre for community water supply

postal address: p.o. box 140, leldschendam, the notherlands
olfica addross: nw havenstraat 6, voorburg (tho haguo)
tolophono: 070 - 69 42 61, telegr.: woridwator the haguo, tolox: 33604

WORKING MEETING
ON
t HANDPUMP SELECTION AND TESTING

Harpenden , Hertfordshire, U.K ,
29May -1June 1979

LIST OF PARTICIPANTS

NATIONAL AGENCIES/ORGANIZATIONS

Bangladesh
Mr. K.D. Tewari DPHE/UNICEF

Rural Water Supply Programme

Q'.’ Ghana
Mr. T.B.F. Acquah . - Ghana Water &'Sewerage Corporation
Mr. R.R. Bannerman Ghana Upper Region (CIDA) Water

Supply Project

"India

Prof. S. Subba Rao - All India Institute of Hygiene
and Public Health

Indonesia

Mr. Soebeno Hadiwijoyo Ministry of Health

Division of Hygiene and Sanitation



o

o T

4

Malawi

Mr. L.H. Robertson

Philippines .

Mr. C.M. Borromeo

Thailand

Mr. Verasak Kraivichien

BILATERAL DEVELOPMENT AGENCIES

Mr. B.M;U. Bennell
Dr. S. Wilson
Mr. L. Surla

[4
Mr. I. Ahman
Mr. C. Schippers
Mr. H. Koeppler

INTERNATIONAL ORGANIZATIONS

Dr. R.C. Ballance

Mr. H. Villa-Real

Mr. P. Bayer

Mr. K. McLeod

Mr. J. Kalbermatten

Mr. H. Tsutsui

Ministry of Community Development

Ministry of Human Settlements

Ministry of the Interior
Office of Accelerated Rural

Development

ODM, U.K.

CIpAa, Canada
AID, U.S.A.
SIPA, Sweden
DTH, Netherlands

GTZ, West Germany

WHO, Geneva

UNICEF; New York
UNICEF, Geneva
UNICEF; New Delhi
World Bank; Washington

FAO, Rome



RESEARCH, TESTING AND CONSULTING ORGANIZATIONS

Mr. J. Whipple

Dr. J. Cuthbert

Mr. P.W. Potts

Mr. J. Collett

Dr. W.K. Kennedy

Prof. Y.M. Sternberg

Mr. L. Knight

Mr. J.S. Paulsen

CONSULTANTS

Mr. F.E. McJunkin

Mr. C.K. Stapleton

SECRETARIAT

Mr. E.H.A. Hofkes
Mr. J. Kingham

Ms. Marylynn Bianco

Central American Research Institute

for Industry (ICAITI), Guatemala

Consumers' Association, Harpenden
P

Rise Testing Laboratory, U.K.

Engineering Experiment Station

Office of International Programs

Raisl

Georgia Institute of Technology, U.S.A.

Intermediate Technology Development

Group, U.K.

International Development Research

Centre, Canada

International Rural Water Resources

Development Laboratory, U.S.A.

W.L. Wardop & Associates, Canada

IRC

CA

IRC



(1S W 7

"who international reference centre for community water supply

postal addioss: p.o. box 140, lcidschondam, the notharlands
offico addiess: nw havonstraat G, voorburg (tho haguo)
tolophono: 070 - 69 42 51, telegr.: wo:ldwalor tho haguo, telex: 33604

.

.

WORKING MEETING
ON

HANDPUMP SELECTION AND TESTING

Harpenden , Hertfordshire, U.K ,
29 May -1 June 1979

27

MONDAY, 28 MAY

PRELIMINARY AGENDA

Issue of Conference Documents

TUESDAY, 29 MAY

9:30 1, OPENING SESSION
1.1 Opening
1.2 Scope and Objectives of the
‘ . Meeting
1.3 Adoption of Agenda
1.4 Presentation by Participants
1.5 Introduction of Background
Documents
2, GENERAL
2.1 Organizational Matters
2.2 Announcements
10:30 '  COFFEE BREAK
11:00 3. INTRODUCTION TO SUBJECT AREA

3.1 Introductory Paper
Handpump Requirements of Rural
Water Supply Programmes

3.2 Discussion

12:30 LUNCH

Registration at Glen Eagle Hotel

Mr. E.H. Hofkes

‘Mr. C.K. Stapleton



14:00

15:00

16:00

17:00

TESTING OF HANDPUMPS

Presentation of Handpump Testing Dr. J. Cuthbert
Guide (Working Document No. 1) Mr. J. Kingham oy

Statements and General Comments

by Participants
TEA BREAK

Detailed Review and Discussion
Summary of Main Issues
Adjourn

Cocktails



-

WEDNESDAY, 30 MAY

9:00
9:16 5..
5.1
5.2
10: 30
11:30 5.3
v 5.4
12:30 6.
6.1
6.2
13:00
14:00 7.
16:00 8.
8.a
8.b
17:30

Daily Report Tuesday 29 May

FIELD EVALUATION OF HANDPUMPS

Presentation of Guidelines Dr. F.E. McJunkin

for Field Evaluation of
Handpumps
Statements and General

Comments by Participants
COFFEE BREAK

Detailed Review and Discussion
Summary of Main Issues

WORKING GROUPS

Texrms of Reference

Formation and Membership

LUNCH

VISIT HARPENDEN RISE TESTING LABORATORY

. Explanation of Methods and Devices
for Comparative Testing of Hand/
Foot operated pumps for uée in
developing countries

. Inspection of Pump Testing Set-up/

Installation

TEA

WORKING GROUP SESSIONS

Handpump Testing Guide
Handpump Field Evaluation Guidelines
Adjourn

(to continue in the evening, if necessary)

Keks!



THURSDAY, 31 MAY

9:

10:

11:

12:

14:

15:

18:

19:

00

219

30

00

30

00

00

00

30

9.1
9.2
9.3

9.4

9.6

10.
10.1

10.2

1.
11.1
11.2

Daily Report Wednesday 30 May

FINAL REVIEW SESSION

HANDPUMP TESTING GUIDE

Working Group Report
Final Review and Discussion

Recommendations

COFFEE BREAK

"HANDPUMP FIELD EVALUATION GUIDELINES

Working Group Report
Final Review and Discussion

Recommendations
LUNCH

COUNTRY PROJECTS

Country Projects for Testing, Field
Trials and Evaluation of Handpumps
Multi-country Cooperation Pfogramme

(Proposal) (TCDC)
TEA BREAK

COOPERATIVE ACTION

Mechanism for Exchange of Results

Coordination

RECEPTION

CONFERENCE DINNER




FRIDAY, 1 JUNE

9:00

9:15

10: 30

11:00

12,
12.1

12,2

13.

13.1

14,

Daily Report Thursday 31 May
EXTERNAL ASSISTANCE TO COUNTRY PROJECTS

International and Bilateral Assistance
to Country Projects for Testing and
Evaluation of Handpumps

Recommendations
COFFEE BREAK

RESEARCH AND DEMONSTRATION PROJECTS

(supporting Handpump Selection and
Development)

for Rural Water Supply Programmes

Priority Studies, Research and
Demonstration Projects

CLOSING SESSION

LUNCH

Participants' Departure




who international reference centre for community water supply

postal address: p.o. box 140, lnidschendam, tho notherlands
offico addross: nw havanstraat 6, voorburg (the hague)
telephonae: 070 - 69 42 51, telegr.: worldviator the haguo, tolox: 33604

WORKING MEETING
v ON
HANDPUMP SELECTION AND TESTING

Harpenden , Hertfordshire, U.K ,
29May -1dJdune 1979

QUESTIONNAIRE

SURNAME

INITIALS, TITLE(S) :

-FIRST NAME :

OFFICIAL POSITION

INSITUTE

ADDRESS

P.O. BOX

. TELEPHONE :

TELEPRINTER

CABLE

PERMANENT ADDRESS

ADDITIONAL
INFORMATION

Please camplete this form and return it to the Secretariate. Thank you.






who international reference centre for community water supply

postal address: p.o. box 140, leidschandam, the netheriands
oftice address: nw havenstraat 6, voorburg (the hague)
telephone: 070 - 69 42 51, tolegr.: worldwater the hague, telex: 33604

WD, -1

WORKING MEETING
| ON
HANDPUMP SELECTION AND TESTING

Hacrpenden , Hertfardshire , U.K ,
29May -1 June 1979

GUIDELINES FOR FIELD EVALUATION OF HANDPUMPS

0-0-0-0-0

May 1979



E—

2.

INTRODUCTION

1.1. Backgrcund

1.2. Need for Handpump Evaluation

1.3. Purpose of Guidelines

1.4. Field Evaluation and Testing

1.5. Some Handpump Evaluation and Testing Project -

1.5.1. General

1.5.2. Harpenden Rise Laboratory Testing Projects

1.5.3. Ghana Water and Sewerage Corporation
Evaluation Project

1.5.4. 1India Mark II Deep Well Handpump

1.5.5. Comparative.Field Evaluation Central Ameriéa

1.5.6. Other Evaluation and Testing Projects

METHODOLOGY OF HANDPUMP EVALUATION

2.1.
2.2.
2.3.
2.4.

2.5.

2.6,

Approach

Definitions

Surveys

Field Trials

2.4.1. Introduction

2.4.2. Fundamental Aspects of Field Trials
Selection of Pumps for Evaluating and'Testing
2.5.1. Introduction '

2.5.2. Handpumps Specifications

2.5.3. Dimensional Requirements

Sources of Handpumps for Evaluating and Testing

CHARACTERISTICS OF PUMPS TO BE EVALUATED

3.1.
3.2,

General

Costs:

3.3.1. Introduction

3.3.2. Quantifying rehability



3.3.3. Destructive Testing
3.3.4. Importance of Record Keeping
3.4. Technical Performance
3.5. Acceptability to users
3.6. Maintainability
3.7. Availability
3.8. Sanitation

3.9. safety

EXPERIMENTAL DESIGN

4.1. General
4.2. Steps in Development of the Experimental

Design of the Evaluation Programme

4.3. Role of Statistics

4.3.1. Introduction

4.3.2. Populations samples and Distributions
4.3.3. Statistical Inferences

4.3.4. Sampling

4.3.5, Statistical Analysis

ORBANIZING THE HANDPUMP EVALUATION PROGRAMME

5.1. Organizational Set-up
5.2, Staff Preparations

5.3. Selection of Survey Areas

CARRYING OUT THE EVALUATION PROGRAMME

6.1. Initial Inspection
6.2. Installation of Pumps
6.3. Performance Tests
6.4. Endurance Tests

6.5. User Trials

ANALYSIS OF RESULTS




REPORTING
8.1. Format
8.2. Ranking of Handpumps



REFERENCES

ANNEXES

- Directory of Handpump Manufacturers
~ Specimen Forms

- List of Reviewers



1.1

INTRODUCTION

Background

A recent survey by the World Health Organization found that
only 300 million (22 percent) of some 1,400 milljon people
living in rural areas of developing countries have reasonable
access to.safe and adequate drinking water. Over-a thousand
million rural people lack such access to safe, reliable water

(see Table 1).

The imporﬁance of water supplies in transmission control of
enteric disease is well established; in the countries surveyed,
waterborne diseases are generally among the leading causes of
sickness and death, particularly among children. Even the
unsafe waters: now’in use frequently requiré many hours daily toil.

and travel for their collection.

To bring ready access to safe water by 1990 for these rural
peoples would require an investment of over 40 billion dollars
(U.S) at U.S. $25 per capita. Alternatively expressed, the
current rate of investment would have to be multiplied fourfold
ahd sustained through 1990. These estimates, prepared by the
World Health Organization in collaboration with the World Bank,
indicate that use of low cost water supply technology in these

areas will be mandatory for many years to come.

Many knowledgeable observers agree with a recent analysis by the
World Bank that "In areas where groundwater is readily available
at moderate depth, constructing a number of wells fitted with

handpumps is by far the cheapest means of providing a good water

supply". (IBRD, PUD Rpt. 793, p.16, 1975).



TABLE 1

ESTIMATED POPULATION HAVING REASONABLE ACCESSl

TO SAFE WATER2 IN 1975 IN 71 DEVELOPING COUNTRIES;.

Population

WHO Region Urban4 Rural4 Total
(countries) Millions| Percent Millions| Percent Millions|{ Percent
Africa (16) 14,152 65 19,272 21 32,710 29
Americas (21) | 145,650 81 21,753 30 104,091 57
Eastern
Mediterranean (15) 46.272 80 23,955 16 67,673 34
Burope (2)° 19,980 | 81 20,180 | 63 40,160 | 71
South-East Asia (8) | 127,521 68 145,118 19 272,639 29
Weétern Pacific (9) 36,036 91 18,046 | - 30 54,082 54

TorArs® | 450,000 | 77 313,000 | 22 763,000 | 38
NOTES: 1 . "Reasonable access", in an urban areas, was defined as a public

fountain or standpost located not more than 200 meters fram a
house. In rural areas, reasonable access impled that "the house-
wife or members of the household do not have to spend a dis- :
proportionate part of the day in fetching the family's water needs"

2 "safe water" supply includes treated surface waters or untreated
"hut uncontaminated water such as fram protected boreholes, springs,.
and sanitary wells.

3. Not including the population of China.
4 The national definition as determined by each country
5 Algeria and Turkey

6 Extrapolted to include the 95 countries survey in 1970.

SOURCES: Twenty-Ninth World Health Assemby. "Cammunity Water Supply and Wastewater
Disposal (Mid-Decade Progress Report)." DOC. A29/12 Rev.l. World Health
Organization.

United Nations Water Conference. "Report on Cammunity Water Supplies"
E/CONF. 70/14. 1977.

World Health Organization. "Cammnity Water Supply and Wastewater disposal
(Mid-Decade) ." World Health Statistics Report. Vol.29 No. 10. 1976

World Health Organization, Regional Office for South-East Asia.

"Camminity Water Supply and Excreta Disposal in South-East Asoa." WHO
Regional Publication, South-East Asia Series, No. 4 1977. 2



Although community water sytems piped under pressure to house-.
holds and public standposts are an ultimate goal, many of the
unserved thousand million will realistically have to seek hand-

pumps as an interim if not an ultimate measure.

Worldwide estimates of handpump use are necessarily crude. A

not unreasonable estimate could be that, at present, some 200 to

400 million people are served by handpumps for drinking water.

The drinking water programmes envisaged by the developing countries,
in fulfillment of their commitment to the targets set for: the
International Water Supply and Sanitation Decade 1980 - 1990, would
serve — when implemented -~ an additional 400 to 700 million people
with handpump water supplies. In the same period, very conservative-—
ly estimated, handpumps- serving some 100 to 200 million people will
need replacement. A&n additional 300 million population increase

by 1990 must be taken into account.

Further extrapolating these estimates, with an overall average of
100 persons per handpump, thé'global-requirement'for new communal
handpumps is on the order of 8 to 10 million handpumps. Handpump
unit costs have a wide range, fromAabouf U.S. $20 for the simplest
shallow well pumps to about $2,000 for sophisticated, imported,
heavy-duty deep well pumps. Assuming a weighted average. cost of
$150 per handpump yiélds a conservative projected capital purchase

of handpumps in excess of $1,200 million dollars.

Using a 10 percent ratio for the handpump cost inthe handpump/tubewell
system leads to a capital investment estimate of aver . 12 billion

U.S. dollars. 2added to these are operation and maintenance costs.

Handpumps are used in a wide variety of conditions. They serve on
shallow or deep wells, with many or few users. Operation may range
from ailmost continuous to infrequent, and maintenance from adequate
to non at all. Numerous handpump models, from many different manu-
facturers are on the market. Frequently, pumps are imported from

distant countries on the basis of very limited information.



Unfortunately the record of most present‘handpump programmes

is not good. Serious problems exist in handpump technology,
design and selection; quality of manufacture, installation,
operation and maintenance; and organization and adminstration
of handpumps generally. The number of existing, successful
handpump programmes is small. It appears thatthe "simple” hand-
pump "solution" to rural water supply poses some major, compléx:

problems on a worldwide scale.

The causes of these problems arise- from severalj sources:

a. A pump used for a rural water supply may serve as many as
1000 people. Many of these pumps were originally designed
for use on single-family farms in rural areas of industrial
countries, and simply cannot tolerate the intensive use
required.

b. The quality of manufacture, particularly of cast iron pumps

made in developing countries, is often poor.

c. The capital available for purchase of pumps is frequently very

severely limited. As a result, cheap pumps, which may be
less reliable, are likely to be chosen.

d. Often, very little or no maintenance is carried out on the
pumps, resources to carry it out being severely limited.

This is perhaps the major problem since others would be

_relatively less important if maintenance were carried out.



1.2

Need for Evaluation of Handpumps

A common way of evaluating the problems of handpumps-in-use-in

their community environment is needed, in order to point the way

to succesful practical solutions.

Evaluation of field performance of handpumps, supplemented by
field trials and testing of pumps, can provide the necessary
basis for selection and development of suitable handpumps for
rural water supply programmes. This type of work is currently
under way or being planned in several developing countries, with
active support from a number of international and bilateral
agencies. There have been some earlier investigations of handpumps

but their findings have tended to be inconclusive. Several current

field evaluation and testing programmes appear to be more systematic,

and a sound methodology may now be developed to provide improved.

technical assistance to deéision makers.

If field trials and testing of handpumps were coordinated between
countries and agencies, results could be "pooled" thereby giving
an opportunitf to treat them as one large experiment and'providing
valuable information about the effects of different variables. A
broader body of knowledge would be available to each participating

organization than it could afford to assemble on its own.



1.3

Purpose of Guidelines

Field evaluation of handpumps in these guidelines means the
subjecting of different pumps to systematic assessment of field
performance in order to provide unbiased information about the
characteristics and on-site performance of handpumps to agencies
responsible for the procurement, installation, maintenance and
operation of handpumps in water supply programmes or to agencies

providing financial and technical assistance.

Comparison and evaluation of handpumps on an international basis

will require common criteria, definitions and methodologies..

The guidelines present methods and procedures which may be
internationally applied in handpump field evaluation projects.
Technical characteristics and performance data should be so
recordéd that evaluation project results can be .internationally
compared. The guidelines should also serve as a checklist for
use in designing individual field programmes forevaluating;and

testing of handpumps.

The information so assembled from various evaluation projects,
and presented in an agreed format, would better enable handpump
buyers to make a rational choice of pump that best meets their

particular needs and budget. Assessments should be made in

. accordance with widely-accepted methods and criteria so chosen

as to provide objective comparison of pumps under field conditions.
Of course, costs of pumps and specific technical characteristics

are important criteria in the evaluation process.

Bandpump field evaluation projects will vary in size, in experience
and. in the resources available to them. Not all agencies commis-
sioning such evaluation work, whether in-house or contracted out,

will want to, or be able to follow the proposed methods through all

stages, and to the same degree of thoroughness.



1.3

The .scope of a handpump evaluation project should be consonant -
with the handpump programme it supports, as measured in terms of
the number of pumps required, population and area to be served,,

and financial resources available.

If handpump evaluation projects are to yield reliable results,
certain requirements of methodology will have to be satisfied.

The guidelines describe selected methods and procedures.

Field Evaluation and Teéting

Field evaluation and testing of handpumps may be undertaken in

order to : ) Do L
(1) Select the "best" handpump £f£rom numercus candidate models.

As will be shown later, "best" has many dimensions, some
of which cannot be measured quantitatively;
{(2) Evaluate the suitability of one or more candidate pumps for
. local conditions;
(3) Evaluate effectiveness of maintenance system or systems;
(4) Provide guidance for improvement of exist;ng handpump models,
particularly those of indigenous manufacture;
(5) Test and develop new handpumps, components, materials,
mechanisms, etc.;
(6) Establish acceptable standards of quality for local manufa-
‘cture of handpumps; .
(7) Assist governments and manufacturers in intréducing standards
where none exist, or to improve those presently in use;
(8) Determine any differences between actual field performance

and the handpump characteristics as claimed in manufacturers'

documents.

In a field evaluation programme for purpose (1) above, various
pumps are compared, and implicitly, ranked. Purpose (2) evaluates
one or more pump models under local conditions. The other six

purposes affect the evaluation programme in different ways.



In summary, the purpose of field evaluation of handpump perfor-
mance, supplemented by controlled testing if necessary, is to
provide unbiased information to make better decisions, about hand-

pumps for rural water supply programmes.

1.5. Some-Handpump Evaluation and Testing Projects

1.5.1 General

Very few handpump programmes have incorporated formal evaluation
and testing of handpumps, although evaluation is obviously an
integral paﬁt of all rural water supply programmes. Some
evaluation/testing projects are described in the publication
"Hand. Pumps", (IRC Technical Paper No. 10), including laboratory
testing of the AID/Battelle pump and field testing of the
"Bangalore" (India) handpump, the DPEE/UNICEF New No. 6 shallow
well handpump (Bangladesh), the Vergnet foot pump (West Africa),

and others.

1.5.2 Harpenden Rise_Laboratory Testing Project

A comparative testing programme for hahdpumps is being éarried

out by the Harpenden Rise Laboratory (U.K.), under contract with
the Overseas Development Ministry (U.K.).. Altogether 12 different
pump models are submitted to laboratory testing under a scientific

protocol.

The pump models presently under test are: Dempster (U.S.); Climax
(U.X.); and Godwin (U.K.) wheel driven models; Mono (U.K.) helical
rotary; Monarch (Can.); Beatty (Can.);i Vergnet (France); Petro
(Sweden); Mark II (India); AID/Battelle (Costa Rica and Nicaragua;
Kangaroco (Tanzania) and Sholapur (India). Preliminary results

are given in an interim report dated December 1978; the final



report is expected in 1980. The'reports are recommended 'sources ' -
of information for any organization with an interest .in the 12
pump models tested. They should also provide much useful

information to handpump researchers.

1.5.3Ghana Water and Sewerage Corporation Evaluation Programme

The extensive comparative field tests of handpump undertaken in
Ghana by the Ghana Water and Sewerage Corporation, assisted by
the Canadian Intefnational Development Agency and Wardrop
Associates, Consulting Engineers,has been completed in 1978.

. Eight different handpump models were field tested. The Ghanaian
experience should be of particular interest to neighbouring West

African countries.

1.5.4" India Mark II - deep well handpump

A promising new, indigenous aeep well handpump, the India "Mark
II", is undergoing field trials in UNICEF-assisted projects in
the States of Tamil Nadu and Madya-Pradesh. Published findings
are, as yet, not consolidated but they should be very useful.

Development of local manufacture, quality control, and suitable

maintenance schemes is particulary noteworthy.

- e e e e . s e, e e i W G TV v

Field testing of the AID/Battelle handpump is proceeding in Costa
Rica and Nicaragua under agreements involving those countries,

the U.S. Agency for International Development, the Central American
Research'Institute for Industry (ICAITI), and the Georgia Institute
of Technology (U.S.). The AID/Battelle pumps under test were
manufactured locally. Four other pumps are also under test for
comparative analysis: Dempster (U.S.), Kawamoto Daiichi "Lucky"
(Japan), Marumby (Brazil) and a PVC pump developed by the Inter-

national Development Research Centre (Canada).



Complete documentation is available from the Office of Internat-

ional Programs, Georgia Institute of Technology, Atlanta, Georgia,

30332, U.S.A.

1.5.6 Other Evaluation and Testing Projects

Other projects underway or shortly to begin include testing of
new handpump mcdels in several'Asian and African countries under
the auspices of the International Research Development Centre
(Canada). Similar work is planned or underway in the Dominican
Republic, Indonesia, Thailand, the Philippines, Pakistan, India,
Bangladesh, Tanzania, Ethiopia, Malawi, and several West African

countries.
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2.  METHODOLOGY OF HANDPUMP EVALUATION =~ " °

2.1. Approach

The basic need is for a common statement of the way to evaluate
pumps in the context of their environment and the community which
uses:them. This must include developments in the pumps them-
selves, and the relationship between the pumps and the socio-
logical, economic, cultural, anthropometric and geological
paraﬁeters which influence their use. Any such statement must

be wide enough to include all know influential parameters: and
yet not so definitive that it:.can’.only be applied in a few areas
of the world. The real situation is. extremely complex, and
moreover is disturbed by cobservation. The best general approach
to the problem might include three studies; field trials surveys,
and (taboratory )testing of handpumps, where appropriate. These
three are inter-linked and should be organized in such a way that

the results are comparable across the boundaries of each study.

2.2.. Definitions -
In order to provide a common framework, the following definitions

are offered, as used herein:

Test: An experiment designed to prove (or disprove) an hypothesis.
Example hypotheses: (a) Pump X can be maintained by local villagers,
(b) Pump Y will provide satisfactory servicé under local conditions.
(c) Pump Z can be satisfactorily manufactured locally, (d) pump A

is a better pump for local use than Pump B or pump C.

Comparative Test: An experiment designed to rank two or more

handpumps in accordance with explicit criteria. The experimental

11



design should enable the hypotheses to be proved/disproved and/or

whether there are verificable differences between the pumps tested. -

Laboratory Test : A test made under laboratory conditions in

which the variables to be tested can be rigidly controlled and
systematically varied. Although real-use éoﬁditions may be simulated,
the test is still a model of reality. For handpumps, laboratory
testing, thus far, has been useful but not fully adequate for field-
level overall evaluation; These tests are often useful for improving
particular models of handpumps and for screening out weaker candi-
date pumps. Some extrapolations from laboratory to field conditions

have been disastrous.

Field Test: A test made under real-use conditions. Some attri-
butes and variables can only be testiné in cbmmunity ﬁse, e.g.,-_
user acceptance. Field tests may verify the wvalidity of labor-
atory tests. Field tests may be comparative tests on several

pumps or one pump model.

Tongitudinal or time-series field.test: A test which evaluates

pumps over an extended time period, typically a year or more,

beginning with their initial installation or rehabilitation.

Cross-sectional field test or survey: A test (or survey) which

evaluates the performance of a large number of handpumps at a

common time, i.e., simultaneously.

User Survey: The collection of information from a sample of
handpump users, by interviews, questionnaires, or other direct

contact. Especially useful for socio-cultural information.

Field Trial: Somewhat synomymous with field test but often
used to describe programmes when handpump evaluation is part of
an on-going pump installation and operation programme, but

without formal testing protocol.

Protocol: Formal document outlining the overall plan, scope and

procedures for testing and evaluation of handpumps.

12



Attribute or Characteristic: . The property .of a. handpump. which.

influences its value in a programme and which, therefore, must

be considered in evaluating the pump.

Parameter: (1) ahy.set of physical properties whose values
determine the characteristics or behaviour of the handpump or
handpump system, e.g. water table depth.

(2) A characteristic element: factor.

Methodology: Description of how each attribute will be examined

and measured. Part of the protocol.

Evaluation: The process of placing (objective) values on models
of handpumps on a predefined scale, or in relation to each other.

Criteria for evaluation should be established beforehand.

Ranking: A listing of handpump models or components on the basis
of defined attributes -- either overall or singly. The first

listed is the highest ranked.

Model: A particular design of handpump or handpump compenent.
piffers . from brand or manufacturer in that many manufacturers

market several models.

Significance and Confidence: A difference (e.g., between models
or between observations) is significant if statisticél ‘
treatment of the data shows that this difference is probably
correct. The degree of probability can be chosen and is called
the level of significance or the confidence level. A confidence
level of 95 percent means that any result which is significant
at the 95 percent confidence level has only one chance in

twenty of being wrong.

Other definitions appear under the relevant section. For
definitions of handpump types and components refer to the

publication "Hand Pumps" (IRC Technical Paper No. 10).

13



2.3 Surveys

There are several types of surveys.

(a) Hydrogeological surveys to determine (particularly from the
point of view of the pumps) the agressivity of the water,
the type of impurities present, and the characteristics of
the aquifer throughout the year.

(b) Surveys to determine the social and ;ultufaifhabits of: the
users so that:

I) The most suitable maitenance procedures can be forum-
ulated. . ,

II) Due consideration can be taken of any socio-cultural
habits which could affect pump performance, e.g. patterns
of water usage, of water collection, or the empiacement
of the pump. - _

M;;j“of these ,individual-usen and ﬁgésfgréup variables

can only.be»studied in similar neighboring communities

A I S .

'which'hav%.pumps installed.

(c) Surveys to détermine.the socio-technical situation so that
production engineering, production management and quality
assurance possibilities for local manufacture of pumps, pump
parts, or spares, can be evaluated. In less'developed areas,
the answers may be that little manufacturing capability exists
but in more industrialiy developed areas, such surveys could
podint ghe way towards gearing available firms, resources and
skills to the successful manufacture of pumps.

(d) Censuses including number of people, communities, existing

wells, pumps, etc.

14



2.4

2.4.1

2.4.2

Field Trials

Introduction

The aim of field trials is to determine how pumps will behave
in real use and how they will withstand real environmental
conditions. Field test;ng has the advantage over laboratory
tests that they can take place in enviromments and with users
which may closely resemble the actual conditions of planned
installations. Field trials have the disadvantage that the

situations and environments are much less control-

‘led and well-characterized than in laboratory tests and that

users and usage may show wide varience. Attempting to overcome

these difficulties is time consuming and costly.

In a - laboratory test.the influence of such factors as number
of strokes, depth of pumping, pumping speed, length of stroke;
etc., can be controlled by keeping them constant at one or
several levels. In the field these factors are not under the
direct control of the test agency and are generally much more

variable.

Fundamental Aspects of Field Trié}s

The purpose of field trials is to test the sample handpumps on
criteria relating to the use they will have and the way they

will be treated in real conditions. These criteria may have to
do with environmental factors and/or human factors that cannot

readily be ‘reproduced-in a laboratory or otherwise simulated.

When pﬁﬁps are tested in field trials, the problem is to dis-

tinguish in the test results, the differences between the

~'samples ‘which are inherent and those which have arisen due to the
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environment in which the tests were performed. “If résults are
affected differentially by the test conditions and these effects
are significant but cannot be measured and accounted for, it
may be impossible to predict how the samples will perform in

different environments'in the future. If this is the case, the

test. results may. be useless.

So, the essence of good field trials is to organize them as a
series of experiments designed specifically so that the results
due to the samples themselves, and results due to the (variable)
conditions under which the tests are being held can be distingu-
ished. The rules for organizing such a series of experiments

come under the science of experimental design.

The principles of experimental design lay down that for each
sample and each set of test conditions, either a test is per-
formed or its results can be predicted, for every relevant
combination. For example, if there are 5 handpump models and
6 sets of conditions, 5 x 6 = 30 separate tests are held, or at
least enough:to be able to predict what would happen in all 100

possible combinations.

The first stage therefore of any field trials on handpumps would
be to determine (empirically) how many different sets of test
conditions would adequately cover all likely environments where

pumps would be expected to operate.

Given the technical problems of physically installing pumps and
then replacing them with alternative samples, it would seem
easier to identify several separate locations which present

the same set (or closely identical) of test conditions.

16



2.5.

2.5.1

2.5.2

Selection of Pumps for Evaluation and Testing ™

Introduction

With a hundred or morxe handpump models to select from the inter-

national market, the necessity of pre-selecting or screening the

candidate handpump is obvious. Some initial steps might: include:

(a) Review past experience of water supply programme or project
itself, and ather projects in the country or region con-
cerned;

(b) Review literature on handpumps particularly the IRC public-
ation "Hand Pumps" and test reports on handpumps;

{c) "'Review catalcogque/directory of handpump maintained by the
IRC, and write for manufactures' information;

(d) 'Determine which pumps are readily available;

(e) Investigate p;ice, both of pumps and parts ;

(£) Assessxﬁotential for local manufacture. Other things beingequal

a.local pump is preferable.

Handpump_Specifications

Only those handpumps should be tested which will be technically sui-
table for local conditions. Thus a necessary step should be a
survey of the technical specifications likely to be required by

the programme.

The following notes provide a check list for preparation of
general handpump specifications. For particular installations,
data requirements are necessarily more specific, for example,

the exact depth of the cylinder setting.

17
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The specifications should be oriented towards a limited number

of handpump models based on pre-qualification, preferably through
field testing or proven experience under local conditions. This
should be supplemented by a component by component review of the
design. Proliferation of handpump models in a single programﬁe
can lead to difficult maintenance problems - inventories, spares,

purchasing, lubricants, training, etc.

Use of a single handpump model would be the ultimate in standard-
ization but should be avoided inasmuch as few pumps are fully
suited to all installations and dependence on a single supplier

may hamper price competition and factory service.

The performance fequirements of handpumps within the programme
should be identified, tabulated and categorized. An illustrative

example is shown in Table 2.

TABLE 2

NUMBER CATEGORIZATICN OF HAND PUMPS PERFORMANCE REQUIRED

(EXAMPLE)
PUMPING HEAD POBULATION SERVED PER PUMP - TOTAL
¢ Feet (meters) fOl‘mmS 50 100 300 500 1000
15 ( 5) A 5 20 250 6 1 282
50 (15) B 8 160 27 2 1 198
100 (30) c 40 23 3 2 4 72
150 (45) D 0 12 6 4 0 22
200 (60) E 0 5 2 0 0 7
TOTAL 53 220 288 14 6 581

18



Analysis of the Table indicates a need for about 282 good ' ‘quality,
durable shallow well pumps (row A) with special maintenance att-
ention for 7 of them (row A; columns Y and Z, that is, blocks AY

and AZ).

A moderately-priced deep well handpump can probably be used under
blocks BV, BW, BX, VC and CW, about 258 pumps. Blocks CV and CW

will require pumps with smaller cylinder diameters.

The remaining 41 pumps will require a heavy duty deep well pump,

possibly with a rotary wheel handle and low-friction bearings.

Thus only three handpump models would effectively and economically

serve the varied needs shown in the example of the Table.

With the needed inventory now established, the ergonomic (strength,
power, etc.) and anthropometric (height, reach, etc.) requirements
can be matched . with the appropriate ranges of cylinder diameters,
mechanical advantage, ahdnle dimensions, stroke lengths, and '
pumping speed as described earlier. This information should then
be summarized and specified for each pump as an allowable range

of discharge (Q) for a stated pumping head (H), pumping speed (N),
and stroke iength (S). Maximum slip and minimum mechanical
efficiency can be specified if a means of verification is
available. Slip and efficiency are measures of pump quality.

A suggested matrix is summarized in Table 3.
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TABLE 3

BLOCK DESIGN OF FIELD TEST
(Basea on Example of Table 2)

PUMPING HEAD . POLUATION SERVED
Feet (meters) 100 300
Yy ¥
.15 (1 5) ' Xi Shallow Well Shallow Well
50 (15) X2 ‘ Deep Well Deep Well
100 (30) X3 Deep Well Deep Well
150 (45) X Deep Well Deep Well

" The array above would cover nearly all conditions relevant here.
Blocks X1 Y1 and Y1 Y2 cover nearly ail the shallow well con-
figuations. If 3 shallow well handpump models are to be tested,
thus 3 models x 2 test conditions would require. 6 tests. Two
of each handpump model would be needed. A minimum sample size
for each model would be Xi but 8 or 10 would be preferable. When
testing, say, 6 of each shallow well models, :then (632)(2x3) or

' 18 shallow well pumps would be required. By similar reasoning,
for 3 candidate deep well handpumps (3x2) sets of conditions x

3 models = 18. combinations, requiring at least 6 of each model
or a total of 18 deep well handpumps; using 2 of each model in
each block would be preferable and the number of deep well pumps

to be tested, would be 36.

The total programme would require 18 shallow well plus 36 deep
well or 54 pumps in all. . Thus representing about 9 percent of

the total project (581 installations).
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2.5.3 Dimensional Requirements

2.6.

In making the final selection( the dimensions and threading of
pump rods, drop pipes, cylinders and cylinder caps should all be
standardized and interchangeable even between pump models. (They
can also be bid separately for the top of the well pump stand
assembly). These dimensions must, of course, be compatible with
the wells to be used. Additional guidance may be found in the
publication "Hand Pumps" (IRC Technical Paper No. 10).

Sources of Handpumps for Evaluation and Testing

Pinding out which pumps are on the market, or can be obtained from
non-commercial sources including overseas firms, and deciding which
ones to subject to field evaiuation, logically is one of the first
steps in working out the evaluation project. However, in practice,

the two activities will often be done concurrently.

Samples should preferably be obtained through the normal procurement
channels, and care should be taken to ensure that sample pumps for
field evaluation have not been specially manufactured for testing
purposes. If necessary "blind" purchasing should be adopted, i.e.;

ordering of pumps through intermediaries.
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3.2

CHARACTERISTICS OF PUMPS TO BE EVALUATED . . . .

General

In evaluating handpumps, several characteristics are important.
A systematic comparison of each should be carried out. Of course,
in reality the parameters are inter-related, and influence each

other.
Costs

bapital costs for purchase of handpumps are generally the paramount
criterion in the selecting of handpumps. However, the criterion
should be total costs, that is capital cost plus operating, maint-
enance, and replacement costs. These should be expressed in
equivalent terms, e.g. annual or present value costs, or alternatively
as life cycle costs. Examples of this type of analysis may be found
in the publication "Hand Pumps" (IRC Technic¢al Paper No. 10). Where
local currency and labour rates are overvalued relative to world prices,

the use of shadow pricing may be necesary to reach sound conclusions.

It is common for a handpump supplier to claim that his pump will
last for 15-20 years under normal operating conditions, but this
ts a far too simplistic approach to maintenance and replacement
costs. Each handpump has a number of components. Several of
these components will undoubtedly last many years with little or
no maintenance. Others have a more limited life span because of
wear caused by movement, or wvulnerability to breakage. As with
any mechanical device, a handpump has wearing parts which have .to
be replaced periodically in relation to the number of cycles of
operation. The life span of a pump refers not to the most rugged
and longest lasting component but to the multitude of components

as a whole which determine the economic usefulness of a pump.
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Theoretically, the usefulness of a handpump could—-be-exténded -+~
over a very long period of time by simply replacing worn out or
damaged parts one by one as required. One could argue that when
every part has been replaced at least once, the life span of the
original pump had come to an end. Such approach has little merit
in evaluating the relative life span of alternative pumps unless
the cumulative discounted cost of parts replacement is taken into
account. In fact, this would be separate evaluation of each

pump component over the project design period. Within this time
frame, an estimate would be made of the number of times each
component would have to be replaced by virtue of the operating
conditions. Some parts could econcmically be replaced only

once, whereas it could be logical to replace other several times
within a 20-year period. One should realise that the costs of
spare and replacement parts may be as significant as the original
costs of the whole pump. The cumulative discounted costs of

such replacements for one pump compared to those of another provide
a reasonable means for establishing the relative usefulness or

economic life span of the alternative pump choices.

Because of the long life of the pump relative to the field evalua-
tion time span, a large part of such an evaluation must be based
on value judgements of the probable performance of individual

pump parts. Without any test data or historical records, the

excercise is largely guesswork.

Some of the most significant factors do not pertain to the hand-

pump itself, but to the maintenance costs associated with the

trucks, motorcycles, fuels and manpower required to inspect,

service and repair defective pumps.

It.is therefore evident that to ensure the selection of the most
economical handpump, a careful analysis of all pertinent factors

must be made. Obviously, the pump with the lowest initial cost,
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fewest component parts, longest useful life. for each part,_and. .., ... .

needing the least maintenance, would be the most economical unit.
Such a handpump may have a life span of only 10 years and still
be more suitable for the task than another expensive unit which

has some components capable of lasting 20 or 30 years.

Regardless of the handpump selected; some mainﬁenance costs will
always be involved in keeping it in satisfactory operating
condition. Each pump has wearing components which periodically
must be replaced. Vandalism and accidents result in the need

to replace damaged units from time to time.

To establish the relative level of long term maintenance required
for the various pumps is difficult. The extent of maintenance
required is related to such factors as the useful life of the
various component parts of each pump, the relative number of pump
parts involved, the frequency of service call required for routing
maintenance and parts replacement, and the type of equipment needed

to service the pumps.

Many value judgements must be made. Field trials will assist in
establishing the relative performance of component parts, and.-
so result in more meaningful value judgements than if no test

data were available.

Repeating, to the extent practicable the costs should recognize

initial costs and recurrent costs.
Reliability

Introduction

A vital characteristic of any handpump model is its reliability.
This factor is one of the major parameters to be measured (or

validated) by field trials and tests.
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Reliability can be measured ‘as the percent of -time the pump-is- - - ~
in service. This is a function not only of the pump, but also

of the maintenance system and of the conditions of use.

A surrogate measurement often used is the percentage number of
pumps in operation at a given time. This is a’ .convenient
measurement but i§ Affers the water supply :agency no way to
distinguish between inherent reliability of the pump and the:
reliability of the maintenance system. Breakdowns which the
maintenance system takes a long time to repair may be "disguised"
by blaming the poor quality of manufacture for the high percentage

of inoperative pumps.

Reliability actually refers to satisfactory functioning of a

handpump over a period of time, more precisely :

- Reliability of a pump is the probability of its satis-—
factory performance without failure, under given- condi-

tions for a specified period of time.

Failure is the inability of the pumps to meet the design function.
Failure‘may be described as foilows: o
Critical : No discharge
Major : Reduced usability which could
ultimately result in critical
failure |
Minor : Departure from established stand-
ards but without significant
effect on function.

