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SUNDAY 12, NOVEMBER

17:00 " Registration and Issue of Workshop Documents
at Park Hotel (Lounge).
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10:30 - 11:00

11:30 - 12:30

12:30 - 13:30

13:30 - 15:00
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15:30 - 17:00

17:00

Opening Session

COFEE BREAK

Introduction of Reference Documentation

Review of on-going and planned programmes

LUNCH

Introduction of Guide on Laboratory Testing

Introduction of Guidelines for Field Evaluation

TEA BREAK

Presentations

General Discussion on Handpump Selection for Rural

Water Supply Programmes.
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j GENERAL OBJECTIVES

1. To survey and review current and planned handpump evaluation and testing

programmes.

2. To define a suitable methodology for handpump evaluation and testing, and

to formulate guidelines for the set-up of programmes.

3. To review the draft protocol for field evaluation of handpumps, and to

state the direction further development of these guidelines should take.

4. To review the draft .guide for laboratory testing of handpumps, and to

' state the direction further development of this guide should take.

5. To prepare a draft Plan of Action for international collaboration on hand-

pump evaluation and testing, including the development of mechanisms for

the systematic exchange of information and the coordination of on-going and

planned programmes, and arrangements for funding.

6. To formulate recommendations for further work and future activities.
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The departure times for the KLM coaches from
Schiphol to The Hage Central Station are as
follows:

The first coach departs at 06.55 in the morning.
The following ones leave every 40 minutes, the
last one departing at 12.01 at night.

The departure times for the KLM coaches from
The Hague Central Station to Schiphol are as
follows:

The first coach departs at 05.45 in the morning.
The following onces leave every 40 minutes, the
last one departing at 22.20.

The ride to and from Schiphol takes approximately
42 minutes.
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SCOPE AND OBJECTIVES OF WORKSHOP

1. Introduction

Any international statistic will necessarily be crude, and with

a large margin of error. However, a not unreasonable assessment

could be that, at present, some 400-500 mln people depend on hand-

pumps for their drinking water supplies. The drinking water programmes

envisaged by the developing countries in fulfillment of their

commitment to the targets set for the Drinking Water Decade 1980-1990,

would when implemented according to the present plans, have - at

least - another 200-300 mln people served with handpump water supplies.

In the same period, very conservatively estimated, handpumps serving

some 200-300 mln people will need to be replaced by new ones.

...Pursuing, for a moment, the fugitive - and meanlingless - figure

representing a global requirement of handpumps (shallow well, deep-

well, all types) the above population figures indicate that a number

of handpumps equivalent to a population served of between 600 and 800

mln people will have to be selected, produced and installed, and -

last but not least - maintained during their service life.

With each pump serving say 120-160 persons (averaged for all sorts

of situations), the global requirement of handpumps for the 1980-1990

Decade would seem to be: over 5 mln

Handpump costs, of course, do range considerably; say from $ 25 for

a very simple shallow well unit to about $ 800 - $ 1.000 for a deep-

well Mono pump. Again, for the sake of arriving at a global figure,

the total sum of the funds required for meeting the handpump requirements

of the 1980-1990 Decade, a weighted average could be assumed at a

level of $ 100 - $ 140 per pump.

A conservative estimate, then, of the amount to be spent on handpumps

of all types and makes, over the coming ten years or so, would be:

$ 500 - $ 700 mln.
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We all realise that a well or borehole fitted with a handpump

is no good unless the pump is operative. Pump costs in the

total capital investment for a handpump/well system rarely exceeds

20 %. Occasionally, one finds cases with ratios as low as 5, or

even, 1 %. The reliability of the entire handpump/well system is

dependent on the pump, and unjustified attempts to cost savings

on the pumps may compromise the very purpose of installing pumps

and wells; to bring a reliable supply of safe water.

Using a 10 % ratio for the handpump cost in the handpump/well

system, we arrive at a figure of $ 5-7 billion indicating the

monetary value associated with the many choices of handpump which

are to be made in the coming ten years or so.

2. HANDPUMP SELECTION

Some official, or group of officials in the water supply agency of

the developing countries concerned, or a planning commission, national

budget bureau, or whoever, in consultation with representatives of any

international or bilateral organization involved, will have to select

a pump or a number of pumps for particular projects and, in effect,

for the national water programmes. One may think of the Director and

his staff in a Rural Water Supply Division in the Ministry of Health

of a particular country, the Chief Engineer in the Water Department

of a Public Works Ministry, the Director of a Public Health Engineering

Department, and officials in similar positions. Often committees or

consultative groups are formed to have representation of all interests

involved in the selection of handpumps for water programmes.

Chosing handpumps is difficult. The so called handpump solution

to the rural water supply problem is complex. Experience shows

that the use of handpumps in community water supplies presents

serious problems, with regard to design, quality of manufacture,

installation and maintenance, spare parts provision, and administrative

organization.
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Handpumps are used under a wide variety of conditions. They

may serve on shallow or deep wells, with many or few users.

Operation may range from almost continuous to infrequent and

maintenance from adequate to none at all.

Numerous handpump models are on the market; others may be obtained

from non-commercial sources, or assembled from generally available

"off-the-shelf" materials.

Proper selection of handpumps, of course, is crucial to the success

of any handpump programme. Looking at the water supply officials,

water authority committee, or planning commission officers charged

with the task of selecting the pumps to be used in their countries

water programmes, the question is: what sort of guidance and

assistance from the international community would be helpful and

instrumental.

These would be inputs to help achieve a balanced and well structured

handpump selection process based on careful consideration of all

pertinent factors such as:

- pump technology and design

- hydraulic capacities, and costs

- installation practise

- maintenance requirements

- possibilities of indigenous manufacture.

I should like to mention the following instruments/tools of hand-

pump selection:

1. Handbook giving state-of-the-art of handpump technology;

plus information on handpump programme organization,

research and development work, indigenous manufacture etc.

(IRC Technical Paper No. 10).

2. Catalogue of Handpumps, and Directory of Handpump Manufacturers.

3. Field Evaluation and Laboratory Testing.

4. Systematic Consideration of Handpump Maintenance; organization;

institutional set-up, etc.

5. Assessment of Potential and Possibilities for Indigenous

Manufacture of Handpumps.
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6. Handpumps Selection Process Flow-Chart.

Thes are instruments of handpump selection to serve those

facing the manifold complex questions associated with chosing

handpumps for water supply programmes. Evaluation of pump

field performance, and laboratory testing feature high amongst

these instruments.

3. FIELD EVALUATION AND LABORATORY TESTING

Surely, evaluation of field performance of handpumps supplemented

by field tests, confirmed and supported by laboratory testing as

appropriate, are important instruments to support the selection

process of handpumps.

Several projects of this type are underway both in developing

countries themselves, and in certain industrialized countries.

All are conducted with the active support of international or

bilateral agencies. The methodology used in these projects is

as yet not very well established. The improvement of this method-

ology should be the object of international collaboration.

Comparison of handpumps on an international basis will require

common criteria, definitions and methods. Uniformity in the

collection and recording of pump performance data is required.

Therefore, it is very desirable to establish a standard protocol

for field evaluation, and a standard code for laboratory testing.

Establishing methodology for field evaluation and laboratory testing

of pumps, means breaking new ground. The requirement is there, but

the body of knowledge and experience must grow; and this is only

possible, if inputs are received from various sources including:

- those working in international organizations supporting the

development and implementation of national water supply

programmes;

- supply programmes, and familiar with the role played by handpumps;
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- those involved in planning and research pertaining to the

use of handpumps in rural water supply;

those having in-depth knowledge of handpump technology and a

wide range of related subjects;

- those having extensive knowledge and experience in the fund-

amentals and methodology of testing; of numerical ranking

through weightable attributes.

- Those working to develop appropriate technology in water

supply and sanitation.

All such sources of knowledge and expertise have an essential

contribution to make, and I am glad to know that the participants

to this workshop, as a group, represent all the sources just listed.

So, although the task in hand may seem a large cup full, I am

confident we may make progress towards the establishment of a

field performance evaluation protocol and a laboratory testing

guide. Supplemented, I would expect, with direction as to other

instruments of handpump selection, and an action plan for international

collaboration.

I hereby submit the draft general objectives of the Workshop

/
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BACKGROUND

A recent survey by the World Health Organization found

that over one billion people living in rural areas of developing

countries lack reasonable access to safe and adequate drinking

water. The importance of water supplies in transmission and

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 require 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. $26 per capita. Alternatively expressed,

the current rate of investment would have to be multiplied four-

fold and 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 will be

mandatory for many years to come in these areas.

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 hand pumps is by far the cheapest means of providing

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



Although community water systems piped under pressure to

households and public standposts are an ultimate goal, many of

the unserved billion will realistically have to seek hand pumps

as an interim if not an ultimate measure.

Unfortunately the record of most present hand pump pro-

grammes is not good. Serious problems exist in hand pump
i

technology/ design and selection; quality of manufacture; '<

installation, operation, and maintenance; and organization and

administration of hand pump programmes generally. The number
i
i

of successful hand pump programmes extant for community water

supplies is very small. Unfortunately the hand pump "solution"

to rural water supply problems poses some major problems on a

worldwide scale.

Hand pumps are used under a wide variety of conditions.

They may serve on shallow or deep wells, with many or few users.

Operation may range from almost continuous to infrequent, and

maintenance from adequate to none at all. Numerous hand pump

models, from many different manufacturers are on the market.

Frequently, the pumps are imported from distant countries on

the basis of very limited information. Comprehensive and

reliable information on hand pump manufacturers and their pumps

and pump components is lacking.

Evaluation of field performance of hand pumps, supplemented

by field tests, and laboratory testing of pumps are very useful

tools to support the selection of suitable pumps for rural

"F"—r



water supply programmes. This type of work is currently

underway or being planned in several developing countries,

with active support from a number of development assistance

agencies. There have been earlier investigations on hand

pumps but the findings have tended to be inconclusive. The

current field evaluation and testing programmes seem to be more

systematic and a sound methodology may now be developed to

provide better technical assistance than heretofore possible.
i

•Comparison and evaluation of hand pumps on an international

basis will require common criteria, definitions and methodo-

logies. More uniform collection and recording of hand pump

performance data will benefit all. Internationally recommended

guidelines for field evaluation and for laboratory testing of

hand pumps are necessary and desirable for systematized collec-

tion and analysis of results, for the improved exchange of

information and experiences, and for better evaluation and

testing of hand pumps.

The establishment of a widely accepted methodology for

hand pump evaluation and testing should be made an international,

collaborative effort. The purpose of the forthcoming inter-

national workshop on hand pump evaluation and testing is to

structure and support the development of standard procedures for

better, more appropriate selection of hand pumps based on

objective and realistic evaluation in the laboratory and in the

field.



GENERAL

Purpose of:Guide

Field evaluation of hand pumps in the proposed guide means

the subjecting of different pumps to systematic assessment of

field performance in order to provide unbiased information on

the characteristics and on-site performance of hand pumps to
i

agencies responsible for the procurement and use of pumps in

water supply programmes or for providing financial aid to such

programmes.

The purpose of the guide is to present methodology and

procedures which may be internationally applied in the set-up

and conduct of hand pump field evaluation projects. Technical

characteristics and performance data should be so recorded that

evaluation project results will' be internationally comparable.

Results obtained in a particular country would supplement

results from similar evaluation projects carried out in other

countries.

The information so assembled from various evaluation

projects, and presented in an agreed format, should better

enable hand pump buyers to make a rational choice of pump that

best meets their particular needs and budget. Assessment should

be made in accordance with widely-accepted methods and criteria

judged adequate to provide objective comparison of pumps under

field conditions. Of course, costs of pumps and specific tech-

nical characteristics are important criteria in the evaluation

process.

--ETV r



Hand pump field evaluation projects will vary in size in

experience and in the resources available to them. Not all

agencies commissioning such evaluation work, whether in-house

or contracted out, will want to or be able to follow the pro-

posed guide through all stages and to the same degree of

thoroughness.

However, the scope of a hand pump evaluation project

should always be consonant with the hand pump programme it

•supports, and measured in terms of the number of pumps to be

used, number of population to be served, and financial resources

required.

If hand pump evaluation projects are to yield reliable

results, certain requirements of methodology will have to be

satisfied. This guide's purpose is to describe suitable methods

and procedures.

In setting-up projects for field evaluation of hand pump

performance, where necessary supplemented with laboratory test-

ing, the aim should be to meet, within staff and budgetary con-

straints, the following objectives:

- to provide unbiased information on hand pump field

performance to the national agencies and the interna-

tional organizations involved in rural water supply

programmes of that particular country to enable them

to make a more rational choice.

- to contribute to an information bank storing results

of hand pump evaluation projects conducted in accord-

ance with an internationally agreed methodology to the

mutual advantage of all.

I;



- to establish acceptable standards of quality for

manufacture of hand pumps.

- to assist governments and manufacturers in introducing
i

istandards where none exist, or to improve those pre-

sently in use.

- to determine any differences betv/een actual field per-

formance and hand pump characteristics as claimed in

manufacturers1 documents or quotations.
i

.Purposes of Field Tests and Evaluations

Field tests and evaluations may be undertaken in order to:

(1) Select the "best" pump or pumps from numerous candi-

date models. As will be shown later, "best" has many

dimensions, many of which cannot be measured quantitatively

or in similar units.

(2) Provide guidance for improvement of existing pump

models, particularly those of indigenous manufacture.

(3) Evaluate the suitability of a particular pump or pumps

for local conditions.

(4) Test and refine new pump designs, improvements,

materials, etc.

PARAMETERS TO BE EVALUATED

Costs

Capital costs for purchase of hand pumps are generally the

paramount criterion in selection of hand pumps. However the

criterion should be total costs, that is capital costs plus



operating, maintenance, and replacement costs. These should be

expressed in equivalent terms, either annualized or present

value costs. Or alteri~uitively as life cycle costs.

The common supplier claim that its hand pump will last for

15-20 years under normal operating conditions is a far too

simplistic approach to maintenance and replacement costs. Each

hand pump has a number of components. Several of these com-

ponents will undoubtedly last many years with little or no main-

tenance. Others have a more limited life span because of wear

caused by movement or vulnerability to breakage. As with any

mechanical device, a hand pump has wearing parts which have to

be replaced periodically in accordance with 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 establish the economic usefulness

of a pump.

Theoretically the usefulness of a hand pump could be

extended over a very long period of time by simply replacing

worn out or damaged parts one by one as required. It could be

rationalized 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. A separate evalua-

tion of the probable useful life of each component part over

the project design period is required. Within this time frame,



an estimate is required of the number of times each component

part would have to be replaced by virtue of the operating

conditions. Some parts could economically be replaced only

once, whereas it could be logical to replace others several

times within a 20-year period. The cumulative discounted costs

of such replacements for one pump compared to those of another

provide a reasonable means for establishing the relative use-

fulness or economic life span of the alternative pump choices.

Because of the long life of the pump relative to the field

evaluation time span, a large part of such an evaluation must

be based on value judgments of the probable performance of

individual pump parts. Without any test data or historical

records, the exercise is largely guesswork. Also note that the

costs of spare and replacement parts may be as significant as

the original costs.

Other factors which are an integral part of establishing

the economic life span of a pump are the number of component

parts of each pump, and particularly the number of parts highly

vulnerable to wear and damage. The cost of spare parts to

replace the worn out components is important in economic evalua-

tion. Some of the most significant factors do not pertain to

the pump itself, but to the maintenance costs associated with

the trucks, motorcycles, and manpower required to inspect,

service and repair defective units.

It is therefore evident that to ensure the most economical

pump is selected, a careful analysis of a number of factors



must be taken into account. If such a hand pump could be

found, the one with the lowest initial cost, fewest component

parts, longest useful life for each part, and needing the least
i

field maintenance, would obviously be the most economical unit.

It is conceivable that such a pump may have a life span of

only 10 years and be more suitable for the task than another

expensive unit which has a few components with the capability

of lasting 20 or 30 years.
i

Regardless of the hand pump selected, some maintenance

costs will be involved in keeping it in satisfactory operating

condition. Each pump has wearing components which periodi-

cally 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 with the alternative pumps under test, the fre-

quency of service calls required for routine maintenance and

parts replacement, and the type of equipment needed to service

the pumps.

Many value judgments are involved. Field testing will

assist with establishing the relative performance of component

parts and result in more meaningful value judgments than if

no test data were available.

Repeating, to the extent practicable the costs should

recognize initial costs and continuing costs.
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Reliability

Reliability can be measured as the percent of time the

pump is in service. This is a function not only of the pump

but of the maintenance system and of the conditions of use

including number of users and depth and quantity of water

pumped.

Maintenance Requirements

The resources and infrastructure required (and their

availability) for equivalent levels of service for each pump

should be evaluated.

Availability

/ Central to availability is the location of the manufactur-

ing source. Other factors being equal, a local source is

preferable.

The purpose of the pump test evaluation program is to

select the hand pump which can best satisfy local conditions.

However, it would be unwise to select a hand pump only on the

basis of the field test. If the plant capacity of the supplier

of this pump could not meet the project need for pumps, or if

this manufacturer had a reputation for poor quality or poor

delivery of spares, then the advantage of the field performance

could be outweighed by the disadvantages of the after sales

service. A selected supplier must be reputable and be in the

position to fully warrantee its product. In addition, the pros-

pective supplier should be willing to modify the design of its

pump to overcome weaknesses identified in the test.
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Standardization is generally accepted as an economical

and practical objective for a water supply. However, if one

hand pump were used to the exclusion of all others, the success-

ful pump supplier would in effect have a monopoly. Through

time, this could result in poor service from the lone supplier,

and/or an unrealistically high pump cost due to the absence of

competition, both highly undesirable. Having at least two

acceptable hand pumps (which might be needed in any case because

of the type of service involved) may be considered desirable.

Performance Requirements

As in designing a bridge the loading must be analyzed in

order to design the structure. The "loading" conditions for

hand pumps include:

(1) Depth(s) from which water must be pumped. Plus lift

if elevated storage is used.

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

(3) Per capita water demand.

(4) Number of pump installations.

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

(6) Quality of water to be pumped - impurities such as

sand, corrosivity, gases, temperature, etc.

(7) Altitude and temperature (as they affect suction lift).

(8) Reliability (availability of alternate water source in

event of pump failure).

(9) Ergonomic and anthropometric characteristics of local

"pumpers."
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Pump Characteristics

The candidate pump(s) must be matched against the fore-

going performance requirements. Parameters include:

(1) Pumping head. Deep or shallow well lift or force

pumps.

(2) Discharge characteristics for head (1) and energy
i

i input available from "pumpers."

(3) Pump dimensions, compatibility with well dimensions.

(4) Materials. Resistance to wear or attack by water

being pumped and by friction of moving parts. Resists

• breakage (metallurgy).
/

/ (5) Maintenance requirements - technological and insti-

: tutional. Repairability. Compatibility. Stores.

Lubrication.

(6) Ergonomic and anthropometric requirements. Mechanical

advantage, handle load, handle height and arc, etc.

(7) Versatility. Range of cylinder diameters, pumping

depths, etc.

(8) Mechanical efficiency and slip.

Sanitation

The pump should be designed, manufactured, and installed

so as to prevent the entrance of contamination or objectionable

material into the well or into the water being pumped. The

following factors should be considered.

(1) The pump head or enclosure should be designed to

prevent pollution of the water by lubricants or other

maintenance materials used during operation of the

equipment. Stuffing boxes are preferable to slotted



13

pump head tops. Pollution from hand contact, dust,

rain, birds, flies, rodents or animals, and similar

| sources should be prevented from reaching the water

chamber of the pump or the source of supply. The

spout should be fully covered, open downward, and

prevent solid objects from readily reaching the well.
i

(2) The pump base or enclosure should be built so that a

sanitary well seal can be installed within the well

cover or casing.

(3) 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 setting also

keeps the pump leathers from alternate wetting and

drying and increases their life and efficiency. The

foot valve is less likely to leak with the resultant

advantage of elimination of the need for priming.

Safety

Any undue hazards to operators, installers, maintainers.

Compatibility

Fits into existing systems - maintenance, stores, lubricants,

etc.

EXPERIMENTAL DESIGN

General

Field testing of hand pumps is fraught with statistical

difficulties. A few:
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(1) The objective(s) are not clearly defined. Many are

not subject to numerical analysis.

(2) The effects of many factors examined are obscured by

other variables.and "background noise."

(3) Conscious or unconscious bias in the experiment or on

the part of the experimenters is difficult to elimi-

nate.

(4) Random sampling is extremely difficult.

(.5) Sample sizes, especially when a large number of candi-

date pumps are. tested, are invariably too small to

/ yield statistically meaningful results.

' (6) Uniform conditions, controlled variables, factoral

experiments, and replication are generally not

possible.

The preceding comments are not intended to deny the value

of field evaluation but to suggest caution in conducting and,

especially, in interpretating and extrapolating results.

Sampling

In order to make valid nontrivial generalizations from

sample pumps about characteristics of the 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 pump 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

retail 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 unlikely to be typical unless the evaluation

project staff is allowed to select the samples from a large

number.

Precautions to ensure that sample pumps are not atypical

of the pumps on the market include:
i

- an assessment of whether or not poor performance was

due to an exceptional product failure.

- the checking of inspection results against manufacturer'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 hand pump users themselves.

Sample Size

One pump is hardly an adequate sample size although there

are numerous studies with awesome extrapolations of data from

a single pump. Four pumps would be an absolute minimum. Ten

would be better. A two stage sampling procedure can reduce the

number of pumps needed. If initial findings show little varia-

bility between the sample of four, then further sampling might

be omitted. If variability is high, then more pumps should be

tested. The attached chart is indicative. (N.B. This section

will be expanded before the November meeting).



16

2-4 NUMQER OF MEASUREMENTS REQUIRED TO ESTABLISH
THE VARIABILITY WITH STATED PRECISION

We may wish to know the size of sample required to estimate the standard deviatic
certain precision. If we can express this precision as a percentage of the true (unk
standard deviation, we can use the curves in Figure 2-2.
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< ORGANIZATION

General

It is assumed that the person responsible for the hand

pump field evaluation project will have been able to familiar-

ize himself with relevant standards, technical literature on

hand pumps, and other relevant sources of information. Usually,

one person, a Project Officer, is given responsibility for

seeing the project through from start to finish.

Finding 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 evaluation, logi-

cally precedes working out the evaluation project. However,

in practice, the two activities will often be done concurrently.

The conduct of a evaluation project will not necessarily

require the set-up of a separate section in the water supply

agency, and staffed by the necessary technical experts. Uni-

versity staff, technical colleges, official laboratories, stan-

dard institutes, or consulting engineers may be engaged to carry

out the envisaged hand pump evaluation project.

The schedule which sets out reports planned submission to

the responsible officials, and gives their timing, should

reasonably allow for staff and budget constraints, market fac-

tors, model changes, and requirements relating to seasonal

fluctuations.

Initial Inspection

Samples of all pumps to be tested should be examined and

their dimensional and technical characteristics tabulated.



Pump cylinders, or equivalent, and material of construction

(e.g. brass, last 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-wheel and

gear box, type of handle/pump rod linkage. Number and type

and size of pins/nuts and bolts in linkages, size of coffer

pins/fastenings, if any, dimensions of journal or the other

bearings and bearing clearances.

/If the cylinder is 'down the well1, whether it is extract-

able 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 internal

diameter of suction pipe and length below foot valve. Details

of any strainer fitted. Where applicable, internal diameter of

drop pipe. If any borehole stabilizers required, list their

wieght, 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; inclu-

ding examination of stressed parts for incipient cracks or

other damage.

Installation

All units should be installed strictly in accordance with

manufacturers' instructions. The installation conditions should

—* «»»»•-
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be carefully recorded, i.e., date, depth of cylinder setting,

static water level, any modifications carried out, etc. Pumps

should be fully serviced on initicil installation.
i

Test hand pumps should be located with care. Pumps should

operate under identical conditions (lift, users, etc.) as nearly

as practical under field conditions. The pumps should also be

readily accessible for monitoring throughout 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 hand pumps 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. Temperature and barometric pressure should be noted for

normalization of measured results. From these measurements and

the calculated delivery the slip will be calculated and listed,

for comparison with manufacturers1 stated (or implied) slip. In
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particular, the possible rate of increase of slip will be

observed over the period of evaluation.

Number of strokes or revolutions required to start pump-
i

ing water will be recorded, together with information on actual

use/non-use intervals of pump operation.

During performance testing, the maximum possible opera-

ting 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 con-

ducted and analyzed in accordance with accepted statistical

practice or the methods used and the limitations of the sur-

vey should be clearly stated.

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 pumping water into measured volume buckets.

Users will be asked to pump appropriate quantities for 60 sec-

onds only; and, separately, to use the pumps for several minutes

(up to 5) in order to discover any short term and longer term

inconveniences.

,T
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All experimental runs are to 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) dur-

ing pumping will be measured for 10 percent of the sample.

Ambient temperature and humidity should be simultaneously

recorded.

/ REPORTING

Format

Findings will be summarized in a matrix array. Each row

will represent a characteristic evaluated. The characteristics

will be listed in order of importance with row 1 the most

important characteristic. Columns 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

ranks first in the most important characteristics.

The characteristics should be ranked by a locally established

delphic panel. 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.

Where desirable separate ratings may be established for

pump stand assemblies, cylinder assemblies (or equivalent), and

connecting assemblies.
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The report should describe in narrative form the orgcini-

zation, conduct, and findings of the study. Complete data sets

should be included as annexes. If voluminous, this could be

bound separately in limited numbers. The complete report should

be deposited with at least one library, accessible to the public,

on each continent.
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1. RURAL WATER SUPPLIES : PROBLEMS AND APPROPRIATE TECHNOLOGY

1.1 Introduction

1.1.1 The supply of water in less developed countries, 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 region in 1975,
eight out of ten people did not have reasonable access to a safe
water supply.

1.1.2 In many countries much effort has been expended in attempts to
alleviate the problem. The use of handpumps in either dug or tube
wells provides perhaps the cheapest and most widely used form of
water supply. Even so, the problems have not diminished, but are
perhaps even accentuated. This is evidenced by the high percentage
(sometimes>50%) of pumps in some areas (India has been particularly
cited), which lie broken or fail to function properly. On the other
hand there are pumps in other parts of the world which have given
reliable service for decades. Further, hand pumps have been
available for at least 200 years, and the technology is very well
established. Why then do such problems persist one might ask?