Given conditions relate to the total environment in which the

pump is to work including not only the head and discharge but

also the maintenance regime, Reliability incorporates both the

physical characteristics of the pump and its supporting system,
particularly maintenance. The test conditions should stimulate
the actual conditions over the long term, not those during the 35

testing period or installation phase.
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3.3.2.

The design maintenance interval period should be of a minimum

acceptable duration to make maintenance feasable. Other things being

equal the pump with the longest probable time period without fail-

ure obviously is the preferred choice.

Quantifying Reliability

Comparison of pump reliabilities may be enhanced by using, to
the extent possible, numerical data. A useful measure is the
mean time between critical failures, hereinafter termed the
MBTF. Its determination is not easy, as both intensive record
keeping and the participation of a reliable local observer,

would be required.

In testing and evaluating handpumps, the size of the sample will
determine the statistical "level of confidence" with which
statements of reliability can be made. This is discussed in

the section "sampling".

From a user point of view the pump is not performing its function
during the time is unavaidable to him because it is awaiting or
undergoing repairs. This is often referred to as "downtime" or

DT.

The availability (A) to the user can be expressed as a percent-
age of total time as follows:

Mean .Time Between Failure = MBTF

Downtime = DT
Total cycle time = MBTF + DT
Availability = A

The A as a percentage:

MBTF

A = MBTF F DT

(100)
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3.3.3.

3.3.4.

Reliability can be measured over time in other ways than MBTF;
frequency of different failures over a given period, for example.
Whatever technique is used should be explicitly described in the

testing protocol.

Destructive Testing

Because reliability is a very important parameter, there is
considerable merit in "destructive testing”. Thexefore, it may
be worthwhile to consider testing of a fraction of the sample to
critical failure as quickly as possible.

To speed the process, these pumps might not receive any mainten-
ance.

Information thus gathered might be used to screen out weak
candidate pumps and to guide sample size in subsequent field

trials and laboratory testing.

Importance of Record Keeping

Reliability testing and énalysis requires good records. The

design of reliability experiments should be done carefully, and

 the necessary data should be established. Because many people,

of widely differing backgrounds will be involved, the develop-
ment of standardized data recording forms and training in their
use is mandatory. Some forms used in various field studies are

annexed to this report.

Technical Perxrformance

As in designing a bridge the loading of the handpump must be ana-

lyzed in order to design the structure. Factors relevant to the
"loading" of handpumps include
(1) Depth (s) from which water must be pumped.
Plus :1lift if elevated storage is used.

(2) Number of people (and livestock) to be served.
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(3)
(4)

(5)

(e)

(7)

(8)

Per capita water demand

Types of wells, e.g., drilled or dug, and
diameters

Quality of water to be pumped - impurities

such as sand, coorosivity, gases, temperature,
etc.

Altitude and temperature (insofar as they affect
suction lift). '
Availability of alternative water source in
event of pump failure.

Ergonomic and anthropometric characterisitics

‘'of pump users.

The candidate pump(s) must be matched against the foregoing

technical conditions and requirements.
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3.5

3.6

Acceptability to users

Factors influencing the acceptability of the handpump to the
include:

(1)

users,
Population density
Village or city
Transportation means
Accessibility

(2) Economic Conditions

Caste or Class-system
Interactions between users
(3) Location and distance from pump users and of
spare parts supplies and tools.

(4)

(5)

Religious factors.

Impact of health education if any
Presence of caretaker

(7) Government facilities: offices, location
and accessability to people.

(8) Alternative sources of water.

Maintainability

The resources and infrastructure required (and their availability)
for equivalent levels of maintenance seréice for each pump are
factors which enter into the evaluation. For example, will a
tripod and/or vehicle be required to lift the pump in order to

replace below-ground level pump components.
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Availability

The availability of any handpump is often very much dependent on
the manufacturing source. Other factors being equal, a local

source has a great advantage.

The purpose of the pump evaluation programme is to select the
handpump which can best satisfy local conditions. However, it
would be unwise to select a handpump only on the basis of the
field trials. If the plant capacity of the supplier of a suitable
pump is insufficient to meet the project requirements, or if
this manufacturer has a reputation for poor quality control, or
slow delivery of spares, then the field performance would be
outweighdd by the disadvan;ages of the inadequate after-sales
service. To be selected, a supplier must be reputable and be

in the position to fully support his project. In addition, the
prospective supplier should be willing to modify the design of

its pumps to overcome weaknesses identified in the test.

Standardization of the handpump(s) for use in rural water supply
programmes is generally accepted as an economical and practical
objective. However, if one handpump were used to the'exclusion
of all others, the successful pump supplier would in effect

have a monopoly. Through time, this could result in poor service
from the single supplier, and/or an unrealistically high pump
cost due to the absence of competition. Having at least two
acceptable handpumps (which might be needed in any case because
of the type of service involved) may be considered as a matter

of policy.
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3.8

3.9

Sanitation

The pump should be so designed, manufactured, and installed as

to prevent contamination of the well or the water being pumped.

The following factors should be considered.

(1)

(2)

(3)

Safetx

The pump head or enclosure should be designed to
prevent pollution of the water by lubricants or
other maintenance materials. The spout should be
open downward and so designed as to prevent solid
objects from reaching the well.

The pump base orx enclosure should be §o built that
a sanitary well seal can be o¢btained within the
well cover or casing.

When possible, the cylinder should be placed near or
below the static water level in the well so that
priming will not be necessary. This getting also
keeps the pump leathers from alternative wetting
and drying and increases their life and sealing
efficiency. The foot valve is less likely to leak

with the resultant advantage of the elimination of the

need for priming.

Any undue hazards to operators, installers and maintainers are

to be prevented.
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EXPERIMENTAL DESIGN

General

Field evaluation of handpumps if fraught with statistical dif-

ficulties. A few:

(1)

(2)

(3)

(4)
(5)

(6)

Multiple objectives often not clearly defined. "Many are
not subject to numerical analysis.

The effects of many parameters examined are diffused by
other variables and "background noise".

The experiment may have a bias (conscious or unconscious)
on the part of the experimenters which is difficult to
eliminate.

Random sampling may ékove difficult to achieve.

Sample sizes, especially when a large number of candidate
pumps are tested, are frequently too small to give
étatistically meaningful results.

Uniform conditions, controlled variables, factoral exper-

iments, and verification are generally not possible.

The preceding comments are intended to suggest caution in conduc-

ting and, especially, in interpretating handpump evaluation results.

Designing a suitable evaluation programme for handpumps for use in

developing countries must take into account certain limitations:

(1)

(2)

The pumps vary widely in design so that comparison in some
cases is difficult, e.g. the comfort in use of a hand-
operated pump compared to a foot-coperated one.

The physical, sociological and cultural environments in
which the pumps are installed, vary so much that it is
difficult to envisage and foresee every kind of problem

which could occur.
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(3)

The interchangeability of components on some pumps makes

it difficult to decide which combination to test. For
example, many pumps are supplied with several sizes and
types of cylinder, and pumping depths quoted by manufact-
urers vary considerably even for one cylinder sizé on
equivalent pumps. Ideally, when testing a series of pumps,
they should all be installed at identical depths. However,
in practice this is impossible when testing, this has to be

allowed for.

4.2. . Steps in Development of Experimental Design of the Evaluation

\‘ Programm .

Explicitly state the handpump evaluation data sought.

a. Identify the pump evaluation range

b. Identify constraints

c. Define scope of evaluation programme

d. Determine who is. to do what

e. Determine relationship of the evaluation programmes,

to the water supply programme it supports.

Collect available background information

a. Identify information sources
(1) Publications
(2) Previous work
(3) Other agencies
(4) Pumps available
b. Tabulate pertinent local information
(1) Physical parameters of groundwater resources
(2) ILogistical and administration data
(3) Social and economic parameters
(4) Institutional structure

(5) Previous handpump experience.
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Design of

Evaluation Programme

(1)
(2)
(3)
(4)

(6)
(7)
(8)
(9)

(10)"

(11)
(12)

©a. Consultations with all parties concerned

State handpump evaluation data sought

Outline possible alternative evaluation projects
Choose factors to be studied

Determine practical range of factors,

specific numbers and levels of tests,

magnitude of difference considered worth-
while, approximate sample sizes

Determine the measurements to be taken

Review sampling variability and test precision
Consider possible interaction of factors
Dete;mine limitations of time, cost, materials,
manpower, transport, instrumentation and other
facilities-

Determine limitations imposed by extraneous

conditions, e.g., seasonal weather conditions

Review human and social factors relevant to

evaluation and testing
Screen and select initial candidate pumps

Establish major evaluation criteria.

b. Preliminary Design of Evaluation Programme

(1)
(2)
(3)

(4)

(5)

(6)
(7)

Prepare a systematic evaluation projecﬁ schedule
Prepare a budget

Prepare adaptive plans for variations in timing
and budget

Choose methods of statistical analysis

Eliminate or reduce effect of variables not
under study by controlling, balancing, or
randomizing them

Arrange for orderly accumulation of data

Prepare written, detailed evaluation protocol.
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Review Design with all Concerned
(1) Adjust Programme in line with comments
(2) Spell out the steps to be followed in un-

mistakable terms and in writing

Plan and Carry out the Experiment Work

(1)
(2)
(3)
(4)

(5)

(6)

Develop method, materials} and equipment
Train staff

Select candidate pumps and sample size
Collect evaluation data

Monitor and modify work plans or necessary
feedback

Periodically assess and report progress

Analyze the Data

a.

b.

Reduce recorded data to numerical form
Apply proper mathmatical and statistical
techniques

Interpret the Results

de

b.

d.

.

Consider all observed.daté

Test if necessary, the data by additional
independent experiments

Arrive at conclusions on the technical meaning
of the results, as well as their statistical
significance '
Describe results in quantitative terms

Interpret non-quantitative results

Prepare the Report

a.

Describe work clearly, giving background,
pertinence of the problems, and meaning

of the results

Use tabular and graphic method of presenting
data

Supply sufficient information to permit reader

to verify results and draw his own conclusions.
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4.3.

4.3.1.

4.3.2

Role of Statistics

Introduction

Statistics deal with the collection, analysis, interpretation,
and presentation of numerical data. Statistical methods may

be divided into two classes - descriptive and inductive.
Descriptive statistical methods are those which are used to
summarize or describe large volumes of data. They are the kind
used everyday in newspapers and magazines. The central tendancy

of the data may be summarized by its mean. average, median, or

mode. ' Variations in the data summarized by its standard

deviation, distribution, frequency or range.

Inductive statistical methods are used to generalize from a
small body of data to a larger set of similar data. The general-

izations usually are in the form of estimates or predictions.

Populations, Samples and Distributions

The concepts of a population and a sample are basic to inductive
statistical methods. Equally important is the concept of a

distribution.

Any finite or infinite collection of individual things - objects
or events - constitutes a population. A population (also known

as a universe) is not just a list of things specified by enum-
erating them one after another, but rather as an aggregate
determined by some property that distinguishes between things that
do end and thing that do not belong. Thus, the 'term population

carries with it the connotation of completeness. In contrast, a
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4.3.3

sample, defined as. a portion of a population, has. the connotation

of incompleteness.

Examples of population are:
(a) The workers in agriculture on January 1, 1979

(b) The handpumps within the country today.

Attention to some characteristic of the individuals of a pop-

ulation that is not the same for every individual leads immed-

iately to recognition of the distribution of this characteristic

in the population.

The distribution of some particular property of the individuals
in a population is a collective property of the population; and
so, also, are the average and other characteristics of the
distribution. The methods of inductive statistics make it
possible to predict such population characteristics from a

study of samples.

Statistical Inferences

If we are willing or able to examine an entire population, our
task will be merely that of describing that population, using
whatever numbers, figures, or charts we care to use. Since it
is ordinarily inconvenient or impossible to observe every item
in the population, we take a sample - a portion of the pop-
ulation. Our task is now to generalize from our obsexrvations
on this portion (which usually is small) to the population.
Such generalizations about characteristics of a population
from a study of one orxr more samples from the population are

termed statistical inferences.

Statistical inferences take two forms: estimates of the mag-

natudes of population characteristics, and tests of hypotheses
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4.3.4

regarding population characteristics. Both are usual for
determining which among two or more courses of action to follow
in practice when the "correct" course is determined by some

particular but unknown characteristic of the population.

Statistical inferences all involve reaching conclusions about
population characteristics (or a least acting as if one had .
reached such conclusions) from a study of samples which are
know or assumed to be portions of the population concerned.
Statistical inferences are basically predictions of what would
be found to be the case if the parent populations could be and
were fully analyzed with respect to the relevant characteristic

or characteristics.

| Samp Ling

In order to make valid generalizations from evaluation results
on sample pumps, about characteristics of the total pump
populations from which they came, the samples must be randomly
selected. For example, each pump must have an equal chance of
being the first member of the sample. After the first pumps is
selected, each remaining pump must have an equal chance of being

the second pump picked, and so forth.

Samples should preferably be obtained through the normal channels,
and care should be taken to ensure that sample pumps for field
evaluation have not been specially manufactured for testing

purposes.

Sample pumps obtained directly from manufacturers or wholesalers

are likely to be untypical unless the evaluation project staff is

allowed to select the samples from a large number.
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4.3.5.

Precautions to ensure that sample pumps are not different from

the pumps on the market, include:

-~ an assessment of whetﬁer or not poor performance was due
to an exceptional product failure.

- The checking of inspection results against manufacturexr's

specifications.
- The substitution or repair of a sample pump.
~ The presentation of certain field evaluation results

individually to manufacturers, and

- the experiences of the handpump users themselves.

One pump is hardly an adequate sample size although there are
numerous studies with awesome extrapolations of data from a
single pump. AFour pumps would be an absolute minimum. Ten
would be better. A two stage sampling procedure can reduce
the number of pumps needed. 1If initial findings show -~ little
variability between the sample of four, then further sampling
might be omitted. If variability is high, then more pumps
should be tested. '

Statistical Analysis

-Both .the experimental design and the evaluation of the data of

the test programme require statistical analysés to ensure its
validity. Much useful information on experimental design,
sampling, inference technique, etc., is available in standard
text books. Many engineers have had at least some formal
training in statistics. However, most pump testing programmes
should retain an experienced programmatic statistical consultant

before, during and after the test evaluation programmes, to
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advise on the project design, to monitor data collection, and
to statistically test its findings. 1In developing countries,
statisticians with expertise in experimental design can probably

be found in agricultural universities and experiment stations.
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5.2

5.

3

ORGANIZING THE HANDPUMP EVALUATION PROGRAMME™ .

Organizational Set-up

It:is :assumed that the person responsible for the handpump field
evaluation project will have been able to familiarize himself
with relevant standards, technical literature on handpumps, and
other relevant sources of information. Usually, one person,

a Project Officer, should be given responsibility for seeing

the project through from start to finish. He shoulq have the

necessary authority to carry out his responsibilities.

To carry out an evaluation project will.not necessarily require
the set-up of a separate section in the water supply agency,
staffed by technical experts. It may be possible to engage
university staff, technical colleges, government laboratories
and experiment station, standard institutes, or consulting

engineers to conduct the handpump evaluation project.

The schedule which sets out planned reports for submission to the

responsible officials, and gives their timing, should reasonably
allow for staff and budget constraints, market factors, model

changes, and requirements ‘relating to seasonali fluctuations.

Staff Preparations

Selection of Survey Areas
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CARRYING OUT THE EVALUATION. PROGRAMME "~~~ " 7~

Initial Inspection

Samples of all pumps to be tested, should be examined.
Dimensional and technical characteristics are to be tabulated.
Pump cylinders, or equivalent, and material of construction
(e.g. brass, cast iron, welded steel, plastic, etc) and their
bore and maximum stroke should be described. Also the pump
stand and material of construction, including dimensions and
type of base for fixing cap, or equivalent provisions. Also
the method of operation, e.g. lever and fulcrum hand-wheeel and
gear box, type of handle/puymp rod linkagé. Number and type and
size of pins/nuts and bolts in linkages, size of coffer pins/
fastenings, if any, dimensions of journal or other bearings and

bearing clearances.

If the cylinder is 'down the well'’, whether it is extractable
through the pump head, or non-extractable. Closed or open
cylinder. Where applicable, details of pump rods and couplings.
Details of foot valve(s) and strainer, cup seals (size and
material number); method of assembly of plunger. Also .inter-
nal diameter of suction pipe and length below foot valve.
Details of any stainer fitted. Where applicable, internal
diameter of drop pipe. If any borehole stablizers required, list
their weight, state type, pitch, etc. List the total weight of
cylinder (if down the well), the weight per metre.of drop pipe
and weight per metre of pump rods. Other features, e.g. bucket
hooks. List faults on delivery or after initial assembly;
including examination of pump components and parts for incipient

cracks or other damage.

42



6.2

6.3

Installation of Pumps

All units should be installed strictly in accordance with
manufacturers' instructions. The installation conditions should
be carefully recorded, i.e. date, depth of cylinder setting,
static water level, any modifications carried out, etc. Pumps

should be fully serviced on initial installation.

Where handpumps are placed for testing purposes, they should be
located with care. Pumps should operate under condtions (lift,
users, etc.) as nearly as practical to field conditions. The
pumps should also be readily accessible for monitoring through-
out the test period, including rainy seasons. Locations near

project offices and shops may be advantageous.

If possible the test pumps should be installed on existing wells
which have had handpumps in operation for some time. This will
help ensure that the pump will be used and that the users are
familiar with its operation. If the pump is obviously unsuitable,

e.g. notoriously unreliable, it should be replaced promptly.

Performance Tests

Delivery into an open tank should be used for free discharge test.
The depth to the water table should be measured for each pumping
test.

Actual water delivery, expressed as water quantity pumped per unit
time, should be recorded on all pumps surveyed, at 15, 30 and 45
(or maximum recommended) strokes/revolutions per minute. From
these measurements and the calculated delivery the slip will be

calculated and listed, for comparison with manufacturers' stated

43



"

Ay T T W ML T R e

(or implied) slip. In particular, the possible.rate of increase

of slip must be observed over the period of evaluation.

Number of strokes or revolutions required to start pumping water
will be recorded, together with information on actual use/non-use

intervals of pump operation. Any required priming should be noted.

During performance testing, the maximum possible operating rate
will be determined by speeding up until the running rate is no

longer proportional to strokes per minute.

The methods. of measurement should be reproducible, at least to
the degree necessary to obtain results allowing the determination
of a consistent and reproducible ranking order of the pumps.

When pump characteristics can only be evaluated subjectively, the
evaluation should be based on assessments made by experts or on
surveys of the users of the pumps as appropriate. In the latter
case, the survey should be conducted and analyzed in accordance
with standard statistical practice or the methods used and the

limitations of the survey should be clearly stated.

All data are to be recorded on pre-printed standardized forms and
the original copjies should be regularly collected and rYeviewed by

the project head office.

Copies of the Repért of the Harpenden Rise Laboratory, and Georgia
Institute of Technology laboratory and field testing programmes
(respectively) may be obtained and reviewed for additional
information on performance testing. It should be noted however
that the use of electrical strain gauges, at Harpenden Rise, is

not likely to be practical in most field situations.

As indicated previously, a small portion of the pumps may have to

be tested until "destruction". If necessary this may be artificially

accelerated, e.g., by lack of lubrication.
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User Trials

Subjective assessment of convenience, fatigue, physical effects
(blisters, etc.); users to include tall, short, male, female,
children. Left hand and right hand. Each person to operate the
pump lifting water into measured volume buckets. Users may be
asked to pump appropriate quantities for 60 seconds only; and,
separately, to use the pumps for several minutes (up to 5) in

order to discover any short term and longer term inconveniences.

All experimental runs should be replicated by having several
persons operate the pump for a number of times so that the
results may be averaged with findings representing field use

conditions rather than tests.

Unusual or severe stooping or bodily contortions should be noted
and recorded. Pulse rate rise (above resting rate) during pump-
ing should be measured for 10 percent of the sample. Ambient

temperature and humidity should be simultaneously recorded.
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8.2.

REPORTING

Format

The report should describe in narrative form the organization,
conduct, and findings of the study. It is generally desirable
to have a brief "Executive Summary”" at the front of the report
for the non-technical reader, administrator, or instructor.
Complete data sets should be included as annexes. If voluminous,
these could be bound separately in a limited number of copies.
The complete report should be desposited with at least one Library,
accessible to the public, and with the IRC; in The Hague.

The pumps should be ranked. for each relevant category of use, e.g.
shallow well, deep well, high intensity use. The operation and
maintenance regime should be clearly described for each pump.
Where these are no clear cut, significant differences between
pump models, the operation and maintenance regime may be marked

with identical rankings.

The criteria used for ranking should be clearly described,
including the weight given to major factors, such as, costs,

maintainability, local manufacture, etc.

Ranking of Handpumps

Some countries and organizations prefer to use group evaluation
for ranking the handpump models. With proper selection of the
group members, this practice may indeed result in superior
décision~making. Further it relieves the Project Managef of what
may be the burden of an unpopular decision with his superiors,

aid donors, local manufacturers, etc.
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The most informal technique is to have a committee of senior’
agency officers, deciding on the handpump test evaluation.

They may represent different responsibilities within the government
agencies, procurement, community relations, maintenance, well-
drilling, sanitary engineering, construction, etc. Some officers
may not have been directly involved in the testing programme but
all should become familiar with it and be provided with the draft
project report (excepting the pump rankings of course). They
should agree on appropriate evaluation criteria before determining

the actual ranking.

A somewhat more sophisticated group evaluation technique is that
termed the "delphic panel". A matrix (table listing the pre-
selected handpumps, the evaluation criteria, and the pump charac-
teristics) is presented to the panel members who vote’ independently
on each pump and each characﬁeristic. The overall voting result is
then reviewed by each panel member who is asked to reconsider his
initial assessment in the light of the group evaluation, and then
give his reconsidered voting. The "“delphic panel" evaluation process

may involve several rounds of voting.

Findings of the delphic panel can be summarized in the matrix array.
Each row will represent a characteristic evaluated. The .charact-
eristics will be listed in order of importance with row 1 the most
important characteristic. Coltuamgs will list rank from left to
right} column 1 representing the highest ranking pump. Thus

cell will contain the assigned, unique number of the pump that

11
ranks first in the most important characteristics.

The characteristics should be rankéd by a locally established
delphic pannel. This panel may or may not wish to establish
methods for weighting the various attributes or characteristics

in order to numerically rank pumps on an overall basis.
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Where desirable separate rating may be established for pump stand
assemblies, cylinder assemblies (or equivalent), and connecting

assemblies.

A similar weighting system , a method known as the Simplified
Multi-Attribute Ranking Technique (SMART), is described in a

companion document.¥

*¥rcuidelines for Testing of Handpumps"
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DIRECTORY

OF

HANDPUMP MANUFACTURERS



HAND PUMP MANUFACTURERS .

ARGENTINA

Fabrica de Implementos Agricoclas, S.A.
AERMOTOR

Hortiquera 1882

Buenos Aires

("Lago")
("Piccolo")
("Brisa")
("Aermotor")

AUSTRALIA

Metters

Murray House -
77-79 Grenfell Street
Adelaide

AUSTRIA

Moderne Pumpen Ernst Vogel
Prager Strasse 6

P.O. Box 42

A 2000~ Stockerau

("Vogel“)

BANGLADESH

National Iron Foundry & Engineering Works Ltd.
Station Road
Khulna

("MOSTI No. 6"}
{("New No. 6")

Essential Products Ltd.
186 Rayer Bazar
Dacca

("MOSTI")
("New No. 6")

Bangladesh Light Casting Co
429-432 Tejgaon Industrial Area
Dacca

("MOSTI")
("New No. 6")

General Engineering & Foundry Works
199 Nawabpur Road
Dacca

("MOSTI")
("New No. 6")

Unique Metal Industries
44/C Azimpur Road
Dacca

("MOSTI")
("New No. 6")



&

BELGIUM

Pompes Deplechin

Dept. des Ateliers Deplechin
Avenue de Maire 28

B-7500 Tournai

tel.069-228152
tx. 57369

Duba S.A.
Nieuwstraat 31
B-9200 Wetteren

("Tropic I")
("Tropic II")
("Tropic III?)

SERTECO - Water Technology Dept.
446, Avenue de Tervueren
1150-Brussels

BRAZIL

Industrias Mechanicas Rochfer Ltd.
Caixa Postal 194
Franca, Sao Paulo

(water operated piston pumps)

CANADA

Beatty Bros. Ltd.
Fergus, Ontario

("Beatty")
{("Dominion")

GSW Pump Division
Hill Street
Fergus, Ontario N1M 2X1

tel. 519-8431610
tx. 06-956552
Mr. M.O. Hickman - General Manager

Monarch Industries Ltd.
889, Erin Street

P.0O. Box 429

Winnipeg R3C 3E4

("Monarch")

Robbins & Myers Company of Canada Ltd.
Brantford, Ontario

( "Moyno" )

Tri~Canada Cherry Burrell Ltd.
Mississauga, Ontario

("Helical rotor-stator type")

. Bombas Americana Ltd,
. Av, Marginal de

Via Anhanguera 580
Pg. Sao Domingos

- Sao Paulo

("M 1400", "M 1500")



CHINA (People's Republic)

China National Machinery and Export Corp.
Kwantung Branch

61 Yanjiang Yilu

Kwangchow

("Golden Harvest")
("YL series")

("SB 38-1")

("sB 40-1")

("S & sH")

CZECHOSLOVAKIA

Sigma Pumping Equipment and Valves Manufacturing Works
Vaclavské né&m.c60 -

P.O. Box 1111

11187 Praha 1

. ("Intersigma")

FINLAND

Vammalan Konepaja Oy
38200 vammala

tel. 2667

("Nira")

FRANCE

Les Pompes André Bodin
Usine des Regains

B.P. 29

37150 Blére

( "SOlO" )
("Majestic")
("Celtic")

Ets. Pierre Mengin

Zone Industrielle d'Amilly
B.P. 163

45203 Montargis

("Hydropompe Vergnet")

Ets. Pompes Guinard
B.P. 189
36004 Chateauroux

Mr. J. Cesbron

Gould's Pump Inc.
113, Ave. Charles de Gaulle
F-92200 Neuilly-sur-Seine




Briau S.A.
B.P. 43
37009 Tours -

("Royale")
("Murale")
("Aralll)
("Classique")
("Africa")
("Hydraulic Rams")

Ets. Champenois
Chamouilley 52710 Chevillon

("l'Africain", chain type of
pump using a nylon band)

GERMANY (Federal Republic)

Preussag Aktiengesellschaft
Kunststoffe und Armaturen
Postfach 9, Eixer Weg
D-3154 Stederdorf, Kr.Peine

(PVC casing, screens, cylinders)

Pumpenfabrik Beyer
2400 Lubeck 1
Glockengiesserstrasse 61

INDIA

Balaji Industrial and Agricultural Castings
Hill Street

P.O. Box 1634

Secunderabad - 500003

("Balaji" - Jalna Type):

Charotar Iron Factory
opp. New Ramji Mandir
Anand. Gujarat

{"Wasp" type)

Senthil Engineering Co.
49 A/21 Kamaraja Road
Tiruppur - 4
Coimbatore

Dandekar Brothers

Shivaji Nagar Factory Area
Sangli

Maharashtra

("Jal Javahar")

Central India Engineering Co.
2153/5, Hill Street

Ranigunj

Secunderabad ~ 500.003 A.P

("Banglore"; "India Mark II")



-

Gujarat Small Industries Ltd.
Nanavati Estate, near Chakudia Mahadeo
Rakhial, Ahmedabad-23 .

("Kirti")
("Kaveri", very similar to Dempster)

Inalsa

19 Kasturba Gandhi Marg
P.O. Box No. 206

New Delhi - 110001

("Mark II")

JPSR Company (Mittra Das Ghose & Co.)
Howrah, near Calcutta

(low-1ift & deep well pumps)

Xumar Industries

P.0O. Box 2

10/194 shekkarjyothi
G.B. Road

Palghat-1, Kerala State

("Bharatt 4")

Lifetime Products Corporation
Industrial Area
P.O. Box 102

Jodhpur
(Wasp type)

Marathwade Sheti Sahayya Mandal
Jalna, Dist. Aurangabad
Maharashtra

(originator and non-commercial
manufacturer of Jalna type)

Maya Engineering Works Private Ltd.
200A Shyamaprosad Mukherjee Road
Calcutta-700 026

("Maya Nos. 4,5,6")

Mohinder & Co.
Kurali, Dist. Ropar
Punjab

(low-1lift pumps)

Richardson & Crudass Ltd.
(A Fovt. of India undertaking)
Madras

("Mark II")

Rohine Engineering Works Ltd.
Industrial Estate

Miraj 416410

Maharashtra



Senco Industries
A-~12, Coimbatore Private Industrial Estate

Coimbatore~21

("Senco} also "Jalna; Sholapur")

Sholapur Well Service
560/59 South Sadar Bazaar
Civil Lines ’
Sholapur-3 Maharashtra

{non-commercial manafacturer of Jalna type)

Vadala Hand Pump
Marathi Mission -
Ahmednagar
Maharashtra -

(non-commercial manufacturer of Jalna type)

Water Supply Specialists Private Ltd.
P.O. Box 684

Bombay-1

( llwaspll )

IVORY COAST

Abidjan Industries

B.P. 343
45, Rue Pierre et Marie~Curie

Abidjan Zone 4c

(ABI-type "M")
("Africa")

SAFICOCI
B.P. 1117
Abidjan

("Africa”, agent for Pompes Briau)

JAPAN

Kashima Trading Co. Ltd.
P.0O. Box 110, Higashi

Nagoxa‘

("Kawamoto")

Kawamoto Pump Mfg. Co. Ltd.
P.0. Box Nagoya Naka No. 25

Nagoza

("No. 2-C Dragon")
("No. 5-N Tomoe")

Tsuda Shiki Pump Mfg. Co. Ltd.
2658 Mimani-Kannon-Machi
Hiroshima Prefecture

("Keibogo")
("Delta")



@

KENYA

Atlas Copco Terratest Ltd.
Norwich Union House

P.0O. Box 40090

Nairobi

("Kenya", previously "Uganda")

MALAGASY REPUBLIC

Comptoirs Sanitares de Madagascar
B.p. 1104
Tananarive

("Mandritsara")

MAROC

Ets. Louis Guillaud et Cie
31, Rue Pierre Parent
Casa Blanca

NETHERLANDS

Pijpers International Water Supply Engineering
Nijverheidsstraat 21 :
P.O. Box 138

Nijkerk
("Kangeroo Pump")

Van Reekum Metalen B.V.
Kanaalstraat 33
Postbus 98

Ageldoorn

tel. 055-213283
NIGERIA

DIY pump

'PARAGUAY

Kasamatsu S.A.

Comercial & Industrial

Chile 452 - Piso 20 Edificio Victoria
Casilla de Correo No. 52

Asucion

(Gera models "G-GO", Gera models "M")



PHILIPPINES

Avenue Mfg. Co. Inc.
P.0O. Box 3629
Manila

(Pitcher ' Pumps)

Dong Tek Foundry
699 Elcano Street
Manila

(Pitcher Pumps)

Seacom

M/S Sea Commercial Co., Inc.
3085 R. Magsaysay Blvd.

Cor. V. Cruz St.

P.O. Box 1489

Manila 2806

(Kawamoto Licensee)
Occidental Foundry Corp.
Xm. 16 McArthur Highway

Malanday, Vanlenzuele
Bulacan

(Pitcher Pumps)
{("England" deep well)

Triumph Metal Mfg. Corp.
P.0. Box 512
Manila

(Pitcher Pumps)

SENEGAL

SISCOMA
B.P. 3214
Dakar

(various pumps, some of French origin)

SOUTH AFRICA

Stewarts and Lloyds of South Africa Ltd.
Windmill Division

P.O. Box 74

Vereniging 1930

Southern Cross Windmill and Engine Co. (Pty.) Ltd.
Nuffield Street
Bloemfontein

Hidromite Pump Engineers
P.0. Box 160
Milnerton 7435




.

SPAIN

Bombas Borja S.L.
Calle villa Madrid
Pareela 168
Peterua, Valencia

Bombas Geyda

Avda. Carlos Gens, S.L.
Burjasot 54

Valencia

("Geyda" mainly for Spanish market)

SWEDEN

Petro Pump
Carl Vestmans ' Vig 5
S-13300 Saltsjébaden

TANZANIA

Shallow Wells Programme
Shinyanga Region
P.0. Box 168

Shinyanga
UGANDA

Craelius East African Drilling Company Ltd.
P.0. Box 52
Soroti

UNITED KINGDOM

Autometric Pumps Lt4d.
Waterside
Maidstone, Kent ME14 ILF

tel. 54728

(Rotary)

Barcley, Kellett & Co. Ltd.
Joseph Street A
Bradford, Yorks. BD3 9HL

(Rotary)

Barnaby Climax Ltd.
Pump Division

6, Kenneth Road
Crayford, Kent

tel. 526715

Consallen Structures Ltd.
291 High Street
Epping, Esses. CM16 4BY

tel. 378-74677

("Consallen")




K2

'

English Drilling Equipment Co. Ltd.

Lindley Moor Road
Hudders Field, Yorkshire HD3 3RW

tx. 51687
( n EDECO" )
H.J. Godwin Ltd.

Quenington, Cirencaster
Gloucestershire GL 7 5BX”

( lllell )
(llX" )

(“HLD" )
("HLS“)

Jobson & Beckwith Ltd.
62 Southwark Bridge Road
London SE1 oAU

tel. 01-928-7102/3/4

("Castle",full rotary)
("Norfolk", semi rotary)
("Major", diephragm)

Lee, Howl & Co. Ltd.
Alexandria Rd.
Tipton, West Midlands Dv¥4 8TA

("Oasis")
("Colonial")

Mono Pumps (Engineering)Limited
Mono House

Sekforde Street

Clerkenwell Green

London ECIR OHE

("Mono~Lift")

Saunders Valve Co. Ltd.

- Grande Road

Cembran
Mon

(Diaphragm)

UNITED STATES

Baker Manufacturing Company
133 Enterprise St.
Evansville, Wisconsin 53536

("Monitor")

Clayton Mark and Company
143 E. Main Street
Lake Zurich, Illinois 60047



Colombiana Pump Co.
131 E. Railroad
Columbiana, Ohio 4408

Dempster Industries, Inc.
P.O. Box 848
Beatrice, Nebraska 68310

(u23 F")
("23 F (CS) -EX")

The Heller-Aller Co.
Perrye Oakwood Streets
Napoleon, Ohio 43545

("Heller-aller")
( "H_A" )

Kitrich Management Company
4039 Creek Road
Cincinnati, Ohio 45241

("Gem" chain pump)

Mark Controls Division
International .Division
1900 Dempster Street
Evanston, Illinocis 60204

("Clayton Mark" cylinders,
valves and leathers)

A.Y. McDonald Mfg. Co.
P.O. Box 508
Dubugque, Iowa 52001

("Red Jacket")

Rife Hydraulic Engine Mfg. Co.
P.O. Box 367
Milburn, New Jersey

("Rife Ram")

Robbins & Myers, Inc.
Moyno Pump Division
1895 Jefferson St.
Springfield, Ohio 45501

Sanders Company, Inc.

Industrial Equipment and Supplies

410 N. Poindexter Street
P.0O. Box 324
Elizabeth City, N.C. 27909

tel. 919-338-3995
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UNICEF WATER & ENVIRONMENTAL SANITATION PROGRAMME

DACCA, BANGLADESH

‘WELLS INSPEC'I‘ION ‘AND EVALUATION REPORT

Form RWS/05

1. IDENTIFICATION

Village: - , Sub-Division : - 3. CARETAKER
Union District Name
,.'I‘hana Profession :
2. PuMp ‘Water Depth .
Da'e of lnslallanon I.)‘ischarge. (Well)
Rate

4. QUALITY OF SITE

(a) Distance of UNICEF/DPHE Well from :
— Caretaker's house ft.
— a Cluster of houses

(b) Piatform

—3a Tubewell ( excl. privrte) : . ft. '
— a Latrine . ft.
— Standing water around _ ft.

5. USE AND USERS
. (a) Population of the Village
(b) Population of a cluster of houses
where well installad '
(c) Population using this well
(d) Population ‘uses this well for

| Bathing ! | Washing | |
l*

Dnnkmg |

Other ’

Completed ?  Yes | | . No. L__.l : )‘ Populat < for Drinki
e opulation uses S - for Drinking
Intact ? ' ‘ Broken ? | l ) for Bathing
{c) Well- e . " e for Washing
—subject fo ﬂoodmg ? - Yes ‘ | Ne. | |- —_— for gthe’r
. need
—installed on low ground ? ’ , "No. l '
(d) Slope- _ i 6. WATER QUALITY -
—Sufficient slope to drain away water from - Iron content
. : N - -
Platform- Yes | l  No. | | and around Chloride content '
— " — " Water Taste
well- Yes | ' No. | | Cdor
7. MAINTENANCE . e. Pump ever repaired by _
e ————— , S —— e
(2) . ——— Caretaker ? Yes : , ' No. I '
a. Pump Lubricated ? Yes | | ‘ i ‘ |_~_| —
. —— ————— Vxllager ? Y.e No.
b. Spare readily available ? Yes I | | ‘ N me intenance _ l-"
o orm m .
¢. PHE Mechanic last attended the pump : Month f—
. d. No..of time pump repaired : Satisfactory ? L | Poor? l | None ? lﬁ'

8.

“Well accepted ? Yes | | wo. | ‘

If not, give reason :

WES Field Technician

Name
2)
Signature
s )

Date -

Situation which will warrant - pourmg ﬂoodwater into the
well (pipe).

Piston, pins, ruts, and bolts.

Tubewen water, ring well water, pond water, or any other
type of water for mentioned purposes.

’ Contractor :

Work Order No: -
Date :

SEA/?




HAND PUMP ZVALUATICN PrOJRAX

- Test Pump Tata Zheet

oy

'~ Ghana Upper Region Water Supply Prdject

s > #ell Xo. 455 H-)1S

lanufa~turer/Model io. P-3
_MonagcH (NDuUsSTRIES LID.-

2ump T7pe

HAMD OPEEATEL LIET PUMP

Late Inctalled
MAY 29197,

Statlc Level 13 FT-_

- Suction 45 FT.

.Ceneral Tescrliption

TS ynlT PECZIWEGO Wmor TWeT 4D Yuwm urlPer, REGICH ,

Toveoevy pew QSSiqn BY MOoNARcH v TS OMIT oS . Gau, fizagings
. L y

DD 1S PESKENAYSH TIPS &

" { [
so. 2gup, = R4 oeop prow .%Q“.wacu- Reo ¢ 3'xio frass cvlivoee.

Prepared by

We L. WARDRC? & ASZCC. LTD,.
Winninee«,”Canada



Ghana Upper Region Water Supply Project

HAND PUMP SVALUATION PROGIAM.