The visible causes of these problems arise from several sources -

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

b. The manufacturing quality, particularly of cast iron pumps made
in developing countries, is often poor.

c. The capital available for purchase of pumps is frequently severely
limited. As a result, cheap pumps, which may be less reliable,
are likely to be purchased.

d. There is often very little or no maintenance 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.

The reasons for improper maintenance vary considerably 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 sufficient to provide adequate
maintenance, often combined with remoteness of the pump from any
servicing centre.

C Difficulty of organising maintenance services.

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

6. Lack of clearly agreed and accepted responsibility for the pump.
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1.1.3 The problems are thus well known and yet, despite much discussion,
expense and new pump design they remain"rife. One common answer
is that the technology involved in the manufacture and maintenance
of the puwps is not suited to the pump users. An appropriate
techno1o^y must be used.

1.1.4 Before discussing what is meant by an appropriate technology it
will be useful to consider the differences between the environments
in which hand pumps were used in the nineteenth century in Western
countries and those prevailing in many developing countries today.

When the Industrial Revolution swept through most countries in the
western worl^in the 18th and 19th centuries, it had one characteristic
trait: progress was achieved by the invention of new technologies.
For example, a steam engine could not be built until its principles
of operation were fully understood, and the necessary materials
developed. An electric motor could not be made before the inter-
actions between magnetic field had been determined experimentally.
In brief, the uses of a new technology, and people educated to use
it, were both known and available before the technology was applied.
Thus, when a new machine was introduced, there were people who
appreciated its value and could also maintain it. No machine can
be utterly reliable and, however good and sophisticated the
technology, some maintenance is always necessary.

This situation is as true for pumps as for any other technological
product. Hence, even in the 19th century, pumps could be made
using the then comparatively new technologies of machining, casting
and forming metals, particularly wrought and cast iron. These
pumps were frequently very reliable in the situations where they were
used and many pump designs have changed little since then.

1.1.5 The situation in less developed countries today is very different*
i.n particular, the level of technological expertise is generally much
lower. The introduction of pumps made in the industrialized world to
such countries immediately gives rise to a problematical situation.
Firstly, and most importantly, the technology is not understood end
thus it may not be possible to provide effective maintenance. Secondly
the need for a pump (as opposed to e.g. a dirty water hole or a stream)
may not be understood; this, in turn, will lead to neglect of a pump
if other water sources are available, particularly if the attitude
of the villagers is very conservative.

There seem to be two answers to these problems. The first is to
educate the people to understand the basic principles of the need for
clean water, to appreciate the benefits of a pump and to ensure that
at least some of the users understand its operation and can maintain it

The second solution which is often proposed is that mentioned previousl
i.e. the use of a technology appropriate to the pump users. As this is
perhaps the solution most commonly suggested we will consider this
for the moment.
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n
l-! 1.2 Appropriate Technology

- 1 . 2 . 1 Appropriate technology can be described generally thus (cf WHO
Document No.ATH/77.3).

0 "The word technology means not just a device, but any association of
techniques, methods and equipment which together contribute towards
solving a problem. 'Appropriate' means that the technology is not
only scientifically sound but acceptable to users, providers and
decision makers alike; that it fits within local cultures and that
it is capable of being adapted, further developed, and manufactured
locally wherever possible at low cost".

1.2.2 In this context, therefore, the hypothesis is that a pump should be
made locally, of locally available materials, and of such a design
that it is culturally, aesthetically and socially acceptable. It
should also be cheap. This hypothesis however involves three
(hidden) assumptions.

a. That appropriate technology is that which solves the problem of
providing safe water supplies in the communities under consideration

I b. That the community appreciates the need for safe water sufficiently
j to provide the motivation, and hence the necessary community

structure and organisation, to deal with the problems. This
may mean arranging manufacture of a locally made pump, or simply
ensuring that maintenance can be done and is done (not necessarily
by someone in the village),

i ; c. Perhaps the most important assumption is that there is already in
l"' ' P.?:istence an appropriate technology which can solve the pro-'olenis

within the corr.numitv that v;ill use the pump (or that, at leasu,
f; such an "appropriate technological" solution can be found).

ij
1.2.3 In many places in the world theso three assumptions are undoubtedly

true, and there have been several examples of locally made pumps
proving successful. In considerable areas (serving hundreds of
millions of people) however one or more of these assumptions is
probably not true. For example a rural agrarian community may be able
to make basic farming implements from local materials (such as vood

, and rope) and may have an extensive knowledge of the flora and fauna
of its region. The manufacture of a wooden boat would perhaps
present no problem, but nowhere could the technology be found to
manufacture a hygienic and efficient water pump. Moreover, if there
are abundant rivers and streams, the need for a water pump would never
make sense to it despite experience of ill-health (caused by polluted
water) because it probably v;ould not appreciate the connection.
(The London Broad Street pump case is not much more than a century old)

1.2.4 Local manufacture of pumps or the designing of a pump to fit existing
local skills may be unnecessary. There is no reason why a pump bought
from abroad cannot be used with success in a less developed country,
providing the conditions laid down in the 1.2.2.b are satisfied)/.

/
In a sense the technology can be appropriate even when there are no
facilities to manufacture the pump in the country concerned. The words
"appropriate technology" very often seem to be misused in referring
only to technologies which are currently available in the local
community.

n
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1.3.1 In the final analysis therefore, there may be no answer to the
problem as it stands, i.e. there is no 'appropriate' technology.

i Every area of the world has its own peculiar cultural and socio-
logical patterns and there cannot be a single, simple, all-embracing,
definitive answer to the water supply problems. Some schemes have
been reasonably successful and others have been almo:ju complete
failures. Indeed a prime reason for this paper and the numerous
seminars and discussions around the world is that, despite many
studies, trials, surveys, experiments and new pump designs, there
is still no clear, common statement of direction. The reason perhaps
is that studies have concentrated on only a part of the total
situation and have failed to place the questions being asked and their
answers in an agreed multidisciplinary framework (cf Mcjunkin, WHO
IRC Technical Paper No.i.O, 1977; "Cross disciplinary studies have been
rare. With a few notable exceptions, modern findings from such
subjects as ergonomics, anthropometries, metallurgy, lubrication,
friction, materials science etc., have been ignored").

1.3.2 We stress the need for a common way of evaluating the problems of
.— pumps-in-usc-in-environ:r.ent-in-corr.nu:nity in order to point the way to
{ successful practical solutions. The main points may be sun?rnariz«d thu:

a. There must be the motivation amongst the pump users, both to use
r ] the pump and see that it remains usable. A good reliable pump
,J which is relatively maintenance-free may give good service for a

time even where this motivation is lacking, but it can never be
p completely satisfactory. If there is no motivation no technology,

'appropriate' or otherwise, can compensate for the education
necessary to instil it in the users.

I ; b. The pumps to be used in any water supply scheme must be carefully
^ chosen to be compatible with the cultural and social habits of the

users. They should be reliable, reasonably easy to maintain and
["] • perform acceptably. Manufacture within the developing country
Li should be encouraged wherever possible as it contributes to the

independence, self-sufficiency and educational level of the
T'^^ country concerned; it will also reduce the likelihood of poor
i f^F availability of spare parts and prove cheaper, provided quality

can be maintained.

|| c. The organisational infra-structure for installing and maintaining
J the pumps must be well defined and appreciated and made to work

by those who are responsible for it.

At present however there seems to be a dearth of comparative
information on the brands of pump available and we feel such
comparative tests are very important.
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2. THE PHILOSOPHY OF PUMP EVALUATION

2.1 Approach to Pump Evaluation

2.1.1 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 then.
This must include developments in the pumps themselves, and the
relationship between the pumps and the sociological, economic,
cultural, anthropometric and geological parameters which influence
their use. Any such statement must be wide enough to include all
known 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 observation.
The best approach to the problem should include three studies viz.
comparative testing of pumps available under the controlled environment
available in a laboratory, field trials, and surveys. These three
are inter-linked and should be organised in such a way that the
results are comparable across the boundaries of each study.

2.1.2 Comparative tests on as many brands of pump as possible are important
for several reasons.

a. These tests show up differences between various pump designs and
hence conclusions can be drawn as to which type of pump might, be
most suitable in any given geological setting.

b. The pumps' ergonomic aspects can be evaluated and hence judgements
made as to which might be easy to use.

c. Tests can highlight design features which are both sound engineering
and have been proved in tests, and hence may be recommended for
Incorporation in existing pumps.

d. Pump characteristics which would cause problems under certain
operating conditions, or could clash with cultural traditions
or habits, can be enumerated.

e. An idea of the likely reliability of a pump can be obtained.

The main advantage of such laboratory tests is that those factors
which are random and varying in practice,such as climate and
hydrology,can be closely controlled; i.e. results are truly
comparative.

2«1.3 -Field trials are difficult because they disturb the situation they are
trying to test. They are necessary to test the conclusions reached by
laboratory tests and to discover how theory corresponds to practice
when the actual usage - environments are more complex than can be
simulated in a laboratory. By their very nature the results obtained
are only completely true when applied to the area(s) in which trials
were conducted.
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i-j 2.1.4 Surveys in the region where pumps are.to be installed are essential
to enable meaningful conclusions to be drawn from comparative tests.

P ' •
\j They are of three types -

O a. Geological surveys to determine particularly (from the point of
view of the pumps) the acidity of the water, the type of
impurities present and the characteristics of the aquifer

Q throughout the year,

b. Surveys to determine the cultural - sociological habits of the
users so that -

P
|j • (i) The most efficient maintenance procedures

can be formulated.

M (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, other

^ ^ uses of the pump or its emplacement.

Many of these individual—users and user-group variables can only be
! studied in similar neighbouring communities which have pumps

_] installed.

--> c. Surveys to determine the socio-technical situation so that the
production engineering, production management, 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 manufacturii
capability exists but; in more industrially developed areas, such

~! surveys could point the way towards gearing available firms,
_, resources and skills to the successful manufacture of pumps. (For

an expanded view of the concept presented here we refer readers
-i to the work of Miller and Rice in Ahmedabad
j in the 195O's-196O's; "The Enterprise and its Environment".)

-^fc 2.2 Comparative Testing and the Implications for Water Pumps

-•> 2,2,1 In any comparative brand test careful design of the test procedure is
essential to make the results as reliable as possible. It is not

~} intended here to go into a detailed discussion of comparative
j testing philosophy as this is the subject of a separate paper;

in addition several booklets have been written on the subject
(ISO Guide 12, IOCU Guide to Comparative Testing).

The more important principles are summarized below -

a. Testing 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 the work relates to products for LDC use which are likely
to be purchased in very large numbers by a few governmental and
international agencies.
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b. Testing must be objective as far as possible and unbiased i. e.
independent of cither the person carrying out the tests, or
any previous test results.

c. Results of tests on any range of products must be comparable
and be derived from realistic tests such that they can be used
to draw useful conclusions.

d. Testing must be designed with the requirements of the product
and its market in mind, and such that the significance and
usefulness of the test results can be understood by the users.
For example, a complex array of technical tests is of little
use to a non-technically educated user unless their effect is
shown by simple practical tests to back them up.

2.2,2 Designing a suitable lest programme for hand-and-foot operated water
pumps for use in developing countries presents some problems e.g.

a. The pumps vary widely in design so that comparison in some cases
is difficult e.g. in comparing the comfort in use of a hand-
operated and a foot-operated pump.

b. The physical, sociological and cultural environments in which the
pumps are installed vary so that it is difficult to envisage and
foresee every kind of problem which couid occur and hence to test
for it.

c. 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 manufacturers vary considerably even for
one cylinder size on equivalent pumps. Ideally when testing
a series of pumps, they should all be designed for a similar depth.
In the authors' experience this has proved impossible and
allowance has had to be made for this when testing. In our own
tests we limited ourselves to deep well pumps to avoid comparison
difficulties and because of funding limitations.

2.2.3 The next section explains the philosophical approach to the testing c
pumps and section k how the tests have been carried out in practice.
Some of the tests may require modification in the light of further
knowledge, but most of them have been fully substantiated.

It is felt that the following are requirements if the 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 and tried and proved
methodologies for obtaining valid conclusions based on various
usage/environment profiles.

c. The ability to call on a wide range of scientific and technical
skills in the practical testing of the pumps.
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The pumps can then be ranked according to their total scores. In
practice it will probably be found desirable to examine also the
ranking orders obtained by concentrating on the particular attributes
specified by the "branches". In this case the score is the sum of
(rating x weighting) for one "branch" only.

In general, conclusions can be drawn from the analysis described
above, and although it is here applied to the comparative laboratory
tests, the principles can be applied much more widely. In particular
the analysis can only be as good as the weightings supplied, and to do
this the results of surveys are necessary; those of field trials
are a great help.

Having therefore shown briefly the main requirements of c pump,
the next step is to consider in more detail the actual tests
recommended. The next two sections deal with the details of our
comparative laboratory tests and proposed field trials.
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2.3 Requirements for Laboratory Testing of Pumps

In testing the pumps themselves, there are three particular areas for
examination.