Sumnary of Relatlive Usage Reports

4
WELL NO. 455 H-15 | -
DATE: | Jue fz§:ié sepr.is 76| pec.247L | Jav. 2210 | Fen. 2]
READING:, | [36]. 416, 5¢3, T8 482 .
b
DATE: LLMAR.TT| 14 APR. YT | 43 may 11| L9MAYTT | e MAYTT
RZADIHG: 317. 940. God . 311. 359,
- VLDAY Pare ©7°
‘ - LY oA 2/
Represents total gallons per day PM. sury. Y.
REMARKS ,
MA*( gou‘ HIZ2FO Ywo AMAM. BOYS E‘I& BDucker cousres, < OLACED
IHEM O WL, TR, Eofe Igb\unug bx e, odgneas | ~
S
Prepared by

W. L. WARDROP & ASSOC. LTU.
Winnipeg, Canada
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Well Ko,

HANL

PUMZ

i "..‘\.LU.' STl

PECCRAN

Sumnmary of Inspection Reports

455 H-)5

Pup vodel ___ MonAecH Menst No B3 Tvee "¢’
2%

Date Installeg M A¥ 23

<

<
Dates of Insgecticn Reports:
. - . ' T
donws 10761 Jumwe 16-Te | June 2570 June 2970 Juty 1206 | JULY 2076 )
{ )
Auve 3-Tb AvG.lo.]L Ava '9.7¢ SEPT |-76 | seerive ! smer zo-7(.__
@t 76 |@e7 12 Mol@c 720 TeiNov ! % |Novtl'de Nov 2o F&
Dsc..1:76 Iper 1p 76 I88c . 2o 1 l8an #0117 [SAn JL__ AN 277
22 207 JFem 1) | mae.a-1 MM.'.M.T‘[ MAR 1] Mae.31.17
Ace. 19.77 | MaY 377 | MAY 12777 | MaY 26.77 | Juwe 3-11 i’Jwe ;5.77
]
i
|
- 3
|
: J
]
) |
L
i
repvared by - § |
Je Lae WARTRCT & AZIOC. LTC.

winnlpeg, Canada.
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Saumary of Reltive Usage Reports =

Ghana Upper Region Water Supply Project

' WELL N0, 455 H-15 -

e,

o : ' =T 2 '
DATE: 23 MAY 17 |24 May 11|25 May TT[ 20 HAYTT| 27 May 1]
READINGs AS). 587. 174 . 152 C13 .

| DATE: jzeMuy 7] 1 29 MAYT]{ Juwe G Juwe W N | 7 o 77

READING: 613, 421 . 382 304 . 5:9.%5

- RAIn By
‘ R( -esents total gallons per day

RITIARKS

TOTAL_Fog ONeE weekK = .33, GALLONS,

PSR R Y XA I

-+ : Prepared by

“We Lo WARDROF & ASSOC. LTD,
Winnipeg, Canada
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» Pl »
» vy ] v P >
g_a_:iamr'lﬁu’ﬁmnuamma nnaay wu .?I’??J’.’.’.’.’.J?‘.‘??.?:.9’3’.’@’.’.?.‘1?95??.
( Data on the use of testine well ) ( Village name ) A
» v Vv [} . :
Tl:xailand Handpumps Evaluation and Tsuew QT?\Ulﬁ%ﬂ‘)’\ﬂll’lut’.l:l‘nu.'lll‘\ﬁqn’ﬂﬂ‘m’la se .2.0'0' sevstocoeven UMT

; : Testing Project
o : 9 J { Averape distance from each house *o deep well )

i

. |

v v vy . N 3

. | S . rzuzndloaganimmuglanfamnme Lo 20 e t
- - ' ' ' i

( Maxiinum distance from each house *o deep well )

. A A o ' vy | e gy a4 A v
Au, 1fou, i vugi o = §741207 LN Taunfailun [UFinonilla;
{ No. of Villarers ) ‘ ( Period of peak load) @ ( No. of ( Quantity ;
- J ] v - . . X v i - ‘ ) e e .
aafui| Wi fugoye ¥l ( Female ) . U ( Male ) T tgr | vwauey |- i YAy | operatine | Bny |
- - v N ‘ - - stroke ) ( Litre) -
( No. )| ( Date) LAn ylvg - LAn g ( Total) {(Mornine)| (No. ) |(Eveniar )| (No, ) )
_ Children) | (Adult) ¥ Chitdren) | (Adwtt). ). . f .. ... _ Y R, - S ' ‘;
‘ §
1 § wu, 20 - C- _ 4 b 8 - - 15.10-17.51] 8 380 )
2 9 vil, 20 13 - 5 2 20 6.00-9.61 10 6.05-18.35] 9 922
3 10 ¥t. 20 10 5 5 5 25 6.00-8.19 14 Nk 40-17.45] B 920
5 | 11 wy, 20 5 - 7 8 20 6.,00-7.33 8  h6.00-18.10| 8 925 2
5 | 12 W, 20 2 - 9 8 19 6.07-6.2d &  h6.10-17.25| 8 911 |
6 | 13 wu. 20 2 2 15 | 8 29 6,14-8.49 8 h6.05-18.10] 16 1,265
$AL VIS g e T TR 1 s T ey ¥ P TR o prorY ' vy ; RSN I ASRER S e - . . . |

L a AT g . R A e R L AEFL R R L L Aot Pt Ay ant- b ol 2ol oL 0 TIPRIY
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( Data on the use of all testing well )

yoy

Thailand Handpump Evaluation and Testing Project

(> 2

Fnugnloi prule 1 A
( Averave daily user)

2191907 LT AN

. v [] [ "2 I V)
Tz Wusmiwle

4 ' 4 v | da Y ( Period of peak load) l
TOPLIW [0 1ATENGIND (309198 MIMITEY0 [~ v . E va’t?.u /5 ;
] da ¥ : - W ( Female ! 7 ( Male) | g9y 191 MIUAY 7] UMY :
illage = [wnnm { Type~ | Dsta record- v v _ . , |
ame ) of instatled ing period ) LN .‘jlW}] - (NN tﬂ“m (Total')(Morning ) {No. of [(Evenino) |No. of [(Averase - |Quantily
hand pump ) Children | Adult Childreh Adult {nu) user user |pperatino |(litre)
18N nanlyan 2 1 nh. 20 28.10 55.69 4.60 | 11.60 | 125 ’ 5,685 4,061 \
1wy, 20 - |
ulan aunit €08 25 nu, 20 67.00 31.38 | 3.39 | 8.23 |35 5.67-7.27 | 9 [16.46-18.10} 20 3,693 1,996 !
23 an. 20 ;
n . ,
iy NI 4 i1 . 20 10.63 51.60 9.22 | 28.55 |26 6.06_7.08 8 [17.06-18.28| 10 3,042 3,042 1
: 9 wu. 20 . . : . '
v 1 "3 |
AL Al 4 30 nu. 20 31.82 57.96 | 3.66 | 6.56 118 |5.48-7.42 40 |16.05-17.26] 39 8,299 5,628 |
22 AR, 20
—_A’] N ’ ;
YWY nTulugn 1 10 wu. 20 36.61 43.17 15.71 | 4.5 39 6.01—8,02 16  [16.10-19.37| 17 1,794 1,081 :
3 37, 20 o .
ey ABYAILAY : w. Z° 12.33 15.75 | 13.02| 58.90 ‘|6  [9.20-9.00 | 3 [16.18-18.19]| 3 547 281 |
. 20, 20 .
. " 6 Wu. 20 : 3
AMANUTN(DN) | NONANDN 42.39 42.81 9.45 | 5.35 40 - - - - 3,752 1,924
v s 30 Wy. 20 2t
v v -
o4 7 Wu. 20 .
FUNDY viany , 21.11 70 .34 3.46 | 5.09 120 |6.47—7.78 33 [16.18-17.66] 42 5,000
: 3 an. 20 .
v va ' ) :
1IN vanu 8 ¥y. 20 12.83 7.21 38.84| 41.12 |22 6.22-7.07 7 |15.33-17.66 | - 11 1,233 =
€ $n. 20
' ¢ : ' o
e nrming 2 22 ;‘2. gg 31.23 50.88 10.62| 7.27 49 6.18-8.21 19 [16.50-17.44| 17 1,27 1,275
- - - i T T e iatuamskasnney of g0 ST g s e —



Form 1

Bimonthly Inspection Report
: of Water Pumps

Location:

Water pump number:

Date of inspection:

Name of inspéctor:

@0

1. PHYSICAL. CONDITION
Indicate the condition of the following water pump parts.
GOOD CONDITION  WORN-OUT ~ BROKEN

Handle:

Plunger Rod:

Pins:

Nuts and bolts:

(:D Pump stand:

(' 2.

Indicate if there were a fault in the water pump '
in the last 2 weeks. Yes No -

PERFORMANCE

If there were a fault, describe the problem and action, if any, taken to
correct it. N ‘

Indicate if there have been complaints about the performance of the water
Pump- :
Yes ' No

If there were, describe it.

-24~



Form l(continued)

3. USAGE e
Indicate how many people use this well.

Less than 30 30 to 50 50 to 100 100 to 200 More than 200

Indicate approximately how many times per day the pump is used.

Less than 30 30 to 50 50 to 100 100 to 200 More than 200

. 4. GENERAL OBSERVATIONS

_/

=25~
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Foyrm: 1
"WORK - BENCH INSPRCTION"
(Pra-installation cheack )
HAND PUMP: Type:
Origin/Country:
Code:
Place of Installation:.
l. CYLIND®R: :
a. Body material:
b. Cylinder material:
c¢. Cylinder ovalty:
d+ Cylinder smootheness: .
e..CuD water material- smooth:
f. Piston valve material:
Typa of valve:
Bfficiency of valve:
(1eakage)
2. PUMP H®RAD: .
Type- integral/separate:
No.of pivot points:
Material of pivots :
Type of lubrication :
3, PUMP HANDL®:
Material of handle:
Typa of handle:
"4, PUMPING WFFORT:
Low:
Moderate:
High :
Rapair of the hand}pump needed? :
Place : Pate: 19




Form: 2

FIRLD T®PST ( a )

é Type of pump e
Code : Place : e
Date of installation: Date of tast :
Water level(below G.L,) | Type of well: Open/Brilled ? .
Test consists of clocking time taken to fill
a 15 litre bucket. Number of strokes taken also counted.
( Repeat three times for average)
<:>‘ ‘TIME in sec.| No. stroké;1
. Date of tast: . Test a. . 1 Day
R Vater level: m. b,
(below G.L.T .
| av:
' Ouﬁputzlit/min:
Date of test: Testta. 2 Day
Water level: M. b.
| c..
av: d
_ Output:1lit/min:
Date of test: : Test a. o 3 Day
@) Vater level : m, .
@ c.
T av:
A Output:1lit/min:
Date of test: __ Test a. 4 Day
" Water level: ' n. h.
ce.
av:
‘ | Qutput: 1it/min:
Date of test : Test a. 15 Day
Water level : m. b,
.
\av:

(Sfgnature insvestigator) .
: Output: lit/min:

g~
-~ X
i
:

& 4

o
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o Form:b3
‘FIFLD TRST ( b )

l. Type of pump:
2. Code:

3, Place of installation:

TIMR No.of Users TOTAL
1. "« S - 6 hrs

6 - 1T

T - 9

9 -~ 12
12 - - 14
14 - 15
15 - 16
l1¢ . - 18 )
18 -~ .20

Total users:

. Avergge time to £111 15 1lit. bucket:

L US®R Time/sec. | . USFR i Time/sec.

13

3

14

15

16

1y

19

20

1
2
p
.9
5 IT
6
7
8
9

21

22

R P S

23

12 - 24

25

a) av.time/user ¢ Sec:

b) output/min : litre :

Total No.of man ‘per day:

P
A

(2

.,.,k
it )
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RRCORD OF BRFAKDOWNS

Type of hand pump:

Form: 4

Code; Place:
Date of installation: 19
Date of breakdown Description of the Date of Cost of
_ breakdown revair revair
§
§
t
Date: 19 Signatura:

Fquipment requirad for test:

Item: Quantity:
1, Stop watch one
2, Steel tape +§0 n one
« Caliper (out
z. m ve Ein ) or one double one
5. Tally counter ~ one

6. Bucket, gradusted,plastic, 15 1it, 1 pe.

(Recordes by:)
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HAND PUMP SELECTION AND TESTING

Harpenden, Herts., U.K.:; 29 May through 1 June 1979

. Introductory Paper Presented by C.K. “"Roger" Stapleton,
I.R.C, Consultant

"Hand Pump Requirements of Rural Water Supply Programmes"
00000000000000000000000060000000000000000
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Introductory Paper Presented by C.K. "Roger" Stapleton,
I.R.C. Consultant '

"Hand Pump Requirements of Rural Vater Supply Programmes"
00000000000000000000000000000000000000000

Introduction

The I.R.C. in particular has been successful in creating an
awvareness among the international communities of the urgent necessity
to tackle the problems associated with hand pumps as a means of making
groundvater available to the rural communities, Workshops and Seminars
have, in recent times, concentrated on particular aspects of hand pﬁmp
usage, These are dealt with in I.R.C. Technical Peper No. 10 entitled
"Hand Pumps", a report prepared for I.R.C. entitled "Hand Pump Mainten—
ance" also reports emanating from other orgenisations and international
bodies,

However, it is felt that the subject of '"Hand Pumps" has not been
fully exploited, in that important issues still remzin unresolved ox
that such issues are not universally understood concerning principally:
the criteria for selecting hand pumps; factors affecting their selections
and uniform procedure which could be a2dopted for standardizing monitoring
and evaluation of performance;

General ]

In this day and age when much attention is being focussed on man
and his environment, it is understandable that water should have a
place of prime importance. That every person should have sufficient
safe (potable) water for his daily needs is his fundamental right,

This is the goal which we would like to see realized today, We have
been talking about the increased aworeness among rural communities, that
to have "good" water readily aveilable is the most important amenity ox
element in the quest for better health, This has become manifest in
real and tangible terms as the ever-increasing number of requests and
proposals are emanating from the rural communities themselves for an
improvement in their water supply 2nd sanitery conditions, as an initial
step to bring about an overall up-grading of their general living
stendards, This "bottom—up" approach is basically z natursl

phenomenon and is usuzlly accompanied by a cooperative and voluntery
offer by the community to participate at all levels in water supply

and sanitation programmes. -

Undoubtedly the rural communities cre becoming stimulated in their
demand for "good" water as a result of the publicizing of proceedings
of major events, such as the International Conference on "wWater for

Peace' which took place in Washington D.C., U.S.A. in 19673
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recommondatiors which evolved from the World VWater Confsrence held in
Mar-del-Plata, Argentina in 1977 which also carried on endorsemcnt of
the HABITAT recommendation that safe water and improved sanitotion
should be avecilable to 2ll by the year 19903 and perhaps to be further
influenced by the focus on the "Year of the Child", on event being
merked in almost every country in the world this year,  Furthermore,
the period 1981-1990 has been publicized as the "Woter and Scnitation
Decade",

Taking water supply on 2 global scale it is estimoted by WHO that
in 1975 some 1,200 million people living in rurcl arcas of developing
countries lacked reasonable access to safe ond adequate drinking water,
To attempt to rectify this situation in the simplest of texms might
cost in the order of U.S, dollars LO billion if the task could be
completed by 1990, Or reclistically cppraised by WHO in collaborction
with the World Bank, it would require an investment rate cmounting to
four times the 1971-1975 investment rate mainteined through 1990,

A Casec for Hand Pumps

General

It is a common understanding that the utilizetion of hand pumps to
deliver water from shallow ground water sources is the simplest, most
economical and 2 readily acceptable form of rural water supply, This
is the opinion of a writer in the World Bank publication "Village Water
Supply" in wvhich it is quoted "Groundwater, which requires little or no
treatment to make it szfe, is preferable to surface water, In particular,
in the poorest countries shallow wells with hendpunmps should be used
vhenever ypossible, In arecs where groundwater is recadily avazilable,
shallow wells with handpumps are by foar the cheapest means of providing
a good water supply®, '

This philosophy is borne out by the fact that hand pump programmes
of megnitude are being implemented in such countries as Banglazdesh,
Pakistan, India and Ghana to mention but few. Sizeable and important
hand pump projects are underway in Afghanistan, Kenya, Tanzahia,
Thailand, Ethiopia, Malawi and other countries, In point of fact, it
would be difficult to name a country that has not had hand pum»ns at one
time or another, to provide water,

Hand pumps in general are referred to as simple water lifting
devices, which basically is true when compared with most reticulation

systems, deepwell power pumps and -the like, But in common with 211

.water supply systems, evaluzction of a certain amount of basic datn of

a fundamental nature is necccssary to ensure that the most suiteble type
or model is selected, first having established that tha water is potable.
The criteria upon which to base the selection of hand pumps, will

include: -
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~ water sources (wells/borcholes), depth to water and yicld,
- cost of constructing wells or boreholes,
- estimated avercge nunber of people who will use each hand pump.
-~ who will bc responsible for installation, servicing sud maintceuance?
-~ financial arrangements for purchase of pump and replaccable parts,
- the feasibility and practicability of local manufacture,
- installation and maintenance procedures - easy or complex?
etc. ete.
More in-depth selection, will include:-
-~ an appraisal of specifications collected from a brozd sprecd of
manufacturers,
= low production or purchase cost matched with the efficiency
desired.
~ long life expectancy undgr severe operating conditions,
~ ease of maintenance with simple hand tools.
- simple to operate, especizlly by vomen and children.,
etc, etc,

3.2 Selection Process

The selection of the most suitable hand pump is essential and
should be thoreugh, but by the same token it is not desirable that the
process should be regarded as formidable, Local situations and
circumstances greatly affect or influence the ultimate selection, such
as social attitudes of the people who will use the hand pumps, loczal
tradition, local production ability and prospects, types of hand pumps
already in use to promote the possibility (and often desirability) to
standardize, etc,

In Pakistan, as much date as could be found was resecrched and .
criteria for selection was applied by WHO and UNICEF, at & time some
three years ago, when the latter orgonization was requested to assist
the Government in the provision of large numbers of hand pumps for an
emergency relief progromme in rural woter supplies, Bven then, this
proved inadequate, because on this occasion additional assurances had
to be sought from the principal manufacturing company that they could
locate sufficiently competent smell firms to fabricate certain
component parts so as to maintain production targets of complete hand
punps, This exercise was also further complicated by the necessity
to involve the small firms in the legeal aspect of honouring delivory
dates for production, Inspectibn of the completed hand pumps and
quality control of component parts did not prove to be an easy matter

to arrange and execute,
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In Tenzania, UNICE¥'s cssistance to Government coupled with a
bi-lateral donor, aimed at producing hand.pumps indigenously, has been
2 protracted association which has resulted in considerable delay in
producing the first few hand punps, Unfortunately the test results
showed them to be unsatisfactory due principally to structural weakness
in the headmounting. This has been rectified, but subseguent production
models are being fitted with some components which are imported, It
is believed that the locating of a suitable workshop and tooling it wp
to produce the prototype hand pumps hove been the major set-backs to
the programme,

~ Observations on the Bangladcsh Rural Yater Supply Cyclone
Reconstruction Programme in which UNICEPF assist2d the Government
earlier in this decade, pointed to the necessity to alter the design
of the hand pump which wes already being produced in large nunbters for
on--going projects, This decision was reached following an =zppraisal
of all relevant factors in the hand pump selection process, The
adviseability of installing more pumps of the same design seemed
questionable in view of the volume of parts which would be neccssery to
maintain them. It was revealed thot some vitzl components wore out in
3 months or less and that many hand pumps were out of comrission for
periods of 3 to 6 months, This situation gave rise to speculation
that the hand pumps were out of order at least half of the time,

The production model of the U,S,T. hand punp in Ghana in 1976 wes
the outcome of five years intermittent work involving research and
testing of prototypes. Even then it was considered to be an advantege
to modify the production model, by re-designing the bottom valve to
facilitate its withdrawal through the rising main. This modification,
together with the ensuing operational testing period, neaded a consider-
able period of time to prove its reliability.

Technical Factors

Althouzh criteria upon which to base the selection of hand pumps
and basic data have been mentioned previously, it is thought necessary
to enter into more detail under the headings of technical and non-
technical factors in hand pump selection,

Dealing with technical factors, the following headings are
relevant:-

a, Bydromeological considerations, It would be correct, =nd in

some countries it is mandatory, to have the area of 2 proposed
hand pump programme hydrogeologicclly surveyed prior to
constructing wells or boreholes, to ascertain, among other

requirements the level of the water table, source of re-~chorge,
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safe extroction rate, cte, Institutional capacities for
mauagement of ground water resources cre ineffective in some
countries, therefore programnes for rural water supply which
have o high priority rating are (of necessity?) frequently
implemented without sufficient hydrogeologicel understanding,

Design characteristics. The depth to water or 1ift required

by the pump is of mejor importance and will greatly influence
the robustness of the design of the hand pump. Yield
requirements will also contribute to this aspect and
additionally to the dimensions of the barrel and plunger,

Water source (well, borchole, etc.) will determine the design

of the base, Water quality {mineral and chemical constituents,

plus any presence of suspended solids, silt or sand) will have
a bearing on the selection of materials to be used for the

barrel or liner, plunger, rising mein, etec, Physique of the

users, plus the 1ift of the water, will, in part, detail the
design of the handle or foot pedal, Receptacles in which
traditionally, water is collected, will determine the position
and design of the delivery point, spout, etc. Local
resources of beneficinries in terms of ability to instal and
maintain hand pumps and, within the country, the possibility
to manufacture the pump complete or certain component parts
needs careful investigation,

etc, etc,

Qurlity of manufacture. The prevalencs of poor quality puups

or a relatively high proportion of those, being defective as
supplied in new concition can be traced inveriably to a few
developing countries which manufacture indigenously, This
does not imply that developing countrics should not be
encouraged to manufacture hand pumps or component parts -
rather the opposite is the case. But it does point to the
need for tighter design and quality control during the
manufacturing process, Common defects ares faulty screwing
of threads, rough bores in the casting or the liner, incorrectly
balanced constituents in the cast iron, poor quality leather
for cups and valves, variables in staondard dimensions of
component parts, etc,

Maintenance reguirements. The relationship between new well

construction and hand pump maintenance frequently receives
insufficient attention when new projects are planned, A hand
pump well construction project requires a lonz-term commiiment

to maintaining hond pumps and providing spare ports. Vihethexr
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the fhuanceing for new construction comes from internzl or
external sources, the relationship between construction and.
maintenance exists and should be considered from the start if
the investment is net %o be wasted,

There are many reasons that the relationshi; between
construction and meintenance costs is not fully considered.
Sometimes the organization responsible for well construction is
different from the organization responsible for hand pump
instzllation, which is again different from the organization
respongible for hand pump maintenence, Sometimes, without
any real justification, it is hoped that the local cormunity
will somehow maintain the well, However, experience has
shown that maintenance is of paramount importance in a hand
PUMP Progromme.,

Whatever maintenﬁnce strategy is adopted, be it government
controlled, the three tier system, Thana Stores System1),
village self reliance system or others the underlying aim should
be for efficiency, Simplicity must be the keynote to repair
and maintain the hand pumps, There is a strong recommendation
to standardize the model oxr type and arrange courses of
instruction for those responsibdle for the repair and maintenance,
to teach them to undertezke this function efficiently and with
dedicationz). Hand tools will need to be provided to those
undertaking repair and maintenance.

Guidelines, There are two basic types of hand punpsse-
- the shallow well pump with the pump cylinder above the
ground.
~ the deep well pump with the pump cylinder below ground and
normally submerged in the water,

A rule-of-thumb guide on performance of a typical hand pump
is 30 to 4O strokes per minute giving a yield of approximotely
30 litres per minute. There are, however, nurerous factors
vhich affect the capacity of a pump, such as the 1lift, strokes

per minute, dimensions of the barrel (cylinder), ete.

1) Described in the Draft Report "Hand Pump Maintenance" by
John F, Shawcross for I.R.C.

2) Described in a UNICEF paper "Motivation of Pump Opcration
and Maintenance Training Programme for Rural water Supplies
in Kenya" by C.K. “Roger" Stapleton, Nairobi, 6 May 1976,
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For the shallow well punps, borrels are often mede of cast
iron and, to avoid excessive wear on the cups, have a brass or
P.V.C, liner, In some instances G.I. pipe is used with a liner
inserted, Single cups are mostly fitted, originally made of
leather, but now manufactured from neoprene and possibly other
plastics, The rods are mostly of steel, Popular barrel
dianeters vary between 12 ins, and 3 ins. and from 9 ins., to
18 ins, in length.,

Deep well pumps usually have a brass barrel, but P.V.C.
barrels are now uscd extensively. Cast iron barrels with a
brass or P.V.C. liner are used to a lesser extent, Double
cups made of leather or neoprene 2re widely used, Popular

barrel diameters are similar to the shallow well pump, althouch

due to a longer stroke being preferred, the barrel is necessarily

longer, some 2 to 3 feet in length, There are two basic types
of deep well pumps: the “closed type" which requires the rising
m2in (or riser pipe) and barrel being withdrawn to replace worn
cups, and the “open type" which, beccuse the berrel is of a
smaller internzl diameter fhon the rising main, the plunger
only need be withdrawn to reploce worn cups. The rising main,
popularly 2 ins to 3 ins. diameter is either G.I. pipe or P.V,.C,
the latter used especially when the water levcl is not deejp,

The rods arc mostly of steel,

Appropriately classified under the heading of Guidelines
can be data derived from the testing of hand pumps, When such
data is available, it will contribute to the collection of base
line statistics which can greatly influence the selection of
hand pumps. Evaluation of reports on the monitoring of pumps
under normal operating conditions con be constructive in
determining a type or model to suwit a specific programme,
vhilst the reports of laboratory tests might be beneficial in
providing design characteristics, strength and chemical

constituents of the material for the component ports,

3.4 Non-Technical Facters

Such factors may be difficult to define, but they are inherent

in most rurzcl water supply progrommes and become manifest during the

decision-making phase,  For instance, non~technical factors will

includecs =~

Qo

Accentance by the rural comriunities, The introduction of
o hand pwap, or even & pzrticular type or design must be
acceptzoble to the people, otherwise there is a grove risk

thet the hand pump will not be used, There are & rumter
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of reasons which could lcad to rejection, including
cultural, lack of hezalth education, or simply that the

- community anticipated a different water supply system,

b. Respongibility for installation and maintenance,

It is not yet a universal understanding or & commitment,
as desirable 2os it might seem, for the beneficiaries to
accept this responsibility, even when suitable training
is avzilable,

C, Institutional arrangements. There have been instances

where the institutional orgenizations were not orientated
or were too inflexible to accept a hand pump programme,
In some cases this is because governments have not decentral-
ized their administration.,

d.  Einance. The sources of finance, level of funding and
financial arrangements have a direct impact on the choice of
hand pumps, often of a limiting or restricting nature,

€. Political pressure is occasionally associated with the source

of funding, especially when foreign assistance is involved.

Observations

This workshop is meant to provide a forum for the exchange of
views and discussions on the results of punp evaluation and testings
to establish a guide for hand pump testing and a protocol for field
evaluation of pumps, In producing this abridged paper it is
anticipated that it will provide background information, placing into
an overall context the various asnects connected with hend pump require-
ments of rural water supply programmes, Particular subjects such as
maintenance, laboratory and field testing, evaluation, etc., which
are supported by independent documentation will be treated as separzte
entities in the first instance,

The general inference throughout this poper has been for the
reciprocating type of hand pump., It is envisaged that the rotor and
stator positive displacement type of hand pump will figure in the

discussions at this workshop.

-

Buxton

23 May 1979
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The Purnose of this Guide

Testing of handpumps in some form or other has often been performed in the
past. Frequently, however, the complaint is wade that the. results of such
tests are not borne out in practice, and if the success of many hand puwp
programmes is any measur> of the usefulness of testing, the comment is often
true. Nevertheless, many of the tests seem to have been carried out without
dve consideration for either the methbdology of testing or the limitations of

such testing, and all too often invalid conclusions have been drawn.

The purpose of this guide is to show the kind of approach that should be used,
the principles involved, the uses and limitetions of such testing, and how it
should be used in the final deccision-making process of a handpump programme.
The kind of tests to be carried out and the equipment and skills required

are enumcrated, together with a suitable method of analysing the results,

foreover, it is hoped that this guide to introduce a standard scries of tests,

whereby pumps tested by different organisations can be compared directly,



2. INTRODUCTTION

2.1 Background
The supply of water.in less devéloped ccuntricé, particularly in
rural areas, has long been a serious problem. A supply of clean,
" potable water is the largest single contributory factor to the
reduction of the high mortality rate encountered in such countries;
nevertheless it was estimated that in the S.E. Asia regaon in 1975
eighit out of ten people did not have rcasonable access to a safe

water supply.

In many countries much eifort has been -xpended in attempts to
alleviate the problem. The use of handrumps in either dug or tube
wells provides perhaps tho cheapest and most widely used form of
water supply. Lven so, the problems have not diminighed, but are
perhaps even accentuated. This is evidenced by the high percentage
(sometimes 50%) of zumps in some arcas (India hass 5een particularly
cited), which lie broken or fail to function prenerly.  On the other
hand there ave pumps in othier parts of the world which have given’
reliable service for decades. Further, hand pumps have been
available for at least 200 years, and ilhe technology is very well

s Q

estublished. Why then do such problems persist
The visible causes of thece problems arise from several sources -

(a2) A pump vsed for a rurel water supply may bc use by as many as
1000 people. Many of these pumps were designed for use on
farms in rurad areas of industrial countries and simply comnot

tolerate the intensive use required.

(b)  The manufacturing quality, particularly of cast iron pumps made

in developing countries, is often poor.

N



(c) The cavital available for purchase of pumps is frequently severely

limited. As a result, cheap pumns, which may be less reliable,

are likely to be purchaced.

(d) There is often very little or no maintenance carried out on the
pumpa, resources to carry it out being severely limited. This
is perhaps the major problem since others would be relatively

less important if maintenance were carried out.
A

The reagorns for improper maintensnce vary consicderably but are usually

due to one or more of the following -

(a) Poor availability of imported spares, and lack of skills to make

spares locally.

(b) Lack of local technological knowledge suificicnt to provide
adeguate maintenance, often combined with remotencss of the pumn

from any servicing centre.

(c) Difficulty of organising and consequent lack of, mezintenancs
services.

(d) Lack of awarencss among villagers of the importance of clean water
and the consequent vandalizing or neglect of pump installations.

(e) Lack of clearly agreed and accepted responsibility for the

nump.



The problems are thus woll known and yet, despile much discussion,
xpense, and new pump design; remain rife. If a Mdistilled" reason

for the problems were required, it covld be stated as "the introduction
of ideas and technologies into cultures which have no previous

knowledge of_thcm”.

Cultural traditions die hard: changing from a dirty water supply, which

‘has been used for centuries, to a clean woter supply which must

be looked after requires motivation. The abscnce of this, which may be
due to lack of cducation, traditioan of personal hygicne, cr to scme
other reason is the root cause of the appearance of many of the other

problems.

Since the probiems are predominently sociolcgical in origin, whence

does the need for handpump testing arise? Handpiump testing is important

for two main reasous -

(a) To enable international and government organisations to purchase
pumps suitable for insfallation in a given area so that capital
costs, maintencnce costs and overall pump accediability can be
combined to give the best value for money.

(b) Because wise selection of pumps can considerably reduce the impact
of those problems which in themselves are extraneous to the punps.
Yor example, a pump which can opecrate with practically no
maintenance will be of considerable benefit in an area where
maintenance services are very pocr. At the same time it is
essential that the root prculems are dealt with as well, rather than
placing the wholé blame for the failure of a punp programme on the

pumps themsclves.



2.2

Pump Lvaluation

In an ideal situation one could choose a pump which, merely on the basic
of its technical performance, price, and maintenonce coscts, could be

manufactured and used anywhere in the world. In the expericnce of

‘comparative testing orsanisations it has been found that occasionally one

does find a brand of product of sufficient superiority to all others that,
it can be considercd a.”best buy" within a limited geographical area.

In the testing of pumps, however, the situation is very different and
presents some intractable probloms when cne congiders that the results

of such tests should be applicable world wide. In particular three things
must bec considercd, i.e. that -

(a) The costs of installing and maintaining the same pump in

different areas of the world will be completely different.

(L) Tﬁe sociological and cultural traditions of certain people may
completely rule out a pump which, from a technical viewpoint, is very
good: e.g. It is almos£ impossible to use brass pumr components,
particularly cylinders in some parts of Africa, and India as they are

likely to be stolen to make jewellery.

(c) The climatic and hydro-geological conditions in which the pumps are
installed can vary so widely and affect different pumps in differcnt
wayé: €.g. a pump may perform well in neutral yaters and yet fall

apart through corrosion in a water of pH 5.5

A final answer to the question of which pump(s) would give the best overall
combinaiion of performance, durability ond cost can only be obtainzd by
testing the pump(s). in the situation in which they will be used. However,
such field tests are difficult and very cxpensive if carricd out properly
with large numbers of pumps. Laboratory testing of thé purps can give
indications of those pumps which could perform well, but, to make any

decision whatever basced on such reculit, the lind of socio-economic anc



geological conditions prevailing must be kanown. Surveys are therefore
often a necessity especially in regions where handpunps unave not been used

before.

Taboratory testing, therefore, cen only be regarded as a tool in the finel
evaluation of a pump and should always be considercd as such. It can be
especially useiul in comparing larger numbers of pumps so that those which
obviously will not fulfil the required conditions can be scroened out.

Field iests con then be performed on a feow sclected pumps which scem likely to

meet the necessary standard.

In brief, therefore, the uvses and limitations of laboralory testing can be

sunmarized as follows.

(a) The perfcrmance of the pump can be determined with regard to
efficiency measurements, forces required for operation ond stresses
in the pump components.

(b) The ease of use of the pimp by different ucars, and the ergononics
of that pump can be investigated.

(¢) The desien of the pump can be assessed both critically and
constructively.

'(d) Endurance tests can be performed under a limited range of conditions
-to give an idea of the componcunt= likely to cause failure or require
frequent maintenancza.

(e) ALl investigations can be carried out at varying pumping depths.

This is a major advantage of laboratory tests over field tests.



The limitations -

(2) Iandpamps are tested wuder standard‘conditibns which, although
making comparison between pumps much more reliable, may not correspond
to thosce found i» the field in onc particular area.

The differences could cause significant problems.

(b) Laboratory testing cannot comrletely take into account the cultural
and social effects o the pump-users, though in many cases one should

be able Lo predict likely conscquences if the users way of life is known

(¢) Life cycle costs cannot be properly analysed, firstly because of their
very wide variation in different parts of the world. Secondly beczuse
the life of come pump components is user dependent and cannot
accurately be predicted in a laboratory test.

(@) The number of samples which are tested (usuzlly only 1) cennot take
account of sample variatidn or give any information rcgardin

2 the quality

(&)

centrol capabilities of the manufacturer.

As long as the limitations of laboratory tests are realised, very useful
results can be obtained which can considerably reduce the decision-taking risk
involved in a large handpunp programme. It is important however to combine
the results of lasboratory testing with those of field tests and surveys 1if

meaningful conclusions are to be drawn.



2.3

Current Puinp Testing Projects
P

There are several testing projects known to the authors which are

in progress at the present time, These are as follows:-

2,3.1., A full sct of tests based on those in this guide is being undertaken
by the Harpenden Rise Laboratory of Consumers Association, U.K. the
project being funded by the Overseas Development Ministry of the U.K,

A total of 12 pumps are being tested in two batches of 6 cach, The -

project is due for completion in March, 1980,



THE ADPTROACH TG TEST DRESTGH

3.1 Sclection of Attributes

Thé first stage in any comparalive test design 1s to find out those
attribules which the pﬁrchaser/user considers to be important when
choosing a product to suit his needs. The relative importance of each
attribute will vary according to the country and area of application, but

they can be divided roughly under five geparate headings as follows.

3.1.1 Tump Desian

Under this heading can be considered such questions as -

(a) Is the design easily manufactured in a developing country?

(b) Is the pump adequately designed to withstand the heavy usage
encountered in developing counfries?

(¢) Does the -pump have sufficient resistance to contamination by
exfernal/surfaco wvater? ]

(d) 1Is the pump robust enough to withstand a certain amcunt of abuse,
attempted vandalism end pilferage?

(e) How casy is the pump to repair and maintain?

(f) Are the materials used in the pump compatible between themselves
and with the cnvironment in which the pump will be used?

(g) How easy is the pump to install?

31.2 Ergonomic Suitability

This includes such items as -

(a) 1Is the spout designed to be able to accommodate the use of us
many types of containcr as possible without splashing or otherwise
wasting water?

(b) Is the hSndle height suitable for the majority of the people who
‘will uce the pump?

(¢) Is the pump reosonably easy. and comfortable to operste by the usuzl

drawers of water, who will be women and children in many cases?
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(d) Vhat forces arc nccessary to operate the pump?

3.1.3 Performance

In LDC applications, it 1

6]

probable that the efficiency of a pump is
not particularly criticel, provided it i1g above an acceptable limit.

Two items which will be of more than academic interest however are -

(a) Hew Tast water leaks frem the pumping cylinder when the pump
is not being operated. In practical terms this is ”Fpr how
many strokes doces the pump have Lo be operated before water appears
at the spout?"
(b) Vhat is the volumetric and mechunical efficiency of the pump?
In morc simplistic terms this reduces to "How much energy is

needed to fill a bucket of water?

3;1.4 Endurance
The main quesltion here is onc of reliability ;nd can be summarisead
in three questions thus -
(a) How often is the pump likely tc break down and why?
(b) VWhich parts are likely to need periodic replacement?
(c) Hcw much preventative maintenance is neecded to reduce the
frequency of breakdown to a minimum, or at least an acceptable

level?

3.1.5 Safety

This last atiribute can be quite simply stated "How safe is the

pump in use?',
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3.2 Discussion of ALtributes

The above attributes, considered as guestions, comprise the primary
considerations when evaluating a pump. VWhen the auswers to these have been

found for any pump, the overriding questions then become -

(a) How much will be pump cost to buy or to make?
(b) Can the manufacturing quality of the pump be maintained consistently?
(¢) How much will the pump cost to maintain in working order and what

facilities are nceded for this?

Having listed the questions which must be answered it 1g apparent that many
can te rcsolvel by simple laborabory tests, some may rcquire accéss to more
information, (such as might be cbtained from surveys) before they can be
answered; and some can only be satisfactorily answered by field tesling.
In particuiar, the economic conslraints and those which may arise from
political and cultural environments can cnly be judged by the organisation

installing the pumps on the basis of information from all sources.

The next stape pernaps is to decide which questions can be answered by
laboratory tests and to arrange them in such a vay that, knowing the kind of
tests which can e carried out, they provide a meaningful basis on which the
pumps can be assessed. Table 1 shows all the attributes before menticned,
each subdivided into the important component parts which can be more easily
recognised. It will be noticed that the design section has been split into
two parts viz above ground components and below ground components. This is
to make comparison simpler, becausé on many.deepwell pumﬁs the pumpstand,
cylinder and connecting assembly can.each come from a different source of.
supply. Some pump charaéteristics are Jdifficult to confine to one heading

and it will be noticed that in some cases there is a slight overiap.
Having laid out in the form of Table 1, 2ll the facts we need to know, and which

we hope can be answered at least in part by laboratory tests, the next stage

is to discuss how the puwsps can be evaluated on a satisfactory besis.



TABLE 1
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PUMP ATTRIBUTES TO Bl CONSIDERED TN LABCRATORY TESTTNG

SISV M IR LA

PRIFARY
ANTTRIBUTE

s scnrrsa o a0 TR
How well is
the pump stand
designed?

SRR e o

FIRST SUBDIVISION

LA AL S TR LT N AT Al i AR AT 0 AMUAT P L a IS T 1o AT A L ALY BRIATA BT 23 FRIAL SRS LA

SKCOND SUBD1VISION

< g3 . < =

Y L R

How easily
be made in
country?

can the design
a developing

Is the pump adeguately
designed to withstand
the hcavy usage cncoun-—
tered in developing
countries?

Y

2 Ay

Vhat type ol equipment is
requirecd: -

Foundry?
Machining?
Cutting, drilling,
Presswork?

Sheet nme'.alwork?
Protective coating
Plastic and rubber
Woodworking?

welding? -

application?
mouldings?

How much skill is necded to
assenble the oumn?

L0 DY L Al A Rt WA B hah 000 " Rl R T o v b

LR VLN

How well does the pump resist
cxternal impact loads?

Lre monentsry high stresses
possible in any pump compenent
(eg by banging against hundle
stops)?

Are the dimensions of all
components, particularly
bearings, suited to the applied
loads. Are any parts (eg
bearings) likely to deteriorate
rapidly as a result of airborne
dust and/or lack of frequent
lubrication.

Arc all clearan and
F tolerances consistent

design specification.

ces

with the

s -~
Does the pump have Is the spout designed so that
sufficient resistance external water and other

to external contamination: contaminants cannot reach the

drop pipe?

Is the pumpstand base provided

with an effective seal against
surface waiter?

P~ o=

Is the pump robust
enough to withstand a
certain amount of

abusc, abttempted
vandalism and pilferage?

Can any
removed

pump components be
without using any tools?
Are fixings proof against
removal using commonly available

’imploments?

Are any fixings or fittin

75

P
likely to become loose due to
vibration, impact cte?
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TABLE 1 (Cont) : -

PUMP ATTRIBUTHS 0 BE CONSIDFRED TN LABORATORY TEHSTING

L

— ; - :
PRIMARY FIRST SUBDIVISION SECOND SUBDIVISION
ATTRIBUTES !
. e e s s S i T 25 B AT S i b i
(cont) How casy is the pump- §
stand to repair and g
maintain? :
i
Are the materials used Are the materials’ mechanical {
iu the pump compatable properties consistent with the ]
between themselves and intended use of the pump? {
with the snvironment? Do the materials used, either
by themselves, or in combination, !
posc any likely corrosion :
problems? ?
How easy is the pump to
install? !
S i p o — —
How well are How easily can the What type of equipment is
the below components be made in required:~
ground ‘ a develceping country? Foundry?
COmpoRen-s Machining?
designed? S O .-
Cutting, drilling and welding?
Presswerk?
Sheet meltalwork?
Protective ceating application?
Plastic ana rubber moulding?
Voodworking:
How much skill is regquired to
asscemble tie cylinder end
associated components?
. B
Are the below ground Are all clearauces -and tolerances
components adequately consistent with the design
designed to withstand specification?  Are dimensions of:
' prolonged use? all components fitted to the l
applied loads?
Are there any parts likely to
E deteriorate rapidly if there are
i small amounts of solid
impurities in the water?
Is there sufficient resistance to

man-handling encountered during
installation?

-

How easily are the below
ground components
repaired?

e eyt T 4 S e L TS 27

PRI PUrT TN EPUI W FUUUUPIF AT WUE WIC-ENUE SIL PG PRUE SIS S SUEAEE YA

W
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TABLE 1 (Cont)

PUMP ATTRIBUTES TO BE CONSIDERED IN TABCRATORY TESTING

FIRST SUsDLIVISON é

SECOND SUBDIVIOON

S -

Are the materials used
conpatahle between
themselves and with the
environment?

Ave the materials' mechanical
properties consistent with

the intended use of the pump?

Do the materials use, either

by thcmsélves, or in combination,
pose any likely corrosion
problems?

Is the pump
ergonomically
acceptable?

How well is the spout
designed from an
ergonomic point of view

Is the spout height correct?
Docs the water emerge from the
spout turbulently, thus causing |
splashing? Is the water }
cxit pallern predictable and
narrow enougin to cnable the use
of narrow-nccked recentacles? i

How suitable 1is the
handle height

in usc?

Suitability for:i-

Is the handle comfortabl;§ !

et 2 v v ——ra,

Tall men?
Short men
Tall vomen?
Short women?
Boya?

Girls?

o
<

How easy is the pump
to operate overoll?

Tall men?
Short men?
Tall omen?
Short women?
Bovs?

Girls?

What forces are required

| to operate the pump? 7 m?
25 m?
L5 m?

At: -

How well does
the pump
perform?’

How fast does the water
leak from the pumping
cylinder when static?

At:-

J 1-{*5 h? N
Whal 1s the overall
pump cfficiency At:-
' 7 m?
25 m?
L5 m?

S i T L P RO N

Does efficiency vary significantly
with pumping speed, or temperature?
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TABLE 1 (Cont)

PUMI ATTRIBUTES 10 BE CONSIDERED IN LABORATORY TESTING
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the! are experienced on

o s T PN

SECOHD SUBDIViISLON
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punp? . . o . . _ 5
Pumping cylinder? In: Neutral waters?
Acid. waters?
Connccting assembly?i In: Neutral vaters?
Acid waters?
Pump stand? In: Neutral. yaters?
! Acid wvaters?
Vs Ko g .
What mechanical faults
occur and how frequently
on
Pumping cylinder? In: Clean vater?
Sandy/silty water?
Connecting assembly?{ In: Clean water?
Sandy/silty vater?
Punmp stand? In: Clean water?
' Sandy/silty water?
L P e e SOV b e R Fuhu‘vtu.m- -
Which components arc
nost liable to wear?
on
Pumping cylinder? In: Clean water?
Sandy/silty water?
Pump stand? In: lesn water?
Sand 311ty water?
N | _ ] Sendy/silty water
How safe is
the pump to

use?
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4, TESTING PROCEDURE

4.1, Scope of Tests

In testing the pumps themselves there are four particular areas for

examination.

4.1.1. A thorough expert exawmination of the pump design, with confirmatory

tests to establish -‘

(a) Manufacturing quality and suitability of materials selected.

(b) Adequacy of design to withstand the intensive usc often
encountercd in LDC's,

(c¢) Suitenility of design fcr manufacture in LDC's; an assessment
of the skills, facilities and materials required.

(d) Likelihood of any corrosion or degradation due to the enviromment.

(@) TForesccable problems associated with the peculiarities of the
mechanical aesign.

(f) Fcasible ways in which the product could be improved and/or made
Asimpler and cheaper to manufacture and maintain.

(g) The skills, facilities, tools and matcrials necessary for
preventative maintenancé and/or vepair of probable breakdowns

or wear.

4.1,2. Testing by a variety of uscrs in practical situations simulating normal
use to establish the convenience and case of use, and how these vary

with the user's height, sex, ectc.

4.1.3. Thorough endurance testing in simulated environment and varying water

qualities to reveal any areas likely to cause poor reliability,

4.1.4. Performance testing with the pumps instrumented where possible to

determine stresses in moving components, efficiency, leakage ratces cte.
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Within this broad outline it will be best to consider the tests

in the ordevr in which they are carried out. The tests described
are those which it is felt must be performed if the most reliable
conclusions are to be obtainad. If any tests are omitted, care
should be taken not to extrapolate results beyond their limitations
to account for tests not performed or tc exclude the possibility

of those tests which are not performed, affecting the overall

ranking of the pump.



4.2 Buying and Initial Inspection

.

The first stage in any test is to purchase the pumps themselves. In meny
cases the choice will have alrcady been made but, if not, some form of

market survey and selection procedure will be necessary.

All pumps should be bought, anonymously wherever possible, through the
normal source of supply, ensuring thal, in any case, the supplier

does not know thatl these particular samples cre intended for tests.

In the case of water pumps the normal purchasing chonnels would be

2 governmént department, Intcrnational agency, or some other powerful
public body, who would order large numbers of pumps from any

one supplier, for a specific and defined rural water supply programme.
In such a situaticen the purchasing power and leverage of the buying
organisation, and the specificity of the conditions of end-use

coupled with the size of the order, can easily lead to particular
modifications being requested, or particular features being incorporated

into the pump design by the manufacturers.

One must be carciul, thercfore, when ordering a small number of pumps Tor
testing, because, if special modificalions are requested with a view to
future application in lérger numbers, there is a danger that the test
samples will be specially prepared protcotypes and hence not representative

of a larger sample.

On receipt zll brands should be inspected for any diffcrences between
samples of the same brand, for any similarities betwecn Aifferent brands
which would indicute a similar component source, and for any defects,
damage and wrong or missing components. In general two samples of each

pump will be sufficient for luboratory tests.

18.
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Vhere pumps have various cylinder sizes and types lhe choice will have

to be made of the comnonents to bhe tested.

Jt 15 sugpgesied that a cylinder diameter of 50-6% mm is used for deepwell
pumps, if this is appropriate, or alternatively a pumping elemcnt which
can be used at a depth of 20-40 metres.
Whén removing the pumps from their packaging, an assessment of the
suitability of the latter should be made, and the security of the
pumps in it, and the protection which it affords, commented upon.
The following information shoulu then be listed.
(a) Brand
(b) HModel
(¢) Mamufacturer/supplicr and address
(6) Cylinder diameter (nominal), if appropriate
(e) Drop pipe and pump rod sizes, (where applicable)
(f) The range of well depths recommended by the manufacturer
(g) The type of pump
(i)  deep well 1ift, reciproczting
(ii) shallow well suction, reciprocating
(iii) rotary type

(iv) flexible membrane (diaphragm) iype

If necessary, other types e.g. semi~rotary may need to be included.

It is common praétice among consumer organisations, who perform extensive
comparative laboratory testing, to code all pumps, uvsually with a letter

.or nunber, and after initial inspection to refer td brands only by their
codcs, c.g. "Code A'". This system defines cach pump exactly and avoids
confusion wvhen two slightly different models by one manufacturcr are tested.
It also helps Lo alicnate an the minds of the tosters'the relationship between
a given punp and its manufacturer, thus reducing the possibility of pre-

conceived oninionsg affecting results in any way. It is supgested that this




4.3 Construction

The purposze of this section is to degeribe the construction of the pump
in such a way that the final user of the test report can understand fully
the method of operation of cach pump, and have sufficient information to
organise suitable transport, equipment and labour for installation or
repair. -

Schematic drawings should be provided which show -

(a) The ﬁcthod of opcration of the pump stand drive mechianism
(b) The type of pump rod, with couplings (wherc appropriaie)
to the pump head plunger
(c) Thne types of cylinder and valve together with ancillary components

such as suction vipes and strainers

Drawings sheould be labelled to show.all relevart dimensions, and the
materials of all important components should be specified.

The procedurc necessary to remove the pump from the well should be

descriked and the operations involved in reoplacing all velves, seals and
cylinders. If the method of repair of any other componeal is not

obvious, e.g. the handle, this should also be explained. Information should

i

izes and types of any fastenings

9]

also be provided about the tools required,
and details of the spare parts and materials commonly neecded (e.g. gaskets,

leathers).

Photographs should be taken to ghow the pump stand and all important
components, as well as any other unusual or interesting features

L )

discovered during the tests.
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Finally, the following information should be tabulated -

(i) The weishts of the mump stand and cylindex

(ii) Thc weights per metre of any pump rod and rising main

(iii) Measuvements of the surface roughnoess of the intcrnal bore
of the pumping cylinder (where this is applicable). The
lay direction of any surface marks should also be stated and
any other factors, which could affect the cylinder‘or seal wear,
should be measured ~.g. non-civcularity of cylinder and

variations of this clong the cylinder length.



4.4

Dosien

Because pumps are bought in large quantities and design modifications can
be made, at least graduslly over a number ol years, it is important that

any desipgn assesoment be constructive as well as critical.

An assessment of the design of the pump prébably requires the pgreatest
consideration of way part of a test programme, because it inevitably
depends on the skill, knowledy: and experience of the assessor. It

shoﬁld bekcarried out by at least two peopie who have a wide cxperience

of engineering desipgn, corrosion and ergonomics and who have the necessary
knowledpge of the sociological, economic and cultural backgrounds prevailing
in different developing countries. Separate expert judgements by consultants
may be essential in some Céscs, and tesltls may need to be conducted to
verify both the tentative conclusions and those which are likely to have
the most significant effects. It is impossible to indicate everything
which should be assessed, but the following points should be taken into

account, and the assessuent generally should follow the lines of the list of

attributes discussed in 3.1.

(a) The poszibility of incorrect tolerances or clearances causing
poor performance and whether these arise f{rom a manufacturing
defect or an inherent desipgn fevlt. Particular areas fo watch
include seals, valves and bearings.

(b) Whether any components arc designed in such a way as would
make it difficult to maintain a consistently high quality
during manufacture.

(¢) Whether there arc any parts of the pump which have a fundamental
design fault which would result in either highly localized stresses

leading to premature failure or wapid wecar cf a moving compouent.
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(d) MHow easily the pumps could be made in developing countries. That
is: Do any of the components require manuflacluring proccesses of a
high technology content which might not be availabl~ in developing
countries? The typcs of manufacturing process, the materials and
skills vequired should be considered.

(e) The proper sclection of materials. This may be important from an
enginecering point of view e.g. strength and impact resistance, .
and also from the point of view of corrosion and tribology.
Particular attention should be given to bimetallic corrosion couples.

(£) Whether the design makes repair and maintenance as zimple as possible.

(g) The adeguacy of provisions to exclude forecipn matter and sﬁrface
water from contaminating the well.

(h) The possibility of simple modifications tc the pump which would
enable it to be made morc cheaply or would give a better performance
without increasing the cost.

(i) The resistance of thevdesign to abuse which mipght be reasonably
forseeable c.g. impact side loads on the handic, pilferage and

removal of fastenings, and impact of the handle against any stops.

All tests and assessments up to this stage can be performed without
installing the pumps. Installation is discussed in more detail in Sectiom k.
In brief, though, the pumps must be installed in a suitable tall building
(around 10 m), and be provided with a suitable valve in the connccting
assembly for simulating different pumping heads. At the installation stage
too, all the instrumentation for measuring forces in various pump components
should be implemented. The pumping cylinders(or suction pipes in the case

of shallow well pumps) should be immersed in a constant level water tank,

all water raised by the pumps being returned via a recirvculatory system,
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4.5 FErrononics

A punp should be desimmed so that, within the Jimitations of its method
of operation, it is as casy and comfortable to ﬁs- as poseible.

In most cases in less developed countries, water is pumped into free
stonding receptacles rositioned under the spout. Thus the spout

height should be such thal all likely containers can be positioned under
it, and yet not so high that cxcessive splashing iz likely to occur.
Similarly.thc water flow pattern should be non-turbulent and suitable
for filling narrow necked conteoiners as well as wider ones.

The handle should be comfortavle to hold and easy to operate vy as

many different types of people as possible. The handle should be

of such a height tﬁat excessive stoooping or reaching by the operator
is avoided. Yoot-operated pumps shceculd always be provided with a
suitable handle which the operator can use to keep his balance

whilst pumping. Consideration must be given to case of operation by

children, handicapped people, the elderly, and pregnant wuman.

As individual pumps vary so much it is difficult to quote individual
parameters which should be measured. The following however should be

given where applicable -

(i) The maximum and minimum height of the handle above the ground ’
(i1) The mechanical advantage of the 5andle operatioﬁ .
(iii) The anpgular movement of the handle when operaﬁing.a full stroke
(iv) [The exit pattern of the water. Included in this , N
decoription should be the spou* height, the angle to the
vertical at which the water cwerges, the distance from the pump
at which water hits the ground, the turbulence of the emerging

water and the minimum diameter horizontal hole into which all the

water con be dirvected assuming a conmstant pumping speed.
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User Tests

st et

Oﬁo intractable problém of user tests is the wide variation in the
nationaltitics of peoﬁle who use the punps, as well as their different
ages. When any test is conducted in one country , the most meaningiul
results are obtained by using people who live in that country. Trying
to obtain users from different developing countries of tho world would
prove very expensive and, in the authors' view, of no significant extra

benefit.

We suggest, therefore, thal user tescts should always be conducted using
people living in a country where the anthropomstric data are well

known and that only obvious exirapolations of data to other peoples
should be made. FBach pump should be tested by 60 people in 10 groups

of 6 cach, choscn ac follows -

Group Designagigﬂ

1 lomen ; Height (m) <= 1,695 =7
2 Women : Heiéht (m) 1.615 - 1,095

3 Women : Height () —  1.615

b Men 1 Height (w) 1,79 =2
5 Men i Beight (m) 1.68 - 1.79

6 Men i Height (m) — 1,68

v Children :Male = : Height (m) 1.50 - 1.65
8 Children :Male : Height (m) 1.35 - 1.50
9 Children :Female : Height (m) 1.50 - 1.065
10 Children :Female : Height (m) 1.30 - 1.50

The height ranges should be adhered to where possible, but some
deviation may be unavoidable in some countrizs where the anthropometric
data of the inhabitants is considersbly ditfferent from that shown.

Children should be aged from 11-13 years and literate. It has been fcund

difficult Lo pet children much younpger than this to answer questionnaires



Bach user should be ;llowcd to try out tﬁc pumps briefly bhefore

the actual tests so that they can determince for themscelves the most
suitable methed of operation. They should then be asked to fill

a buckel up to a mark on its inside which indicates a volume qf

10 litres. A questionnairce concerning the pump is then filled in.

Luring the puamping, @ user test supervisor should record the number
of strokes uced end the time taxen to f£ill the bucket to the reguircd
level. The purposc of this is twofold: firstly, so that from a
comparison of the volume pumped with the number of strokes, a
Judgenment of a typical stroke length can be made, and how it varics

between types of user. Sccondly, so lhal an estimate can be made of

the typical stroke rate at which any pump mighi normally be uscd.

Results should be analysed staﬁistically using a two-way analysis
of variance applicd to each individuual group to the overall group
means, and to every data item. In this way differences betwcen groups
and within groups can be found. Details of this method are given

later.

A sample user questionnaire and user instructions are appended at the end
of this papesx. In the user instructions it is worth emphasizing that

one is not testing the users, but cnly the pumps. Otherwise some users

may tend to give biased results,
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Performance Tests

Performance Tests should nov be carried out. Sone of these fosts
may also need to be repecabted at different stages during the erdurance

testing of the pumps in order to menitor their wear.

4.7.1, Leakace Tests

The rate of water leakage through the vumping element in a reverse
direction to normal flow should be measured. The purpose of the

test is lto determine how much pumping is likely to be necessary bcfofc
water is ébtained at the spout, after the pump has been left standing
for somet time.

To carry out the test, for deepwell pumps, the pumps shouid be
operated to make sure that they are full of water, and then the tank
should be empticd and the water cutlet sealed. Usually the simplest

way is to use a sccurcly fixed rubber bung or, if the spout }

—
b
ra
i
ry
.,

tap,
simply to close the tap. If neither of these ére possible, the head
simulation valve should be screwed right down so that it sinmulates

a pumping head of 50 m. The drop pipe wiil then be effectively
sealed at pressurcs less than this. The drop pipe is then pressurised
with compress2d air to simulate various heads of water, and thc leakage
rate of water from the suction valve is measured by collecting the
water over a given period (usually five hinutes). It is suggested

that the test is performed at 7m, 25m and LSm simulated heads.

Measurement of the-leakage rate on shallow well pumps is more tricky.
The leakage problem is often more important on shallow well pumps and
has different characteristics. On deep well puaps the cylinder should

always be immersed in water, and thus leskage is always due to water

pressure above the valve - i.e. water lcokage always occurs.
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On shallow well pumps, water leakage only occurs when there is
water in the cylinder. After this point it is actually air leduking

past the suction valves vhich causes a further drvop in water level.

To cerry out the test on shallow well pumps the water tank should be
emplied and a displécemont can placed underneathér the suction (drop)- pipe.
This should be filled with water and maintained full while the pump is
being operated. Vhen water flows from the spout of the pump, the

pump operation is halied and, with the displacement can full, a

measuring cylinder is placed under the overflow spout of the digplacement
can. The amount of water collected over a given period of time can then
be ascertained. If the water leazkapge is significant, e.g. such that the
pump would lose its prime in a period of 24 hours, it maysbe'advisable

to continue the test and plot graphiéally the leakage rate against time.

Any cbvious reasons for high leakage rates should be explained in the
report, )

4,7,2. Volurme Flow Test

The purpose of this test is simply to determine how much water is

raised by the pump in each stroke, and how this varies with the well
depth and thc pumping speed. The amount of water collected over a fixed
nurnber of strokes is measured at varying speeds (fhcse may depend on the
pump being.tested, but on average will be between 10 and 80 strokes/
min). If the stroke lenglh of the pump is not fixed, then the

maximum stroke length should be used. Heads of 7m, 25m and 45m are

suggested, the latter two for deepwell pumps only.



4'7.3.

4,7.4,

Measurements

Measurements should be carried out on any part of a pump which is likely
to show deterioration during endurance tests, - Typical weasurements.
might be the cylinder bore (diameter, eccentricity, cvlindricity), secal

dimentsions, and the play in any bearipngs or pivots,

Operational Characteristics

The purpose of the tests in this section is to determine -

(i) The loads in various pump components, particularly the handle

(or foot pedal), and the pump rod, and how these vary with time and

pump rod displacement.

(ii) The work done by or on various parts of the pump, particularly that
done by the ‘iscr on the handle, the work done on the puaping éylinder,
and how these compare with that theoretically necessary to lift the
amount of water actuvally pumped as found from the volume flow tests,

The actual measurements taken will vary according to the pump being
tested. The niethod of mecasurement can vary considerably but to perform
the tests in the best possible way requires the use of compliéated
electronic cquipment, Details of these methods cre given in Appendix

I and it is suggested that these tests should be performed whenever

ossible. If simpley and more error prone mcthods are uvsed, care
9

must be taken in the interpretation of results.

It may scem that the tests in this scection are of little more than
acadcmic interest, and in the case of a good pump, this may well be
true. They can however show up effect§ which would be difficult to
demonstrate by any other means.
e.g.a) high momentary stresses iﬁ the pump rod when baﬁging a handle
against its stops.
b) high frictional forces in a system, perhaps due to a leather
jammed in éylindcr.

sever flow restrictions in poorly designed valves,

e
~r
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Endurance Tests

The purposc of the accelerated endurance tests described heve is to try
and simulate the cumvlative effect of a total of arvcund 2 years of pump
use (assuming pump is used for 4 hours per day). One must be wary when
using such accelevated tests, since results can be different from (usually
better than) thosc obtained in practice. 1This 1s because some effects
(e.g. metal corrosion and deterioration of plastics) are time dependent.

A frequent rest period is thus useful to encourage those effects which
occur more during such times (e.g. sedimentation of impurities), but care
is still necessary in interpreting the results.

Prior to endurance testing, all pumps should be rigzed so that they may he
driven mechanically. The drive should reproduce as far as possible the
forces on the handle which would be applied in normal use,. The suggested
speed is 40 strokes/min.

Endurance tests shoﬁld be conducted using a pumping head suitable to each
pump. Published data varies considerably aud choice of the actual ’
punping head is probably best judged as a cempromise taking into

account -

(a) the manufacturer's qucted pumping hcad(é)

(b) the mechanical advantage of the handle

(c) the cylinder diameter

(d) the stroke length

(e) the volumne flow tests

(£) the opinions of the users as to the ease of operation,

Endurance tests should continue for a period of 40600 hrs. (running time)
with a break of around 1 hour/day and ave Jdivided in four stages of 1000
hours each,

(1) For the first 1000 hrs. pumps should 1ift c¢lean, hard water of a pH

around 6.8 - 7.2
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(ii) TFor the sccond 1C0O0 hrs. soft water of a pH of 5.5 should be used. -
_The pH should be checked regularly (every day or two) and dilute
hydrochloric acid added if the pH rises noticeably above 5.5

The chloride ceoncentration of the water should not be allowed to rise

above 1 gm/litre.

(iii) For the third period of 1000 hrs, hard water wixed with a very
fine abracive should be used. A natural grade of Kieselguhr
(diatomite or diatomatious carth) is suggested which has a

.particle size cf . This is standard, and fairly widely
aveilable commercially, being used as a filter particularly in
food manufacturing processcs, lgm of VYiecselgunr per litre of

3

water should be used. The water must be 2gitated.

(iv) For the last 1000 hrs. hard water with 1 gm/litre of fine sharp quaftz
sand should be used. The particle size should be in the range
75-500 frina.
The pumps should be dismantled where appropriate at the end of éa;h stage
of the endurance and any wear, corrosion or other decerioration noted.
Care must be taken to reassemble the pumps in the exact position in
which they were previocusly. Apart from lubrication, as requir~d, at the
start of the test, no preventative maintenance should be carried ocut.
Breakdowns should be rectified as and when they occur and documented fully.
The volume flow test (or a check test using the endurance rig speed and
pumping hcad) should be repeated at the end of cach 1000 hrs. as should
any relevant measurcments., At the end of the tests, all pumps should

be dismantled and thoroughly examined.



Other Tests
Occasionally other tests will be required to validate tho opinions
formed in the design asscessment. The most important, which will almost

alvays be required is the impact test on the pumpstand.

The castiest way to apply an impact of the mapgnitude necessary

(up to 500 joules) is to use a swinging pendulum. The pumpstahd should
be mounted in the normal way. The impact weight can be made in various
ways -~ we sucgest a strong leatlhier bag filled with smaller bags
containing lecad shot. The total weight of the bag should be 50 kgf.

The bag should be suspended by a sirong rope from a point about 3-l metres
above the pump, so that the weight is level with the central portion of
the pump body. The test is then performed by pulling the weight to one
side by a predetermined amount and letting it fall back against the punp.
By varying the angle to which the weight is pulied.it is suggested that
the impact load is increased in steps of 100 joules up to a maximum of

500 joules.

It may also be helpful to perform impact tests on the handle of a punmp
when it is held out approximutely parallel to the ground. The impact
should be applied at the centre of the handle and limited tc a maximum

of 200 joules.

Other tests may be required to further investigate any failure

which occur on the endurancec tests. Examples might be fatigue tests

on handles, abrasion tests on certain cylinder materials and special
corrosion tests to assess the susceptibility of certain materials to stresS

corrosion cracking.
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IMPLEMENTATTON OF THE TEST PROGRAMME

5.1

Installation of Tuwmps

When testing pumps in the laboratory two requircments are found

during instellation which are not demanded in normal usage,

Firstly the accessibility of all parts of the puwp during the test
without [irst dismantling the entire assembly, This is particularly
relevant to the pumping cylinder where lcakage rates, for example,
must be measured with the pump intact. Secondly, the ability to -
alter the pumping head easily and over a wide range, e.é. 7-50 metres

for a deep-well pump.

To enable the head to be varied, a special head simulation valve must be
fitted in the drop pipe/connecting assembly of deep well pumps. The
details of this are given in Appendix 1, The valve simulates only

the force in the puwp rod on the working part of the stroke (i.e. the
upstroke on a conventional cylinder). As some pumps rely on the water
pressure for correct closure of valveg and/or the weight of the pump

rod for the movement of the plunger on the return stroke; it is not
advisable to have a pump raising water from only a short distance

below "ground" level, with the actual head siwmulated. It has been
found that a distance of around 7m from the water level to the pumpstand
is much better, with higher heads provided by the head simulation valves.
This same height can also be used for testing shallow well pumps.
Installation of pumps with arouﬁd 7m of drop pipe obviously requires a
tall building with the pipes passing through several stories. If such
a building is not réadily available, of adequate size to test a given
number of pumps, then a tower built ec.g. of scaffolding could be used.
In any casc access to facilities such as electricity, compressed air

and water should be available.
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The pump environment must be capable of being temperature-centrolled
preferably the "above ground" and'below ground' regions of the pumps

Separately',

As endurance tests musi be carried out using several different water
onalities, merely pumping waler from the domestic supply to waste is out
of the questica; some form of recirculatory system is nccessary.

The pumping cylinders of all pumps must therefcre be immersed in a tank

of water to which ail water raised by the pumps is returned. The level of
water in the tank should be kept constant, c’ther by using a weir to
provide a constant level or else by using simply a ballcock and overflow

pipe.

Some form of internal access te the drop pipe just above the cylinder

is also necessary. This is, firstly, so that the pumping pressure of the

~water can be measured and hence the operation of the head simulation

valve checked. Secondly, so that the drop pipe can Le pressurised with
compressed air, thus simvlating the pressure of waler on the pumping
cylinder seal vhen measuring leakage rates. This is most easily wrovided
by using a "I' fitting in the drop vipe. A diagram of the overall

arrangement of a typical installation is shown in Figure 1 . It should

be noted here that strain gauged components will nced to be fittcd prior to

installation of the pumps, and may require slight modification of the drop

pipe.

the
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Orpanisation of UYesting

The actual crganisation of the testing of pumps will vary somewhat

nm

depending on where the pumps arve tested. he plan ocullinced here is
a typical one, though, in some cases, more than onc function may be

accomplished by onc person.

The testing project should be in charge of one person - a project controller,

vho is responsible for seeing that all the work is accurately carried out within

the time allowed and that thie report is written correctly. The same person

is also responsible for co-ordinating the work delegated 1o other departments.

The building work, pump installation and all rig work, including design and

building of all instrumentation, is undertazken by the Engineering Sorvices

5

department. The actual testing is carried out by the Testing Department,

primarily by technologists and technicians.

At varicus times assistance from ancillsry seorvices will be necessary, such
as buying, market intelligence, photogrephy and typing and report produciion.

Teble 2  shows a typicel organicational chart.
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5.3 Equipmont Reguirements ' -

Much of the equipment required [for testing handpvmps will nced to be

made specially. Such items include.

(2) The hesd simulation valve (details of this arc given in
Appendix II )

(b) The instrumentation for the bumps. As all the transducers for
any one pump must be specially designed and built, one cannot give
genceral aetails. Apvendix I s however, gives evamples of the
type of cquipment which has been built in the past.

(¢) The mechanical drives for the pumps on the cndurance test. Again

these must be designed separately for cach pump.
The following list gives a guide to the remaining types of equipment which
will be neceded for testing only. It does not include equipment for

manufacture of rigs.

(a) Measuring vessels (10 ml - 15 litres)

)

(b) Various sizes and lypes of containers (50 ml -~ 15 litr

:)

(63
G

(¢) Measuring equipment - micrometcrs

- dial calipers

bore gauses (29 - 90 mm)

measuring rules and tapes etc.

(a) Compressed air equipmen* {valves, taps, pressure reducers, pressurc
gauges) .
RS R T P . [+ 1. NY .2 :

(e) Water pressure gauge (0-500 k¥/m~)(0-5 bar)

(f£) Stopwatches and timers

(g) Data aquisition and analysis equinment eg highspeed data logger,
storage oscilloscope, computer with plotting facilities etc.

(h) Such tools as arc commenly usced for the installation and servicing

of aueps e spanners, pipe ‘/Jli‘crz’LC':‘ng:'S.
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ANALYSTS OF THE RESULTS

6.1 Ranking

A selection of pumps can be ranked in with respect to any attribute of the
pump. For example the pumps can be ranked based on their efficiency, the
punp with the highest cfficiency being at the top of the list, and that

with the lowest efficiency being at the bottom,

Such a simple, single attribute ranking presents few problens. What happens
however when all the attributes of the pump are brought togethex? How

can one reach a valid judgement as to the overall merit of eoch pump?

There are several ways of doing this, all of which involve personal -judgewent
of scme kind, particularly with respect to the relative importance of
differcent pump attributes, One possibility is the Delphi tzachnique which
simply involved discussion amongst all intcrested personc of the test results,
and the merits and demerits of each pump, Eventﬁally gome conclusion is
reached as to which would be the best pump to use. The main disadvantage

of such a method is that one tends to disvegard resul.s which are neither bad
nor good, and mercly take notice of those which are outstanding. Hence a
pump which does fairly wéll in all tests may De rejectced in favour of one
which may be very recliable and yct have many ergonomic diszdvantages. One
best way to overcome this is to use some form of mathematically based
multi-attribute utility analysis, Multi-attribute utility analysis

can be very complex and here we will consider what is commonly called

SMART (Simplified multi-attribute ranking technique). We suggest this is
perhaps the most suitable method of analysis,

6:2 Multi-sttribute Ranking

The basis of SMARY is a "Weighting Tree',

A weighting tree is quite simply a list of attributes, such as has already

becu described, with ail the main attributes subdivided successively so that

“they are as unambiguous as possible, When talking of weighting trees it is

common to refer to the main attributes as "branches", the first subdivision

. : [ H N . L Qe
az "twigs" and tho sccoud subdivision as "lcaves'. The "trunk' of coursc
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is the overall merit of a product; in our case, '"How good is the pump".
Simply having a "tree'" of attributes is not sufficient, however, unless we
know how important each attribhute is relative to the whole pump, In LDC

applications, reliability for example may be far more important than

performance. Morcover the relative importance of different attributes
may be couwpletely different in different countries. In one country, a

pump may have to be bought in from abroad, siwmply because there is no
adecquate manufacturing facility locally. In this case anything which refers

to LDC wanufacture is cimpletely irrelevent. In another country, complectely

the opposite may be truc. It can thus be seen that any weighting tree can
ba strictly true only for a given arca in which all the constraints, cconnmic,

cultural, social and political combine to affiect the balance of the attribute

weighting. The logical result is Lhat the "best pump" in one enviroumecnt
will not be the same as thce "best pump" in another cnvirvonment, Weightings

can be assigned in two different ways, which are basically similar and produce
similar rvesults. Only one will be considered here i.e., the method which

is easicr to understand and which simplifies subsequent numerical manipulation,

Firstly we set the overall weighting for the pump (simply by convention) to

100, The branch attribute weightings ave then selected so that they add up

to the total; i.e. 100. In the current cxample we might have weightings
of -

Design of above ground components = 13

Design of below ground components = 12

Ergonomics and User Tests = 10

Performance . = 10

Durability = 50

Safety = ' 5

TOTAL 100

Similarly, the twig weightings are selected so that the sum of the weightings

‘for all twigs on one branch add up to the weighting for that branch. The

leaf weightings ave similarly chosen.
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It can be seen that thesc weightinés, which idcally should be suppliced by-
those with experience of the various factors which contribute to the success
or failure of a Qater supnly project, reaquire considerable expertise in
accurate judgement of a situation, In general, however, the relative
importance of cach attribute is obvious, and in the final analysis it is
usually a watter of tidying up the relative importance of the less aquatable
twigs and leaves. These usually have low cverall weightings aﬁd thus a
comparatively large variation in them affects the overall ranking very little.
Idrally a computer program is very useful where one can vary the weightinés to

determine the cverall effect on the rankings.

Haviug decided the weightings, the next stage is to {it the test results
into the weighting trec and to combine them to give an overall score for
a given pump. To dé this each pump attribute which is not further
subdivided (into twigs or leaves) is given a rating, nominally on a scale
of O—lO,‘O being poor and 10, very good. This rating is of course based on
the test results, or on expert opinion supportced by other evidence where
possible, The product of weigﬁting x rating is then found, and these
products summed for all rated attributes to give an overall score out of
1000 (overall weighting of 100 x maximum rating of 10). When all the
overall scores have been determined for each pump, they are placed in
descending order; the pump with the highest rating being considered the

most suitable on the basis of test results, When other factors, such as

PRSSSEY

the economic and political constraints are taken into account, or results
of ficld tests are kncwn, the pump selected may not be the one which is
the highest in the ranking, At the same time it is also true that the
pumps at the bottom of the ranking order should not take preference simply

because they wmay be cheap,
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The principle of SMART is thus fairly simple. There is one problem which

sometimes arises however which will be illustrated by an example.

Suppose that we consider that performance as an attribute is not very

important and assign it a low weighting of, say, 10, and that durability

and reliability are very important and merit a high weighting of 60, We

Could mect with a pump which is very durable and performs adequately at low-
medium heads when the water temperature is constant, although, if the water
temperature drops by 1OOC, we find that the pumnp performance drops drematically
so that even at fairly low heads a considerable amount of effort is required

to produce a trickle of water from the spout,

In an area where the ground water temperature was constant aad fa;rly hizh,
such a pump would pos¢ no problems and the performance could be rated in the
normal way, But what if the ground water temperature should vary by as wmuch
as 10-15°¢C during the year? Even if we gave a rating of 0O for performance,
the excellent veliability could still make the pump appear high in the
overall ﬁankings. At the same time it is obvious that the pump'would be
unacceptable. The answer to tais dilemma is simply~that, on such occasions,
a rating is awarded which is outside the normal range of 0-10, e.g. in the

above case we could give a rating of -5C for performancc. This would

completely eliminate the pump from further counsideration in the overali rankiung.

Table 3 shows a typical weighting tree bas~d on Table 1, but with the

attributes simply in the form of statements rathev than questions.

The assumptions used are -

(a) The pump will have to be bought in from abroad.

(b) The well depths are in the order of 30-40m.

(c) The water is slightly acid and wil) be free from contamination$ such
as silt and sandt

(d) VWomen and cﬁildron are the maln pump users.

(e) Pilferone and vandalism are alwost absent.

(£) village maintenance will prove difficult - a centrally based service

teaim will be provided.
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6.3 Transfer of Kaw Data to the Ranking System

One part of the SMART system which can involve some subjectivity is the
transf{er of the data as derived from the tests into the form of a 10 point
scale. In order to reduce this as much as possible it is desirable to
standardise on the way the rating is decided from the results. Appendix
I1T gives guidance as to how this should be carried out where this is
feasable. Thore are hewever, areas, where simply due to the wide
variation in pump design, this is not possible, and some form of expert

judgement is necesseary.,

REPORTING RESUITS

7.1 Format

Writing any report involves the author's personal stype, and in some cases
it may be difficult to be specific as to the layout of a report, without
intruding on this, . Considering the wide readevshin of a test report,

and the desire to have some consistency between reports issued by different
leboratories, some type of standard format is nccessary however. Since

such a report is designed to be used in conjunction with this guide, dctailed

description of tests will not be neccssary. The follewing layout is therefore

suggested for the final report on any test programme, thouph 2n interim

>

report many, of necessity, depart somewhat from this.

(1) Suwmary
Every report should carry a summary of the findings for every pump
tested so that a casual reader can quickly obtain an overview of the

test programme.

(2) Introduction

Contains general background information relative to tha project, the

choice of pumps for test and relevant information coucerning the buying

of the pumps for the tests, Puwp costs as bought should be given,

(3) Inspcction

L ineatataah
Gives detajls of inspection carricd out, a list of the pumps tested

. : ; . . . f a e
S et epdee stated srccifications and manufacturers.
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()  Tnstallation

A brief description of the installation where necessary.

(5) Punp Features and Construction

The purposc of this section is to show the imgortant featurcs of the

pumps and their construction in such a way that the reader can understand
the method of operation of each pump and have sufficient information té
organise suitable transport, equipment and labour for installation or
repair. Photographs and schematic drawings of each pump should be given
topether with brief descriptions of the vumps and any distinctive Teatures
which could aifect installation reguirements. Also, all rclevant

dimensions, weights etc.

(6) Desiem

A full description of the design assessment should be given here.
Results are best presented hasced on the weighting tree with ratings for
each item and suitsobkle comments. Also given chould be the resulis of any
tests carried out to validate opinions formed on examination of the pumps
eg impact tests.

(7) Ergononics

The ergonomic assessments and measurements should be described and

recorded here together with the ratings for the SMART.

(8) User Tests

The organisation, design wnd results of the user tests should be described,
For cuch question on the questionnaire the mean result for each pump in
each group chould be given and mean result overall. Lesst significant
differences at o 95% confidence level should be given and a list of

those pumps which are significantly better or worse than average. The

relevant ratings for use with the weighting tree should also be recorvded.,
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Performance
A1l performance tests carried out should be described. Leakage test
results can be tabulated directly, as can any cylinder measurements.
Volume flow tests are best given graphically, i.e. graphs of volume/
stroke against pumping speed for all relevant pumping heads. The
force/time and force/displacement graphs obtained {rom the instrumcnted
pumps may be given if desireditut the recvlts will be 50 numerous that

2 summary mny be beiter. In addition, the ratings for inc he? formance

section of the weighting tree should be given.

The design of the mechanical rigs should be enumerated, together witlh the
punping heads used for the endurance tests and the reasons for the ’
choice of the latter. full account should ther be given of everything
which took place during the endurcnce tests, the results of all
examinations and any Cdnfjvratory evidenceo, e.g. wear neasurements.  The

ratings for the durability section of the weighting tree should also be

given.

(1 Safety

(1

c

An assessment of the safety of each pump should be given, based on the

expericences of the test programme.

Analyvsis of Resulis

\

In this section the ratings for every relevant pump atiribute should be
brought together and tabulated, complete with the ranking results
for the sample welghting tree given in Table 3. Results for other

weipghting trees may also be given
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(1

Conclusions

Attention should be drawn to pumps which are likely to prove
particularly geed or bad in any situation, simply from their
mechanical construction. Any likely problem areas wifh pumnps
should be described, especially any which are unusual (e.g. if the

performance of a pump varied with temperature).

49
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7.2 Verification

Becavse of the importance and Tinancial implications which tiae test
results have, it is common practice among Consumer Organisations to
send data checking sheets" to the manufacturer.

A data checking sheet is a list of the test results for one pump,
with « bricf description of the tests carriced out wherce necessary,
together with any suitable comments.

By this mecans the manufacturer has the opportunity to cumment on the
resulls before the final report is issuved.

If any adverse comments are rcceived, the testing organisation has

the option to repeat tests wherc necessary, or to reject the comments,

if it has full confidence in the results.



Geﬁeralﬁyints

To enable consistent
essential that units

in all cases. The mo

Length

Time

Pressurce or
stress

Force

Torque

Volune

comparisons between different reports, it is
should be consistent. ST units should be used

st important units in the case of pumps will be -

metres (m) or millimetres (mm)

seconds (s)

Newton/metrez (Nm—a)

~

Newtons (N) or Kilogremmes force (kgf) if nccessary

Newton metres (MNm)

Litres (L)
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This paper has attempted to. show how pump testing in controlled environmcnts
should be approached, the kind of infermation which can be obtained and the
pitfalls to avoid, The mcthods>which can be used have been enumcrated,

but these are not necessarily mandatory; the final aim is results which

are consistent, repcatable and cowmparable. There are details which may need

the light of subsequent expericnce, but it is hoped that in

to be altered in
the wain it will help in running of test programnes and henee bring nearer
the final goal - the availability of clecan water for the vast majority of

the worlds population.
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INSTRUMENTATION OF PUMPS FOR PERFORMANCE TESTS

It is difficult in a guide of this type to specify how a pump should

be instrumented, especially since every pump will be different. The aim
however is to be able to measure the forces on the pump (handle or foot
prdal) excried by the user, and how these forcec are transferred through
the pump linkuame to appear at the pumping element. Using calibrated
strain-gauged pump components is the casiest way of delermining fcrces

accurately and with a high resolution with respect to time.

On a typical, conventional hencd-operated pump there would normally be
three strain-gauged components. viz
(i) the handle, to measure the forces applicd by the user,
(ii) the bearing pin ol the top of the punp rod, to measurc the
force applicd to the top of the punp rod,
(iii)the bottom of the pump rod, just above the plunger, so that the

force on the plunger can be found. (On deepwell numps only).

A linear transducer is also fitted to the pnmpstand so that the vump rod

movement can be determined using an analogue electrical output.

The transducer at the bottom of the pumpﬁrod is difficult {to make

because it must be immersed in watcer and, moreover, the electrical output
must be taken outsids the drop pipe from a moving pump rod. Details

ol this and various other types of instruménted cemponents are given

at the end of this appendix.



Some form of data acquisition system is necessary for the instrumentation
This can vary considerably. Ideally, all outputs-éhould be Cépébie of
being recorded'simultaneously and at a fast sampling rate. A good

syStem might cbnsist of a suitable multiple input strain gauge bridge,

each input with its own operational'amplifier so that the outputs can be
calibrated and matched, coﬁnected to a high spee&'data loggerf The

sampling interval should not be mofe than 30 milliseconds and should
preferably be much less e.g. 10 ms. The data can fhen be recorded on
magnetic tape and analysed directly by a computer. If a suitable datalogger
is not availaﬁle, a storage oscilloscope could be used bﬁt this is far

less flexible.

It is suggested that data should be recorded for a 10 second interval
while the pump is operated (preferably manually) at fast and slow speeds
and at pumping heads of 7m, 25m and 45m where applicable. From the

recorded data the following .can be produced.

-

(i) Graphs showing the variation of force with time for each
pﬁmping condition and for each instrumented cémponent.

(ii) Graphs showing the variation of force with pump rod displacement
for each relevant coﬁdition.

(iii)Actual work done for eéch situation, by integration of the force
displacement graphs.

(iv) Calculations of the efficiency of the pump for each situationm.



EXAMPLES OF STRAIN GAUGED COMPONENTS USED IN PUMP TESTING

1) Bnaring Pin

2) Handle (reciprocating)

- 3) Handle (rotary) .



APPENDIX II

THE HEAD SIMULATION VALVE™ ° " °°

The purpose of the head simulation valve is to enable differenﬁ pdmping depths
to be simulated easily without having to pump water ﬁroﬁ the actual depth
concerned, The design shown here is one which has been fully tested and -
proved. It is in effect ; modified safety valve, with the addition of a ———
long sleeve to accommodate the pump rod, the sleeve providing a labyrinth seal.
Figures 2 and 3 show respectively a drawing of the valve and a photograph of the

valve components prior to assembly. Full drawings and a list of components are

‘available from the publishers if required.