2.3.1 A thorough expert examination of the pump design, with confirmatory .
tests to establish -

a. Manufacturing quality and suitability of materials selected.c

b. Adequacy of design to withstand the intensive use often
encountered in LDC's.

| c. Suitability of design for manufacture in LDC's; an assessment
| of the skills, facilities and materials required.

d. Likelihood of any corrosion or degradation due to the environment.

e. Foreseeable problems associated with the peculiarities of the
mechanical design.

f. Feasible ways in which the product could be improved and/or made
simpler and cheaper to manufacture and maintain.

g. The skills, facilities, tools and materials necessary for
preventative maintenance and/or repair of probable breakdown
or wear.

2.3.2 Testing by a variety of users in practical situations simulating norraa
use to establish the convenience and ease of use, and how these vary
with the user's height, sex, age, fitness etc..

2.3.3 Thorough endurance testing in simulated environment and varying water
qualities to reveal any areas likely to cause poor reliability.

Once the tests have been done, it is necessary to use the results to
predict the likely cost effective performance of a pump in any
given situation. In the final analysis it can only be done by the
organisation buying the pumps, as such factors PC- price, spares
availability, likely ease of maintenance etc., must be taken into
account and these will vary both from country to country and also
within various regions. The testing organisation, therefore,
should report its results in such a way as to make this analysis
as simple as possible for each water programme installation agency.
Thus, though all results should be presented clearly and concisely,
preferably in tabular or graphical form as appropriate, a further
stage is desirable. The authors propose that at present the most
suitable method is SMART (Simple multi-attribute ranking technique)
a system where different weightings are given to a list of attributes
combined with scores for each pump in the tests to given an overall
score. The weightings can be supplied by the pump user purchasing
agency to evaluate the most suitable pump for the situation where it
is to be installed. The testing organisation should present typical
weighting "trees", describing the kind of conditions in which they
apply and give guidance to enable readers to select the weightings
which apply in their own case.
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2.4 Analysis of Results

The first stage in any multi-attribute utility analysis is to devise
a weighting "tree", -which effectively shows the features and test
results to be considered when evaluating the pumps. The major areas of
importance are decided first, v;hich in this case.are : design, ergonomics
and user tests, performance, durability and safety; these are the
"branches" which are subdivided into "twigs", and can then be further
subdivided into "twiglets". The authors' suggested weighting tree for
Harpenden Rise Laboratory's present tests is given in Fig. 1-3.
This is a design mainly for deep well pumps, but would require only slight
modification for suction pumps. For each individual item on the tree which
is not further subdivided, a rating must be assigned for each pump.
Normally this is on a 1-10 scale, 1 being poor and 10 very good.
This rating is fixed and is dependent only on the test results or
subjective assessments of experts based on corroborated data. In certain
circumstances where one pump is exceptionally good or bad, it is
permissible to give a larger positive or negative rating so as to bias
the whole evaluation of that pump. For example, the efficiency of a
pump would normally be rated on a 1-10 scale. If, however, it was found
that one pump could only operate efficiently at a very fast speed, indeed ai
such a speed as would enable only the strongest men to use it, and that
it was inefficient at the lower speeds at vhich it would normally be used^
a large negative rating, say - 100, would be awarded and this would
completely eliminate the pump from further consideration in the overall
assessment, even though the pump itself performed well in other tests.

Weightings must then be attributed to each item on the "tree" which
effectively indicate its importance. The total sum of all the
weightings for each "branch" is normalised to 100. Similarly the sum
of the weightings for the twigs on one branch must equal the branch
weighting. The same is also true for twigs and twiglets.

The actual weightings will depend on the country and area in which the
pump is installed, and can best be supplied by those with experience of the
various factors which contribute to the success or failure of a water
supply project in the area concerned. As an example consider a pump
which is to be made in °. less developed country, with no foundry
facilities, and installed in a district where the culture, training and
experience of the users is such as to make maintenance by a villager
almost impossible. In such a situation high weightings would need to
be given to simplicity in the manufacturing equipment necessary to make the
pump, the ease of maintenance and the pump reliability.

If, on the other hand a pump is to be installed in an area where literacy
and engineering skills and experience are high and moreover^ the pump
is to be bought in from abroad, neither of the first two factors will be
important, provided the reliability of the pump is acceptable. These
factors can thus be given low weightings.

To show how this principle works, three specimen weighting "trees" are
attached, together with a description of the kind of conditions in which
they might apply. (Fig.1-3).

When all the ratings and weightings have been finalised, for
each pump the sum of the products (weighting x rating) is found. Note
that this product may be either (twigiet; weighting x twiglet rating) or
(twig weighting x twig rating) if there are no twiglets on any
particular twig. Similarly for branches where there are no twigs.
The resulting sum should give an overall rating out of a nominal maximum
of 1000 (maximum rating of 10 x total weighting of 100). The overall
ratings for the pumps are placed in descending order; the purnp with the
highest rating being considered the most suitable.
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c

3. TEST PROPOSALS

3.1 Buying and Initial Inspection

All pumps should be bought, anonymously wherever possible, through the
nonnal source of supply, ensuring that, in any case, the supplier
does not know that these particular samples are intended for tests.

In the case of water pumps the normal purchasing channels would be
a government department, International 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 situation 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 pur.ip design by the manufacturers. This, of course, would pose
some problems in comparative testing of pumps. On the caa hand, if
poor results are obtained from two samples of a pump bought anonymously,
the manufacturer may claim that special attention and special quality
control applied to a large "governmental" order would remove the
problems. Reasonable doubt however should remain about his organisational
ability to fulfil such a claim. On the other hand there is a temptation
to buy samples for testing openly through government/international agencies
and to request such special features as would be appropriate. The
difficulty then is that one will be testing specially prepared prototypes
which might be expected to be very good indeed, but doubt remains about
the manufacturer's ability to maintain such quality in pumps manufactured
in routine production with less skilled labour. In the case of our present
project it was decided to test only standard models of pump, remaining
doubtful of the manufacturer's abilities to maintain any higher quality
in special designs ordered in large numbers.

On receipt all. brands should be inspected for any differences between
samples of the same brand, for any similarities between different
brands which would indicate 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 laboratory tests.

Where pumps have various cylinder sizes and types the choice will have
to be made of the components to be tested. In our tests we
selected a cylinder diameter of 57-64 mm, where this was appropriate, or
otherwise a pumping element which could be used at a depth of 20-40 metres.
It was felt that a larger cylinder of around 75 mm diameter would not
provide so severe a test. The use of a narrower cylinder might introduce
turbulence problems which are not typical of the larger cylinders.

n
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3.1 (contd)

When 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 should then be listed.

(a) Brand

(b) Model

(c) Manufacturer/supplier and address

(d) 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 lift, reciprocating

(ii) shallow well suction, reciprocating

(iii) rotary type e.g. Mono

(iv) flexible membrane (diaphragm) type

If necessary, other types e.g. semi-rotary may need to be included
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3.2 Construction

;. • The purpose of this section is to describe 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 each pump, and have sufficient information to
M organise suitable transport, equipment and labour for installation or
k<i repair.

P Schematic drawings should be provided which show -

(a) The method of operation of the pump stand drive mechanism

(b) The type of pump rod, with couplings (where appropriate)
""* to the pump head and plunger

D (c) The types of cylinder and valve together with ancillary
components such as suction pipes and strainers

p Drawings should be labelled to show all relevant dimensions, and the
^fe materials of all important components should be specified.

r The procedure necessary to remove the pump from the well should be
i! described and the operations involved in replacing all valves, seals

and cylinders. If the method of repair of any other component is not
obvious e.g. the handle, this should also be explained. Information should

! also be provided about the tools required, sizes and types of any
—' fastenings and details of the spare parts and materials commonly needed

(,e.g gaskets, leathers).

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

i discovered during the tests.

Finally, the following information should be tabulated -

(i) The weights of the pump stand and cylinder

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

(iii) Measurements of the surface roughness of the internal 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 commented on e.g, non-circularity of
cylinder and variations of this along the cylinder length.
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3.3 Design

Because pumps are bought in large quantities and design modifications can
be made, at least gradually over a number of years, it is important that
any design assessment be constructive as well as critical.

An assessment of the design of the pump probably requires the greatest
consideration of any part of a test programme, because it inevitably
depends on the skill, knowledge and experience of the assessor. It
should be carried out by at least two people who have a wide experience
of engineering design, corrosion and ergonomics and who have the necessary
knowledge of the sociological, economic and cultural backgrounds prevailing
in different developing countries. Separate expert judgements by consultants
may be essential in some cases, and tests 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 in general the following points should be
taken into account -

a. The possibility of incorrect tolerances or clearances causing
poor performance and whether these arise from a manufacturing
defect or an inherent desig.i fault. Particular areas to
watch include seals, valves and bearings.

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

c. Whether there are any parts of the pump v?hich have a fundamental
design fault which would result in either highly localized stresses
leading to premature failure or rapid wear of a moving component..

d. How easily the pumps could be made in developing countries. That
is*, do any of the components require manufacturing processes of a
high technology content which might not be available in developing
countries? The types of manufacturing process^ the materials and
skills required should be considered.

e. The proper selection of materials. This may be important from an
engineering 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.

f. Whether the design makes repair and maintenance as simple as possible.

g. The adequacy of provisions to exclude foreign matter and surface
water from contaminating the well.

o

h. The possibility of simple modifications to the pump which would

enable it to be made more cheaply or would give a better performance
without increasing the cost.

i. The resistance of the design to abuse which might be reasonably
forseeable e£. impact side loads on the handle, pilferage and
removal of fastenings, and impact of the handle against any
stops.
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3.A Ergonomics

A pump should be designed so that, within the limitations of its method
of operation, it is as easy and comfortable to use as possible.
In most cases in less developed countries, water is pumped into free
standing receptacles positioned under the spout. Thus the spout
height should be such that all Likely containers can be positioned under
it, and yet not so high that excessive splashing is likely to occur.
Similarly the V7ater flow pattern should be non'J turbulent and suitable
for filling narrow necked containers as well as wider ones.

The handle should be comfortable to hold and easy to operate by as
; many different types of people as possible. The handle should be
j of such a height that excessive stooping or reaching by the operator
is avoided. Foot~operated pumps should always be provided with a
suitable handle which the operator can use to keep his balance
whilst pumping. Consideration must be given to ease of operation by
children, handicapped people, the elderly, and pregnant women.

As individual pumps vary so much it is difficult to quote individual
parameters v>hich should be measured. The following however should be
given where applicable -

(i) The maximum and minimum height of the handle above
the ground

(ii) The mechanical advantage of the handle operation

(iii) The angular movement of the handle when operating
a full stroke

(iv) The exit pattern of the water. Included in this
description should be the spout height, the angle to
the vertical at which the water emerges, 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 can be directed
assuming a constant pumping speed.



3.5 Installation of Pumps for Performance Tests

3.5.1 When testing pumps in the laboratory two requirements are found
during installation which are not demanded in normal usage.
Firstly the accessibility of all parts of the pump during the test
without first dismantling the entire assembly. This is particularly
relevant to the pumping cylinder where leakage rates, for exr.mple,
must be measured with the pump intact. Secondly, tht ability to
alter the pumping head easily and over a wide range, e.g. 7-50
metres for a deep-well pump.

3.5.2 At the Harpenden Rise Laboratory, these problems were solved by

G
buijding a tower on the side of the main building about 7 metres
high with a hut 2.5 m x 4.3 m x 2 m high erected on the top of it.
Six pumps were installed in the hut with the drop pipes inside the
tower. The pumping elements were immersed in a large tank of water

G and all water raised by the pumps was returned to the tank via
a recirculatory system. To keep the water level in the tank
constant, a weir was fitted across the centre of the tank with the

n water flowing over the weir being pumped back into the main portion
^ ^ _. of the tank. There is also a facility for testing the pumping elements
^ P of two extra pumps without pump stand and handle assemblies.

j
] To enable the effective pumping head to be varied, a specially

designed head simulation valve was built and incorporated into
-T the drop-pipe of each pump. By adjusting this valve the
J effective head could be varied from 7 to 60 metres without
~ causing flow restrictions.

Into the bottom of the drop-pipe of each pump a *T' piece with
. a valve was fitted. This served two purposes. Firstly a

pressure gauge could be fitted to check the pumping pressure and the
", operation of the head simulation valves. Secondly the drop-pipe

could be pressurized with compressed air to measure the leakage
rates from the cylinders under different pressure heads.

j As pumps vary considerably it would be tedious to describe exactly
J the details of installation for each pump. Figure 4 shows the set-up

for a typical pump. Photographs of Luc head simulation valve
^ft are also attached (Figs. 13 and 14).

In order to analyse the forces involved during the pumping operation
various parts of the pumps were fitted with strain-gauges, each

^ pump individually as dictated by its construction. A typical
reciprocating lift/force pump, for example, was strain-gauged, firstly
on the handle to show the force being applied by the operator,
secondly at the top of the pump rod where there is the maximum

" tension, and thirdly at the bottom of the pump rod to show the actual
force applied to the plunger. At the bottom of the rod, a specially

"' designed sealed proving ring type load-cell was used, as the whole
i- system is immersed in water. The output from the gauges was taken out

through a highly flexible flat ribbon cable via a water tight seal in
the wall of the drop-pipe. Figures 5 to 12 show drawings and
photographs of typical strain-gauged assemblies used in the tests.
A displacement transducer was also fitted to indicate the

* relative movement of the pump.
i

3.5.3 Once installation of all the pumps is complete the pumps should be run
-in for a short time by hand, and their operation checked. In

) particular the operation of all valves and seals should be verified,
. ensuring that there is no excessive friction or leakage.