The use of such a valve requires certain precautions to be observed. Firstly,
the valve simulates only the water head on the working stroke. Since some
pumps required the waterhead on the return stroke to close valves, or a long
pump rod lergth to give sufficient weight to return the plunger, it is not
advisable to use the valve to simulate fairly low pumping heads. It is
suggested that at least a 7m static head should be available as under normal
.pumping conditions, and the valve used only to simulate heads greater than this.
Secondly, the valve cannot simulate the inertial effects of water in the drop
pipes. One should therefore be careful particularly when examining the
performance/efficiency measurements done at high speeds‘and high heads, as it is
possible that the instantaneous forces recorded may be rather low owing ﬁo this

limitation,

——— B



F‘Cjw'-'» g

WATER HEAD SIMULATOR

. PUMP ROD

VALVE LIFTING MECHANISM

VALVE SEAL
VALVE CUICE 3off

) .
\CALIBRATED SCALE FOR

t?

|

|
l

{—j

SETTING PRESSURE HEAD

PRE SSURE HEAD ADJUSTER

.ic_-._—-—-¢



o & 3 LI rdey

»"
et

WH&M [ o TSI

FIG. 3

VALVE

PHOTOGRAPH OF DISMANTLED HEAD SIMULATION

s cmiea L




AFPENDIX III1

TRANSFER OF TEST DATA TO A TEN POINT. SCALE . . .....°~

""BRANCH" "TWIG" OR SUGGESTIONS FOR SCALING OF DATA . ...: .

LEAF"
Pumpstand | Manufacturing For any of the manufacturing method in Table 2 a rating
Design of 0 is given if the particular method is used

extensively, and 10 if it is not required. A suitabhle
rating between O and 10 can be given under the heading
"Protective coatings" depending of the ease of
application and the equipment required. We suggest
e.g. 8 for a painted finish, O for a galvanised finish.

For the heading "skil) required for assembly" the ratin
is inevitably subjective. A pump should be down rated
whena e.g.

a) Accurate hole alignment or positioning is-
required. .

b) Complex and error-prone foundry work is
required.

c) Very zccurate dimensions are required.

d) Pump mechanism is complex.

Resistance to This rating should be based on impact tests.
impact loads The following scale is suggested as a guide.
10 - No damage to handle or pump body

likely by impacts up to 600 joules.

8 - ©No damage to body by impacts up to 600
joules or handle impacts up to 200 joules

6 - Some damage likely by higher impact

energies. )

4 - Some damage likely by medium impacts under
certain operating/handle positions.

2 - Damage likely by fairly low impacts in
certain operating/handle positions.

0 or less - Impact damage likely by low impacts
under any conditions. )

Possibility This rating can be determined from the design aud
of high comparison of this with the graphs showiug .the pump
momentary rod stress or load with time during pumping. ' The
streases following scale is a guide.

10 - No high momentary stresses possible (e.g.
rotary pump with low inertia handwheel),

8 - Momentary stresses possible, but fairly
limited (e.g. high inertia flywheel where
high handle loads are needed for starting
and stopping).

6 - Momentary stresses possible, and can be fair
high but only if harsh pumping action used.
(e.g. conventional reciprocating pump with
rubber stops).

4 - Momentary stresses likely but limited by
some form of cushioned stop.
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Pumpstand .2 - Very high momentary stresses possible but
Design . only with harsh oumping (e.g. metal to metal
(cont'd) stops).
0 =~ Very high momentary stresses almost impocsible
or less to avoid. (e.g. metal to metal stops witu
banging occurring on almost every stroke).
Dimension/ It is difficult to specify a scale here because of the
Load wide differences in pump design. Pumps should be down
compatability| rated if projected bearing areas are too small for the
' actual load, if pump rcds are too small or coanections
inadequate, metal thickness too small etc.
Resistance Again, a scale is difficult to specify. Pumps should be
to dust and |be downrated if there are e.g.
1:Z§egiative a) unsealed bearings (especially ball and roller bearing
gaintenance b) sliding joints which are difficult to seal
¢) sliding joints which require occasional lubrication.
d) plain bearings which require lubrication.
e) stuffing box requiring checking of packing.
Clearances Ratings for these parameters are difficult to lay down.
Tolerances Generally however: .
10 = all clearances/tolerances (especially on pinned
on plain bearings) are correct.
1 = clearances/tolerances on at least one important
moving part are excessive,
Spout The rating should be the sum of the following, given if the
Design statement is true.
3 - spout points down (at least 450)
3 - spout has bend to prevent sticks being pushed in
2 - spout cannot be moved by hand
2 - spout is not excessively wide (i.e. not greater

than 30 mm internal diameter

The following is a guide to the rating scale.

10

Very good seal against surface water (well casing
protrudes within the pump stand). No possibility
of contamination from the pump itself.

Seal good in most cases, but a cracked concrete
apron could allow slight contamination by surface
water. '
Adequate seal possible if well apron smooth and
flat and pump secured properly

Contamination possible either from an inadequate
base design or from within the pump.

Well contamination likely due to poor pump design.
No attempt made at sealing the well head -
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Pumpstand
NDesign
(cont'd)

Resistance to
vandalism

- Resistance to

pilferage

Security of
fixings

‘Ease of

repair/
maintenance

Selectlion
of materials
(Engineering)

This is difficult to srecify as it has so many aspects.
Pumps should be downrated if, e.g.

a) any parts are easily removable without tools or
using simple widely available implements
b) The pump is weak in any way such that it can be
broken using the muscle power of one man only.
c) Dirt and other abrasive material can be easily
placed on or near moving parts (e.g. bearings)
so as to reduce their working life.
Again rather difficult to specify. Pumps should be
down-rated if e.g.

a) Fixings are easily removable (e.g. split pins)
b) Nuts and bolts are of common, easily .accessible

sizes,
c) Any part is likely to have a wide alternative use
d) There are many external fixings.

Socket head screws should be mcrz highly rated than
hexagon head ones.

N.B.

This can overlap slightly with the last rating. Pumps
which are highly rated should hLave very few fixings and
these should be very secure (e.g. locked nuts either using
jam nuts, self locking nuts or locking washers). Pumps
which have simple nut and bolt fixings, especially when
these are on a cast iron surface should be poorly rated.

Rather a difficult assessment. Pumps highly rated should
be capable of being maintained/repaired within about 15
minutes using a few simple hand tools only (this refers to
the pumpstand only of course).

Pumps should be downrated if:-

a) Special tools are required.
b) Worn or broken bearings require the replacement of
a complete unit (e.g. a handle)

c) Replacement of any part involves critical realignmer
d) Any repairs are likely to require joining processes
(e.g. welding) not easily available in the field,

e) any breakage of the concrete apron could be necessax

Pump can be given a rating of 10 if all materials used are
suitable for the use intended. Pumps can be downrated
if e.g.

a) brittle materials are used in places likely to
receive impact loads (e.g. white or grey cast iron
for a handle)

b) Like materials are in moving contact (e.g. chromium

'~ plated steel), and hence are likely to spawl.

c) Materials have the wrong.enginecering properties
for their application (e.g. natural rubber in

atmospheric conditions).
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Cumpstand Selection of A rating of 10 can be given if all materials used have
Design materials either by themselves, or in contact with other parts of the
(cont'd) (corrosion) pump, a low rate of corrosion. Pumps should be downrated
if any corrosion can occur, dependent on its likely effect
e.g. the use of improtected, or inadequately protected iron
or steel,. The use of metals such as copper or brass in
contact with galvanised steel can also cause problems.
Ease of Again a rather subjective assessment. Any pump which
installation can be 1nstalled completely by hand without any lifting
equipment and by two people only should be highly rated
(9 - 10). Pumps which are fairly simple to secure, which
require some lifting equipment, but have a fairly small
rising main (1% - 1%") should be rated average (4 =~ 6).
Particularly heavy pumps with large rising mains (2%")
should be rated poor. Other features may serve to
downrate a pump somewhat. For example, poor pump-rod
threads, or rising/main pump rod mismatch could cause
cylinder/plunger alignment problems,
Pesign of | Manufacturing This should be rated similar to that for the manufactur1ng
below Equipment equipment required for the pumpstand.
ground
components
Clearances Ratings for these parameters are difficult to lay down
Tolerances Generally however
10 = all clearances/tolerances corract
1 = many incorrect clearances/tolerances
e.g. leathers incorrect sizes/thickness
incorrect valve lift
incorrect valve side play
excessive resistance to water flow
Dimension/ A specifications of ratings is again very difficult here
load because of wide variation in design. Generally pumps
compatability| should be downrated if valve design is inadequate, cylinder
wall thickness too small (particularly on PVC cylinder),
screw threads too small etc.
Resistance Pumps should be downrated if there is anything which could
to man- be easily damaged during installation e.g improtected
handling external plastic components, easily dented cylinders etc,
during
installation
Ease of " Inevitably a somewhat subjective assessment, similar to
repair/ that for the pumpstand. Below ground components are
maintenance always more difficult to repair thian above ground component

and th refore the scale should mot be directly comparable.
The following is a guide:-
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Design of Ease of 9 - 10 - Pumping element can be removed by hand from

elow repairc/ all but the deepest wells, Repair of cylinder

g round maintenance is easy.

components | (cont'd) , .

(cont'd) 5 -6 - Both plunger and footvalve are extractable
without moving the drop pipe. Pump head easil,
removed to access drop pipe without lifting
equipment. .

3 -4 - Lifting equipment required to remove cylinder
from well. Time consuming operation but
cylinder repair not difficult once removed..

1 - 2 - Heavy lifting equipment required. Time
consuming, and cylinder repair difficult once
removed, ‘

Materials Rating should generally be on the times specified under

Selection Pumpstand Design - materials selection. Especial notice

(Engineering) should be taken of valve seat materials, especially with

' ball valves. '

Materials Again rating should be as defined under pumpstand design.

Selection Two common corrosion defects found in pumps are the use
of galvanised rod and pipe in contact with brass pumping
cylinders, and the use of brass which is not resistamt to
dezincification.

Ergonomics | Spout height The optimum spout height may vary with the location and car

be altered by the type of pump mounting. Generally
however the optimum heizht is in the range 480 - 550 mm.

Thne scale suggested is:

480 - 55 mm - 10
550 - 600 or

440 - 480 - 9
600 - 650 or

410 - 450 - 8
650 - 700 or

380 - 410 - 7
700 - 750 or

360 - 380 - 6
750 - 820 or

345 - 360 - 5
820 - 900 or ’

330 - 345 ‘ - 4
900 - 1000 or

320 - 330 - 3
1000 - 1150 or .

310 - 320 - : 2

21150 or =310 ' - 1
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Handle height
suitability

Handle
comfort

Ease of
operating

Forces
required to
operate

''BRANCH"' "TWIG" OR
"LEAF"
Ergonomics | Water This is of necessity a subjective assessment. A rating
Turbulence of 10 should be given for a veiy stable, smooth water
flow, around 4 - 6 for an unstable and inconsistent, slight
spreading flow, and a very low rating, 1 - 2 for a very
turbulent flow which spreads consideratly from the spout
causing considerable splashing. -
Use of This is simply a subject ease of use assessment on a scale
narrow of 10 - very easy to use to 1 - very difficult to use.
necked The rating really takes into account the spout height,
containers the water exit pattern and the turbulence.

The ratings here can be taken directly from the statistical
analysis of the user tests. As results are unlikely to
show sufficient statistically significant.variatiorn for a
ten point scale in full it is suggested that the mean
results for each group of users are transferred to the
following scale.

8 - handle height just right

6 - handle slightly too high or slightly too low
4 - handle too .high or too low

2 - handle much too high or much too low,

The rating here should be based on the overall handle
comfort results (i.e. analysed ovaer all groups of users)
The following scale is suggested

- handle much more comfortable than average

- handle significantly more comfortable than averag
average comfort

- haadle significantly less comfortable than averag.
- handle much less comfortable than average.

~ W30
[}

Ratings for this attribute can again be taken from the
results of the user test question 'How easy is the pump to

use'. The foliowing scale is suggested:-
9 - much easier to use than average
7 - significantly easier to use than average
5 - average
3 - significantly less easy to use than average
1 - much less easy to use than average.

The ratings should be based on the graphs obtained showing
handle or foot pedal operating force against time, The
following scale is suggested, based on the maximum force

required to operate the pump at a fairly low speed.
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Ergonomics |[Forces required Rating Force on handle Force on pedal
(cont'd) to operate _ . (hand pump) Kgf (foot pump) Kgf.
] )
(cont'd) 10 -8 <20
9 8 - 10 . 20 - 24
8 10 - 12 20 - 28
7 12 - 15 25 - 32
6 15 - 18 .32 - 37 -
5 18 - 24 g 37 - 44 :
4 24 - 34 44 - 50
3 34 - 46 50 - 60
2 46 - 60 60 - 72
1 >60 >=172
Performance| Leakage Rate These ratings are based on the leakage test ‘as follows:-
when new
Rating Leakage Rate (ccs/minute)
10 " unmeasurable
9 . up to 0.l
8 0.1 - 0.2
7 0.2 - 0.35
6 0.35 - 0.50
5 0.50 - 0.70
4 0.70 - 1.00
3 1.0 - 1.5
2 1.5 - 3.0
1 >3
Efficiency Based on mechanical efficiency measurements at a medium
‘ operating speed and water temperature of 18°C. Scale as
below: -
Rating Efficiency %
10 =90
9 : 4 83 - 90
8 76 - 83
7 . 69 - 76
6 62 - 69
5 55 ~ 62
4 48 - 55
3 39 - 48
2 30 - 39
1 or less < 30
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Performance|Efficiency Temperature dependent variation in efficiency is not
variation normally a problem with reciprocating pumps, but can be
with speed/ with rotary pumps. Variation in efficiency with speed
temperature can occur with any type. It is difficult to define

scale exactly since for example a variation of + 10%
around a mean efficiency of 807 is hardly important,
whereas a similar variation around a mean of 35% would
be. The extent of the variation should therefore be
compared with the mean efficiency. If at any time the
efficiency drops below 20% under a normal operating conditi
then a negative rating should be considered.
(Tx Endurance |[Corrosion The following scale is suggested as being generally
applicable as a. guide. T
10 - No significant corrosion
8 - Slight corrosion unlikely to cause failures.
6 - Some corrosion which could pcssibly cause
failure over a long time. *
4 - Considerable corrosion during tests, no failures
though this is likely over a fairly short
timescale.
2 - Pump failure during tests due to corrosion,
1 or less - Frequent corrosion failure,
Mechanical Again, a scale which should be generally applicable
faults 10 - No mechanical faults ,
8 - Slight mechanical fault(s) which could be
prevented by attention to detail
{'5 (e.g. during installation)
- 6 - Minor faults occurred, but easily rectified
(e.g. loose bolts zand nuts)
4 - Serious faults possible, but rarely. Minor
components only required for repair.
2 - Breakdown of pump during test requiring wmajor
part replacement '
1 or less - Frequent serious breakdown,
Wear The following scale is a guide based on the endurance tests

10 - No significant wear

8 - Slight wear but which is unlikely to have any
effect on reliability.

6 - Some wear which would require attention at
infrequent intervals, but which is unlikely to
cause pump breakdown.

4 - Some wear which could adverse affect pump
reliability. '

2 - Noticeable wear requiring attention at not
infrequent intervals if pump is to remain useabl

1 or less - Considerable wear requiring frequent

replacement of parts,



PYIM kbt d i [ S ST R I NS AT S SR IR R v -
9
APPENDIX III B
TRANSFER OF TEST DATA TO A TEN POINT SCALE
""BRANCH" "TWIG" OR SUGGESTIONS FOR SCALING OF DATA
"LEAF"
Safety - The safety hazards associated with a pump are a matter of

10
g

6

4

or

both judgement and experience. The following is a guide

No obvious safety problems

Some possible safety hazards (e.g. finger.traps,
when pump is being abused. ,
Some safety hazards possible if pump is used
carelessly.

Possible safety hazards to operator or bystandcer
under normal conditions of ‘use.

Safety hazards present. Care nceded to avoid
injury.. .

less - Pump couid be dangerous to use.
Care neéded to avoid major injury. -
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APPENDIX 1V

COMPARATIVE TESTING

It is important that any organisation carrying out comparative laboratory
tests of handpumps should be qualified to do so. It is felt that the

following are requirements if pumps are to be tested successfully.

(a) A wide knowledge of prevailing customs and cultural and socio-logical
backgrounds in developing countries.

(b) Experience of comparative testing gehefally; and fhe proven ability
to interpret the results in the light of the type of usage or
environment prevailing so that realistic conclusions may be drawn.

(c) The ability to call on a wide range of scientific and technical

skills in the practical testing of the pumps.

The principles of comparative testing should also be thoroughly understood.
Several booklets (lhave been written on this subject and the main items

are summarized below =

(a) Teéting must be independent of manufacturers, politics and any other
external influence which could affect either the results or the
conclusions drawn. This may be particularly difficult when éﬁe
work relates to products for LDC use which are likely to ve purchased
in very large pumbers by a few governmental and internationél

agencies, but the principle should be followed as far as possible.

(b) Testing must be objective as far as possible and unbiased i.e.
independent of either the person carrying out the tests, or any
previous test results.

(c) Resulté of éests on any range of products must be comparable
and be derived from realistic tests such that they can be used

to draw useful conclusions.
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WATER PUMPS
Date ....... CGeecoccscsccccsosncscsnssacesos eeesvesse _
. User NO cecececcccicas revecsen
User's Name Mr/Mrs/Miss .eeeesceccses SELCTRITS USER QUESTIONNAIRE |
User' S Height ........ ® ® OO 9 OO0 5O e eS8 o0 LN BN BN B BN BN B N J ) Pmnp Code ....... ® e 000 L2 B BN BN N
User's Age (if under 21) «eeee... ceecscsscasees
! QUESTIONS & INSTRUCTIONS RATINGS | COMMENTS
1 *
Much too "~ Much too-~
Q1 How suitable was the handle height for you¥ high Low
' 1 2 3 L 5
(
. Not at all Very *
i . ot at a ery -
Q2 ! How comfortable was the handle to hold in use? comfortable - comfortable
i : .
| 1 2 3 4 5
é -
‘ [
z : A lot of Vory little
Q5 i How much effort was required to work the pump? effort effort
1 2 3 b 5
] .
| ..
g
:
f i Not at all Very
Q4 | Overall, how easy was the water pump to operate? easy easy
. AT : L . 1 ) . 2 3 I+ 5 ettt
(Please explain rating in the comments column) '
I
!
[
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PROTOCOL FOR COMPARATIVE FIELD TESTING OF MODIFIED

HAND PUMP (SINGUR)

1. Title of the Project :

Study of Hand Punp (Shallow tube well) for WHO/UNICEF Assisted
Projects and Other Rural Water Supply Phase II : Comparative field
testing of Modified pump (Singur) : CWS (008

2. Objectives :

The purpose of field testing is to test a newly designed or
improved pump design on criteria relating to use the pum will have
and the way the pump will, be treated in a real life situation. These
criteria may have to do with environmental factors and/or human fac-
tors that camnot readily be reproduced ir a laboratory or otherwise
simulated. In the case of the present modified hand pump (Singur)
the pump has already undergcne a laboratory testing at CMERI. But
certain human and environmental factors could not be simulated in
the lskoratory testing (vide Para 2, page 26). Hence, it is proposed
to carry out a systematic field testing of the mcdified design at
Singur Field Centre, in an actual use position. Since the modified
design is considered to be an improvement over the existing locally
available pumps, it is also proposed to carxry out a comparative
field testing with the best locally available pump No. 6, and also
Bangladesh Pump No. 6 (if made available either free or at cost)
which is understood to have not yet undergone an extensive field

testing.

3. Proposed activity :

Twenty samples of modified Hand Pump (Singur) with twenty
each of best comrercial pump and Bangladesh Pump No. 6, will be
installed in the villages, coverirg rcughly a population of akout



6,000 (at a rate of 100 users per punp). The test area will be
carefully chosen to provide identical criteria both with respect

to socio - economic and socio - technical situations. A control
area of about the same size which is identical physically, cultu-
rally and socio - economically will be chosen where same number

of test samples will be installed. While in the test area, detailed
instructions and maintenance help will be available as a part of
exisitng routine maintenance programme. In this way it is possible
to evaluate to what extent the extra—care bestowed on users in the
test area has been the influencing factor in the success of the
new design. All pumps will be installed under standard conditions,
(height of handle, pedestal height, etc.) so that excessive stoop-
ing or reaching is avoided and people of all ages, handicapped peo-
ple and the children are able to pump with ease. Pump performance
of each test sample will be measured at regular intervals by skilled
field engineers and data collected on pre-written proforma, for a
period of 18 - 24 months.

All pumps will be maintained with proper lubrication of bea-
rings, pins, etc. All broken down parts will be replaced expedi-
tiously so that the pumps are restored to service with minimum loss
of time. Adequate spares of all the models will be held in stock
for this purpose and a record of replacements maintained;

Ergometric and anthrometric measurements of the dimensions,
motion and work of the users will be carried out to determine the
average characterisitcs of the users population. These observations
and measurements will be made without priorAannouncement to elimi-
nate HAWTHORNE effect.

Socio—cultural observations will be carried out with the assis-
tance of Health Education Specialists of the Institute by informal
discussions with individual families and in groups. It is not pro-

posed to use any filling up of proforma for this purpose.

In the control area, attempt will be made, to carry out main-
tenance of test pumps by village volunteers who can be given an

initial training in renewal of parts of the pump.



All data collected will be evaluated statistically. Assistance
of the Statistical Section of the Institute will be taken in choosing
both operation and control population, in the preparation of the

proforma, and finally in the evaluation of results.

4. Details of budgetary components

1979 1980
I g m 3
1. Additional staff support :
i. Field Engineer (1) 12 1075 12 1075
ii. Field Investigators (3) 36 1800 36 1800
iii. Secretarial charges (2) 24 1200 24 1200
2. Materials :
a. Cost of fabricating 40 nos. _
modified hand pump (Singur) 825
b. Cost of purchasing 40 nos.
best available market pumps 530

c. Cost of purchasing (if free
supply is not provided from
UNICEF/Bangladesh), Bangla-
desh Pump no. 6 670

3. Purchase of spares and tools
and lubricants to suffice for

24 months : 200 400
4. T.A./D.A. and contingent ex-

penditure 300 300
5. Preparation of report (sup-

plying 100 copies to WHO) 325
Total : g 6600 g 5100

5. Justification for Research grant :

The WHO/UNICEF initiated a study at the Institute, to field
test the commercially available handpumps to identify the defects

and make recommendations for improving the quality of these pumps.



When this work was completed and a report submitted, they further
desired that the Institute should design a modified pump to over-
come the defects in the commercially available pumps, fabricate a
few prototypes according to modified design and test it in the labo-
ratory. This work was also carried out and a report on the design,
fabrication and laboratory testing was completed and submitted to
WHO. Under the present proposal, it is intended to carry out a
comparative field testing of the modified hand pump with the best
locally available pump and the new Bangladesh hand pump No. 6, of ’
which assistance of WHO is sought for by way of Research grant. Such
a request is fully justified as the field testing of the new design
will complete the study initiated by WHO in all its aspects.

All India Institute of

Hygiene & Public Health, (S. Subba Rao)
110 Chittaranjan Avenue Professor of Sanitary
Calcutta 700073 L Engineering

The 6th December, 1978 Prqjeét Co—ordinatorA
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INTRCDUCTION

»

Adequate supplies of safe water for their dally neads ere beyond the

veech of the vast majority of rural population in developing countries. The

World Health Organization estimated that only agbout 12 percent c¢f the rural

“inhabitants in the S0 developing countries surveyed in 1970 have access to

"regular water supplics of acceptable quality, Data published in the World

Health Statistics Report (1973) revealeg that the situation in the South-East
Asian region 18 even worse than these average figures keeping in view of the
limited financial and technical resources available in the region, the task

of making wholesome supplies of water available to the majority of rural resi-

.dents is indeed & difficult one,

The conventional approach to the solution of many rural water suéply
problems consisted in adapting a scaled down version of hardwar$ and tech-
nology éommonly adopted in the urban situation. 1In technologic;lly developed
countries whi?h also had the advantage of a better economy,.tgi; adaptation

-

process did not create any special problems.  However, when:&éﬁ same was

- extrapolated to the relatively underdeveloped regions, it wgs?éeen that these

solutions were seldom succegsful, For example, several rural areas in Thai-
land are provided with the conventional type of water treatment system con-
sisting of coagulation, sedimentation, filtration and disinfe'¢tion. .A recent
study on the Evaluation of the Effectiveness of the Community Water Supplies
in North-cast Thailand (FRANKEL, 1973) revealed tbat a large number of these
plants were either inoperative or were performing defectively. Similar find-
ings have also been reported by WHO. A major reason for the failure of many  '?'

of these village systems is the lack of skilled persomnel for operation and

A
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- maintenance of sophisticated processes end equipment. It is then apparent
;?that rural water eupply problems as well as any cther rural development

"'progtam nay require an entirely different approach from the urban sftuation,

" A simple and inexpenesive two stage serles filtration system for treat-

%ing surface water for rural communities has been developed at the Asian
" Institute of Technology and put into operation at several locations in South-

-east Asia (FRANKEL, 1974), The units at present use a gasoline pump for

lifting the water from the surface sources to the f;lter. Since ﬁump repalr
facillties are not generally available in most.rurai areas in this part of

the world, 1t was believed necessary to look for alternative pumping devices
that ere simplé in design and construction and require little skilled atten=

tion. Furthermore, it was considered an added advantage from the point of

"~ view of poorly developed areas, to render the pump independent of conven-

tional motive means such as gasoline and electricity., The prinkipal ob-

jective of this work was, therefore, to identify and evaluate'simple pump-~

ing techniques that would not be subject to same limitation3 as thelr more
sophisticated and cormmercially available counterparts, The‘élsign, construc~
tion and performance evaluatlion of a simple and inexpensive pumping device

that would be suitable for a rural water supply system serving a small com-

muﬁity was to form the major part ofAthe work., In order to maximize the

ts
benefits from the present research it was also desired to consider other sim-

6 .
ple puunping devices with a view to evaluate their suitesbility to rural service

under different conditions. This latter aspect was accordéd-oaly secondary

importance in this study consistent with available resources for the work.

The follcwing scctions briefly.repoft on the early part of this

investigation.
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: CRITARIA FCR SELECTICH OF PUMP TYPES FCR THE STUDY

A water treatment system plagued with frequent breakdowns 1s as much
}ﬁ-{  of & threat to public health as no treatment at all.v It has been reported
that the most common cause of brezkdown of smnll'ﬁater supply systems is
-f pump failure (WAGNER and LANOIX, 1959), Most community water supply systems
currently operating in the rurel areas use either gasoline or electric pumps,
Occasional pump failures inevitably occur in all cases. Repair and mainte~
nance of these pumps require the services of technically skilled personnel,
;“?f.:; : Such specialized skills are, however, not readily availlable in most rural
| ereas in the region., 1It, therefore, begomes.necessary, when pump failures.
occeur, to take the units to the nearest town whe?e repair facilities are
usually located. Experience indicates that quite often . this entails total
disruption of water supply extending overlseveralldays or even veeks. Provi-
’;}‘ = sion of stand-by pumps 1is beyond the financial resources of mosk villages
since these pumps, being mostly importediitems, éfe father ?xge;sive. In
order to miniﬁize disruption of water supply due to pump fa{?iqe it appeared
that the pump should be simple enough so that repairs‘couidibé'carried out
by the villagers themselves at the point of uéé. ' R
. ‘ As indicated by the WHO survey in 1970 only a minor segment of the huge
| rural population in developing countries have any.form of an acceptable water
supply. The importance of extending ?ural water service is well recognized.

- A major retarding factor is, however, the scarcity of available funds for E ;

such work. It has been estimated that to ratify the basic water needs of only ."

25 percent of the rural residents in developing countries would require &

N

capital expenditure of about $2.8 billion (THANH, 1974). In view of the
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Climited availability of finance it is not unfeasonable to conclude that

. more emphasis should ba placed on developing inexpensive systems. A prag~

. matic approach would be to encourage incorporaticn of ilocally made compo-

nents to the maximum extent possible. To be practicable at the village level ™
this would necessitate simplicity of &esign and construction, even at the

expense of efficliency, and the use of locally available materials, 1In so far

as the objactive is to provide an acceptable service with available resources
to the maximum number of pecple rather than to bring high quality service to

a necessarily smaller number, such an approach would seem to represent a via-

- ff‘ . ble solution to the rural water supply problems in the South-east Asian region.
Many rural areas, even in the less developed parts of Asifa, are, today,

endowed with a supply of electricity and/or gasBline which are the most com-

mon power sources for the commercial pumps. Consideration of more primitive
sources of energy such as human or animal power for purposes suéh as water

1ifcing might, from this point of view, seem rather out of daté: When one
\ .

. -1, . [} .l.
e recognizes the fact that the hardware using electric or gasoline power as

‘energy source necessafily consists of sophist{cated componenégléoo complex
R for production and maintenance locally, it 1s;seen that this{il not the case.
.‘ - At p‘resent considerable .:Lnt.erest is evident in the dévelopmet‘\t:and exploita-
. tion of naturally available enagrgy in wind pcwer, solar radigsion etc,

Because of the limited availability of funds needed for such work of a more

fundamental nature, and a desire to expedite the availability of the results

e e s s .
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from this study, attention was concentrated in the search for a manually

)
* ) : Coeee - ‘. .

operable device, A supply of human labor caﬁ generally be relied upon in

. most areas of South-east Asia, where.mass unemployment is a major'problem.
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Apert from the abo?e criteria; dlctated primarily by the technological

" gnd cconomic limitaticns of the rural.areas, the pump selection process is

also influenced by the.specific requircment of the contemplated servige t6 oy

which it 1s to be put, The.primary source of water in the South-east Asian

‘region is surface water requiring éome form of treatment, The water supply
gyster can, therefore, be expected to incorporaﬁe a central treatment facill-

" ty. Such indeed {8 the case in many of tﬁe existiﬁg systems, The gervice
required of the pump is, then, to r;isé the water from the surface source to

the inlet to the treatment unit. The volumetric capacity and lift of the

pump should be such as to be suitable for thisz duty,
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TUECTION AND PRELIMINARY DRSICN OF A MAKUAL FUMP FOR RURAL CMMUNITY WATER

Having decided upon the essential attributes of the desired pumping

”f  device, a scarch was initiated to find a sultable pump that would best satis-
fy these constraints., Available information on the various typeg of pumping

~

;:-devices commonly recommended for rural water supply asystems was collected.

Pertinent characteristics of the different pumping devices were reviewed
with a view to evaluate their conformance to the selection criteria. Table 1
precents a summary of the main characteristics ana agsegsment of the more
common varieties of surface-type pumps used in ;ural water'supply systems,
Rural water supplies can be clascssified Into two broad categories:
(1) centralized systems which usually incorporates a watef treatment faci- .
lity located in areas where the natural supplies ére not éafe fér direct
R consumpéion. A distribution ;ystem méy or may not be availabfe§ (2) where
ff | individual users draw their own supplies!from the source fog;?frcct consump-
tion without treatment, i?ﬁi

_ At many locations in Thailand and otﬁer pagts of South;éésg Asia, the
.> s .. most readily available natural supplies of water are from suffaée sources
‘ - and these waters usuvally require treatment to rémove t:urbidit}: and harmful
microorganisms. This would seem to réquire a centrel fac11i£;.and therefofe
the pumping device to be selected should be suitable fo%‘incotporation in

~ such systems, Of the commonly available types of pumps only the electri-

J u:' . - cally or gasoline driven pumps with their relatively large capacities seemed

to be suitable for such services. The hand-pumps, chain pumps amnd other va-ﬁ';‘.

tem o,

.

" rieties of rudimentary devices were more likely to be useful for supplying
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_Table 1 - Main Characteristics and Assessment of Surface-type Pumps and Lifting Devices
= :
Pump CONSTANT DISPLACEMENT VEILOCITY
Main type Hand Pumps Wind, Motor Dri- | Chain or C
Charac- an mps ind, Motor Dri- ain or Con- . s P 2
teristics Plunger Type ven Plunger Type tinuous Bucket Rotary Pumps Centrxfuoql Action
Efficlency Low: 25%-60% Low: 25%-60% Low "Good" 50%-85%
range :
Operation Very simple Simple Very simple | Relatively simplg Relatively simple
Maintenance Simple, but valves | Same as hand pump; Simple Relatively easy, | Requires skilled
and plunger require} Maintenance of Mo~ but requires re~| attention
attention tor difficult in gular attention
rural areas
Capacity " 10-50 40-100 15-70 - " 25-10,000
liters/min ’ .
Head, meters Low Up to about 60 Low Up to 80 meters Vide range
meters .
Power sourcé Manual Wind or motor Hand; arimal, | Manual, wind, Combusticn engine,
A wind, motor motor electric motor
Cost Low Low Hoderate Moderate Moderate to high
Advantages iow speea; easily | Low cost; simple; | Simple; easy Reliable service | Reliable service
understood by un- Eég;sgeed.\ to operate and | 1ife, relatively | life; wide range
skilled people;, a—t L e J maintain easy to operate | of capacities and
low cost and maintenance | heads
Disadvantages | Low efficiency; Low efficiency; Low efficiency;| Moderately high | Unsuitable for

limited capacities
and heads

maintenance of
motor difficuit
in rural areas

limited use

cost

manual or animal
operation; high
cost: difficulr
maintenance

N




_.-water frem source to individual users,
. When the rurel water supply literature friled to yield a suitadle wa-
~’2_ter_1ifting device fulfilling the criteria outlined in the previous gection,
 the search was widened to the field of irrigation., A large number of de-
 vices widely used in varioué pérts of the world were reviewed but none of
.them appeared to be adaptable for raising water above ground. A closer

.
scrutiny of recent developments brought to our attention a manually operated
foot~pump evolved at the Agricultural Engineering Department of the Inter-
national Rice Research Institute (IRRI1), ggiiﬁggiggp. .Being intented for
irrigation usé thé pump apparently cculd deliver water at rates required in
a community~water supply system. The pump in the original deeign consisted'

basically of two canvas bellows reinforced with metal inserts, and a dis-

‘charge box. When operated bz one man it could 1ift 180-240 1litérs of water
‘ " 33
" through 1 to 2 meters (KHA;Z f?75). The basic configuration offthe IRRI

pump was selected for further development in order to design alpump for sim-
ple rural community water supply systemsj . Y ?'

tﬁf;lf. ' Even prior to adapting the IRRI foot-pump, a bellow fypéﬁgLvice driven
A?"}. by.a bicycle-pedalling mechanism had been conceived and testéd?. Unfortu-
‘ nately, the collapsible rubber bellow which c§ns£ituted the putnp:ing element
could not stand up to the pressures developed within during th; pumping cycle
for significant lengths of operation. In the IRRI basic desié;, this funda-
mental defect of a bellow has hopefully been corrected by use of a metal-

reinforced canvas bellow which, accoxrding ;6'the original designers yielded -

_).;i . - a rugged design with a long life.
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raelimivory Declen of Manual Pedal Pump forr Rural Community Water Sunplv

The original IRRI -pump was des igﬂod in such e way that the pump %ody

needed to be partially sub?erged during cperation., This feature was consi- fﬁl
*i}i.dered undegirable for the service contemplated in the presénc study and there-
fore the design of the pump was modified by providing external suction lines
":‘to deliver water to the bellows. Foot valves on suction lines were suﬁsti-
" - tuted for the original inlet valves in the bellows., Figure 1 fllustrates
a.schematic of the pump.configuration adapted for the present work, The ba-
-8ic pumping element consisés of two canvas bellows reinforced with metal
plates. The suction lines.Aeliver water to the bellows. The bellows dis-
charge into the dischargq:?ox which 18 connected to the rising pipe. The
‘beliows are supported at the bottom by a base plate which is {ixed to a wooden
' freme. The ﬁox plate and the discharge-bq; could be made of metal plaéés,
but sheet.metal was desired 2s the construction materisl for thé firstimodel,
Pump sizing in the preliminary design was based on certafn;assumptions:‘

]
L

It was rcasoned that the moet 1likely use of the pump wdufd be for

el

village systems serving a population.of up to 1,000, This dOuo not, however,

preclude use of the pump at least as a stand-by unit in largeé systems to

. guard against ‘poss'ible disruption in service due to failure of the regular :,A
pump. If it is supposed that the per-capita daily consumption of water ex-

.. te
pected in the rural environment is 50 liters and that the average daily pump=

" ing hours could be something like 8 hours, then the capacity of the pump

_ should be about 100 liters per minute. Assuming on an average 15 strokes
“)fi..f : per minute the pump should deliver approxiﬁafely 7 1iters per stroke, The
v volumetric capacity or displacement volume of each bellow then works out to
be about 3.5 liters. The sizing of th; pﬁmp was done to satisfy this require-:

"ment.
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" Assuming this 1ift the theoretical power requirement was about 0.1 to 0.15

)

-1 .

On the basis of existing water treatment systems of the two-stage fil-

tration type it secemed rcusonable to expect that the pumps would be expected

" ‘to raise the water from the source through a head of about 5 to 7 meters.

L . 1
" oHP. The actual requirement would be higher depending on the efficiency of

‘the pump, Little reliable data was available on the rate of energy trangfef~
poesible through human labour, A range of possible values found in the 1i-
terature is'from 0.1 to 0.4 HP (VITA, 1973). It would then seem that one or
two persons operating the pump could probabl; deliver the required volume
through the'S to 7 meter 1ift. The pump can indeed be worked by one or two
persons. In the design of the preliminary prototype model it was assumed

‘that two persons would be operating the pump - simultaneously.
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. TH2 TESTING PROCEDURE

Pump testing in standard pump practice 1s carried out to determine the

-

head-discharge relationship and the energy efficiency-discharge relationship

.which in turn can be used to define the cptimal operating range for the pump.

3»‘In the present context this standard testing procedure had to be modified

" because of the nature of the pump.

Because the pump belongs to the class of constant displacement devicesA
it 1s to be expected that the volumetric diachargevis directly related to
the speed of oparation or number of strokes per uﬁit\time rather than to the
head. Assuﬁing that the rate at which energy can be expen&ed by a human be-
ing for sustalned lengths of time to be more or less congtant under standard

- conditions, variation in the number of strokes per unit time is to be ex-
pected for operation at different heads. 1In the experimental stpge both
variation in the frequency Qf pumping strokes and the discharge, will be
studied for different pumping heads., For'a given head the disgharge as a
function of hours of pumping will also be determined so as té}é&tain reliable
data to estimate o§tima1 pumping hours for the operator. AlI'é%berimental
runs are to be replicated by having several persons té operate tﬁe pump 80
that the results will represent average values to be expected in fleld use

. rather than an individual operator's performance. Despite these precau-

tions the results, nevertheless, will remain to a certain extent qualita:ive.
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- ADDITICGNAL STUDY: INERTIA PUIR

In addition to th2 footQOberated bellow pump, the study will alco in-
;ff -clude investigations on the performance of a propesed modification of the
{ﬂ simple inertia hand pump, The inertfa pump (DAWSON, 1969, VIT4, 1973) is
:fZ*an extremely simple device for lifting water from upto 3 or 4 meter depth.
?Z. The proposed modification is with a view to recovering part of the energy
that would otherwise be lost during the downward stroke of the punp. The

.. . puxp configuration under consideration is shown im Figure 2. The flywheel

~ dis to be driven by a bicycle type drive.
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Indiz Murk--IT pump: The India wark II pump is a deep tubewell hand

0 .
;ékmp evelived by UNICEF, India and the AFARM Group of Voluntary agencies in
Haharashira frem the "Sholapur' design of the AFARM Group36/. This pump
wses welded steel fabrication, roller bearings, sealed lubrication and

ac & single pivot action connecting the handle to the pump rod through a
hort Jength of motor cycle chain. All moving parts are enclosed in a .
steel housing. The puap has a pedestal design to be grouted into the
concrete platiorm, completely independent of the casing for support. This
pedestsl has an inside diameter of 6 inches and fits over the standard
4-inch end 5-inch casing used jin the UNICEF-assisted Rural Water Supply
Progremez in India, forming a complete seal to anv-surface pollution, Tha
threo--picce assembly India Mark II Pump Head Pump (pedestal-water tank-
head) 1s presently under mass production at Richardson and Cruddas, Madras
(& Government of India Undertaking) and costs about US$128  per assembly.
A limited assessment of tihe pump indicated that 80 per cent of cenversicn
heads still were operating at the end of a l2-month trial period. Figure
.6 shiows deteils of India Mark II hand pump.

14

’31 .

Y
<

o

[}

: ;Bangladesh Rew No. 6 Hand Pump: The Bangladesh Wew Ho.6 hand pumn3?/ vas
:d(ﬁlcpcd by UNICEF Bangladesh and the Department of Public Health Engincering
xomny, Bangladesh, with over 300 000 planned for installation by 197¢. The
Acw pump represents a cross between the Battelle pump and the old Haya No. 6
tpump. The new name is part of the effort to insure local acceptance., {No. 6
‘designates a 3-1/2 inch cylinder dicmeter, about 90 mm).

v

The wajor improvements on the traditional No. 6 are:
1) Increased bearing surfaces on cast iron wmoving parts and pilvot pins.

2) Use of round, smooth mild steel pins held by cotter pins, rather
than nuts and bolts at pivot points.

3) A piston rod with reinforced bearing arcas end jam nut at
plunger end.

4)  Polyvinyl chloride (PVC) cup seal or bucket instead of lezther
bucket.

. 5) More stable configuration of four nuts and bolts located at 'heel"
and "toe" points of headcover (2, 4, 8 and 10 O'clock positions
relative to the fulcrum at 6 o'clock}, rather than the three
points on the old design.

6) Standardized size (2-1/2 inch x 1/2 inch) fer &ll nuts and bolts
inctead of three or four sizeg on previous pumps. Lock washers
have been added to nuts and bolts (approximately €5 mwm x 13 mm),

7) A stronger handle with higher mechanical advantage and an 8-inch
(20 ¢in) stroke length. The cross section of thehandle was
changed from an "I'" to a "T".

The design of the pump was strongly influenced by the severe shortage
£ pilp iron and the casting technology available in Baugladesh. For example
he "New No. 6" is about 20 1lk. (9 kg) cor 15 per cent lighter than the
attelle shallow well pump configuration. This savings was achiceved partiy
hirough redesign of the base plate of the pump stand fow Bangladesh standard
nstallation (threaded connexions to well casing), and foregcing puinp stand
nterchangeability with deep woll pumps. '

.

.
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‘Figure 6
" INDIA MarkIT PUMPHEAD
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L« The polyvinyl chloride (PVC) cup seals used in Bangladesh have been
found to have 2-3 times longer lifespan and greater uniformity than the

traditional leather buckets available. In Bangladesh, they arc less

expensive than leather cups (PVC about $0.12 each, leather about $0.25 each) .

Because cup seal wear was the leading reason for punp shutdown (estimated

at 25 to 30 per cent at one time), the PVC cups have made a major contri-

bution to improved maintenance. Over time the water-lubricated PVC cups

may be honing (making smoother) the iron cylinder walls, Figure 7 shows

the Bangladesh New No. 6 handpump.

32. Hydraulic Ram (Hydram): "A hydraulic ram (hydram) is a simple pump
developed about 200 years ago, which uses the energy from flowing water in
& pipe to force a small portion of the water to a height higher than the source.
There needs, however, to be sufficient flow in the stream or other source of
water and the necessary slope in the ground to generate the required energy
for raising the water to the required elevation. The hydraulic ram requires

absolutely no fuel or electricity, only water pressure,

WHO SEARO in its Regional publications Series No. 2§§j included
installation details and components of hydrauvlic rams. Silver 39/ prepared
a useful guide on hydraulic rams and suggested that anyone with a minimal
amount of mechanical aptitude can survey, design, and build a hydraulic
ram from locaily available parts, and do any necessary maintenance.

Siiver39/ observed that in the mountainous regions of Nepal, and
other areas of similar topography, there are many thougands of places where,
if a hydram were installed, much time spent hauling weter could be used for
cther purposes. Because this simple pump works 24 hours per day, for many
years (many working installations are over 50 years old) and requires
little attenticn, it is suitable for arcas wvhere people have little technical

expertise.

Figure 8 shows a hydraulic ram built from local materials. The cost C/

of several hydrams made from locally available parts in Nepal was gathered

by Silver and shown below:

. Pump Size ‘ Labour Materials Total
(Urive pipe) (In Nepalese Rupees)

1.5" (38 mm) 50/- 220/- 270/-
2" (51 mm) T 66/- - 254/~ 320/~
2.5" (63 mm) 70/~* 437/~ 507/~
4" (102rm) 113/-% 1055/~ 1168/~
CNotes:

1. The above costs do not include the gate valve on the drive pipe and on
the delivery pipe. The equipment used was: a lathe, a grinding wheel,
a drill press, welding equipment,and assorted metal working hand tools.

2. One US § = 12.45 Nepalese Rupees

*The 2.5" and 4" pump built here used cémmércially avajlable vertical

delivery valve which made the total cost mcre expensive than a pump with

a “"homemade" dellve 'y valve, but not by any means better or more efficient.
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Figure 8: A Hydraulic Ram Built from Local

Materials in Nepal

(Soutrce: Use of Hydraulic Rams in Nepal. A
Guide to Manufacturing and Iinstallation,
Silver, N, Kathmandu, UNICEF Nepzal. [J977).
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1.

REPAIRS AND MAINTENANCE OF HANDPUMP TUBEWELLS
BANGLADESH

INTRODUCTION

The Directorate of Puklic Eealth Engineering (DPHE) is essentially
entrusted with the job of promoting Environmental Sanitation through
the supply of safe drinking water in both urban and rural areas.
When a water supply scheme is completed it needs operation and‘
maintenance. In the case of urkan piped water supply systems,
operation and maintenance, after completion of works by the DPHE,

are normally entrusted to the Pourashavas. But dnz the case of rural

water c¢vuply systems (rural hand tubewells) the operation in effect
is carried cut by the individual user. The department neced only

maintain them.

Proper maintenance in fact is vital for any water supply system and
particularly so for the rural hand tubewells as the health of about
200 people is dependent on every single hand tubewell and thus the
vast majority of population of the country as there are already cover
300,000 wells. lence DPHE has taken up the t:sk of maintaining thoem
also besides sinking. If DPHE fails tc maintain hand tubewells
properly, soon the tubewells will be out of order and pceople will be
deprived of safe drinking water and in effect the existence of DPHE
will be meaningless. So, the maintenance and repair of rural hand

tubewells is a sacred duty of DPHE.

Literally, maintenance means to nurse, to develop, to upkeep, etc.,
and technically it means to keep an installation in true working
condition. 1In general, the term maintenance of hand tubewaells means
te keep the pump in good working corder, to keep the strainer clean

and to keep the platform in good condition.



REPAIR

Repair of a hand tubewell means generally the repair of hand punp.
The handpump consists of many movable parts of various materials
assembles together. The hand pump consists of the following parts:
(Figure 1) - Barrel, Base, Hecad Cover, Piston Rod, Plunger, Bandle,

Bucket, Seat Valve, Valve Weight, Nuts and Bolts, etc.

It is just common sense to understand that the component parts of any
machine go out of order due to wear and tear from long use, sometimes
due to mishandling and occasionally due to unusual break-down and
needs fresh spare parts tc bring the machine into commission. 1In the
case of the hand pump of a tubewell, therec is no exception to it.

But the salient point is, are DPHE wells brought into commission in

the guickest time as they would demand?

The most vulnerable parts of a hand pump to wear and tear are the
bucket and seat valve, because they are made of either leather or

PVC. ther parts being of cast iron or midl steel last longer.

A PVC bucket may last between 6 months to one year whereas a leather
bucket lasts between 15 days to 3 months. This is our latest finding.
Also PVC bucket is much chzapcr than leather bucket. Seat valve is
made of leather =nd may last between 6 months to 1 year. DPHE is now
using PVC bucket extensively. PVC seat valves have not yet proved

successful.

Tools and plant required for repair of hand pump, as shown in figure 2
are: Uria wrench, Pipe wrench, Sly wrench, Screwdriver, Hack-saw klade,
Hack-saw frame, Pipe cutter, Chain pipe tong, Die etc. Use of each of
the above tocle would be demonstrated to you in the field after the

class hour.
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MANAGEMENT OF MAINTENANCE AND REPATR

Today DPHE has got 300,000 rural hand tubewells spread over an area
of 55,200 sg. miles. Each tubewell needs care and attention of a

responsible person who can repair it.

In the management set up, last tier consists of the mechanics who are
the directly responsible persons for repairing of wells by going from
village to village like a postman. Four mechanics in each Thana have
been placed for this. They have been posted in Unions. For super-
vision and control over the activities of mechanics two Sub-Assistant
Engineers and one Assistant Engineer have been posted in the Sub-
Division headquarters. This means that these three persons, are to
manage and control ahout 26 mechanics spread anywhere in 876 sg. miles
of a Sub-~division boundary. This is in addition to their other jobs
of execution of rural hand tubewells spread over the same area. If
the mechanics do not move and work with dedication, 1t is extremely
difficult for Asstt. Enginrecrs and Sub-Assistant Engincers o keep
watch over their movements. It requires initiative, intelligence

and tact on the part of the Assistant Engineers to monitor their
movements. The Assistant Engincers can utilize the offices of

Union Parishads as information media. The Chairman of each Union
Parishad has been given authority to look after the activities of

the mechanics. Assistant Engineers c¢hould impress upon the Chairman
the necessity of their giving authentic reports4%gainst the inefficient
and defaulting mechanics. For this, the Assistant Engineers should see
the Chairman in their places at least one a year. Unless people are
taken into confidence and told about cur purpose, the maintenance

programme wo.ald be a failure.

It should be remembered that for every well that is out of order,
about 200 people will suffer for want of cafe drinking water. And
if an epidecmic of diseascs like, Cholera, Typhoid or Dysentery
breaks out, lots of people fall sick from waterborne discases and

many may die.



7.

INVENTORY:

It requires strict control over the inventory of materials both in
stock as well as issued and used by the mecahnics. <the proof of

use of a compenent part is the production of a damaged part to he
taken back to store stock by the mechanics. If that is not done
then what else is the proof of utili-ation? For this, the Assistant
Engineers should make random checks in the field with the copies of

the previcus month's progress reports of mechanics.

CONSTRAINTS:

The mechanics have ¢ot no permanent address or a place of residence

in the Unicon where they can be called up.

If DPHE had Thana offices wiith stores under some supervising staff,

service and inspection could be quicker and thorough.

Howevey, till such a position is reached the DPHE Engineers will have

to work much harder and make up for the constraints.

CONCLUSTON:

The ultimate goal of the DPHE is to eradicate water-borne diseases
and thus improve environmental sanitation of the entirc country.
This is really a humanitarian Jjob and hard too, because it is
difficult to induce people to adopt healtli habits and even if
attempted it will take a long time. The best way is, therefore,

to give health education to school children. They may also be
taught about the simple mechauism of a hand pump and how to repair
it. Then they will find interest at least to check if the
mechanics have actually repaired wells. Alsco they can diagnose the

defect and inform the authority through suitable information mediea.
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UNITED ILTICNS CHILDREN'S FUND(UNICEF)
DACCA, RANGLAD3ISH

Report on’ the Final Evaluation of the
Pilot Project for Maintenance of Hand
punp Tubevells with people's warticipation

This has close reference to the interim evaluation(carried cut at the
end of one year of operation) report dated 2.7.77 submitted to the
Chief Engineer by the comnittee appcinted for the purpose.

As per recommendation(l) of the above report the pilot projects were
continued and are still continuing. A& final evaluation was conducted

as per decision taken by the Technical Committec at their meeting held
on 4 Januery 1977. The comnittee constituted origirally for the purpose
consisting of the felloviag persons:

1. live V. P. N. Nayar, YHO Chairman

2+ Mre A. Awal, UNICEF Menber

3 Mr. Matiur Rehman, DPIE Member Secretary
4 Mr, M. ksghar, DPHE Member

5. Mr, M. A. B. Siddique, TPHEE  Member
vas entrusted to do this evaluation.

The committee conducted field inspections of the nroject union hand
tubevells, union offices etce and also interviewed local villageB/,
beneficiaries, union chairiian, mechanics and caretokers,

& sumpary of the visits held on two days withi a tabulated statement showing
the condition of tubewells inspected is enclosed.

& divisionwise sunmary of the tubewells maintained in few of the project
unions and a consolidated random survey of the same for the-country 4s a

vhole is also encloscd. ‘

The following are the observations the comniticc wish to mske on the pilot
projects covering the period from early January 1976 to end 1977.

Introductory -

The country had as of end December 1977 approximately the following numbers
of tubewolls(shallow/decp set pump/deep wells) wvhich are to be classified
as public, besides the tubewells in the private sector as well as thoge
constructed primarily for minor irrigation purposes.

Contdee....P/2
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For drinking and other domestic purposes:

End 1977 Shallow Deep Set Deep
Lpprox, Public 3,30,000 2,000 9,200
Private 3,00,000 o~ -
MOSTI 22,000 - -
(Irrigation)

With the ongoing programnmc of 155,000 shallow tubowells/S,OOO deep
tubewells of the current Plan of Operations and the number proposed
wnder the approach plan period of 1978-80 the fipures will still
grow higher. '

End 1980 Shallcw —eep Sct Deep
Public 4,88,000 9,000 16,200
Private 3,25,000 - -
MOSTI 90,000

With the projections contciplated as per C.H.P. cxcrcise these will
go still higher and by the cnd of 1985.

End 1985 Shallow Decp_Sct Deep
Public 7,38,000 14,000 21,000
Private 4,00,600 - , -
MOSTI 90,000

2,40,000 - (subject to funding by USLID)

In sumnary, by end 1985 the country would have aprroximately the
following numbers of drinking water and minor irrigation(used for

drinking as well) shallow/decp tubewells that rcquirc the same kind
end quality of maintenances

1985  Public 7,73,000
Private 4,00,000
MOSTI 90,000
Total 12,63%,000
MOSTI _ 2,40,000(US LID)
Total 15,03,000

If the purpose of providing these wells is to supply water at least
to a rcasonable degreec of satisfaction from considcrations of
convenience, comfort and health, at least 80% of the wells must be
in vworking condition all thec time. That such & state of affairs to

be ensured nceds tremendous cfforts by way of trzincd manpower, spare

parts, logistics, funds and administrative arrangcments need not have

to be emphasised.

L
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It was on.y in this context the DPRE/WHO/UNICET jointly decided to

carry out a pilot project study on a country~-wide basis.

The observations of the committec based on the compiled records,
visits to various unions, dnterviews etc. arc briefly narratecd below:

1)

2)

3)

4)
®

5)

6)
7)

8)

9)

10)

11)
12)

13)

i4)

oYY o - g e Se o 5 e T %4 e

The pilot projects have been run to better standard of record
kceping, visits by LEs, conditions of naintenance of wells etce
over the period from January 1977 to December 1977.

Reporting by officers at various levels had also improved
considerably.

Quite a few of the wells among those visited by the committece were
found to need little or no maintenance at the hands of the union
mechanics or by the beneficiaries.

Bven on those that needed such maintenance, the off take of spare
parts from the wnion nechanic(UP Office) has becn gencrally low.

In most cases where repairs were needed, the people used to buy the
parts, those readily available from the locel market and have the
wells repasired. '

Caretakers were found to take an active role in routine naintenance
of wells in at least 25% of cases.

In most cases mechanics did not do sufficient motivation to have the
people egrec to buy the parts from them and have the wells repaired.

L perfectly working pump with all parts intact was not often required
by the people -all that they wanted was something that would sonehow
1ift some water for them. In other vwords they preferrcd to have the
mininun and not the optimum maintenance done, obviously to save cost.

Use of the tubewell water for purposes other than drinking was still
rare except where other sources were totally absent/ba@ly lacking.

Properly told and understood, the beneficiaries were prepared to pay
for the parts. .

In c?rtain areas -few of course -the beneficiaries deserved special
consideration as they were not in a position to pay for the parts
at all they being extremely poor.

Chairman were not easily available in many unions as they werc often

called in for all kinds of thana/local neetings and functions nost
of the tine. '

ﬂaps and ?ecords were found kept and naintained fairly well only
in few unions. Lny way a start on proper lines has becn madea

.Painting the number on the barrel of the punp for properAidentification

vas ind done in most casese.



Findings

1.

@

2.

3

4.

Reccurnendatinns

The availability of spare parts in the market at cheaper prices
could presumably be only to the thana mechanics disposing the
departmental free supplies for lesser consideration to them and
thus making some cxtra money for theneseclves.

It is also likely that a large quantity of spare parts are going
into use with private wells, MOSTI wells etc. The expenditure of
almost Tk. 25/- per well year in the adjacent unions as compared to
Tk, 10/- to Tk. 12/- por well per year in the pilot project unions
tende ‘to indicate that large scale Governnent spare parts issued
free of cost to the regular mechanics asc finding an outlet in the
local market through the mechanics.

Reaction of the Union Parishad -~ Chairman of the Union Parishad have

generally accepted the system of maintenance, even though the people
have to pay for the spare parts ~despite the fact that the neighbouring
wnions do not have to pay. The systenm proves to be much suitable to

the local people and local condition.

The appointment of the Tubewell Attendents one for each Pilot Union

is found justified in view of othe area of each union, number of
tubevells, communication difficulties in the villages. This is considered
a right step in bringing services ncarer to the pcople of othe rural
areas.,

This is perhaps the first and right step towards having participation
of the people and the Government in the maintenance of rural water
supply systen which, however, may be ultinately taken over by the
people fully. The systen will possibly fit nicely into the

naintenance of proposed rural sanitation system. Community participation’

will be elaborated further in booklets,

1.

2.

g e e s e

Adoption of the systen for other unions

This system of maintenance of rural water supply should be adopted

nationwide. Extension to all other unions should be made. progressitvely
—phase-vise.

Lppointment of Tubewell ALttendents

The pre-requisite for adoption of the above system is the appointment
of Tubewell Sttendents one for each union, the carlier the better.



3.

4.

5.

6.
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Training - The Tubewell fttendents vien appointed, will need

comprehensive training on the basic »rinciples of tubewells
their maintenance with tools and bicycles. UNICEF in the neantime

and

has agreed to bear the cost of training, provide them with tools

andbicycles.

Prices of Spares - The price of any spare parts should not exceed

10% of the purchese price of items from the manufacturers and the

prices so fixed should be reviewed and rcv1scd if necessary at

least once in 6 months.

Storing of Spare Parts - Ls in the case of pilot unions, spare

parts nust be made available by DPHE to all union offices as distance
from villages to thanas are often too great.

Motivational ¥Works - Until the 1,644 tubewell mechanics, the proposed

4,500 Union Tubcwell Lttendents and the Carctekers of each well are
notivated properly —into the service aspects of the maintenance and
until the DPHE thang set up with stores is fully esteblished with
adequate sparc parts of standard quality, the technical control of
the DPEE over the Union Tubewell Lttendents rmst continue.

Standardisation of Pumps and Parts -

and availatility of pump parts, DPHE in co~opcration with the

Bangladesh Standard Institution should standardise the different
types of handpunps and advise the private manufacturers to abide by

the design while mantfaciuring them for private selling.

Stock Piling of Raw laterials -~ DPHE should prepare estimated

requirenents of raw materials necessary for umanufacturing of the
gparc parts on annual basis and iafornt the Trading Corporation of

angladesh for 1mport1ng the raw matrrlals especially the pig iron,

Goke etc.

To facilitate interchangeability



P3lot Project Area indicated by:. A

Adjacert U Ps cutside pilot project - B

STATEHENT OF SPARE PARTS USED IN THE MAINTENANCE CF TUBEWELLS

IN THE PILOT PROJECT AREA

Tvoe of ProTect S b oot § . SPARE PARTS USED _ _ Percentage | Unit cost
ype of Projsc | %Tl‘!s | Bucke"fﬂ Seat | Plunger | Piston ] Base | Head | Handle rBar‘re’t { tuts &l of running | of repalr
1 Valva | Irod | [ Cover | 1 f Bolte | TW at any time] for 1 year |

Neme of subdivisiontJhenaldah

Percpd{Jan 176 to Dec 177) _ - - - . o

A, Porahati 87 33 19 1% 5 1 - - - 186 96% " Tkoto09 -
Be Padnzker 55 93 107 13 5 - 2 1 2 . 43 100% Tke14463
 Neme cf subdivislontJessore Sadar

Pertod(Dcc!?6 %o Dec!TH) . . o _ :

Ao Keshabpur .87 138 47 28 5 2 1 7. 3 457 952 Tke18.26
Bo Trizohint 63 . 206 230 52 23 4 6 12 1 495 96% Tke34,10
Newe of subdivislon:lizgura

Period{Jan 376 to Dec 177)  :* - - -

3o d2gdol 83 % .96 2 20 - - 4 - 205 967 1,8,25
B. Chella 80 82 187 22 %5 1 2 6 1 251 100% Tka11458
Narme of subdivisionsNarail

Period(15 Jan'76 to 31 Dec'77)

ho furte 60 80 117 25 13 1 & 2 P Tke12.87
B, Bhaddrauila 55 M7 180 i8 3% 3 10 15 2 490 99% Tka32.H
Naze of subdivisionsHeherpur

Pericd(17 Jan®76 4o 31 Dec 377) : .

A, Anihurt 82 7 103 18 = .3 6 2 382 1007 Tke12435
B. Kutubpur 97 265 323 %05 10 18 1 o4 954 Tk.31485

P
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[N THE PILOT PROJECT

Pitot Project Area indicated by ~ A

Adiacent U.P, ou’csidépﬂot project‘: 8

SPARE PARTS USED _ Y Percentage | Unit cost.]

Type of Project — o | Nooof ' v
[ T4s  UBucket] Seat | Pluager | Piston] Base | Hoadl | Aandle § Barcel] Nuts & Jof running | of repair | REMARKS
____ i 1 I Valve | JRod | I Cover | . 18lts J T4 at any time] for 1 year] ¢
Nezie of subdivisionsFymsSadar(8)
From 19 Dec 175 11 31 Dec 77 . ) A

K Batlor 116 420 viE 3% 35 2 - - - 139 86% Tk 9,81
B. Kanthal % 2% 319 76 39 3 2 13 9 1065 87¢ Tke33,82
Naze of subdivislongMyneSadar(N)
fron Jan'76 to 31 Deca 'T7 . . _ -

A Dovhekhala T %45 10 0 - - 1 - 10 737 Tke 4468
B. Tarundia 81 8 63 16 19 2 3 8 - 211 g0 . Tke 8494
Hane of subdivisioniKishoreganj

_Fron Jan 75 to 3 Dece 177 :

Lo Ohouddasata 86 15 12 39 23 - 1 2 - 307 862 © Tke13.90
Bo Binnati " 87 140 . 49 3 5 6 9 52 82% TkoFolh
Nane of subdivisionsJemalpur.

From 1 Jen'76 to 31 Dece 77 . o

Ko Kendua 0. 220 238 102 66 o 1 2% - 2% g1 Tke25,51
B, Tilpullah 111 2% 231 50 50 g - 12 20 1 720 907 © Tke2ke30
Nome of subdivision:iletrakona ) ’
po Chellisha. 5 91 59 22 19 - 5 6 - 168 8L Tkel2e21
B, Rouha | 63 139 14 8 3 31 12 % #9 897 Tke20s45

N o
- -\«',’ J
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Pilot Project area indicated by A

SUNMARY

P S

STATEMENT OF SPARE PARTS USED !N MAINTENANCE OF TWs IN THE PILOT PROJECT AREAY

Adjacent U,P, outside pilot projec’c; B

Type of Project { flos of { Nos of ]

SPARE PARTS USED

Fercentage of | Unit cost of }

¥ Pr‘ojecti Tils i Bucket] Seat | Plunger ﬁ;gé’con 1 Bace Kead | Handlel Sarrell Muts & running TH at [ repair for [ REMARKS
Valve | I E cover | [ Bolts [ any tine | one year )

KRULHA CIRCLE
Ao 5 408 32 514 112 81 4 14 19 5 1987 )4 Tke 11410
Be 5 350 733 937 210 161 13 30 52 7 2443 897 Tke 25,05
DACCA CIRCLE
Ae ) k45 81 592 211 153 2 17 33 93 85% Tke 13495
8o 5 395 785 906 229 18% 23 30 62 18 3925 88t Tke 25464
RAJSHAHT CIRCLE
ko 2° 160 85 100 Yyl 9 1 1 - 362 98¢ Tke 6486
Be 2 128 . 172 188 47 37 2 1 17 1 359 1003 Tke 2130
CHITTAGCMG CIRCLE
A ) 3% 236 192 45 16 - 5 1 1 522 1002 Tko 8030‘
Be 5 284 30% 234 51 37 18 ‘ 13 18 - 935 82% Tke 14436

17 1367 1294 1398 389 259 7 38 S 6 3429 95% Tke 10,81
GRAID TOTAL 17 1157 194 2265 537 419 B 80 149 % 762 85, ke 22421

®
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STATEMENT OF SPARE PARTS USED Il THE MAINTEHANCE CF TUBEWELLS
N THE PILOT PROJECT AREA

Pilot Project Arca indicated by = A
Adiacent U.P, outside pilot project - B

\

1

e e et

' ) 3 to, 07! SPARE PARTS USED . g Percentage  { Unit cost |
Trpe of Project 1ys [ Bucket | Seat- | Plunger | Piston |} Base | Head . { Hendle { Barrel | Nuts & 7 of ruming [ of repatr | REMARKS
_} Valve | { Rod J § cover 1 { { Bolts { TW at any time{ for 1 year | :

Nare of subdivisions:Clg, Sadar{N)
(Period 5 quarter)

A Rargusta ek 25 3 8 e

99 1002 Tko 6407

B. Hosnabad 61 18 125 23 22 6 6 7 - 4% 100 Tka 21499
Hame of subdivision:Ctge Sedar(S) _. ) . .

A. East Gundardi 5 4 3 3 - - - 2_ 1007 Tke 1439
Bs MWest Gundandt 59 % 7 ) - - 2 4 - 1% 1002 Tk,10.41,
- Neme of subdivisions Syls.Sadar |
(Pericd 5 qarter) '

Ae Tukker Bazar .80 8 72 11 1 : :' - 1 17 1002 Tke10619
B Hatkhola .- 61 73 66 .8 ¢ 1 3 3 - 1007 Tke21256
Hane of subdivision:Habiganj . _ .

ho Deorgacht ® 183 16 19 6 - 2 1 - 239 100 Tke1598
B, Paikpata 50 33 8 10 6 1 1 3 - 89 80% Tka11,53,
Name of subdivisions Sunemganj . .

Ao Lekhensree 68 16 12 & 2 - 7 - - 65 1007 The 3,72,
B, Aftebnagar 53 16 8 4 1 - 1 1 PR 1007 Tke 4038




i Pilot Project Area indicated by - A

STATENENT OF SPARE PARTS USED IN THE FAINTENANCE OF TUBEYELLS

Adjacent U.P. outside pllot project - B

N THE PILOT PROJECT AREA

e s nmtoa - Amet i} da bt dry v mm et Bmbn, ...}n'-.‘uq..’

)
Toe of Prodect I Nou T 1 SPARE PARTS USED ! Percentage ] Unit cost [
ype of Projec Ths  [Bucket | Seat | Plunger | Piston | Base | Head | Handle Barr‘el} Nuts & ] of rumning ] of repair ] REMARKS
: [ ] I Valve | I Rod § Cover | | Bolts | T¥ at any time [ for 1 year }
Neme of subdiviston: Pabna Sadar
From 21 %pr, '76 to 31 Oct. '77 : .
Ae Hanayetpur 106 59 83 17 6 - - 1 - 284 96% Tke 6421
Bs Maligacha 61 108 118 K 25 2 4 16 - 212 1007 Tke29,67 .
, Hane of subdivision: Serajganj
; Fron 19 Aore '76 to 31 Octs 'T7
| Ae Ullapur 5 % 47 5 31 2 - - B 967 The 8413
B, Mohanpur 67 64 b 13 12 - 5 1 1 147 1007 Tke13468

-



Background Paper

B. P. = 5



postal address: p.o. box 140, letdschendam, tho nethorlands
olfico address: nv havonstraat 6, vootbuirg (tho hiague)
telophono: 070 - €9 42 51, telegr.: worldwator tho haguoe, tolex: 33604

B.P - 5

who international reference centre for community water supply

WORKING MEETING
ON
HANDPUMP SELECTION AND TESTING

Harpenden , Hertfordshire, UK,
29 May -1 June 1979

REPORT ON

STUDY OF HAND PUMP (SHALLOW TUBE WELL)

FOR WHO/UNICEF ASSISTED PROJECTS

AND OTHER RURAL WATER SUPPLIES




[ A c LNy S - .. . ... - . . . .. SRS et 1 D s ST

’ |
!
RISPORT o
ON
SLPUDY OF EAND PuUMP (SHALLOW TUBz WoLL)
Fos WHO/UNICu ASSISTEL PnuduCis AND ,
OTHER RURAL WA'Iih‘R SUPPLIES -
' k
PHASE  II -
DisSIGH, FABRICATTON AND TuSTING f
OF f'
HODIFI&D HAND PUMP (SINGUR) [
Part 1 : Report on labtoratory Testing Z
[
13
l‘ . \ ' UNDER ¥
- PROF5SS0R S. SUBBA RAG -
Project sngincer
“#r. J. H. Sen Gupta
Section of Pablic Health rngineering
A1l India Instituts of Hygiene and Public Health
110 Chit{taranjan Avenle o
Calcutta 700073
- INDIA
:’::‘— W”"""?‘Nfﬁ-;’\ o —r "“‘"""E,‘_"V“-"-“"-'"’_‘""’M"“".’"""-"’—""'?'" Pt prg e AT ?Nﬂlwﬂ"r’ T AL e DAt r‘v‘F" pac g/

RN




3

[T F SR N

[ S

ottt MEL ke b

DOMAFT AR T AT

K e e e e s o Lot s b ol + r o

. oc'e
o e MY
LS

o PR -

o b RS Qo kb

ﬂ..\.jll. <
Tt

i Zaiis

s L e T
R AN

T T TS

A, e Y e T

i

el

AT TR RIS e g

par

.;:.._



St

S e e et i 4 o N SRR AT s i s U L T

- - . . . - R . B R SRR N
- - V. S W SV

A, Introduction :

WHO/UNICﬁF sponsored a research project in 1969,
at the 41l India Institute of Hygiene an? rublic Health,
on “Study of hand phmps (shallow well tyne) for rural
water supplies’ under Prof. . iga jumder, the'fhen
Proressor of Sanitary sngineering as the Principal
Officer-in-Charge of the study. fhe object of <the
study was to ifentify the defeciencies in the present
makes oT”%umps (locally made) through scientifically
carried out observations and then to evolve suitable
specifications and drawings for a standard pump that
vould overcome these deficiencies. wventually such a
purnp will be manufactured and tested on its proven value.
Perhaps, these specifications wovld also be adonted as
natioml standards. +the first phase of the study, viz.,
identification of deficiencies in the existing pumps in
order to develop a new design was carried out under the
able guidance of Prof. M. liajumder, who was designated
as the Project Coordin-tor. This study was initiated
towards the end of 1969 and was completed by the end of
riarch 1973. A& final report on this part of the study
Was prepared by Prof. N. Liajumder and submitted to W)H.O.1

Consequent on the transfer of Prof. N. ibjumder
in April 1973, W.H.C. desired that the project be conti-
nued at the A1l Tndia Tnstitute of Hygiene and Public

Health, and designated Prof. S. Subba tao, Professor of
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Sanitary Bnginecring as the Project Coordinztor for this

study.

B. indings of the first phase of the study

Lain deficiencies identified in the first phase
of the study as already reported by Prof. N. Majumderl
arc as under :

(1) The nigh phosphorous content (0.5 to 0.58%)
of grey iron used in the making of these pumds makes the
pump brittle and hard, leading to breakége of head and
handle and more wear and tear of the moving parts as the
cylinder's inner surface cannot be machined smoothly.
Hence, the grade of cast iron'used, shiould not contain
phiosphiorous more than 0.15 to 0.20% to reduce hardness
and also allow better machining, thus improving the
snoothness and waviness of the cylinder inner face.

(2) 'the commercial pumps do not have a truely
cylindrical pump body as indicated by the laboratory
tests on ovality and waviness of the surface. A4lthough
it has not nmuch effect on leather bhuckets which swells
and conforms to the actual surface when wet, bd%ui% may
affect the perfofﬁance of cups which are made of non-—
swelling material like plastic, neoprene, etc.

(3) "he plunger used are of poor casting, pro-
jecting rough edges and blow hLoles. The machining and

threading allowance in casting is much less than

required and hence full depth of threading cannot be cut,

~
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providing cutting of threads only upto 40% of fullvdepﬁh
resulting in breaking away oi threads easily, thus regu-
iring replacement of entire plunger assembly more fre-
quéntly. The surface finish of poppet (plunger valve)
valve and its scat is also very poor leading to poor
matching area. This will lead to more slippage.

(4) 1he quality of leather used in leather cups
widely vary. iany are poorly tanned or cven untanned
resulting in quick crumbling of lea ther and twisting
requiring replacenente.

(5) ihe leather used in flapper valve is also
poorly tammed and repeated wetting and drying make it
loose 1its elastic property and cracks at the contact
point of the weight leather. 7the valve thercafter does
not furction properly resulting in leakage, requiring
frequent replacements. Anotlher defcect 1s the improper
machining of the flapper-valve scat on the base of pump
when 1t is fitted; This leads to air leakage.

(6) The bolts and nuts used arc not to any stan-
dard dimensions and threading. The tolerance available
between the bolts and the hole Ffor inserting them in the
base as well as cylinder boitom is 1.58 mm (1/16%) which
should not exceed 0.794 mm (1/32%). Same is true in
respect of pump heads for the 12.7 mm (1/2%) bolts. The
increased tolerance reéults in undesirable play and

minimiges rigidity.
‘ N
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(7) Handle and head : the forked end of the handle
for accommolating the piston rod has rather a much larger
cap 12.70 mm (1/27) than needed. ‘This also results in

too much lateral play which accelerates wear and tear of

eye of the pluﬁéer rod resulting in shearing oif of the
eye. This should be reduced to 1.58 mm (1/16%). At the

hinged point where the level arm (handle) is fixed to the

N —— ¢ —

pump head and the piston rod, 12.70 mu (3/8%) B.S.V. bolt
has been used and the tolerance is about 0.4 mm (1/644),
feplacing the bolts by ii.S. pin and reducing tolerance
between 0.005 mm to 0.0076 ma (0.002% - 0.00%+) will
improve performance by reducing wear and tear and break-
agese Such tolerance‘is responsible for side play of the
handle leading to cuts in the metal of the head and enlar-
ging width of slot ior the plunger rod.

(8) The machining of the seat of the flapper-
valve and the cylinder botton ig ﬁot done properly caus-
ing air leakage resulting in breakage of vacuum. This
should be done more carefully and tc correct diameter and
depth so that the valve fits correcily and there is no
leakage of air fron outsiae when the cylinder is fastiened
with the base with bolts and nuts.

(9) The quality of threading of piston rod and
plunger is extremely poor. Ag stated earlier due to insu-
fficient material in casting of plunger and defects in

rounding of the ends of piston rod made from flats
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threads could be cut to only 40. of the full depth to be
engaged. ifeating to forge the flav end to round shape
makes it loose its ?.S. properties to some extent and as
such threads break awvay quickly. ‘©his can be sclved by
using 12.7 aa (1/2%) rcund rods ianstead of flats for
plunger rods.

s

b

ud_'v/ .

C. S¢ccond phase of the

9]

§

2rof. S. Subba Rao, Lroiessor of Sanitary cngi-
neering took charge oi the study in Deceuber 1973 and the
work wae resumed from Janvary 1974. from the report of
Prof. H. iajumder it was clear that one of the main find-
ings is the poor grade oif cast iron containing excessive
phosphorcus content, which causes briittleness and also
docs not lend itself for smooth machining of the cylinder
inner surface. wthis resvlés in fasver wear and tear of
the leathe buckets, greater mechanical strain on all
noving sarts; such aé, piston rod, plunger, bolts and
nuts, and handle resg}ting in increased wear and tear and
breskages. Hence, in order to imnrove this condition,
basically better grade cast-iron with low phosphorous
content was necessary for casting pump-body. Since, it
would be more costly and also wmay not be available for
small entsrprenuers who—are the majority pump manvfactu-
rers in the country,; it vas thought expedient to try
some sort of a liner,such as, »lastic, hylum, etc. A /

market survey revealed HDP, urvVC were more readily
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available than hylum and other materials. Hence, even
before a new design was made to overcome all other
defects, reported in the earlier findings, it was

decided to incorporate a lining to the existing pumps

.with some modifications and given an initial field trial.

4. Initial field trial with liners :

Pive ravi castings of coimercially made punmps
ﬁere obtained and fabricated in a local workshop with
unplasticised and high density polythene cylinders
lining. Three of the pump cylinders were lined with
uPvVC liner of 90 mm OD (4 kg/cmz) wall thickness 2.1 to
2.6 mn. ‘Two of these pumps were fitted with polythene
buckets (cups) and third with a leather bucket of 73"
(73 mm). The other two pump cylinders were lined with
HDP liners of 90 ma OD 4 kg/ci® and wall thickness 4.4
to 5.1 m. These two wvere provided with polythene buck-
ets of 3" (7% ma). A}l thesc pimps were installed in
the rural area on sclected tube wells with identical use
positions and observed for perforiznce for a period of
10 monfhs. The trial observations showcd that unplas-—
ticised PVC cylinder liner providcd a smoother and better
surfaco than HLP liner. FPeodle found.it easier to pump
and used more numbcr of strokes per minute than the one

without a liner and thus could fetch more water for the

~—

same time and energy spent. Being satisfied that unplasti-

cised PVC liner could provide a smoother surface and thus

TR k= e~ ]
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obviate the need for using better grade cast-iron and
smooth machining of cylinder surface, a new design ang
drawings vere prepared, incorporating several changes to
overcome the defiéiencies identificd in the existing
pumps as per the findings in the first phase of the
sfﬁdy programme. Details of improvements made in the
design are discussed below.

1. iaterial for pump ¢ Grey cast iron as per

I.5. specification 210 (62) grdde 15, is proposed for
casting pump cylinder, barrcl with spout, cap, plunger
poppet, plunge yoke, plunger follower, base, fulcrum
fork bar, handle, and flapper valve weight. Stecel as
per I.S. 1570. C-20 gréde is provosed for manufacturing

flange-plate, piston rod, piston rod end, hexagonal

bolts and nuts, punched washers, cottor-pins, and cylian

drical pins. Two alternate types of cylinder liners
are usecd in the design i.e. (1) unplasticised PVC
( uPvC) (90 mm, 4 kg) class PVC 2112, conforming to IS
4985-1968, (ii) hylum (menufactured by Bakelite Bylum
Ltd., F-105). |

The cup (bucket) and flapper valve arc proposed
to be of polythene.

2. Pump body (eylindcr and barrel with spout)

(Part Nc=.9&16) : The pump body in the new design is

divided into two seperate parts, viz., cylinder and

barrel with spout, to be coupled together by means of a

X 7.1 QR
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threaded joint. This design seperating cylindexr portion
from the rest, lends itself for better machining of the
cylinder inner face for sinooth finish. However, with the
provision of liner (PVC or Hylum), there is no nced for
smooth finishing of cylinder inner face. Only one single
cut machining should be sufficient for casy insertion and
m&thdrawal of liner. The design of cylinder provides for
a recession in thickness (leaving an offset at top). The
slight offset at the upper end {above the stroke length)
holds the liner tightly preventing its movement verti-
caliy as well as circumfefentially. The tolerance bet-
ween the internal diameter of cylinder-bore and the
outer diameter of the liner is kept just sufficient for
easy insertion and withdrawal of liner by manuval opera-
tion.

3. Pulcrun and fulcrum bar ¢ In the new design the

fulcrum is shifted from the pump cap to pump barrel. The
reason for this change (although results in slight incr-—
ease in weight) is our cxperience in the field with the
commercially available pumps in which fulcrum is cast
integral with pump cap. DBecause of the lever action,

the nuts (as there are no check nuts provided) and bolts
holding the pump cap to the pump barrel get slackened.

Once the nuts arc slackened, thie wear and tear of bolts

and slipping of bolts and nuts results. When the cap gets

loosened from its seating, it causes zig-zag movement of

s,
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the piston-rod resulting in greatcr and uneven wear of the.
bUCkct. Doth thesc effects inc:ease maintenance atten-
dance and cost of maintenance. The present arrangement

of locating fulcrum on tho pﬁmp barrel obviates this
problem and also rcduces the necd for a heavy caps. Hence,
the thickness of cap is advantageousiy reduced to 7 mm.

4. Pulcrun fork bar : (Part No. 23) @ Hade of

grey cast-iron has one end forged for fixing handle. The
other end is fixed to barrel by mueans of steel cylindrical
pins, or by bolts and nuts. +The clecarance in the forked
end between the handle and the fork is kept at 1.58 mm

(1/16") to prevent lateral play of the handle. The hole

" in the tonngues of the fork to house the cylindrical pin

ig képt 16 + 0.0}B mn diameter for a perfect fit not
allowing any lateral play and is placed perfectly hori-
ZOI’ltal .

5. Handle (Part No. 26) : The design of the handle

is slightly modified to suit the change in fulerum posi-
tion. The shape is so adjusted to provide for the full
stroke length without causing inconvenience to users of o
all height and age with a mechanical advantage of 4.3.
The forked end of the handle houses the square head of
the piston rod and the clearance is kept t0 a minimun.
Lateral play is completely climinated by this design.
Major length of the handle is kept '?' section 30 x 6 m

at the thinnest pertion except for Tforged upper end.
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The bottom end is rounded for good and smooth grip for

the users. After the field testing, it will be considered
whether the section could be reduced or holes punched so
as to reduce its weight. The handle is jointed to piston
rod end and the forged end of the fulcrum bar by means of
bright steel pins and cotter pins in perfectly machined
housings. Bushings are not proposed. In case-excessive
wear and tear is noticed in the field testing the holes
will be provided with brass busliingse.