At this point, while the pumps are still unworn and in good condition

•i it is best to perform the user tests (section 3.S),
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3.6 Performance Tests

P
[j Performance tests should now be carried out. Some or all of these tests

may also need to be repeated at different stages during the endurance
p testing of the pumps in order to monitor the wear.

Li '
a. Leakage tests

f ) The rate of water leakage through the. pumping element in a
" reverse direction to normal flow should be measured.

The relationship between leakage rate and pressure head should
p ! be shown. A convenient way of performing this test is to seal
Li I the water outlet and pressure the drop-pipe with compressed air.

p b. Volume flow test

The amount of water pumped at varying stroke rates and using the
^ full stroke length should be measured. The test should be repeated
I '• for various pressure heads; these will depend on the pumps being
'^fc tested. For the deep well pumps tested at Harpenden Rise Laboratory

(HRL) heads of 7 m , 25 m and 45 m were used.
T

i
— c* Measurements

Measurements should be carried out on any part of a pump Avhich is
\ ; likely to show deterioration during endurance tests. Typical

measurements might be the cylinder bore (diameter, eccentricity,
;••• cylindricity), seal dimensions, and the play in any bearings or

pivots.

d. Operational characteristics
Y\
\j These are measured using the strain-gauges attached to the various

pump components. In the tests done at Karpenden Rise Laboratory,
p the outputs from the strain gauge bridges were connected to a strain
\\ gauge amplifier. The gauged components were then calibrated and the

gain of each strain gauge amplifier adjusted so that all oiiputs were
r ^ ^ matched. These were then fed into a high speed data;logger which
(IP recorded the outputs digitally on cassette tape. The output from each
*-' transducer was sampled every 40 milliseconds. The data was then

analysed by computer and graphs showing the forces in various parts
[1 of the pump against time and displacement were plotted directly by the
Li computer.

e A complete set o data should be recorded for each pump at fast and slow
stroke rates (.e.g 20, 40 and 60/min) and for the various pumping heads
which are relevant to the type of pump being tested. The authors used

„ heads of 7, 25 and 45 m. A continuous data record for about 10 strokes
was found to be sufficient. Further, the actual volume of water

n

,
collected per stroke should be measured for each test condition.
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3.6 (contd)

From the results the following should be given for each
test condition :

(i) Graphs showing the variation of force with time and
displacement for all the strain gauged components.

(ii) Actual work done (from integrated force-displacement
graphs) by the pump operator and on the pumping
element.

(iii) The efficiency of the pumping element and the pump as
a whole.

For very high speed recording of the strain gauge outputs a
storage oscilloscope may be necessary, but this is far less
flexible than a data logger.
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3.7 Endurance Testing

Endurance tests should be conducted using a pumping head suitable to
each pump. Published data varies considerably and choice of the actual
pumping head is probably best judged as a compromise taking into account -

a. the manufacturer's.quoted pumping head(s)

b. the mechanical advantage of the handle

c. the cylinder diameter

I
d. the stroke length

e. the volume flow tests

The endurance rig to drive each pump should be made to reproduce as far as
possible any side loads or twisting forces which could occur on the pump
handle in normal use. A programmed variable stroke length should also be
used where this is what would occur in practice. The speed can be varied
but for our tests we used a fixed speed of 40 strokes/revs per minute.

At Harpenden the pumps are being tested for 4000 hours with a minimum break
of 1 hour each day, in four stages of 1000 hours each.

1) For the first 1000 hours (running time), clean hard water
is being used.

2) Acidified soft vater is being used for the next 1000 hours.
The pH should be checked frequently (every 2 days) and,if
this increases significantly above 4.5, dilute hydrochloric
acid should be added to bring the pH to the correct level.

3) For the third period of 1000 hours, soft water mixed with
a very fine clay is being used. We used a natural grade
of Keiselguhr as being a type of fairly consistent quality.

4) For the last 1000 hours small amounts of fine sand should be
added to the water.

Any deterioration, breakage or wear should be examined when it becomes
noticeable. Any repairs undertaken should be recorded. To monitor the wear
it may be necessary at various stages in the endurance test programme to
repeat some or all of the performance tests. At the end of the endurance
all pumps should be dismantled and thoroughly examined and the effects of
the test commented on.
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One intractable problem of user tests is the wide variety in the
nationalities of people who use the pumps, as well as their
different ages. 'When any test is conducted in one country, the
most meaningful results are obtained by using people who live in
that country. Trying to obtain users from different developing
countries of the World would prove very expensive and, in the
authors' view, of no significant extra benefit.

We suggest, therefore that user tests should always be conducted using
people living in a country where the anthropometric data are well
known and that only obvious extrapolations of data to other peoples
•, should be made.

Our user tests involved sixty people in ten groups of six each, chosen
as follows -

1
2
3

4
5
6

7
8

9
10

Women
Women
Women

Men
Men
Men

Height (m)
Height (m)
Height (m)

Designation

1.695 -
1.615 -
1.45

Height (m) 1,79
Height (m) 1.68
Height (m) 1.55

1.90
1.695
1.615

2.00
1.79
1.68

Children: Male: Height (tn)
Children: Male: Height (m)

Children: Female: Height (m)
Children: Female: Height (m)

1.50
1.35

1.65
1.50

1.50
1.30

1.65
1.50

All children were aged 11-13 years.

The users were allowed to try out the pumps briefly before the test so that
they could determine for themselves the most suitable method of operation.

They vere then asked to use each pump to fill a bucket up to a mark r>n its
inside which indicated a volume of 10 litres. A questionnaire, a copy
of which is given here, was then filled in.

During the pumping, the user test supervisor recorded the number of strokes
used and the time taken to fill the bucket to the required level. The
purpose of this was twofold. Firstly, so that from a comparison of the
volume pumped with the number of strokes, a judgement of a typical stroke
length could be made and how it varied between types of user. Secondly,
so that an estimate could be made of the typical stroke rate at which any
pump might normally be used.

The results were statistically analysed using a specially devised system
based on a two way analysis of variance so that differences between
users and pumps could be found both in each individual group and between
groups generally.
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WATER PUMPS

(instructions to Users)

Thank you for coining to help with our test. We are asking you to try
out 6 pumps for us following the order as given on the top right hand
side of your questionnaires. We want you to- use the pump until you are
familiar with it, then, when you think you have discovered the best method
for pumping, please fill up the bucket to the marked level. Do not
start filling the bucket until the Laboratory Supervisor tells you to do
so, as we want to record the time taken and how many strokes it takes
to fill the bucket. This is a test of the pump, not you, so please
don't feel you are trying to break any records 1

When you have finished pumping please fill in the questionnaire and
give it to the supervisor before going on to the next pump.

To fill in the questionnaire, ring the number applicable. If you make
a mistake, cross it out and ring the right one.

(e.g.) Not at all easy Very easy

1 .© 3 (S> 5

Please explain your ratings in the comments column, and comment as
necessary.
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User's Name Mr/Mrs/Miss .

User's Height

User's Age (if unde.% ?A)

WATER PUMPS

.USER QUESTIONNAIRE
User No ..

Pump Code

QUESTIONS & INSTRUCTIONS RATINGS

Q1 ' Hov; suitable was the handle height for you?
Much too
high

1 • 2

Much too-
•low

Q2 | How comfortable was the handle to hold in use?

• i '

Not at all
comfortable

1 2

Very j
comfortable

Q3' j Eow much effort was required to work the pump?
i

! .

A lot of
effort

Very little
effort

Qif j Overall, how easy was the water pump to operate?
i •' • , . . . • • • •

j (Please explain rating in the comments column)

Not at all
easy

1 •

Very
easy

5
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4. FIELD TRIALS

A.I Introduction

Given that the aim of testing is to find out how pumps will behave in
real use and how they will withstand real environmental conditions,
field trials have an important place in the work which intermediate
between controlled environment laboratory tests and the final use.

Field trials have the advantages over laboratory tests that they take
place in environments and with users which are nearer to the eventual

_ populations. Field trials have the disadvantages that the installation
•; situations and environments are much less controlled and well-
•J .. characterized than in laboratory tests and that the users and usage are

completely uncontrolled. Attempting to overcome these difficulties
"I is time consuming and costly.

4.2 Experimental Design

^ The purpose of field trials is to test the samples - pumps in this case -
^ P • on criteria relating to the use they will have and the way they will be

treated in real life. These criteria may have to do with environmental
| factors and/or human factors that cannot readily be reproduced in a
-1 laboratory or otherwise simulated.

' By definition therefore, the conditions under which the samples are
j tested in field trials will be uncontrolled. The problem is to

distinguish,in the results of the tests, differences between the
i samples which are inherent and those which have arisen due to thr.

; environment in which the tests were performed. If results are affected
differentially by the test conditions, and these effects cannot be
measured and accounted for, it will be impossible to predict how the

| samples will perform in different environments in the future, and if this
-1 is the case the test results will be useless.

{ So, the essence of good field trials is to organise them as a series
j of experiments designed Specifically so that results due to the samples

themselves, and results due to the (variable) conditions under which the

•
tests are being held, can be distinguished. The rules for organising 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 performed or its results
-i can be predicted, for every possible combination. (For example, if there

are 25 brands and 4 sets of conditions, 25 x 4 •» 100 separate tests are
^ held, or at least enough to be able to predict what would happen in all
j 100 possible combinations).

T The first stage therefore of any field trials on pumps 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.

3 Given the engineering problems of physically installing pumps and then
replacing them with alternative samples, it would seem easier if

3 possible to identify several separate locations which present the same set

of test conditions. This, if it could be done, would enable the
necessary number of combinations to be tested.
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4.3 Carrying out the trials

4.3.1 In a field test of pumps, some of the main"difficulties are connected
with the essential fact that pumps are intended to be used by rural
communities. Even taking 300 people per pump as a guide to pump
density there will be few opportunities to vary the type of people
using any one brand of pump (as would be normal in a laboratory
user test). Furthermore, if a substantial number of brands is to be
examined, the field trial, may have to cover quite a large geographical
area (v;hich could lead to difficulties in inspection, non-comparable
volume usage of the samples etc).

Several samples of each brand ought to be tested to increase the
significance of the results by statistically removing the variables
between different villages, (the objective being to evaluate pumps,
not villages).

Installation is important and should be carefully controlled by the
comparative testing organisation (CTO): there is little point in
comparing some pumps which are installed in a hygienic, well-
engineered, structurally sound way with others which are little more
than "lash-ups". Obviously details of the installation should be
appropriate to each brand, and any manufacturer's instructions should
be considered but, at the same tirr,e, the installation methods must
not be inappropriate to the region(s) in which the field testing is
being done (presumably the same as, or related to, the region in which
the eventual pump installation programme will be carried out).

4.3.2 Similarly, with regard to manufacturer's.instructions for use and
maintenance. Such instructions as are likely, in a normal rural
water resources/pump installation programme, to be given to users/
villages should be given: the CTO must avoid the situation where,
because this is a test, exceptional care is lavished on users and/or
pumps. One suggestion, however, is that the groups/villages available
should be divided into two similar sections. Sufficient duplicate
samples of each brand of pump should then be made available, so that
it is possible to supply half the user group with the amount of
instructions and maintenance help normally associated with a pump
installation scheme in that area, while giving the other half more
detailed instruction and help. In this way it should be possible

to prove to what extent this is a limiting factor in the success
of pump schemes, as has been sometimes suggested.

4.3.3 The CTO should not itself carry out skilled maintenance or repair
over and above that which would be usual in the region, unless to
investigate the value of such help, and evaluate it against the total
costs. Attempts to use skilled engineers who may be available,
because a comparative test is being done in the field, would invalidate
the results ot the test for use in-choosing pumps for installation
in the field without skilled engineering assistance for maintenance.
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A.3.4 Measurements of pump performance (e.g. volume delivered per stroke,
length of stroke, force needed on handle/pedal, wear in bearings,
leakage, wear in piston seals etc.), observations of performance,
wear, physical condition, etc., should be made at regular intervals
by (itinerant) skilled engineers (or the like) : for example, such
a person could travel regularly around a route taking in all the pumps.
There are difficulties about the comparability of usage of differnnt
pumps, so that, ideally, a volumetric meter should be attached to each :
this could lead to problems when reading it (if it is a submerged meter)
or vandalism/accidental damage (if it is easily accessible).

iThe engineer(s) probably should not attempt any observations of
!convenience/ease of use/user satisfaction (they are likely to
encounter problems of the Hawthorne effect and other socio-cultural
difficulties). They might attempt some discreet, unannounced,
observation of intensity of usage (how many people per half hour,
approximate quantity of water drawn, proportion of men/women/children,
approximate size of users).

Since tests are comparative, certified instruments should be used in
making any measurements. All observations, signed and dated, can be made
on pre-written proforma, and all relevant detail must be recorded at the
same time. All comments should be substantiated e.g. "pump not working",
"light usage","two children needed to move the handle", are comments which
are vague and useless by themselves.