6. Piéton rod (Part No. 24) and Piston rod end

(Part No. 27) ¢ In the commercial pumps, the piston rod

consisted of a flat, rounded at one end for threading to
connect to plunger asscubly and the other end of the flat
widened and a hole punched to form an eye to connect to
forked end of the handle. Heating to form the above ends
would make it loose its mild steel property. The eye
would widen leading to lateral play and ultimate shear.
The threads would wear away quickly. Average replacement

required for piston rod made of flats as observed was

quite high (20 = 27 per 100 tube wells per year). Hence

in the new design the flat is replaced by a 12 mm mild
steel round which overcones these defectse. Also threads
could be cut to full depth in rounds as against only 40%
depth in case of flats. <The top of piston rod end is
provided with a scperate square head of 30 mm side, redu-

ced to a 22 nm diametcr round. The round portion is bored
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~and threaded to connect the piston rod. This design com—-

pletely eliminates the iarge tolerance (12.7 mm or more)

that existed between the piston rod eye and the forked §

g end of the handle in the o0ld design which would lead to

sTon B

lateral play accentuating for the wear and tear of the

—ry
. Al

holcs and of all parts conrnected with ite Similarly,

: T

replacenent of eye by a square head connected by mild

TV

stecl pin and cotter pin also climinates the wear of eye

’ and ultimatc shear of the eye.

‘ ' 7. Plunger asseubly (Part Nos. 10, 12, 14 & 15) : .

In the ncw design, plunger asscmbly consists of four

T gt

parts instead of thrce in the old dvsigne. These are -

: (1) plunger yoke, (2) plunger follower, (3) plunger poppet

‘ and (4) flenge plate. ‘The whole design is made more

sturdy to overcome inadequate scctions for full depth
thread cutting both on the yoke and the followere. Secondly,
unlike in the o0ld design, a flange platc is provided to :

hold the cup (bucket) by means of 4 numbcrs of non-ferrous

P T DR Y ——

; galvanised iron screwss. This arrcengenent wculd eliminate

necd for unscrewing yoke and follower every time a cup

19
Rl

or bucket lhias to be inserted or removed and the rusted

threads would give way neccasitating the replacement of

T

either of the two or both yoke and follower. (See drawings).

e

The design of poppet valve is also improved. A void

spmce is provided in the poppét which could be filled up

T
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vi th heavy metal like lead to increasc its buyont weight
in water when lifted from its scating so that it quickly
returns to its seat rcducing slippﬁge of water and incr-
casing efficiency of pump. Besides mnting surfaces both
on the valve seot and the poppet have becn perfectly
machined for a 100% wating arca. The threads on piston
rod and on the plunger yokc and follower arc cut to full
depth for a perfect jointing.

8. Hinge points : the two hinge points, viz.,
connecting handlc to fulcrum fork bar and to pump rod are
esscntiaily madce of mild stecl pinse. <The other hinge
points could be of either wild steel pins or nuts and
bolts of good quality with HY %olcrance, with punched

washers.

9. Cup seal {(bucket) (Part No. 11) : In the 0la

desiga, the cup is made of leather. The leather used are
not of any standard quality and cven untanned leather have
been used, resulting in high vwear and tear and frequent
replacement. In the new desisy where a plastic or hylum
cylinder liner 1s used, polythonc‘cup has bcecen used.,

The quality of polythcne usced for cup and that used for

flapper valve is shown in Table - 1.
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Table — 1 : Quality of polythene used for
: cup and flapper

£,

Sample Hardness Tensile % elongation (gauge
in Shore A strength length = 20 mn
(Ave. of (Ave. of

5 tusts). two tests)

e

Polythene 88 Shorc 'A'  1.34 kg/mme 185%
for cup
(bucket)

Polythene 80 Shore 'A' 1,01 kg/mm2 270%
for flap
valve

(As per Test Report from CHRI)
Since PVC hylum lincr is used, therc is no need to use a
material like leather which when wet can swell and strétch
to conform to the ovality or waviness of the surface of
the cylinder (Author's opinion). Hence, a polythene cup,
which has no swelling property has enough flexibility and
pliability to conform to the lincr surface, which is
smooth with a waviness well within the desirable linit of
2-3 microns (8-12 micro inch). Hence, polythene cups
with an outside diameter less by C.2 nm than that of
linef's inside diameter, arcused in voth the liners, is.ce.
PVC and hylum. The water pressure on the cup during the
punping stroke will bend the 1lip outWards and ensure peri-
meter contact with the liner wall. A few cups of neo-
prenc were tested and found to be too soft to be used in
this type of pump in the present design of plunger
assenbly. The cost of neo?rene cups 1s also high\as

compared to polythene or leather. Reinforce ncoprene is

NPT
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not available in India.

Qi IV ARERE N HE S S

2

10. Flapper valve (Part #o. 3) : The main defects

-

noticed in the flapper valve used in comumercial puups are
the poor quality of leatiicr, poor tanning and by repeated

cyclic wetting and drying condition, thic valve looses its

B Lot L~ ¥ (I WRDE IR T < Ntk S PN

clastic property and cracks at the contact point of the
weighi~leather. u1he valve thercafter does not function

properly resulting in leakage requiring very frequent re-

placements as reported in the first phasc of this study.
feplacing leather by polythene showced Letter performance
and no crackinge. Hence, a flavper valve made of polythene

with a flapevalve weight fixed with bolt and nut is provi-

deds The seating of flapper on thce pump base is perfectly

VN
-3 eeimn Ta ENMCAT Y A . A N ot S AL,

mochined for 1009 mating surface. It is also proposed to
provide a plastic bushing to obviate the nced for a per-
; fectly smooth finish to valve scate Ball-valve-dcsign
was considered not suitable for shallow well type puunps.
f 11. Cylinder liner (Part No. 7)) : Unplasticised ,,
PVC pipe manufactured by Chemplast Ltd., according to
a liner. ‘The classification is according to ASIM for

PVC belonging to type 2, Grade I with hydrostatic design ¢

stress of about 1250 psi (sce lianufacturcr's catelogue). i

7
g
" 1.5.5. 4985/1968 belonging to class PVC 2112 is used as
;
3
3
q
: The PVC liner used is ¥ 90 mm 0.D. with a tolerance of

+ 0.3 mn on the 0.D. (average thickness of wall * 0.5 nm)

Ty

as pcr manufacturcer's catalogue. The pump cylinder is
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cast td;prbvide just sufficicnt tolerance (about 0.5 mn o ;%
1.0 pm) for easy push and pull of the liner. The cylinder :E
inner face is to give a rough single cut machining to %

% prevent any damage to the iiner exterior wall during inser-~ g
i

tion or extraction. It has been observed in the initial %

trial conducted, that PVC liner could be pulled out casily 1

after one year's of usc, as the PVC has no swelling property fé

under wet ccnditions Therefore the liner could be reploced ‘ﬁ
casily, if and when rcquired. | gg
Alternately, hylum (cotton fabric impregnated with i?

an epoxy resin), cylinder liner was also considered. T;
Messrs. Bakalite Hylam Ltd., could not supply hylum pipe ii

~of the required dismeter. Hencc a solid bar of required

0.D. (90 wm) was obtained from them and was bored on a
lathe in a local workshop to tne required 1.D. Gince
Messrs. Bakalite & Co., fdelayed supplics, C.M.O.R.TI. were
rcluctant to oafry out the test with hylum lining.

. However, on insistence, they carricd out testing on hylum
q’ liner for a period of 250 hours only.

according to manufacturers trade No. F 105.

The hylun used is

The inside

; finish we could get in the local workshop was less than

M

250 micro inches.

11, Base {Part Wo. 1) : Basically there is no

change in the desigh of pump base plate. The tolerance

e

available between the bolts and the hole for inscrting

them which was 1.58 mm (1/16") in the 0ld design, has o

i C
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been reduced to 0.794 mm (1/32%). :T!e machining of the
scat of valve is done perfectly to the correct diameter
and depth so that the flapper valve fits corrcctly and
there is no leakage of air from ovisidz. The cylinder
liner is slightly projccting s0 as 1o ensurc pressing
over the flapper perimcter when cylinder is joined by
boits and nuts to.tho base and.thus is held tight bet-
ween the base and the offset at top of cylinder to pre-
vent any latcral or rotating movement when the plunger

moves in it. Standrrd hexagonal bolts and nuts (mild

stecl) with washers arc €zed for jointing cylim cr to
base. The flapper mating ares on the seat is perfectly
machihod. Also, provision is made for inserting a plas-—
tic or brass bush which is optiinnle. Standard thrcads - i
are cut in the cenﬁral hole for a perfect jointing of

13" diameter galvanised iron suction pipe. 4 numbers

AN L AL

11 mm (3/8") diameter holes arec provided on the rim for

fiiing base to fcocundation bolts and nuts.

D. Hﬂn&fgcture of prototypes and testing

| An agreement was entercd into with the Centrél )
Mechanical Engincering Resecarch Institute, Durgapur, for
manufa cturing prototype pumps as per our design and for
laboratory testing of the pumps. The actailed drawings as
per design were prcpaxed at the All India Institute of
Hygiene and Public Health and handcd over to C.M.E.R.I. for |

prem ring assembly dm wings froa the original design i3

Arback
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drawings. Accordingly, four prototypt pumps were cast and
fabricated in C.li.L.R.Te workshop. Two of the prototypes
Awere provided with PVC liners and the other tvwio with hylum
liniers., One prototype puwp with PVC liner and another

po totype pump with hylum liner werce tested on a simulated
test rig in the laboratory.

Sce Figure 1 - Schematic vicew of the hand pump

tost set up (CoM.8.R.T. drawing)

Figure 1 shows the sot up of the test rig as desi-
gned by C.ILB.R.I. Although we very much desired that the
puiip handle should be included and the rceciprocating motion

‘of the handle be also simulated in the design of the test
rig, the C.li.8.R.I. regretted thd r inability to do so.
The rig as simulated, consisted of a motor (5 H.P.

2850 r.p.m.) couplcd with a reduction gear box (1 : 500)
and conscequently to a chain and sprocket drive to obtain
the desired pump specd of 15 r.p.m. as shown in Photcaraphs

1l anad 2. *
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Photograph 2

.
],-' ™ rl&,&?;x.m:';:vorw, rew -

e .

Photograph 2 ¢ View of the drive unit asscubly
from left side.

In this set .up the stroke length available was 170 mm

as agéinst the actual strolke length'of 178 umm (7%). The
punp was operated at about 4 metres suction'and the
discharge water recirculated through ground storage tank

‘as seen in Photograph 3.

)
A

I T e e e e s e S - Bt e = e v

- IR T e r e e e IV e

.k, ra
-

stk T e AR

e T e e .
T g S Tiai MG AL L A s

s A sab, Gl Kl Rt PRINCINPSE PR ITNPRC N yoR- 1

e S Ao A B DY e S S

P L VI T TIOR

7 2 tr v

oL

FEETW I NS LIS PPESE LN

A

P



, 20
' Photograph 3
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‘ " Photograph 3 : View of the complete test rig sct up
showing suction 1lift and storage tank.
3 Test was conducted for a continucus period of 800 hours
$ in case of pump with PVC liner and 250 hours in casc of
; pump with hylum liner. DBoth were fitted with polythene
b . .
cup (bucket). Discharge from the pumnp was measurcd perio-
N dically during the test and recorded. the fischarge during
1 .I
the test period varied from 860 c.c. to 70 c.ce per stroke
in the case of PVC liner pump and was constant at 800 ce.c.
3 .
! . . . .
pa stroke in case of hylum lined puimp. The discharge 1s
: fairly good and is somewhat cqual to manual pumping rate.
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Tost results

Within the stroke length of 170 mm two bositions

at a distance of 50 w one from top and other from bottom

wire chosen for neasuremcut of initial and subsecuent

diamneter at the end of the test.

l. PVC lining ¢  The neasurcments as taken at different

points around the periphery are shown in Table - 2.
Table - 3 shows the surfacce finish of the lining along
thic length at ten different points. The average weax
at level 1 from tob was 0.23%33 @ and that at level T1
from bottom was 0.200 wm which amounts to 0.273%% and
0.2%35% at levels J and II, respcctively.

Table - 2 @ Iicasureuent of inside diameter of
the PVC 1iner (l.5. 4965-19687

Oricnfation of thc 1.D. T.DL after testing Kemarks
line of measure~  before . (800 hours)
ment. testing Level 1 Level II
(ram) 50 mn 50
fron top fron
botton

85.%56 85.306 Diameters have
been measured
at different
angular positi-
90° - 2700 84.746 84 .936 84.936 ons on a par-
ticular hori-

- 315° - B84.556 84.836 84 .856 zontal plane.

00 - 180° 85.116
450 ~ 2250 85.236  53.456 85.356

1359

~ Average diameter  84.913 85.146 85.112 Vicar at

Level I =
0.2%3 rm
Wear at
Level 11=
0.200 mm -
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Table = 3 ¢ Surface finish of PVC lining

ey A e =

ST N0, T D
0

4 5 6 7T 8 9 10 Avers e
Ssurface 23 2 5

) —_
26 28 26 24 25 26 24 17 2%.9 u inch

finish : = 0,6 micron
..A_incl) . —
- Hylum lining : .

The results of test on hylum lining arc prescented
in Table - 4 ielow.

fable = 4 ¢ icasarencnt of )n ide diamecer of

Pl e e e e

e a——

Orientation of “'Tfﬁf'mwmf“D. afber'tcstiﬁé Remarks
the line of before (for 253 hours) _
measurencent. testing Lovel I Level 1T

() (50 s (50 mm
froa top) fron

. ___botton) _
0° - 180° 85.08 85.28 85.25 Diameicrs have
‘ ‘ been measured at
459 ~ 2250 85.22 85.33 85432 different angular
_ posi tion on a
900 - 270° 85.13 85,20 85.19 particular hori-
o . zontal plane
135% - 315°  85.00 85.15 __ 85.22
Average Jiame—~ 85.107 85.240 85.245 wear
ter. %mm at Level I1=0,133
mo
at Level I1=0.13%8
jalu}

The wear of hylum lining was 0.13%5 ma at Level 1 and 0.138 mnm
atv Level IT and herce the changz in dfamcter was 0.156% and
0.162% at Levels I and II, respecctively.

| Both the bucket and flanper remained in good condition
in both ihe testse There was no visibie wear and tliecre was
no need to wmeasure the wear., The photogm ph No. 4 shows the
condition of bucket before and after tre test which shows

absolutely intact condition after usc.
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i, Discussijions :

1. The wear of PVC liner used in the improved
punp design, was only 0.200 to 0,233 mm after 800 hours

Z

testing, which is contrary to renorted wear of % mm (")
.in one month in Bettelle puiap study which is nuch mor;
than our present finding. Lven the period of test was
also much less in case of RBattelle pump study. ©The
contradictory results nmay be due to different classes
~of PVC used in the two studies. In this study PVC

' class 2112 is used, whereas in\ the Battelle pump study
at Béngladesh, PVC 1120 is reported to have been used,
which perhaps is of a different guality.

2. The wenr of hylum lining was, on an average,

0.1%5 mm about 0.16% of diameter in a test period of
250 hovrs as agrinst nn avernge of 0.254% in PVC liner
in a test period of 800 hours. Apparently it looks as
thiough the wear in hylum liner is more than in PVC liner,
it is not correct to draw any conclusion when the test

‘ periods are not equal. Hhowever, tiwe observed wear in

YT e nen e

hylum liner is somevlint higher than the reported wear
of hylum liner in Bangnlore deep well puup cylinder |
study where a cylinder wear of 0,001 inch (0.0254 mm) is
'reported in a 10CO hours' test, at 40 —‘48 strokes per _

minute with a stroke length of 4;5 inches. The hylum used

in Bangnlore pump was hylum TF 2211 whereas the cylinder

used in this study was HF 105. Perhaps, the gquality of the

two are different. Hence, the resuvlts showed that both '

W"T"' v ~"W» e 2 T L s T e e F R Ry it — - e
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types of liners are suited for the purpose and have an
added advantage of being easily.replacéd by a new oné
by the maintenance staff. ‘

3. The pol&thene cups (buckets) could revlace
the leather cups.for better performance and less repla-
cement. Yhe findingvin this study is again is contra-
dictory to vhiat has been reported in literature that

PVC cups cannot be used with PVC cylinders. However,

the material used in this study is not PVC but polythene.

4. Unlike in the case of leather, there was no
fatipue and cracking of the pﬁlythene flapper and as such
it is felt that this material could replace leather in
flapper valve. Thus the need for developingva better
fype of foot-valve like ball-valve, butter fly flapper,
etc. is felt unnecessary in order to keep down cost of
pump manufacture. However, this has to be further
confirmed in field test, where the valve will be subject
to wet and dry conditions, mildevw, etc. Reinforced
neoprene is not available in the couniry. This, however,
could be tried in case the polythene flapper does not
give satisfactory performance in the field trial.
| 5. The poppet valve (T) of the new sturdy design
has given excellent perfarmance in the laboratory testing
as can be seen from the more or less constant pumping
rates. The punping rate was 860 - 870 c.c. per sﬁroke

in case of PVC liner testing, as against a theoretical
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discharge of 993 c.c. Hence, the slippage was 12.96%
(should not exceed 15% preferably 5%) which remained
constant throughout the tést. Similarly, in the case -y
of hylum lining, the sliupage was mbre but was constant |
throughout the test. On further field testing for
slipnage, the‘need for improving pcppet valve will be
examnined. JIf the closing tiume has to be reduced we
will increase the weight of poprct vy filling the hole
~with lead or other heavy metal or if the mating area is
not perfect the same will be improved and modified, if
requiregd.

6. Since punmp handle was not simulated in labo-
ratory testing the performance bf pin joints, piston rod
head, in the new design, coﬁld nct be evaluated in the
laboratory testing. Hence, it is essential to carry out
field testing for a critical evaluation of these vulner- f
able parts of the punp.

F. Veight of pump and manufacturing ccst : , :

The average WQight of the wvroiotype pump 1is about
30 kg. This could, hovicver, be rcduced to 25 kg by redu-
cing cylinder thickness, weight of handle, etc. A decision
to this effect could be taken only affur fiel @ testing.
| | the cost of prototype as worked out by CHERI is
Bs. 85/= per pump which in regular production schecdule

should come down to Rs. 65/= or less. fthe current average

S ST I

market price of commercially available pumps is about the

SalilCe

. - . 2 e Ty A $ Sy e A fere e s = e el s 6 b ewm e meame mem oLee o L L o . i,

3
1
]
3
i)
]
]
k



T 3

27

Conclusion :

oo at———_a

In conclusion, the new rodified design which we

would like to designate as'”ﬁodified Hand Pupp (Singur)?
has given d satisfactory performance in the laboratory
testing. However, field testing is absolutely essential
for a more critical evaluation to confirm the findings
in the laboratory. It is proposed to take up field

testing at an early date.

ACKNOVWLEDGHENT

The authors wish to exvress their sincere grati-
tude to WHO/UIIiCEF and the Goverument of India for pro-~
viding the opportunity to continue the gtudy and develop
a modificd design for Hand Pump (shallow well type) which
is of vital importance to developing countries and parti-
cularly to India. ‘ihey wish to thank Prof. A.K.Banerjee
and Dr. N, Deodhar, the past ahi prezent Director ‘of the
All India Instituts of Hygiene and Public Health, Calcutta,
for their support to this continuad stﬁ@y. They arc alSO
indebted to staff of Sanitary wngineering Section oi the
Institute and ﬁural Heal th Unit & Yraining Centre, Singur,
for assisting them in the conduct of the study.

| Theif thanks afe specially due to Director, Cecntral
MeChanical bngineering kKescarch Tnstitute, Durgapur, and
his Scientists who collaborated in the fabrication and field
testing of the modified design, bﬁt for whose wholehearted

support the werk could not have been completed.

qu} man e = g ey gyt — - — - e e e e R e g C e e TR
y N ‘.".» . -

S d oa7 et LT 3 ey
S T antnsai . . N L e o

'_..« ——fw—- —— A Pp——IT

o s —

[N PRSI WU S S



1 . I-‘TS, jUIﬂdCI’ 9

2o liejunkin
Bugene, T,

N.

28

Final keport on the Study of Hand Punp
(Shaliow Tube Well) for WHO/UNICER
Asgisted Projects and other Rural Water

‘Supplies, April, 1973.

Hand Puopps' for usc in Drinking Vater

Supnlies in Developing Countries,
UFEPAHO Technical Paper No. 10,
dJuly, 1977.

T e TR L TSN ey T T e
R A TR N A\t !
. e -~
S vereeenyy i Vo W T
. Laiiate: w_" AT I e S P T R TR ,oazems Tl
Vot . g DAL e ~ :

PP

Ve e e mimen o mas

&

LS S
e R e e e K s b Ceiant .




Background Paper



who international reference centre for community water supply

postal address: p.o. box 140, lefdschendam, tha netheriends
offico address: nw havonstizat 6, voorburg (the haguc)
tolephono: 670 - 69 42 51, tolegr.: worldwator the hague, tolox: 33604

WORKING MEETING
ON
HANDPUMP SELECTION AND TESTING

Harpenden , Hertfordshire, U.K ,
29 hay -1 June 1979

.

TESTING OF BENGALORE PUMP




@

s)

1.1

1.2

SEA/Env.San. /168
Page 33

VI. TESTING

Testing of Cylinder Assembly

Preparation of the test

o
The prototype cylinder was manufactured by the Mechanical Engineering
Research and Development Organization (MERADO), Madras, a regional branch
of the Central Mechanical Engineering Research Institute, Durgapur, to
designs and material specifications provided to them by the project. MERADO

.was also instrumental in preparing the draft detailed working drawings of

the cylinder, as reproduced in Drawing No.3 (p.22). Their assistance was of
great value to the development work.

Although the design provided for the compression/injection moulding of

the cylinder components, the components for the prototype were machined
out of solid stock. This procedure was adopted to avoid the initial-
expense of a manufacture of dies and tools which might have to be rejected

~on the basis of subsequently required modifications. The process of

machining such a material as epoxy resin-impregnated cotton fabric greatly
reduces the strength of the material in tension, as the continuity of the
longitudinal fibres is lost. One must depend on the bonding strength of
the epoxy resin for the necessary strength. Much greater strength of the
components may be expected when they are compression-moulded. -

For reasons of availability of material and machinability, many of the
cylinder components, such as the washer spacer, the check valve body

and the valve seat retainer, were turned out of resin-impregnated fabric.
In production runs they would be injection-moulded in uPVC or HDP.

It was initially planned to manufacture two prototype cylinders and to

test them both, one at MERADO and the other at the project office in
Bangalore, and the assistance of the Chief Engineer, Tamil Nadu Water

and Drainage Board, was obtained for drilling a tubewell in MERADO
premises to serve as a test well. Unfortunately, several .set-backs wére
experienced, and the well was not completed before the close of the project.
It was decided, nevertheless, to proceed with testing one cylinder on the
test well made available to the project in Bangalore by the Chief Engineer,
Minor Irrigation and Public Health Engineering, Government of Karnataka.
MERADO scientists were associated with the tests and made several visits
to study the results. -

Nature of test

The objectives of the test may be summarized as:

(1) to determine the suitability or otherwise of the various types of
plastics selected for the components, and

(2) to check whether or not the changes in design provided the advantages
expected and, if not, to determine the changes in design that would provide
the desired results. s
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Since the purpose of the study was to determine how the improved pump
would stand up in actual use, the test was devised to simulate, as closely
as possible, actual field use. With this in view, the design criteria
collected from the field survey were reproduced, i.e. the pump was arranged,
by use of an electric motor and a belt drive, to operdte at approximately
48 strokes per minute, with a 114 mm(4-1/2") stroke, the pumping pressure
being applied at a point where the handle would be held by the average
user. A conventional pump head was used for this exercise, and the pump-
ing device was motorized to run continuously for 1000 hours, this period
representing about four months of actual field use. The accelerated test
took one third of this time.

The stroke frequency and output were measured every day at the same time,
and the results recorded. The uniformity of output was used as an indirect
index of pump efficiency. The experiment was held up several times by

a breakdown in one component or another, but throughout the test the
cylinder gave no trouble whatsoever.

The breakdowns did, however, provide an‘opportunity for examination of the
cylinder during the trial.

1.3 Observations

During the course of the trial, the following observations were made:

3 (1) Although the conventional pump head used for this test was greased
; twice a day, measurable wear was noticed after 100 hours of running;

(2) The output of the pump increased slightly in the course of the test,
from initially about 21.5 litres/minute to over 24 litres/minute, but was
reasonably uniform throughout the 1000-hour test;

‘ (3) Some variations in the stroke frequency were recorded, due partly to
voltage fluctuation and partly to wear of the drive belt;

(4) The pump gave a lower output when motorized than when operated by
hand, indicating that simulation was imperfect.

The connecting rod became disconnected after 534 hours of operation. At
this time the cylinder was dismantled for inspection, and again this was

" done at the end of the test, after 1000 hours of use. On these occasions
the following observations were recorded:

(5) There was no damage to the balls, valve seats or any other components
as a result of pounding;

(6) Apart from a polished appearance, there was no alteration to the
surface of the cylinder, and the wear was less than one thousandth of an
inch, and .

(7) On both occasions the diameter of both cup washers was measured as
79.80 mm, although initially one had a diameter of 80,70 and the other
80.40 mm. (It should be mentioned that the synthetic rubber washers, manu-
factured by the compression/heat technique, were initially made at 81 mm
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it ) »diameter, whereas the internal diameter of the cylinder was 80.77 mm.
Y . i As they fitted too tightly, they were ground down to about 80.7 mm to

avoid the cost of a further set of moulds, and a slight difference in
“the finished diameters was observed.)

1.4 Conclusions . L

-7 It was possible to draw the following conclusions from the test results:

(1) Epoxy resin-impregnated cotton fabric (Hylam TF 2211) is a suitable
material for use as a cylinder sleeve;

i <o~ (2) Epoxy re31n—impregnated cotton fabric is a suitable material for use
' in the piston yoke;
(3) Neoprene is a suitable material for the cup or bucket washer (acrylo-
‘) :’nitrile rubber may be better). The diameter of the washers should provide
0 "a 0.2 mm clearance fit, as a closer fit retards efficiency rather than
improving it. The design of the bucket washer and the seat should permit
the washer to '"spread" during the upward stroke, when hydraulic pressure
is exerted on the lip of the washer, and it should retract on the downward
stroke, i oL

(4) Although nylon is quite suitable for the balls in the piston and
check valves, synthetic rubber could be a good substitute ( The Central
Institute for Plastics Technology has undertaken to make the mould for
this purpose, and MERADO will have the loaded rubber balls made outside.
These could then be tested), and

o Ve
PN

(5) Although Hylam TF 2211 was used in the washer spacer, follower; check
“valve body and valve seat retainer, these components should preferably be
-injection-moulded in rigid PVC or HDP.

Testing of Pump Heads ‘ -

2N f

(‘ 2.1 - ' The hand-operated pump head

The improved hand-operated pump head was installed over a pipe string with
the improved cylinder located at 30 metres below ground level, connected to

. .a "tandem" cylinder* placed 12 metres below ground level by the conventional
12 mm diameter mild steel connecting rod. The cylinder was connected to the
pump rod by means of a 6 mm diameter wire rope, using a clevis as designed
for the purpose.

It was found that installation of the pipe lengths, using the wire rope as
"connecting rod", was decidedly easier. The installation of the pump head
was found to be simpler than in the case of the conventional head. It was
\ . noteworthy that the new pump head was installed by mechanics who had consi-

derable experience in installing the conventional head and that theyywere

*The project report, referred to earlier, deals at some length with the
development of a "tandem" cylinder to be used when the static water level
exceeds 18 metres below ground level. The components of this tandem
cylinder are in most cases the same as for the improved cylinder. The
details of this arrangement are omitted from this- summarized report, but
the use of a tandem arrangement when the water level is low deserves
further investigation. :

-
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installing the new head for the first time. They agreed without reserv-
ation that the new pump head was easier to instal and take down than the
conventional pump head.

The pump handle was connected to the accelerated testing device in the -~y
same manner as in the previous test, and the pump was run continuously

for 100 hours. The pump gave a steady output of 15 litres in 35 seconds
throughout the period of the test, during which there was no breakdown.

At the completion of the test the following examinations were carried
out:

(1) Sintered bearings: no measurable wear in sintered bushes was found:
The lubricant in the reservoir remained at practically the same
level while the bearings were well lubricated.

(2) Clevises: both clevises were examined for possible failure of the
clevis or the wire rope at this point. There was no evidence of
any alteration or of pulling out of the wire rope.

(3) Cylinders: no measurable wear on cylinder lining or on valves.

It is claimed that, within the scope of the test conducted, the hand-

operated pump head worked satisfactorily.

The foot-operated pump head

The model tested was a modification of an indigenous pump which had
originally had a disc-cam actuating the pump rod with a wheel driving

the cam-shaft. The unit was modified by providing a counter becam to
actuate the pump rod, while the treadle was connected to a treadle beam
loaded at the far end to compensate for the weight of the treadle arrange-
ment. A counter-weight of about 8 kg was used.

The counter-beam rested at a lower position of 15° to the horizontal, and
cCould be raised by the treadle to provide a 114 mm stroke. The treadle
beam rested at 30° to the horizontal, the treadle travelling through

114 mms to produce a stroke of the same length. The pump output was
comparable to that of the hand-operated pump head, but the operation of
the treadle seemed easier on account of the application of body weight.

In this case, too, the cylinder was placed at 30 metres below ground
level, connected to a tandem cylinder at 12 metres below ground level,
which was linked to the pump rod by means of a 6 mm diameter wire rope.
Because of shortage of time, this pump head was not put under continuous
test, but the similarity of treatment in regard to design seems to indi-
cate that it would work satisfactorily. Although this pump head will
cost more than the hand-operated pump head, it is not unlikely- that it
would have application where water has to be lifted from depths exceed-
ing, say, 45 metres. '
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DEVELOPMENT INDIA MARK-II PUMP

The purpose -of this note is to record the salient points in the
development of the India Maxrk-II, Village Deep Tube Well, Hand Pump.
The design is now regarded as standard to the Government of India/
UNICEF assisted, village water programme, where villages are being

serviced by a deep tube well under the minimum needs programre.

UNICET became directly involved in this project, to improve the
the village hand purp, in 1974, when surveys and feedback informa-
tion indicated, that the locally produced and imported reciprocating
handpumps were unsuitable for the conditions found in the average

village application.

For the sale of this record, it is not necessary to detail the
problems, existent, within the programme in 74, save to say, that
the situation was bordering on disaster, and the drilling programme,
UNICET's prime responsibility, was in danger of being nullified, if
a durable hand pump could not be supplied, as the end-result to the

operation.

The following design criteria were established :

l. The hand purp must have a trouble free operational span,
after installation, of at least one year, serving possibly
a maximum of two thousand beneficiairies, and drawing A
water from a static water level (SWL) of 150 feet (Our ave-
rage installation serves 500 beneficiairies and SWL would
be approximately 60/70 feet).

2. The Pump Head, complete with 100 feet of rising main, B
class 1%" BSP - connecting rod %" and 2%" ID cylinder to
cost less than U.S. $ 200. (Appreciate that the programme
call for a total of 150,000 installations by the end of

the next five year plan. Actual unit cost in production



S

$ 182).

3. The design nust be suited to local manufacture and not

require any'irported items or material.

4. Ease of operation to be a prime consideration, one adult
must be able to operate the pump without undue effort at
a SWL of 150 feet, if we are to encourage villagers away

from their traditional unprotected water source.

5. The unit must be designed in such a way that maintenance
can be effected by personnel having a minimum of enginee-

ring skill.

6. The above ground mechanism, the pump head, must ensure
hygienic standards; its mounting to the platform rmust
prevent any chance of pollution to the tubewell by surface

water intrusion.

The voluntary agencies in Maharashtra, members of the AFARM
Group, were aware of the problem within their own small scale vil-
lage water programmes. They had, in fact, developed a simple design
based on a single pivot action, fabricated in steel; and in field
reports, this "Jalna" unit was considered to be the most durable
installation under village conditions. Further improvements were
incorporated and from the "Jalna" the "Sholapur" design emerged.
Adopting a "Sholapur" as a basis for our development, we established
a working relationship with the AFARM Group and set up initial pro-
duction. Our area of design improvement at this stage was concentra-
ted on the handle mechanism, as field reports indicated that 70 %
of our breakdown factor involved failure of this component. To prove
the principle, we developed an adaption of the single pivot handle,
to the exisitng cast iron pedestal, to replace the original guided
cast iron handle mechanism., The unit was commonly known as the

"Sholapur Conversion Head" (Fig. 2} . Four hundred conversion heads

were produced and fitted to existing installations throughout Maha-



rashtra by the State Government Agency. With every conversion, cy-
linders were removed and reconditioned, platforms were constructed
and drainage provided. Where previous cast iron pumps (Fig 1) failed
within a period of one to two months, the conversion head, proved to
be far more durable, as 80 % were still operating without failure,
at the end of twelve months trial period. However, as expected, by
eliminating the failure in the handle mechanism, and increasing the
operational span of the complete unit, failures appeared in the cy-
linder, the connecting rods, the rising main and the pedestal moun-

ting.

It must be appreciated that funds were limited, and we could
see the necessity to convert the forty thousand cast iron units al-
ready installed in the programme areas. The original cast iron pedes-
tal mounting to the casing pipe through a threaded flange could not
survive the shock loading of extended operation now facilitated by
the fitment of a conversion head. Once again, basing our develop-
ment on a Sholapur concept, we designed a pedestal to be grouted
into the concrete platform, completely independent of the casing for
support. This pedestal has an internal diameter of 6 inches and fits
over our standard 4" and 5" casing, forming a complete seal to any
surface pollution. This three piece assembly (pedestal - water tank -
~ head) is the India Mark-II Pump Head (Fig. 3), now under mass pro-—
duction at Richardson and Cruddas, Madras (a Government of India
undertaking) .

Costing

Hand Purp complete with 100 feet rising main,

connecting rods and cylinder .Us ¢ 182,-
Pump Head only (Head - Water tank - spragged

pedestal) Us §$ 63,—
Rising Main 1% BSP. B class GI Pipe

to 100 feet (10' lengths) us ¢ 71,—-

Connecting Rod %" Bright round Bar
(10' lengths) Us $ 20,-



Brass Cylinder Sholapur Type 2% ID Ball
Valves i Us $ 28,-

Prices are ex—factory Richardson & Cruddas, Madras, and subject

to change without notice.

Twelve pre-production India Mark-II punp heads were installed
in the Coimbatore District of Tamil Nadu during the month of Octcber
1976. This area was selected because of its deep water table and
high density population, to ensure that the test units would be ex-
posed to the most extreme conditions. The workload would be two to
three times ocur average factor. A period of nine months elapsed be-
fore a failure in a pump head was recorded; the unit in question
was operating 19 hours per day serving in excess of one thousans
people. The cylinder is at 150 feet and the pump head is fitted with
an extended Tee Bar handle, giving a twelve to one mechanical advan-
tage. After nine months constanﬁ operation, the quadrant chain failed;
with the shearing of a link pin. (There was some suspicion that the
chain was faulty). The one year test period is now in its eleventh
month and the above instance is the only failure recorded hetween
the twelve pre-production units, that actually caused a unit to
cease operation. Observations during the test have resulted in certain
minor changes to the full production model. The appearance of fatique
cracks at the handle bottom stop, on some units, has been overcome
by provision of two gussets to.strengthen this area. The loosening
of one wunit in its mounting resulted in a modification to angle
iron spragg legs for better bonding of the pedestal into the platform
The underside, opposite tle handle, of the pedestal flange has been
strengthened by heavier welding. Epoxy paint is now applied to the lowe
lower section of the handle head to ensure sealing against rust.
The handle has now been standardised on an eight to one mechanical
advantage, fabricated from 32 mm. square bar. The handle, because
of its solid construction, counter-balances to seventy feet, and
facilitates ease of operation. Previous pumps in this area required
up to five people to operate, however, now, under the same circum-

stances, the India Mark~II can be operated by a ten year old child.
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The pivot point of the handle is still to be standard, designed by
Sholapur, and utilises SFK 6204 Z. Ball Races locked into place by
the axle pin. The bearings are grease packed, sealed, and should

not require replacenent for many years of operation.

. The mass production of this unit must not be under-estimated,
the design appears quire sinple, however, there is a high order of
accuracy required in its manufacture. Initially, we endeavoured to
utilise the small scale manufacturers in the country, and establish
production in each state. However, we found that basic engineering
knowledge did not exist generally within this sector. To upgrade
this sector would in itself be a long-term project, and our pro-

gramme would suffer in the intervening period.

To establish a reliable production, we have placed orders with
Richardson and Cruddas ( a Government of India undertaking) in Ma-
dras. They in turn have developed a production line utilising some
sixteen jigs and fixtures, blanking dies, and backed by district
quality control inspection. Only in this way can we ensure a "first -

grade" item to the field.

With the production of a satisfactory heavy duty pump head,
full concentration is now centred on developing a comparable stan-—
dard cylinder. A project was established in Bangalore under a WHO
Engineer to research hand pumps and develop a durable cylinder using
plastic materials. Although we gleaned a lot of useful information
from this experiment, and the Mechanical Engineering Research and
Development Organization (MERADO), Madrés, endeavoured to expand the
concept, we eventually withdrew our support when we realized that
it was impossible to control. the quality of the plastic materials
on a mass produced level. However, research is continuing on this
cylinder with Richardson and Cruddas on an independent basis. MERADO
also cooperated with us to complete the field testing of the pump
head, and finalise a set of production drawings. The only obvious
solution to the cylinder problem at this stage is to produce a first

J



quality standard brass cylinder, possibly sleeved in cast iron to
reduce the basic cost. Fitted with a five web heavy duty piston and
first quality ledther buckets. We have, in fact, decided on a—parti—
cular standard unit, and twelve pre-production cylinders and now
ready for installation in the Coimbatore test area. It may be noted
that various configurations of the positive displacement cylinder
have been tested at Coinbatore, among them, the all plastic cylinder
using nylon ball valves, nylon piston yoke and follower, neoprene
buckets; the standard brass cylinder with rubber ball valves of
wvarious density, using a piston, machined from solid brass for added
strength. All have been discarded in favour of the common design
using flat or poppet valves and cast conponents. as this design pro-
ved, both in efficiency and durability, to be superior under the ex-
treme conditions found in the test area. Because of a surge factor,
we believe, the standard cylinder with poppet valves returns an
efficiency in excess of 110 % of the swept volume, as opposed to a
cylinder using ball valves returning only the displacement of the
swept volume. A ten ﬁer cent flow advantage is worth considering
when one realises that a unit serving one thousand beneficiairies
could be expected to deliver in the order of one and a half million
gallons over a one year period. Similarly, it will work continuously
for some 7000 hours and complete probably 17 million cvcles, a far
cry from the hand pump designed for one family as previously supplied
to the programme.

New concepts are being developed overseas, and we will submit
them to field testing, as and when they become available. A concept
shortly to be tested in our application is the cylinder that allows
for the removal of the piston and foot valve without the removal of
the rising main. The added cost of providing 2" GI pipe instead of
our standard 1%" would be considerable, not to mention the installa-
tion factors. With the availability of High Density Polythylene
(HDP) pipe in the country, we expect to test various configurations
in the near future. (1) As a rising main to the removable piston

foot valve concept. (2) as an integral rising main and cylinder



with a foot valve cemented in place, so that the piston can be re-
moved separately for repair. (The wear factor HDP will be important,
however, in theory the piston can operate in an unused area of the
cylinder whenever it is replaced). This concept, if proved to be
reasonably durable and by this we mean one year's troﬁble—free ope-
ration, could bring village maintenance within sight. In the meanti-
me we can on~y upgrading the simple positive displacement brass cy-
linder to a point where it matches the pump head in durability, by

operating without failure for at least one year in the village.

Connecting rods, if manufactured to standarxd, are reasonably
reliable. Our standard rod is 1%" Bright Round Bar, with a coupling
wélded to one end and threaded to 50 mm depth. Providing the threads

(std %" BSW) are to recognizable standards and lock-nuts are pro-

vided, the rods will not fail in operation.

The provision of a durable hand pump to the field is only the
first step; equally important is the standard of the installation

and the creation of a viable maintenance structure, to ensure that

potable water is constantly available to the village; Our aim for
a plus one year oOperational span, brings viable maintenance within
the realms of possibility. Unlike the shallow well hand pump, where

village level maintenance is possible, the deep well unit requires

recovery equipment and tools to service the cylinder located at
depths between 70 and 200 feet below ground level. To this effect,

we have organised mobile maintenance units at district level under

government control. Sixty-two teams will be in the field by the end

of 1977, initially converting existing installations to the new
standard. In excess of 5000 convérsion heads have been fitted, how
ever government has agreed to use the complete pump head for all
future conversions, and twenty thousand are now being produced and
directed into the various states. With the completion of conversion,
the team will cover routine maintenance, supported by block level

and village level reporting. The two year time frame of the program-

me should see the introduction of a service exchange system, esta-

blishment of the district lewvel workshop to recondition components.
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and if possible some concept of preventive maintenance. Service
equipment is being developed to simplify the operation, and improve
the safety factor. It is envisaged that the complete servicing of

an installation by the mobile team, using service exchange components
and improved methods, should be completed within one hour. All in-
clusive costing is expected to be in the region of twenty dollars

(US $ 20) per unit per year, based on five hundred installations

per mopile team.