G

A.3.5 The socio-cultural observations may be best made by people who are already
in the villages concerned, rather than by highly educated, skilled,
technologists (even of the same nationality). There is unlikely to be any
point in trying to use detailed questionnaires with technical questions,
but the observations are probably best made by someone who can deal with a
relatively disciplined, orderly discussion, of the user groups' experience
of the pumps intelligibly to "outside" pump programme managers/aid agencies/
pump designers etc.. This is an important cross-culturai/translation role
and we consider that people such as the Peace Corps.,/WHO/UNICEF etc.,
workers who have been in the area for some time for reasons unassociated
with pumps might be able to help.

A.3,6 Tests could also be carried out on different in-village maintenance
systems e.g. appointing one man to carry out regular maintenance for a
fee, for payment by users to have pump on his land etc.. However, it
would be important not to confound the results of these tests (in the
statistical sense) with comparative testing of pumps.

A.3.7 It is probably desirable to try to get information on simple, fairly cheap
ways in which pumps could be improved to deal with some of their disadvantage.
(e.g. changing materials, enlarging bearing sizes etc.).

A.3.8 The analysis of the (copious) results and the evaluation of the pumps
comparatively (e.g. by SMART or some other objective method) must be
considered before the tests start. The appraisal of results of any experiment
is inseparable from the design of the experiment itself (and often appraisal,
and usefulness is implied or entailed by the nature of the experiment); this
is most particularly true for a field test in the conditions envisaged (which
will be almost entirely limited to free-form usage).
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4.4 Bias"

I

7*1

1

Bias due to self-selection of the responding sample of users is most likely
in field trials, or surveys of field operation, of water pumps in LDC's.
Firstly there is likely to be a biased response to the test/survey
administrators; since they may be either foreigners or substantially better
educated and wealthier-and probably from an urbanised area - the village
population may well select the most articulate, intelligent, and prestigious
of its members to respond to questions or to operate the pump while
observations are being made. Attempts to defeat such self-selection by
arbitrarily plucking forward a reticent bystander are more or less doomed
to failure, since the "bias" exists in the shared attitudes and feeling of the
whole village group towards the survey-administrated field trial observer
group; (e.g. C.Bion "Experiences in Groups" etc.).

In all user tests and surveys, (and, again, particularly in field observations
or field trials carried out in communities which are not thoroughly used to th
paraphernalia of surveys, experiments, and a surfeit of "mass media"
communications) there is also a strong possibility of the Hawthorne effect
(or "circus" effect). This arises when the mere fact of being observed/
being asked questions leads to a change in the behaviour/conscious thought of
the subject. In user tests or observations of field trials, for example,
the users may simply tend to "act out" an enhanced, dramatised version of
previously sub-conscious attitudes to the product being tested. Being in
in a user test, being observed as a user, may arouse in the user conscious
thought about his/her treatment of the product. This could lead, either to
careful usage and observance of instructions/"proper" modes of use (which
might give better performance and longer product life") or to "harder" and mor
punishing treatment of the product. Either way, effects on the product could
be appreciably different from those in the "unobserved" situation, and the
users' attitudes to the product are likely to be altered, so that answers to
user test or field trial questionnaires may be biased. The Hawthorne effect
may be minimised when there is minimum "distance" between the users and the
organisers on cny of the usual socio-economic dimensions, and when the
users genuinely understand and believe that their personal (or group)
performance is not being evaluated and they have nothing to gain or lose from
the results, whatever they may be. It is clear that, in the case of field
trials of water pumps in LDC's, these conditions are difficult to satisfy,
but it is essential that the experimental design and the arrangements for
making the necessary observations should take into consideration, and deal wit
the difficulties outlined in this section.
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5. FUTURE RESEARCH NEEDS

At present there seem to be quite a number of needs for further research work
of widely varying complexities.

An attempt is made here simply to list some of the needs, as we see them.

5.1 Pumps which are Already Widely Available

5.1.1 Controlled and complete laboratory tests are needed to characterise
more completely the advantages and disadvantages of the pumps.
Their weak spots should be identified and the extent and importance
of the weakness disclosed. This work should be done in conjunction
with results from field trials.

Laboratory tests should cover as much as possible of the parameters
which are important inland would be observed in, the field. Although
they can never equal results of good field trials, laboratory tests
must include careful, comparative evaluations and tests of
ergonomic/anthropometric factors, and the effects of environmental
conditions.

Our own work is limited firstly to deep well pumps and secondly to
only twelve of these: there are many more pumps which merit
similar research, including shallow well types - with the pumping
element above ground and generally giving a much greater volume-per-
stioke than the deep-well versions Extending this work is
mainly a question of finance.

5.1.2 Field trials and/or surveys of existing installations are needed
to describe fully the performance and failures of these pumps in the
field. Again their weak-spots should be identified and local
reparative or preventive maintenance activities should be fully
described. It is essential that field trials be designed carefully,
including treatment of geological, social conditions, installation
structures and maintenance/repair methods as parameters in the
research, the effects of which should be measured in a clear and
separable manner.

It is also highly desirable that the methods used in field trials
and surveys of existing pump.installations should be co-ordinated
between countries and regions, in this way results could be "pooled"
thereby giving the opportunity to treat them as one large
experiment and providing valuable information about the effects of
geographical, sociological, infra-structure-dependent variables.
This co-ordination and co-operative use of common methodology is not
easy; some of the detailed techniques which might be needed include
the use of common pro-forma observation records, and free exchange
of original data rather than of conclusions alone.

It is desirable that field trials and surveys should be designed to
give as much information as possible about all attributes of pumps
so that laboratory results and field test results can be compared as
directly as possible. Of course there are parameters which are
more easily measured in laboratory conditions than in the field
(detailed chemical analysis and hardness measurements of materials
are obviously two) but every effort should be made to obtain at least
some measures of these parameters (a quick on-the-spot approximate
analysis of metals can bo done with a "pocket" instrument; substantial
water analysis can be done with small portable battery-powered
instruments, and hardness can be measured relatively simply - the
limitations of measurements and observations which are made in the
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field ( e.g in accuracy and precision) should always be
stated of course).

If resources permit field trials preceded by laboratory tests on
the same samples would be desirable, although - apart from
proving the methodology of accelerated durability testing - there
would be no need to carry out durability trials in the laboratory
if the field trial design is adequate and the sample numbers
sufficient.

5.1.3 Design improvements : wherever possible, if an existing established
pump design can be improved by relatively minor design changes or
additions these should be considered. Examples might be changes
in diameter of pin bearings, changes in bolt size or in methods of
fixing, changing the material of a handle (e.g. from cast iron to
wood, anchored by metal), changes in piston washer material).
Changes should only be considered where data obtained in well
constituted tests clearly indicate a specific, weakness. Changes
should not-be taken as far as redesigning castings or changing
materials for major parts of pumps.
All such changes would require careful and repeated checking to crsire that
they actually produce the improvements required. For example,

changes to the diameter of pins for bearings in order to improve

!
i the load carrying ability of the bearings and increase life in the

J; field should be monitored by measuring stress and wear under
laboratory tests, by accelerated durability testing in the laboratory

p and by field trials - in all cases several samples of the original
j [ design end several of the new design would need testing together to

ensure that the comparisons are correctly monitored. Care must also
-j be taken in the testing of new designs or prototypes, by skilled staff
I ! in small teams; such pumps cay notbe representative of volume production

by batch processing (or mass production) techniques.

• 5.2 Pumps which are New

5.2.1 Laboratory testing should be done (as 5.1.1) with the addition of
^ A possibly more effort to evaluate materials and design.

These pumps should be tested against more established designs. Careful-
note should be made of instances vhere efforts to simplify certain
aspects of traditional pump design have entailed making other parts

'• more complex; even if the simplifications are successful the
lmJ complexities entrained with them in the innovative design may lead to

the whole system being no better or even worsc; than the original.
An example might be the replacement of an expensive machined metal

J pump cylinder by plastic pipe, which might entail the use of expensive
ABS pipe, and complex plastic machining of piston parts and cylinder

"] valves. Generally speaking, assessment of the cost/benefit balance
j of innovatory designs can only be made after thorough testing and

investigation of the pump as a whole, and probably specific
^ subassemblies of it.
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r- . 5.2.2 Field trials of new pumps should also be carried out with such
I i an experimental design that the benefits of the innovations will be

seen in relation to existing designs. Again care must be taken that
the (relatively few) samples required for field trir.l experiments are
not specially prepared prototypes unrepresentative of the quality
which will be produced when large numbers are made. (The retrospective
fitting of modifications to new designs in the field is an expensive,
difficult and - to the users - demoralising procedure, which should
be obviated by all possible means)

5.3 Usage Situations - Non-technical Factors

All testing (laboratory or field) of all pumps must pay particular attention
to the usage-situation. That is to say, the sociological, geological,
environmental, cultural and economic bounds of the regions for which pumps
are being tested must be a priority consideration. If the region concerned
is too large it will be necessary for the researchers to specify over what
ranges of usage conditions a particular pump, or design, or sub-unit would

. be expected to function well. Since these considerations seem generally not
to have been central in many extant research studies, it is the more
important now to ensure that they are included in all present or future
studies.

5.4 Appropriate Technology and its Social/R,e£,ional Setting

5.4.1 Since the durability, maintenance and local manufacture of water
pumps are key considerations in successful pump programmes, and since
these are all heavily influenced by sociological and cultural factors,
particular research into these influences would seem to be indicated.
It is all too easy to do technological research, the reporting of
which contains plenty of statements which explain the paramount
importance of social factors while actually largely ignoring them.
Indeed it is all too difficult to deal with such factors.

5.4.2 Both maintenance of pumps and their manufacture entail . . - .
a degree of technological understanding and a scuio-technical
"infrastructure" or organisation. Indeed, it might be the case

| that if pump programmes around tiie world were analysed, those found
to be the most successful in dealing with manufacture/maintenance
problems would be found in communities with the highest technical
understanding, generally. On the other hand this correlation might
as much be connected with economic factors or with ease of
communication between the local region and the originators of pumps -
who have generally been the capital-intensive-sophisticated-
technology regions.
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C : groups or weiis/communities etc; as socio-cecnnicat open
' ^ ISwfe7 - J!/kVKl/^*sJ-'/

systems" ("Systems of Organisation"^- E« J* Miller and A.K.Rii
\k1Uu^£wfak"* " '(jTfvistock 1967.,/ "Task and Organisation" - E.J.Miller, Wiley I1

) •

5.4.3 'Good installation and maintenance of pumps, let alone local
manufacture, require social organisation, administration,
management, infrastructure, a system - or whatever one likes
to call it. There seems to be a need for research into what
social organisation or system can produce the best results.

It ifiust,be particular t:o the regiontconcerned, fhere n\ay be a need
not so much for experimental research into what will work, as
for actual direct development in situ of social organisations which
do work. The only suggestion we have here is that perhaps it may
be desirable to view the v;hole pump programme, and parts of it
(e.g. manufacture, spares production, maintenance, a village,
groups of wells/communities etc) as "socio-technical open

Rice
^ 1976),

and to apply the methods, both of analysis and implementation, to
the setting up of maintenance systems, malfunction warning systems,
and where appropriate, manufacture.

5.5 Co-ordination

Whatever else may be needed, co-ordination of efforts is a "must".
Design, technical testing, field trials, surveys, analysis and implementsti(
of maintenance and manufacture probably amount to too large a package
for any/most countries/agencies to cover completely. // Much work has been
done, and much is being done.~^>

too often co-ordination between different research programmes seems
to be difficult. Co-ordination is necessary, so that commonality of
aims, methods, and reporting may facilitate the transfer of conclusions
from one programme to another, across the vorld.

In the context of co-ordination, it is quite important for the results
and thinking of one conference to be available to others, and ve end here
in sincere hope that there will be full communication between the. WHO/
SEARO meeting in New Delhi (October 1978), the World Bank's meeting in
London (December 1978) and the WHO/IRC meeting in England (March/April
1979), although the precise aims of each meeting are somewhat different.

0
0
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ASSUMPTIONS USED IN FORMULATING WEIGHTING "TREES'

(a) Pump bought in from abroad

(b) Maintenance difficult, level of technological

know-how is generally low

(c) Pilferage and vandalizing of pumps unlikely

(d) Women are the main pump users

(e) Deep well installations, 7 30 m

(f) Water is acid

(g) No sand/silt in water

(a) Pump made in LDC

(b) No foundry available and only limited skills

(c) Pilferage and vandalizing common

(d) Women are the main pump users

(e) Simple maintenance is fairly easy

(f) Well depth 15 m

(g) Hard water

(h) No sand/silt in water

3. (a) Pump made in LDC

(b) Women are main pump users

(c) Maintenance is difficult

(d) Pump likely to be maltreated and pilfered

(e) Well depth 20-25 m

(f) Acid water

(g) Some sand/silt likely to be in water

(h) Only fairly simple manufacturing processes -
no foundry and very little machining or press work.
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FIGURE 4

SCHEMATIC DIAGRAM

SHOWING THE ARRANGEMENT

OF A TYPICAL PUMP

INSTALLATION
pump stand

water return pipe

water recycling pump

water tank
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FIGURES 5-7

Examples of Strain Gauged Components Used to Measure Forces in Various Parts
ot a Pump

(5) Gauged pin

Shear gauges
measure shearing fore
in the pin and hence
the tension in the
pump rod

Bearing surfaces

(6) Handle

Linear gauges measure
bending movement in
handle and hence load
applied

(7) Flywheel handle

Shear gauges to measure
force applied in tangential
direction



G Examples of Components Fitted with Strain Gauges
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%• Flywheel pump with gauged handle for measuring handle loads (Godwin W1.H51)
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• Gauged handle on rotary pump (Mono ES30)



Examples of Conrponents Fitted with Strain Gauges
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0', Gauged rotating shaft and handle (Mono ES30)

^ . v ' ^

. 1

• .'. l)ik..;> s^-l;

Gauged pin (for measuring force in the pump rod) and handle
(Dempster 23 EX (CS))



Example." of Components Fitted with. Strain Gauges
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Stress proving ring fitted to a Petropump type
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GUIDELINES FOR COMPARATIVE TESTING OF PRODUCTS

D
C
G

1. INTRODUCTION

1.1.1 The best method of determining how particular brands of a product
will perform and endure, in practice - and, therefore, of deciding
which is the most suitable for purchase - is he^to buy and use
them in the normal way.

There are some major problems in such an approach, however If it is
to avoid artificiality and produce real, useful answers, the users
must know that the investigation is designed to simulate "real life".
They will then treat the products normally - especially if reality is
such that they have chosen and paid for the products in the normal way.
Unfortunately, however, the answers will not be available for a long
time, if they can be obtained at all.

[-•• 1.1.2 Thus there arises the first dilemma of anyone who faces a buying decision -
j ^ whether it be a personal choice about a product for personal use, or

. for use by family or friends, cr a corporate/business decision about
many products for use by others.

The problem is to obtain sufficient useful information about the brands
available so that a sensible buying decision may be made. The

T . dilemma is to obtain this information before committing one's flLnds
( to buying. The question is "where and how to get such information?"

1.1.3 At first sight it might be supposed that manufacturers are prime sources
of the information one needs. What does the product do, how much, hew
well, and at what running cost, how safe is it, how easy is it to use,
how noisy is it, how long will it last, what does it cost to buy/to

) • repair etc.? Manufacturers who make their brands in thousands or millions
--' must surely know the answers (?)

We all know that manufacturers' advertising literature, perhaps without
being untrue, often avoid telling the whole truth; even technical
brochures for engineering products, sent out by manufacturers' technical
departments to the technical departments of buying companies, although
more factual, tend to mention the more attractive aspects of a product
rather than its drawbacks.

1.1.4 So, while we conventionally (and somewhat easily) reject manufacturers'
published information as inevitably not-independent, and somewhat biased,
what use is the fund of information which manufacturers must surely
have from their customers through sales and field-service departments?

That information is certainly valuable but can it solve the problem?
Is it for example, comparative, verifiable and usage-orientated?
Unhappily, usually it is not. Not comparative because one manufacturer
will seek, obtain and file different information in a different way
from his competitors. Not verifiable because it often consists of opinions
of users - genuine opinions, but often not helpful to potential purchasers
(we are all familiar with the over-Optimistic "testimonials" which are sent
to manufacturers by users; no doubt there are equally over-pessimistic
complaints and abuse received by manufacturers). Often this information

. Is helpful, but incomplete and not a balanced picture.0
1
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1.1.5 So, we end up with a need for -

information about products.

Independent _
Objective
Unbiased
Accurate
Reliable
Verifiable
Meaningful
Comparative
Usage-orientated

This then, is the reason for the foundation of Consumer Unions throughout
the World, and for the establishment of the technology of comparative
testing : many users can band together to fund research into
products-in-use which will provide answers to the above questions,
and at a cost which is only a fraction of the cost of buying the
products needed by these users. There is then a viable comparative
testing organisation (CTO). Consumers' Unions perform that function
for individual consumers (hundreds of thousands or millions of them in
Europe and N.America). Governmental and international agencies may
perform the research co-ordinating and funding role for their taxpayers
or beneficiaries.
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2. ORGANISATION OF COMPARATIVE TESTING

P
£•' Comparative testing work in laboratories, or in the field, needs to be

c
n

2.1 Independent of manufacturers, of politics., of pressure groups, the Press,
ct.c, for obvious reasons. The need for independence has implications
when the choice of a testing organisation to carry out a project is
being made. It also has implications for the staff of the testing

, organisation who themselves must not be subject to influences of the sort
mentioned. Difficulties can also arise if the testing organisation itself
is so small relative to a project that the organisation's financial

j viability rests on one project.

2.2 Objective

In that the results of any test must not depend on contingencies such
as the place, time, and persons doing the job, except insofar as location
is part of the test and particular skills are needed. The same testing
procedure carried out by a different (but equally competent) team in a
different place at a different time should produce the same results.

2.3 Unbiased

By memories of previous results and observations, whether these were
obtained in the same project, or in previous projects, or even by other
researchers. One helpful technique which can assist (but not ensure) lack
of bias especially in recording and analysing data, is to code the brands
with numbers or letters and refer to them only by codes and not by brands.

2.4 Accurate

Test methods must be designed and checked to ensure that results are correct
enough and precise/reproducible enough to justify their use in evaluating
the attributes of the product which the data purport to represent. Note
that there is no need to measure anything more accurately or more precisely
than necessary but that it is essential to know what the precision and
accuracy of a test result is and that they are the same in all cases.
It will be essential for test organisations to have regular procedures
for checking the accuracy of their measuring instruments - including
simple measuring rulers - against their own reference instruments and/cr
against national reference instruments.

2.5 Reliable

Attention to all the other points plus the reputation and experience
of the CTO will generally assure reliability in its work.

a
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2.6 Verifiable

Usually a test report on a product can have an effect on its sales;
therefore, a critical report, especially of a product's safety or
durability, may be damaging to its manufacturer. If the test report
is misleading or inaccurate, or if testing has not been done properly
or by suitably qualified staff, the manufacturers may in most countries
be able to get legal re-dress. It is therefore necessary that the
testing organisation take clear, and publicly available, steps to ensure
that its report can be proved. Such steps include -

(a) The need for all data to be recorded as and when it is obtained,
and for it to be clearly labelled with the date and the signature
of the person recording the data. This original documentation
must then be preserved so that it can be produced if necessary to
justify the reported conclusions.

(b) If data are obtained which are likely to lead to substantial
criticism of any brand under test (or which are in some other way
"odd"), steps must be taken immediately to check such data by -

(i) Repeating the test with other, more experienced/senior
observers present.

(ii) Checking the calibration of all measuring apparatus used
and the validity of the test method.

(iii) Obtaining further samples of the brand concerned and
repeating the test on them.

(iv) Obtaining the manufacturer's comments on the factual data
(as in (c) below), and investigating thoroughly any
reasons for disagreement.

It is desirable to inform the client after steps (ii) and (iii) and (iv) -
unless he wishes to subcontract all the responsibility for even the most
unusual results to the testing organisation.

(c) Even if (b) does not occur it is desirable, before issuing a final
evaluation report, to check factual data for each brand tested with
the manufacturers of that brand. He should only be given the factual
data on his own brands, without indicating evaluat ry judgements as
comparisons with other manufacturers' brands, and he should be invited
to agree/disagree or comment. If he disagrees with the test data he
should be asked to supply his own data to the testing organisation in
order to demonstrate that its results were incorrect or that the test
methods were unsuitable. Very often disagreements are minor and
unimportant (e.g. a .—•lV. difference in the measured external
dimension of a product compared with the manufacturer's specification),
Even when there are substantial differences in test results these will
often be found to be due to different test methods, and, provided
that the testing organisation can confidently justify its test methods
and procedures in relation the criteria set out in this section (2),
it need not be in any way bound by the manufacturer's measurements or
views.
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(d) Retaining test samples after presentation of the test report
for a long enough period to deal with queries which may arise.

It is important that a comparative testing organisation has a full
quality assurance system - which, as in good manufacturing industries, should
report to the organisation's chief manager independently of managers
responsible for finishing projects on time and within cost

2.7 Meaningful

Data should be analysed thoroughly and the significance evaluated - this
includes assessment of accuracy and precision and other appropriate^
statistically-based techniques. Only data which make sense to potential
users/buyers should be included in the test report and indications should
be given of the differences which will be perceptible to users and which
matter in practice. These data - and, indeed, the whole report - should
be presented in such a way that readers can understand and use the results.
Without too much scientific detail it should be made clear how J reader can

f- appreciate the results, in order to see for himself what his best choice
j of action is.

2.8 Comparative
i I
>-! The range of products/brands included in a test should be comparable -

at least the brands included should be used realistically for comparable
ends and they should present a real choice to users/buyers. Moreover all
tests in the research programme must be equally applied to all brands
without any differences in method or procedure.

2.9 Usage-Orientated

The test programme, the test methods and the evaluation methods should take
j into particular account the conditions in which the products are to be used,
'-•^ the level and nature of the users' skills and expectations, and the likely

or inevitable abuse ("normal abuse").

I?
c
c
c

0

R
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3. THE TEST PROGRAMME

The attached flow chart gives an outline of the main steps in the
execution of a comparative testing programme. Some points which should be
noted are -

3»1 Choice of Brands

The budget may be a limiting factor but every effort should be made to
include as many of the brands as are available on the market concerned,
in a fully comparative test. However, there will also be occasions
when one or two brands of special interest (innovatory designs, for
example, or new local production in the country of interest) should be
tested. It is also often helpful to include one or more brands of a
different type or different price range in order to obtain comparisons and
see whether, for example, price differentials or innovation are worthwhile.

3.2 Shopping

Should be done anonymously and through channels which are normal for sales
of the product concerned. Care should be taken to ensure that samples for
testing have not been specially prepared by some of the manufacturers since
this would obviously invalidate test results. Shoppers should also collect,
wherever possible, user and installation instructions, service manuals,
guarantees and any other relevant documentation.

After delivery, samples and their associated literature should be checked
thoroughly to ensure that what was ordered was, in fact, obtained, and also
that the multiple samples of each brand are, in fact, similar.

3.3 Sample Size

It is rarely possible to take a purely statistical approach when determing
sample size but, as indicated above, it is important to ensure that the way
the samples are bought is much the same as the way in which users normally
buy these products. Later one, precautions should be taken to ensure that
the results obtained are not atypical of the products on the market. Such
precautions may include an assessment of whether a fault is due to poor
design or due to an exceptional product failure, the checking of results
against manufacturers' specifications, the substitution or repair of a sample,
the presentation of certain test results individually to manufacturers,
and the experience of consumers themselves.

With certain products, such as perishable goods, particular attention should
also be paid to the trading channels used for the purchase of the items,
condition of sampling, transport and storing before test, in order to ensure
the comparability of test results.

Samples obtained directly from manufacturers or wholesalers by the test
organisation are unlikely to be typical unless a selection of samples from
a large number is permitted.
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4. THE CONTENTS OF A TEST PROJECT

4.1 Assumptions

All comparative test programmes make assumptions about the identity of the
user population, the nature of the usage and abusage applied to the products,
and the value satisfactions to the user population of product attributes.

These assumptions are most often implicit rather than explicit, and an
incomplete statement of the assumptions is one of the most prevalent
reasons for disagreement (between users and comparative testing
organisations, between one CTO and other. )

Users are populations; so are the characteristics of usage/abusage;
so are product ranges. So comparative testing organisations are faced
with investigating a statistically complex situation and presenting
results in such a way that they are useful (typically to readers who are
less sophisticated in comparative testing). Usually it is necessary
to simplify the investigation by considering the most likely usage/
abusage, the 'average' user, and the most available product range. However,
it is desirable to indicate the limitations of these simplifying assumptions
(e.g. how prevalent are 'fringe'/'alternative1 patterns of use, or user
groups?)- and it is sometimes also desirable to consider evaluations of
the same data relating to different profiles of user needs. The objective
of a comparative testing programme is to work within a defined set of
assumptions about users/usage and to disprove the hypothesis that there is no
significant difference in value of the different brands of product examined
in the testing programme.

4.2 Attributes Normally Considered

It. is not the object here to prescribe comprehensive Terms of Reference for
a product. Nonetheless some guidance can be given on those attributes of
a product v.'hich are most often considered important.

4.2.1 SizeP weight and shape : in some cases these are important to the
user, because some brands may not fit the space available.
The size and shape of any containers which are part of the product
should also be measured and related to users' needs.

4.2.2 Delivery : Appraisals of transportability can be made, and related
to packaging supplied^ whose degree of protection should be assessed.

4.2.3 Installation ; where the product requires installation, a description
of the materials, skills, tools needed should be given together with
an appraisal of the ease of installation, and whether it is
reasonable to expect the user/purchaser to be able to do it.
Instructions for installation which are supplied should be assessed
for content, layout, intelligibility and clear separation of multiple
languages (if relevant).