Until the local bodies at block level are upgraded to cope with
maintenance, or we can design a unit that they can maintain (ideally,
we need a deep well hand pump that the village level can maintain)

then there is no doubt in our minds that only a governmental struc-

ture at this point in time can successfully effect viable mainte--

nance.

Ken Mcleod
Project Officer
Water & Environmental Sanitation
UNICEF, New Delhi
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Handpumps for Drinking Water Wells — 4 KSCST Project

s of Ture of handnwips

I. Mod

fal

)

After the project was sanctioned by the KSCST,
Dr.Jd. Gururaja, the then Convener, visited 60 handpunp
installations with his colleagues in order‘to ascertain
the failure patternz, Due to time limitatibns, this
survey was necessarily confined to facts that could be
ob=erved or inferred without 1ifting the entire pump
av=c#bly, The failure patiern cmerging out of this
survey is as follows (figures coun the rigat hand side-
indicate the percentage of pumps which failed in the
mode leL-utOd)
(i) Uncoupling of p’bnror rods and
oi" the coupling between the
plunger rod, and handle, or

breaking of the plungsr rod at
the top v, 64

(ii) Wearing of the pivot and fork
connection (Patel type) and

axle bearing support (Jalna type) . 8%
(iii)Mal funciioning of wvalves and p
leather buckets (vujhﬂro) oo 11%

(iv) Disconnection of riser pipe at P
the pump body "o T

It is pogsible thnat some of the above figures are

apvroximate, since Tirstly an elcment of inference 1is

involved in ascertaining the failure mode and second, other

modes of failure which have boen observed recently by the
present working group (e.8., uncoupling of stirainer from
cylinder, uncoupling of cylindcr from ithe riser pipc cte.)
are not included, since they could not be inferred from

observaticns of parts above ground.



The abhove failure pattern is also confirmed by the
notes prepoared by the Ixecutive Enginecr, | P.H.E.Division,
Chitradurga, wio attributes 70% of the failﬁrcs te uncourling
of plunger rod and breakage of the rod at the top, 20% to
malfunctioning of wvalves and leather buckets, uncoupling
of G¢.0. pipes {(probably below the ground), weoring of guide
rods ete,, and 10% to the uncoupling of tho whole aszembly

‘ frouw the pwnp body.

It is thus scen thnt botwoen 7046 nad 80% of the
failures are caused by wicoupling of the plunger rods mnd

of the riscr vipe.

II. Causes of failurc

The basic causes Tor each mode of failure are considered
below, since understanding of the cause is essential to find @
~colution,

(1) Uncoupling of plunger rods: Scrcwed conncclions tend to
becone locse under sufficiently stroeng vibration. In
tiie case of plunger rods, this vibration is excited by

' - the bujfetting given to the assembly when, e.g., the
handle comes to rcst more or less abruptly at the end of
the downward and upward strokes, or when it starts

accelerating at tue beginaing of the strokes; if the
piston strikes the top or bottom of the cylinder at the
extremctics of its mevements; even during normal operation
if, for examwple, the axle supports have worn out a little.

During half o c¢ycle of vibration, the mating threads in

a coupling will be relicved of pressure against cach other,

and if c¢iae part of the cennection carries lecad, such as tho
cight of water andg self weight in this case, it tends to

WISCIeW,



(ii) Bresking of plunger rod at the necis The rod carries a

static load between 50 and 100 kg. depending on the

depth of the well. This load is composed cf the weight
of water supported by the piston, and the self-weight of
the assembly. The load is more at the beginning of the
down stroke when the whole mass 1s being accelerated, and
the inertia of the mass ncts together with the static

load, to malke o total losd of around 150 to 200 ikg.
as a conservative cslimate This gives risc to a tensile

stress in the rod, of about 200 kg/cm2 at the mascimui,
which is well within the allowable iensile stress of the
rod material, Breakage of the rod could thus be duc to
an isolated defect in the red, such as a crack. In the
Patel type pump, this could also arise if the puwmp body
is shaking or if thce riser pipe coupling with the pump
body has lcoosencd. In that case, large bending moments
may come at the loyw of the plunger rod eventually leading

to fracture,

(iii)Pivot and fork comnection (Patel typs): Sines all the

Patel type beads are now being replaced by the Jalna type

head, we will not concern curselves with this in the future,

(iv) Vearing of the axlce bearing suovort (Jalna type): This is

due to insufficicent thickncss of metal used in maxing
the head,

(v) Malfunctioning of valves amnd lesther buckets: Malfunctioning

of valves is mostly dug to woar of the rubber seating with
use,

The léather buckets often cxpand a 1ittle when
submerged in water for a length of time, leading to

increased friction and difficulty in operating the pump.



(vi) Disco moction of riser pine: This is also due to vibration

and buffctting arising in the punp opcration. Apart from
the reasons discussed under (1) above, an additional
contributery foctor in the uncoupling cf riseér pipes is thot
when the bol ts sccuring the y»urip body to the casing pipe
flange becone loose, additicnnl buffetihg lond cenes on the

riscr pipe, leading to uncoupling.

IIL. Proposed methods of attack on the above oroblcms

The prescnt approach concentrates on the uvnceupling
of the plunger roas.and riser pipc. As a2lready stated, these
account for 70% tc 80% of the failurcs, nnd o successful atiocx
on them will make the problem much more wonagenble.  Further,
replaccuent of the puup head by the Jalna type, and a slight
chipping of the leather bucket before installation which mnkes
it 2 bit loosec, eliminatsnuch of the remnining rensons for
failure. he such, the following will be concerned only with
the uncoupling of the plunger reds and riser pipe. Scveral
2lternatives arc considered, which can be conveniently divided
into (1) the simpler soluticns and (2) the other alternatives,
The renson for this division is that it is now propesed that
the simpler solutions be incoerpornted inmediately in the forth-
coming puip installaticons without waiting for the results of
the vibrations and buffetting tests of 211 alternatives, going

10 be coenducted shortly.

(1) Thc simpler solutions: The basic vrinciple behind the

sinpler solutions is to incrense the friction betwaeen

mﬂting threads of the coupling, so that resistance to
relative rotation increascs. Increasce in friction can

be achicved in two ways,



(a) By increasing the pressure between mating threads:

This can be achisved by using locinuts, spring washers
etc. In fact, locinuls are already used in the present
installatiors. The locknui is tightened against the
hexagonsl collar welded to the plunger rod length being
coupled, so that a small axial strain is introduccd in
both th. locknut wnd collar., This strain deweleps -
permanent stress, which is balanced by the pressure
developed between the mating threads. The frictionzal
force betwecen the threcads is proportional to this pressure
(the constant of proporticnality beins the co-efficicent
of friction). Therefcre, the tighter the locknut is
turned ngainst the collar, the greater should be the
resistance against relative rotation. In spite of this,

why do the couplings keep becoming loose?

The answer is that the strain induced in the nut -

is extremely small, and is rcedily reiieved by o slight g

wear or formation of rust at the interface. If this 7
) -
happens, the ordinary locknut becomes useless. .

! y Y

It is tkerefore propesed that commercially
available spring washers (% size) be used ot 211 the
couplings cof the plunger rods one spring washer will be
needed ot the connectiom to the piston and to the handle
chain, and twe =2t ezch intermedinte coupling. The force
necded to compress o comrercial spring washer is 45 kg.
This correspends to the loazd cnrried by the plunger rod.
A spring washer therefore guards against uncoupling due
to accelerations of the order of 2g. Accelerations of a
higher leve: are not of much importence,'sinoe they would
be of a higher frequency and there would be correspondingly
little time for relative rotaticn of the coupled parts to
tale place.



(L) By incrensing the coefficient of friction between

nnting thre~ds: This can be achieved by, for example,

aprlying cotten thresd and vaint on the G.I.pipe thrend
before screwing the collar on.  Fricticon between metal
on the ~ne hnnd and paint and cotton thrend on the cother
is nuech greater than friction beiween metal 2nd netal.
Resistonce to relative rotation is theretfore increased
conprred to thne present sinple collar joints. The paint
and cotton thread will have to be applied at both ends
of ¢nech length of G.I.pipe, on the strainer - where it

is screweed to the botiom reducing nut, on both the
rcducing nuts where they are screwed on to the cylinder,
and on the nipple at the pump body to which the entire

sembly is scrcwed on,

It hns already boen sa2id that the loosening of
the bolis securing the pump body to the casing pipe
flange could i~ad to fracture of the plunger rod at
the top in the Patel type pump (though not when the
Jalnn type head is used). In addition, a shaking puinp
body will lend to the wenring out of threads on the

nipple to which the pump assembly is screwed on,
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ultinately chusing thie entire sct to
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It is therefore important that loosening of
these bolts should be prevented. It is therefore
suggested that the nuts used on these bolts should
be of the '"nylock™ type, which is commercially
available, These nuts have a nylon bpush at the top,
which has a very large coefficisnt of friction against
mild steel. As an 2dditional safety measure, spring
washers also sihould be used,



To suwmrnrise, therefore, i1he sinpler solutions concist
of the following:
(1) Use spring washers at 2ach screwed connection of the

plunger rod:
end ot

not onl

to

the

washer is needed at cach screwed
length of rod. They should

ch coupling, but 2lso =
the bottom

one

K

thereifore he uszd

-,
L

1 5%} the conmection

v at

the heondle choin ol

the
top.

nistorn ot and to

(ii) Usce cothbon thread and paint on the thread at each end
of cvery length of G.I.pipe before it 1g screwed into
the botton reducing rut: on both the veducing nuts
where they are screwed into the cylinder, and on the
nipple in the pump body to which the pump assembly
is screwed on.

(1ii)Use spring washers and nylcock nuts on the bolts conncet-

in

~

)f(' 9/&{5\’

g the pump body to the ()i
(2) The other alternatives: These aliernatives are more exponsive

to carry cut thoan the simpler solutions, and arce outlined

below: )

(a) For the plunger rod:

(1) vse of nyleck nuts and multitooth washers in additi
to spring washers for the couplingss
(1ii) use of a locking platce to secure the couplings. The

locking plnte wiil be screwed on to hexagonal ends
welded to the plunger rodg

e (iii) use of flange couplings, the flanges bglnf again

/ connected by screws with spring washers

i . . . 1

y (iv) 2avoid a screwed conncetion altogether and use a

¢ pin connection botween pnlunger rod lengths,

(5) For
(i)
(ii)
(iii)

(iv)

the riscr pipes

use of flange coupling for the pipes;
modificaticn ¢f pump body design to prevent the

falling of the pumpset into the well;

use of tic rods to provent uncoupling of cylinders
usc of spring washers for the riser pipe couplings

)¢
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IV. Laboratory tests

A progromme of laboratory tests ig drawn up 1o evaluante
the various a2lternntives suggested to prevent uncoupling of
plunger rods 2nd riscr nipes. A1l the alitcernntives will be
suvjected to vidbration and repncoted buffetting in o test rig
designed for the purpoese, over o length of tiwme sufficicnt to
elininate the pocrer 21lternatives,  Sineoe the rig is motorisced, an
accelcrated test is possible and it is intended that cperation
of the hand pumps in the field over o period of severnl wmonths
snpould be simulated, as far as vibration is concerncd, over a

period of a few days in the rig.

V. Iwportance of ficld data

By the very nature of things, ficld phenomenn cannot
be simulated perfectly in cvhe laboratory. I the Yield cenditions
are more severs than in the laboratory, the solutions given by
tue laboratory tests will not be satisfactory. If on the contrary,
the laboratory conditions arc wmore severe, the solution suggested
would be more expensive thon necessary. It is thercfore essential
to goct a feedback from the field on how the solution will werk out

wnder acetusnl operating conditions,

VI, Proposed imnediaote fi2ld programme

Teedbnck from ficld tests will be slow in coming, sincc
operntion over o pericd of at least one year will be necessary in
order to get meaningful results. Morcover, the results can be
relied-upon only if a'sufficiently 1argc.number of pusips is fitted
with the suggested alternatives, This will be expensive both in
time and money. One possible course cf acticn weuld be to carry

out the nodifications sugg

ested by the laborotery test results
and then evaluate the performancein the field after o year. Thiu
would be reosonable since the laboratory results are expected in

Marelh.,
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However, in this varticular problem, another course of
action.is possitle. This is to go ahead and adopt the suggestions
detailed under "The simpler sclutions'” (page 7) without waiting
for the laboratory rosults, becaucse of the following advantages:

(1) Sinilaor methods honve bren succassful in machines cperating

under high lewvels of vibration, c.g.. Giesel enging driven

mochinery, textile machingy etle,

(1i) The material cost involved is negligible, being of the order
. ¢ Rs,10/- per puap. The cost of 1asbour involved in carrying

out the nodifications jis alse anegligiblic.

(iii) In the next twe or three months nccessary to gel results
from the laboratory teasts, severnl hundrcd new punps are
going to bLe installed. If 1he suggested modifications WA
MNew inceorporated in these punps and if they arce successful,

the huge expenditure on later repairs will be avolded.

(iv) Finally, nothing is lust Ly carrying out these nodificatidns,

since the performrmece will not be worse than wvhat it now is.

It is thercefore sugeested that as the immediate ficld
prograwne, the "sinpler solutions' be incorporated in all the
‘new purips to be installed frowm rnow onwards, as well as in those

old puups which have to be 1lifted cut of the wells for repairs,

gpr/20.1.1977/
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DRAFT INDIAN STANDARD SPECIFICATION FOR
DEEPWELL HAND PUMPS
AS ADCPTED BY ADHOC PALEL ON 10. 3. 197§
1. - THE SCOPE
Specifies the technical requirements for hand
pumps for lifting water from wells from a depth of not
less than 8 m. Minimum depth at which the cylinder
should be kept for satisfactory functioning of the pump
is 25 m. The pump can be effe_tively worked for drawing
water from depths upto 50 m.
2. UNITS AND TERMINILOGY

As given in IS: 5120-1977 "Technical Requirements
for rotodynamic special purpose pumps", (first revision).
3. NOMENCILATURE

Figure 001 gives the installation details and thro

main components of a deer well handpump as under:

i) Pump Head Assembly : The mechanism which is
above the grcund level
and which operates the
cylinder.

ii) Cylinder :  This containe plunger and
valves, etc., which lifts
the water upward in each
stroke.

iii) Connecting Rod : This provides linkage
between pump head and
cyiinder.

iv) Rising Pipe : This carries water from
cylinder to the water
chamber.

4. DIMENSIONS

4.1 Tables 1, 2 and 3 given below list the dimensions of the

partes mainly used in connection with the deep well hand pump:



Description Drawing No.

TABLE ! - PUMP HEAD ASSEMBLY

PUMP HEAD ASSMEBLY . 001-1
A) PUMP HEAD 062
i) Pump head flange 002-1
ii) Side plate 002-2
1ii) Back plate 002-3
iv) Axle bush (right) 002-4
v) Axle bush (left) 002-5
vi) Guide bush 002-6
vii) Bracket 002-7
viii) Gusset plates 00z-8
ix) Front bottom end plate 002-9
x) Front top end plate 002-10
xi) Front cover 002-11
B) HANDLE ASSEMBLY 003
i) Handle bar 003-1
ii) Bearing housing 003-2
iii) Housing holder 003-3
iv) Roller chain guide 003-4
v) Chain coupling (forged) 003-5
vi) Handle Axle : 003-6
vii) Spacer 003-7
viii) Chain with coupling 003-8
C) WATER TANK ASSEMBLY 004
i) Tank pipe 004-1
ii) Tank bottom flange C04-2
iii) Tank top flange C04-3
iv) Spout 004-4
D) STAND ASSEMBLY 005%
i) Stand pipe 005-1
ii) Stand flange 005-2
iii) Leg 005-3
iv) Gusset plate 005~4
v) Collar 005-5%

TABLE 2 - CYLINDER ASSEMBLY

CYLINDER ASSEMBLY 006
i} Plunger recd 006-1
ii) Reducer cap 006-2
iii)  Sealing ring 006-3
iv) Plunger yoke body 006-4

v) Upper valve seat 006-5
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vi) Rubber seating 006-6
vii) Upper valve guide 006-7
viii) Pump Bucket 006-8
ix) sSpacer C06-9
X) Follower ‘ 006-10
x1) Cylinder 006-11
xii) Brass liner 006-12
xiii) Rubber seat retainer 006-13
xiv) Rubber scating 006-14
XV) Check valve guide 006-15
Xvi) Check valve. seat 006-16

TABLE 3 - CONNECTING ROD - RISING MAIN
i) Connecting rod 007
ii) Galvanised rising main 32 mm (N.B.) Shall conform

to IS: 1239-1973
(Part I) Medium

Series
5. GENERAL REQUIREMENTS
5.1 The material, tolerances etc., shall be as per the
specifications in 4 above.
5.2 The bolts, nuts and washers used for assembly of

hand pump shall conform to IS: 1367-1967 "Technical surnly
condition for threaded fasterners".

5.3 The chains shall conform to IS: 2403-1973 "Transmission
steel roller chains and choin wheels".

5.4 The M.S. coupler welded in the storage tank shall ke
manufactured by forging and shall conform to Class II of

IS: 2004-1970 "Carbon steel forgings for general engineering
purposes"”,

5.5 The welding shall be done as per 13: 823-1964 "Code
of Practice for use of metal arc welding for general con-
struction in mild steel".

5.6 The CI castings shall conform to Grade 25 minimum

of IS: 210-1970 "Grey iron castings (second revision)".



I

5.7 The G.M. castings shall conform to Class V of IS:
1458-1865 "Railway Bronze ingées and castins (revised)".
The Brinell hardness shall be betwéen 60 arnd 70.

5.8 The brass tube shall conform to Alloy No. 1 of IS:
407-1966 "Brass tubes for general purposes'.

5.9 The connecting rods shall conform to Grade St. 42 of
IS: 7270-1972 "Briéht bars (standard quality)" and surface
finish to Crade III of I8: 7270-1972 Bright bars (staadard guality).
The electro galvanising shall be done as per Grade III of IS:
1573-1973 "Electro plated coating for zinc on iron and steel'.
5.10 The bearings shall meet the requirement of IS: 4025-
1967 "Ball and roller bearings, gauging - practice”.

5.11  The steel plates/sheets, angle iron and square bars
for fabrication of pump shall be as per St. 42 of IS:
226-1969 "Structural stcel (Tendered gquality)"™ ox St. 42 of
IS: 1079-1973 "Hot rolled carbon steel sheet and strip" and
they shall be as tested quality.

5.12 The cold rolled shecets used for manufacture of

cover for the Head Assembly shall conform to crdinary
quality of IS: 513-1973 "Cold rolled carbon steel sheets',
5.13 The hot dip ga.vanising of storage tank shall be done
as per IS: 4759-1968 "Hot dip zinc coatings on structural
steel and othexr allied products".

5.14 All the bolts and nuts shall be electro-galvanised or
zinc passivated.

5.15 The leather pump buckets shall conform to IS: 1273-

1958 "Leather pump bucket made from chrume tanned leather”.



6. PAINTING
6.1 The painting shall be done generally as specified
under.

6.1.1 For surface preparation, one of the following methods

shall be employed:

y a) Sand Blasting
b) Phosphating to Class "C" of IS: 3618-1966
"Phosphate treatment of iron and steel for protection.
against corrosion”.
6.1.2 BAll interior surfaces vhall be given two coats of
red oxide primer containing not less than 17% zinc chromats.
The red oxide primer shall conform to IS: 2074-1962 "“Ready
mixed paint red oxide zinc chrome priming®.
6.1.3 The exterior surfaces of MS/CI components shall be
given the following treatment:
i) One coat of red oxide primer.
ii) One coat of surfacer.
iii) a) Two coats of synthetic enemel paint
oxr
b) One ccat of harmertone finish paint of any
colour to suit the requirement of the
purchaser.
7 TESTING
7.1 SAMPLE SIZE
Ten percent of a production batch subject to a
minimum of ten pumps shall be tested. If, however, the
production Latch is less than ten, the ~ntire batch shall

be tested.



7.2 Routine Test.
7.2.1 All the pumps shall be examined for finish and
visual defects.
7.2.2 The dimensions of the asscmblies shall be checked
for conformity with the drawings.
7.2.3 The handle shall have reasonably good surface
contact with the tdp and bottem portions of the bracket.
7.2.4 Coupler welding is to be checked for the verti-
cality. Plain round mandrel of 300 mm length is to be
screwed to the water chamber coupling and verticality to be
cbecked with the help of a trisguare. I'or the entire length
of the mandrel a maximum of 1 mm tilt may be allowed.
7.2.5 The flanges shall be reasonably flat to provide
proper matching.
7.2.6 BAlignment of the rod with respect to the guide Lush
shall be checked as follows: One 100 mm long 12 mm dia rod
shall be fitted to coupler. The handle shall be raised and
lowered gently. The rod shall pass through the gu:de bush freely.
7.2.7 The stroke of the pump chall be 100 mm + 3 mm.
7.2.8 The connecting and plunger rods shall be examined
for their straightness and the formation of the threads.
The couplers shall also be subjected to similar checks.
7.3 TYPE TESTS

Two complete pumps out of the batch selected shall
be subjected to the following tests in addition to the’

routine tests in 7.2 above.



7.3.1 The pumps and cylinder shall be dismantled and
all the components shall be checked in detail for dimensions
as per the drawings.
7.3.2 Performance of the pump shall be check~d after
placing the c¢ylinder at 30 m below the ground level in a
bore well the yield of which shall not be less than 20 lpm.
The pump shall be primed and the tests shall start after
there is continuous flow of water through the spout. The
water shall then be collected in a container for forty
continuous strokes. The discharge thus measured shall not
be less than 12.5 1.
8. CRITERIA FOR CONIFORMITY

The batch shall be considered as conforming to the
requirements of the specification if the conditions given
under 7.2 and 7.3 are satisfied.
9. GUARANTEE

The pump accessories shall be guaranteed for
12 months form the date of installation or 18 months from the
date of supply whichever is earlier against bad workmanship/
bad material. The life of leather/rubber components shall however
be guaranteed for only 6 months from the date of supply.
10. DESIGNATION

The pumps shall be designated by nominal size, stroke
and number of this standard.

Example:

Deep well hand pump of N.B. size 32 mm having 100 mm
stroke conforming to this standard shall be designzated thus:

Deep well hand pump: 32 mm N.B. Stroke 100 mm.

1S Ceereccraneaas



11. PACKING

Unless otherwise agreed Lo between the manufaturer
and the purchaser, the packing shall be as under:
11.1 The cylinder shall be packed in wooden cases and
nett weight of each case shall net exceed 50 kgs.
11.2 The pump head assembly shall be normally wrapped
in paper and straw/woodwool to withstand road transit.
11.3 The connecting rods shall be packed in bundles of
30 rods. Each bundle shall be wrapped with two layers of
hessian cloth.
12. MARKING

The pump head and cylinder shall be marked with

manufacturer's name/trade mark serial number,

N.B. THE HOLE SIZE 13.5 mm AS SHOWN
IN THE DPAWINGS SHALL BE ALTERED
TO 14 min AS RECOMMENDED FOR MEDIUM
I’IT UNDER I.S.



Background Paper



who international reference centre for community water supply

postal address: p.o, box 140, leldschendom, the netherlands
offico address: nw haveastiaatl 6, voorburg {the haguo)
tolephono: 070 - 63 42 61, telegr.: worldwatar tho haguo, talox: 33604

WORKING MEETING
ON
HANDPUMP SELECTION AND TESTING

Harpenden , Hertfordshire, U.K ,
29May -1 June 1979

o

HANDPUMP TESTING PROJECT




»

. WORLD HEALTH ORGANIZATION
v INO - BSM - 001
- National Rural Community Water
Supply and Sanitation.

Jakarta, Indonesia

R E P O R T

ON TESTING OF THE THREE WATER HAND PUMP PROTOTYPES

by
Stan Szabo
WHO Sanitarian

Origin of hand pumps : INDIA, "Jalna Sholapur”, (deepn well)
THAILAND, "Khorat'", (deep well)
BANGLADESH, Conventional, (shallow well).
([

I. INTRODUCTION :

Provision and coverage of the entire population with safe potable
drinking water ( INPRES -~ President Instructions ) particularly in
rural Indonesia has received high priority during the Second National
Five Year Plan / PELITA II. |

A ground water is readily available in aboundance in rural areas,
the cheapest mean of providing safe water is hand pump, but at the
reduced cost (low production cost} preferably manufactured locally.

In the rural areas only such handpump is accessable to the rural low

income community.

As installation of the handpumps in Indonesia, at present, is
. on large scale (15.000 - 20.000 anually), the Government has strong
feeling and determination that the type of hendpump with adequate quan-
tity of spare parts for rural areas has to be standardized., This is
possible only through the tests of the various prototypes of the hand
pumps.
UNICEF has provided 6 handpumps for test in order to find out

if relevant for local manufacturing.
II. OBJECTIVES :

1. The pumps after installation had to be tested at least during

the 4 ~ 5 months period.

R
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Tests of the pumps (users shall operate them normally) had to
produce informations about durability (breakdowns), output of
the water after certain period of performance (one year), and

the cost for maintenance.

If found relevant the pumps might be manufactured locally in
order to supply population with pumps at a reasonable price,
of easier purchase and availability of spare parts under the

hand.

ITI. PRELIMINARY OPERATION :

‘

1/ At the central level of the Directorate of the Health Services office,

2/

the group of the officials took the responsibility for the establishment

of the administrative and technical procedures in order to assure satis=~ ~*

factory testing process.

WHO Sanitarian was responsible for the technical and practical implemen-

tation of the tests respectively in Jakarta and Bandung area.

Required preliminary work were :

2.1.

2.2.

2.3.

2.4,

2.5.

Selection of the testing place. It had to be similar or typical
rural Indonesian area.

Contact with the local authorities, give explanation and assure
cooperation and acceptance.

Contact with further local/village authorities ("Lurah-the chief
of the field community) in order to assure the full cooperation
and participation of the community.

Designate one field worker for testing and submit him under two
days short course in order to familiarize him with the test itself
and particularly compilation of the testing forms.

Preparation of the forms: "Work bench inspection' (the form
provides information on technical and physical condition of the
pumps before installation); The form for field test (a) and (b)
~ (see annexes please); and the form for the breakdowns as well,
Having data of the places for the construction and installation
(several visits were paid to the villages) calculation of the
transportation of materials was necessary and essential because

if out of the road on muddy terrain the cost is obviously higher.

B
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In order hands, standard design for the technical improvement of
the water source had to be unified for both places in order to
avoid an extra expence for drilling or unnecessary additional

construction.

.

Above minimal criteria are essential and as assertained were sufficient

for the normal conduction of the tests.
MAINTENANCE
It was suggested that one sanitation worker designated by the DHS
in both cases (Jakarta and Bandung), were sanitarians, should be responsible
for the supervision of the works and installation and afterward for the test
and finally for maintenance of the pump.
His job description :
a/ Supervise the works of the skilled workers in improvement of the water
source and installation of the handpumps.
b/ Conduction and recording of the entire test.
c/ VWeekly inspection of the pump, lubrication as nceded (o0il and grease)
and repair if neccessary, tight the nuts and bolts with appropriate
keys. Durln? th1§ particular activity, the sanitarian was instructed to
be accempanicd with one or more villarers in order to teodach' them '
practically the maintenance of the handpump.
d/ Keep tpe handpump clean and its. surroundings and finally report every
-~ other irregularity to the health secction.
TESTING :

Six protctypes of the handpumps were received from UNICEF in Jakarta,

namely: Indian "Jalna Sholapur", Thailand "Khorat" (both deep well handpumps)

and Bangladesh conventional shallow well handpumps.

Selected

places fcr testing :

1)

2)

KX
we

Jakarta Kampong (marginal village of the capital 15 km. dist.)
namely PONDOK LABU - Kali Jati RT-006/02 **

Bandung, two Kampongs in marginal zones of the town, namely

Linpkungan Pasteur RT-007 and RT-003 Ciumbuleiut respectively.

RT = The lowest social and administrative form in rural
Indonezia, i.e. group of 20 - 30 families named

"Rukun Tetangga'.

o
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-~ The owners of the wells have had agreed that the testing handpump
installed on their well should serve to the community (not exceeding
200 persons). )
- Improvement of tﬁé well had to be done by the skilled operator
anc¢. paid by the DHS Jakarta and Bandung respectively.
- Respensible official for supervision and maintenance should have free
access at any time.

- The handpumps after the testing period shall remain onward in

permanent use of the community without any compensation.

Test :

JAKARTA test had initiated in June 1977 through Octcber 1977 i.e.
during the §2¥.§§§§3§* and two "counts of users" were repeted until March
1978. As Jakarta Kampongs are closer and supervision of installations and
test was assured, the test procedure passed without any problem. (Bangladesh
handpump test was interrupted for two days due to the head cover supporting
fork destruction, but this was, as informed by the community, atributed to

the someone's vandalism).

BANDUNG test has initiated in September 1977 and programme until March
1878 - during the wet scason **%, The test has been interrupted several times
due to the different inconveniences and technical problems.

Affirming that installations of 3 handpumps in Jakarta were under the
close supervision and apparently better skilled technicians and at present
in good working cenditicons, the Bandung area where technical works of insta-
llation were less supervised, the technical problems had a significant
impact on the testing procedures. It is important to appreaciate that what

has happened cduring the installation of the handpumps.

India "Sholapur' showed good normal works but with the weak output

of water. Two weeks later the rubber ball valve had to be replaced; (it was
difficult to find the motive why the rubber ball valve in the contact with
the water was so quickly consumed?). Locally made ball valves were replaced
two times. However, the pump is now in operation. The test has been post-
poned, and the DHS in BAndung would make an attempt in order to provide

few original valves.

#%% : Monsoon weather-rains® - period: from September to February/March.
L

e B v
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Thailand 'Khorat", hand pump in Jakarta testing area is considered as

easy strcking, robust and with an economical output of water suitable hand-
pump, (these characteristics are convenient particularly in the areas were
ground water during the dry scason is scarce and demand for the water very
high i.e. the number of strokes censiderably increased), unfortunately, in
Bandung area the PVC cylinder was badly damaged due to the inappropriate
sinchronization between the stroking handle, lengt of the plunger rod and
cylinder pumping works?. The lower cap with.the valve was forcibly separated
and from the becttom of the well recuperated. Sugpested device for the
reactivation of the hand pump was accepted, locally manufactured and instal-
led in order to put i* in the public service agzin. The test has been
suspended for five months. Hewever, new brass cylinder were provided by the
UNICEF. One has been promptly installed in December 1977. The test has been

reassumed in February 1978,

Banzladesh conventional hand pump, was inst3lled on the shallow well on
August 1977. The pump drive was removed and the bolt on the leather valve
was replaced with new one and put in the public service again. Unfortunately,
the well runned out of water for threc months. 1, test started in November
and interrupted again the for the pericd of three weeks due to shortage of

water. The test reassumed again in January 1978.

As stated in Bandung DHS the handpump testing will continue and will

be monitored very closely over the next testing period, until June 1978,

Requirements

Wells : - Deep well

- Shallow well

- Dug well
Water level : - Minimum depth = 7 m (for deep well hand pumps)

. 3
- Quantity of the water i_3 m

- Clean and improved environment of the well done by the
community or owner,

(Hote: Averape depth of the wells in rural area not exceedes more
than 18 - 20 m).

Manpower : Experienced worker in plumbing and in masonry
was hired and figured as contractor.

Community: Test and installation of the handpumps was very appre-
ciated by the community and all possible ccoperation
was received, '
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EVALUATION :

It has been observed that Jakarta handpump protetypes, during the
pre-test peried and during the test itself and during the Post test

period, were performing in‘a good efficiency each con it's own property.

Latest performance ; - Bangladesh : 56 sec./15 1lit./strokes 12.
ft > 28 . . .
after one year of - India : 1 min,35 sec./15 1lit./strokes 34.

operation:
- Thailand : 1 min,23 sec./15 1lit./strokes u1l,

Factor to be taken consideration

1). Installation of the handpumps should Le done by the skilled worker
with appripriate tools.

2). SUpervision of the works should be established in order tc avoid
unnecessary serious damages.

3). Failure in the installation should be communicated immediately to the
haalth sanitation section.

4). Any justified or unjustified interrupticn of the test should be
promptly communicated to DHS.

5). All motion parts of the handpump(handle; pins,rod ...) should be
lubricated weekly.

6). Handpump should be watched and cleaned (periodical painting with

protective paint saves the handpumps).
CONCLUSION :

It is premature at this stage to comment mass local production of any
of these handpumps under the testing programme, but desireability for local
manufacturing exist due to the known opportunities as lower cost of produc-
tion, sawings on transport, availability of locally produced spare parts etc.
It would have cnormous effect on the cost if the consideration is taken that
present INPRES programme requires thousands of haﬁdpumps to be installed

throughout the country.

Howcver, among others, more of these types of handpumps shall be

imported for further tests and analysis in different geological, hydrogeo

logical and climatic circumstances through the 1978/79 yecar.

Jakarta, April 1978.



Following a field study on locations of deep well handpumps
"Dempster" in East Java, Central Java, Yogyakarta, West Java and

D.K.I. Jakarta, the team has come to the following conclusions:

1. Efficiency of "Dempster" pumps

a.. The efficiency of the "Dempster" is good. It can draw
water from dug weills and piping wells to a maximum head
of 30 meters.

b. It can supply a relatively large quantity of wa?er,
between 9 and 20 liters per minute, at 30 to 40 strokes
per minute.

c. Operation presents no problems. Elementary school pupils
and housewives can easily operate this deep well hand-
pump.

d. It has a long life span, provided that maintenance is
good. Several pumps have been working since 1970.

e. Replacement of damaged parts (usually worn out cup seals)
usually takes about 30 minutes when performed by 3

persons.

2. Damage

a.. The most common sources of trouble, according to the

field study, are worn out sup seal, loose rod, worn out

handle, and stuck plunger.

b. The causes are generally bad installation, careless and
rough handling, bad maintenance, lack of equipment and
parts, and failure to check the pump regularly after
installation.

c. Sometimes the pump was found to be not in a vertical

position, so that operation was heavy, and the effect



‘little water and abnormal wear of the cup seal. Other

defects occasionally encountered were:

- the.pump's rod connections were not fastened tight
enough, so that they got ‘loose;

- same for the rod holder;

- the foot valve was not separated from the plunger
at the installation, so that the plunger got
‘loose;

- rod length does not correspond with well depth, the
rod has to be shortened and the new connection is
made with a different standard worm. The result is
a loose under section of the rod;

- the pump was installed when the ground water -level
was high. 1In the dry season the cylinder is too
high to reach water;

- in clay soils the strainer can become blocked. In
these circumstances wells with double casing are
necessary;

- in one case a pump was installed at a positive well,
which gave some water of its own accord. Here, a
shallow well pump would have been better, and
cheaper.

Operation

In several places the pump has to serve more than 500
people. It is worked day and night, and is therefore
often damaged, as are the pumps installed in front of
schools and in other public places, where children often
play with them.

Maintenance

Common sources of trouble are the following:
- people foget to oil or grease pins, so that they

quickly wear out. The pump becomes unstable and
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noisy. The pins have to be replaced more often than
ought to be the case.

worn cup’ seals are not replaced in time, so that the
pump stands idle. Sometimes spares are not available,
sometimes they are not of the same type or quality as
the original. In one case the spare cup seal was so
bad that it expanded with use, and caused the entire
system to get stuck.

In another instance, the bolts of the cup handle were

slack, causing unnecessary friction and quick wear.

Suggestions

Make maintenance and installation workers attend

intensive training courses,

Make complete equipment for installation and maintenance

available.

Have available sufficient spare parts of the same quality

as the originals, especially leather cup seals.

Prepare an operation and maintenance instruction manual

in the Indonesian language for each type of pump.

The present standard rod length of 6 meters is too long.
We think rods should be supplied in units of 3 meters.
Better supervision during iﬁstallation is necessary, so
that no mistakes are made.

The pump has to be checked reqularly, e.g. once a month,
so that any defects are discovered in time.

Ground water levels should be studied before installa-
tion to precent unpleasant surprises in the dry season.
If the ground water level is high, this type of pump

is not necessary. It should not be installed in places

where a simpler type would also do.



10. The local community should be given every information
on the correct use of the'pump. They should appreciate
how impd&tant and profitable it is for their daily
-lives. Only then can they be expected to take the care
necessary for continued good working order of the pump.
11. The number fo people served by one pump should preferably

not exceed 100.
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Introduction

The handbump evaluation aﬁd testing in Thailand for the
improvement of handpump design was undertaken py Office of Accelerated
Rural Development (ARD) financieally assisted UVICEF. lThe study %ad been
conducted from June 19?7 to September 1?78, of which the final report

is now bheing decunented. This paper is an interim report to support

the International workshop on handpump evaluation and testing and will

be altoched to the final report as the introductory and conclusions

Background

The provision of clean water for rural arcas in Thailend vas
initiated in 1964. The cabinet appointed the executive comnittee

in 1965 with members represenied {rom various departments., The target

‘was to complete the supply of clean watcr to local inhabitants in

50,000 villages with several strategies as follows:i=

a) Shallow dug wells and jet wells equipped with handpumps
b) Small diameter wells équipped with handpwnps...

c) Deep wells equippéd wvith handpumps.
d) Piped water supply.

e) Rainwater collection tanks.

f) Standard ponds,

g) Improvement of existing ponds.

h) Dykes and Rescrvoirs,.
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The firslt phase target was to complete providing clean water

to local inhabitants in 20,000 villages within 6 ycars, from 1965 to
1970, whioh was tﬁc same year oo the sc@ond Hatiogal Feonomic and

'Social Develcepment Plén ended. The targeé of the second phase which
was added to the Third Naﬁional Econonic and Social Developaent plan

was to provide clean water to the other 20,000 villages during
!

/1971 -~ 1976, At the end of ?he Third Plan, the Hational Economic
. and Social ﬁevclopment Board hed reguested the National Institute
for Development Admirnistration (MIDA) to carry out the evaluvation.
It was found tha£ only 9.3 per cent of rural population had water
which is considered clean. There are many problens whiich obstruct
the achicvenent; one ofvthem is the failurc of HANDPUIPS.
At the national level, the responsibility for providing cleaﬁ

waler is shared by several agencies as follows:—

a) Departnent of Local Administration

This Depaftment provides clean water to small commmities
through the provision of various types of rainwater collection
tanks, improvement of existing ponds as well as support the
.construction of shallow dug wells and jet wells equipped with handpumps
by local people‘and local contractors; At tﬁe end ofl1977, a numPer
of 32,410 shallow dug wells and jet wcllé had been‘constructcd.

-

Of thesc numberg, 5,820 handpumps had been installed. The>sunyey
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~ conducted by NIDA.&n the Northecastern region indicated that 34.7

| per cent of handpumps were inoperative during the investigatioi.
| )

b) Department of Hineral Resources o

|
[ P N AT |

The Growdwater Division of this departiment provides clean

(6 ‘ water through deep wells. The depth of the wells varies from 100
feet to 350 feet, while the average depth of the well is ;85 feet,
At the and of 1977, this Department has drilled 7793 decp wells
all over the country. Of thcse.ﬁumbers, 92.3 per cent of.the Qells
were equippéd with handpwaps while the rest was equipped with motorpuap.
NIDLA reported that 18,6 per cent-of the handpunps installed by this
Department was out of operaﬁion during the survey undertalien in the

Northeastern rcgion. Under tlic present plan, its target is to

construct 720 deep wells annually.

c) Office of hccelerated Rural Development (ARD)

. . . : A)_/UJ"ZJ'(/
This Office was established to help develop the under -sewed

’

\areas which is now covering 53 provinces. The main task is to
construct rural roads and provision of'clean water in the underserved
areas throuzh construction of deep wells, shallow wells and standard
ponds as well a3 improving of existing ponds. At the end of 1977

~a nuiber of 2,376 deep wells and 1,891 shallow wells equipped with

handpuips had been constructed. It was found that 26.3 per cant of
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handpwips werc out of operation during the survey undertaken by NIDA.
Under the World Bank Loan Prcject from 1977 — 1981, the ARD plans
to construct 3,500 deep wells and H20 shallow wells which will equip

with handpunps.

Department of Public Yorls

The Provincial Yeter Supply Division of this Department

I constructed deecp wells in other regions outside Northeastern regions

Up to the present, 1971 deep wells heve been constructed., However,
the data on nuaber broken handpumps are .not available. Under the

currcnt plan, its target is to construct 200 deep wells ecach year.

Devartment of Health

The Department of liealth has been providing clean water by
pipc.sincc 1966 through the national budgoi, comnunity participation
and also contribution from international agencies. From 1966 -~ 1977
539 piped water scheines have been constructed serving 1,433,100
rural inhébitants which is a small portion when comparc to the total
rurzal population. The Departmeﬁt of Health recalized fhat in order to
provide more clecan water, a new approach must pe considered. The
small diamefcr well programme for the cownunities 500 — 1,500 was
introduced in 1976 with UHICEF assistence. fAs of Septenber 1978,130

small diameter wells cquipped with handpumps have been