4.2.4 Design, construction and materials : where appropriate good and poor
features of the design should be examined and explained. The
manufacturing process, its degree of sophistication, the precision
required in making various parts and whether it can readily be
attained in batch or mass production (as appropriate) should be
considered. Materials of construction should be identified and their
appropriateness assessed to the design, to the manufacturing process
and especially to the purpose and function of the product. The
ability of materials to withstand the expected use/abuse should be
assessed - the most frequent example here being corrosion resistance.
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4.2.5 Running costs should be calculated based on the consumption
of electricity, oil, water, gas, detergents, batteries etc, .
but actual consumption figures should always be reported so that
readers can calculate running costs specific to their own area.
It is important to comment on the nature of the energy input
implications especially in relation to renewable energy sources.

r~. Costs of regular maintenance and of likely repairs during the
: product's lifetime ought also to be calculated.

C
4.2.6 Performance is normally measured under carefully controlled

conditions which are representative of normal use (finding
such conditions can be quite arduous and may well involve surveys
or field experiments e.g. in testing tools it is necessary to
survey how people actually use them and, perhaps, to measure the
loads which they apply). Often performance of products is
measured under a single "standardised" set of conditions; when
operating conditions are known or expected to vary substantially
in practice, the performance should be measured over a range of
appropriate conditions in order to find out what range the products
can tolerate before giving poor results. (An example would be
varying the voltage applied to electrical goods to see what line
supply voltage variations they can tolerate). If people are
needed to operate the product they should be skilled staff for
performance tests (not "users" - see section 4.3); very often
automated simulators are used (see section 4.4).
Any legal requirements that relate to the product should be taken
into account. Standards organizations and manufacturers are
understandably keen that where methods of measuring performance
have been published in Standards, they should be used by comparative
testing organizations.

Where possible, such Standards should be used: often, however,
Standards Methods for Measuring Performance do not exist, and even
if they do, it is possible that they consider only "average"
usage conditions, perhaps determined by manufacturers. It is,
however, recommended that testing organizations should be quite
clear as to their reasons why any test method is used.

4.2.7 As well as measuring the desirable outputs of the product which the
user wants (and for which he buys the product) it is necessary to
measure the "negative' aspects of performance". These are undesirab
outputs, such as noise and pollution (or factors such as the
(undesirable) mechanical and chemical wear of the users' clothes
which may accompany the (desirable) cleaning they receive in a
washing machine). Adverse effects on non-users - e.g. neighbours -
should also be assessed, and here again noise and pollution are
the commonest factors.
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4.2.8 Resistance of the product to normal abuse requires that it also be
tested under conditions representing the inevitable, or likely,

• abuse to which users will put it. The fact that manufacturers may
say that such.use is extreme, or that the product is not designed
for such use should be ignored, if it can be shown that users
do actually so use the product. Examples of "normal abuse"
include using screwdrivers to open paint tins (thereby tending
to bend them), hitting wood chisels with a hammer instead of a
mallet (thereby risking shattering the handle), using screwdrivers
as cold-chisels (risking shattering the handle or blade tip),

~ not levelling refrigerators, running small electric drills with
sanding attachments for the time taken to sand the paint on a door,
stalling electric saws, using too much detergent in washing and

'•- dishwashing machines.

r

G Resistance to normal abuse includes the ability of the product to
withstand extreme climatic and environmental conditions which are
either inevitable or likely.

4.2.9 Safety of the product for its users and surrounding population must
be investigated thoroughly. Safety aspects must include electrical,
mechanical, chemical and potmtial dangers arising from heat,etc,

i . All types of abuse must be considered. Safety under probable fault
'- conditions should be reported and if users are likely to maintain

and repair the product themselves, its safety under maintenance and
7 ' repair conditions must also be reported. It is obviously
i . desirable that products should he safe under all conditions but

this is an ideal which may be unattainable in practice - safety
being relative, not absolute.

Safety can be assessed both in terms of the likely damage to. people,
and in relation to the best available protection - for example in

j the case of electrically-powered hedgetrimmers, the moving blades
1 - represent a serious hazard in use which could result in loss of

fingers but they are unlikely to kill, as inadequate electrical
insulation could; moreover inadvertent starting of the hazardous
blades can be prevented by interlocked switches and "deadmans"
handles and any brand which fails to provide such precautions

f~^^ should be strongly criticised.

4.2.10 Convenience in use, and ease of use should be assessed. Any special
demands which are made on the user in terms of anthropometries and
ergonomics should be highlighted. Such information is available
for many if not most, countries and this should be considered before
assessing ease of use and convenience. Ergonomisto and experts on
the product should collaborate in providing informed opinion.
Hypotheses thus developed can be tested by user tests (See section 4.

C In these assessments/tests it is obviously necessary to consider the
control knobs/handles etc., which a user must operate, and any other
parts with which (s)he will come into contact. The intelligibility
of instructions, of labelling on the controls or other parts, and of

Ji the design itself should be assessed. Convenience and ease of use
v-i - should be assessed/tested for the range of users likely to operate

the product. It is often relevant to consider minority groups here,
such as children, the aged, disabled or handicapped people (including
pregnant women as a particular case of temporaily "handicapped"
users)and the left-handed^ with appropriate knowledge manufacturers
can often design and make products which can be used by these
minorities, but many of them often fail to do so. If there are even
one or two brands in a comparative test which can be used more

.-, . conveniently by some or nil of the likely minority groups it is
i worthwhile to report this fact.
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4.2.11 Durability testing often involves lengthy automated operation
of the product, perhaps accelerated in time, in order to see the
effects of substantial use of the product. Durability does not

: mean reporting only the Life of the product: it should include
finding out what factors limit the life (under use and abuse
conditions), the most likely causes of failure (with an indication
of expected frequency), how failures manifest themselves or can
be detected and their consequences. The desirability and
feasibility of users repairing failed parts should be assessed
in terms of the supplies, tools and skills required and compared
with repairs by regular service organisations (from the
manufacturers or independent professionals).

It is most important that automated durability testing should
represent as faithfully as possible the actual conditions of usage.
An example of the differences which this can make was found in
testing bicycles: in the pastf durability testing in Europe had
consisted of mounting the bicycle, v;ith a weight on its saddle,
on a moving "road" ("carousel" or "rolling road") the surface of
which was representative of real roads and kerbs/potholes. V.'hen
Harpenden Rise Laboratory developed a machine which not only
loaded the saddle-tube, but also pushed on the pedals to drive
the bicycle (and the "rolling road") and also pulled and pushed on

> the handlebars and seat-tube as a rider v;ould, results were obtained
corresponding more to failures found by actual cyclists. As for

5 performance testing, actual conditions of use probably have to be
discovered by surveys and measurements in the field.

Corrosion resistance should be included in durability testing.

4.2.12 Although this is not intended to be an exhaustive, or prescriptive
list of attributes to test, it is recommended that careful thought
be given before omitting any, since an incomplete report may
mislead readers (potential buyers). This could lead to inappropriate
choices and loss of confidence in comparative testing (understandably
but undesirably from the readers point of view).
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4.3 User Tests

Many attributes are complex and may not be easy to measure. For example,
noise is usually important as the perceived nuisance: visibility from
a car is a complex function involving subjective impressions, as well as
the Jt°J2°J_02v. of tlie design. Taste and other culturally dependent .sensory
perceptions usually cannot be measured objectively. Comfort and ease of
doing something cannot be measured directly, Anthropometric and ergonomic
studies, while necessary, provide only guides to the design of proper user
tests.

Uuser tests are,therefore, designed to test the attributes, which cannot
i be measured objectively, using panels of people. Data are obtained by
! measurement and observation of the person/product system, by the users'
; ansv?ering pre-designed specific questions (e.g. on a prepared questionnaire,
or under interrogation during or just after the test) and/or by collecting

r "free-form" responses from the users. User tests may range from carefully
[J, supervised operations in a laboratory to usage by individuals or groups in

their homes. It is easiest to analyse data obtained from 'blocked'
.-, experiments in which each user uses each brand under comparable conditions
J and in the same way, (the brands being used in different orders by different
^^^ ustrs). If th' tests have been designed by a team including an appropriately

experienced and specialised statistician and survey sociologists, they shoulc
! : be able to eliminate the variance due to users/user groups.

Field tests can be particularly difficult because it may not be possible
• to change user group/brand combinations sufficiently and, therefore, it
j will be more difficult to distinguish between user group differences and

real brand differences. User tests unlike objective measurementSjare
subject to the same problems of reproducibility and accuracy as surveys.
They are, in fact, sociological experiments as much as, if not more than,
they are measurements.

; It 13 necessary that the sample of people recruited as users is
i . representative of the population of actual users* for most products the user-

population is not the same as the population of the. nation. The sample
| recruited for a user test must therefore take into account the characteristic
[_.• of the real-user population (which can often only be discovered by a

preliminary survey).

! <^P In the case of water pumps for LDC's recruiting a representative sample of
people for a user test presents substantial difficulties. If the test
is being done in a country other than that in which the results will be of
interest,there are problems of matching the user-population anthropemetricall
as well as for sex and age.

A further requirement in user tests, as in surveys, is the avoidance of bias.
Bias is not just a bad, subjective characteristic, (e.g. opinion) of the
user which (s)he brings into the test. Bias occurs whenever some sub-

™ groups of the user population are represented on the samples more than
J others (e.g. in a comparative test of cookers if there were substantially
^ more owners of one brand than of any other brand the samples would be biased

in terms of that brand - not necessarily in its favour). Bias may occur
I due to faulty sampling techniques on the part of the organiser, but is
J more likely to be due to limitations outside the organiser's control,

since,for obvious reasons, his knowledge of the population is limited.

t i

D

n



Z.9977

The organiser selects his sample of users from a section of the user
population which (s)he knows and has access to. The assumption is
that this section of the user population is itself representative of the
total user population, and sometimes this assumption can be tested.

For example, at Harpenden Rise Laboratory, we normally select samples of
users from a list of over 2000 Consumers' Association members who live
within a few kilometres of the Laboratory. We are tacitly assuming,
firstly, that Consumers' Association members are representative of the
British users of the products being tested and, secondly, that those
living in N.W, Hertfordshire are representative of the country as a whole.

;(The first assumption is not so important when we are testing products for
reports in our own magazine to our own members). The assumptions could
be tested by selecting samples of non-members in our area, and samples of
members and non-members from areas far away, or likely to be different:
such testing would be more difficult and costly and usually it is not
judged to be necessary for CA projects, but the nature of the bias of our
basic list of users must be considered in other projects.

Another common source of bias arises from self-selection: not everyone
who is invited to respond to a survey or to help with a user test wishes
to do so, and there is a possibility that the characteristics of being
willing/unwilling to help in these tests may be associated with
differentiation in user/usage characteristics. For most surveys in the
UK it has generally been found that willingness to answer does not result
in bias, but for some user tests (and, particularly for"free form" field
trials) more caution is necessary in interpreting the results.



Z.9977

4,4 Accelerated Testing and Simulations

Often it seems desirable to simulate normal usage o£ products using
mechanical/electrical/electronic machinery to 'operate' the products.
One reason for this is the inherent irreproducibility and arbitrariness
of human operators \>hich might, lead to non-comparable usage between
the different brands being compared, (a simple example being the effects
of fatigue on a human operator in testing the sharpness of saws, or the
psychological effects on human operators in measuring the maximum
braking performance of two-wheeled vehicles). The machine or 'rig'
which replaces human operators needs to be well designed, taking account
of the characteristics of human operation (e.g.a metal rod driven by a
rigid ram does not adequately simulate the resilience of a hand pushing
controls): if this is well done, a rig can adequately simulate normal
usage and ensure that all brands are treated comparatively. It must
also be remembered, however, that real usage of some products will be
brand dependent (e.g. some cars will be driven 'harder' than others due
to the psychological response of the driver to their combination of
performance, ride, visibility etc.): in such cases the characteristics
of the rig should be varied to match the expected human operation,
while retaining the indefatigability, precision, reproducibility and
comparativity of a rig.

Another frequent reason for using simulation is the variability in
environmental and load characteristics of real usage; controlled
environments and standard loads can be devised provided they can
be shown to be representative of actual conditions (e.g. controlled
climate chambers) or to give test results which are representative of real
usage (a situation most thoroughly worked out for American/European
domestic appliances).

The need to accelerate usage in order to examine wear, breakdowns and
durability frequently leads to the use of continuous/programmed
automated rigs. In some cases products can be operated in this way
for 168 hours per week, but before doing such accelerated intensive
testing it is important to consider whether rest periods between usage
cycles in normal situations are actually important in contributing to
longevity (e.g. when the rest period allows the product to 'cool off
as, for example, in an electric drill intended only for occasional,
amateur usage) or to deterioration (where the rest period permits wear
and degradation to set in as, for example, the corrosion which seems to
occur in many machines while they are idle and static); in either of
these cases, a too intensive durability test will produce unrepresentative
results, and a 168 hour per week test may only answer the question
'What happens to the product (and its parts) in intensive use?
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5. EVALUATION OF RESULTS

There are many short cuts to processing the data from appropriate
tests to arrive at evaluated conclusions. But there is no
substitute for the initial thinking about the product in its
situation of usage, about the needs and values and (dis)satisfactions
of the users, about methods of evaluating the product.

Ideally comparative testing results should be subjected to
multi-attribute utility analysis though usually there is insufficient
data to do a full analysis; for this reason we normally use a
Simple Multi-Attribute Ranking Technique (see Appendix III), which
facilitates going from the data obtained by measurements and tests
to a ranking order for the brands tested.

Any evaluation makes assumptions about the needs of users; for this
reason the future evaluation method must be considered when deciding
the content and methods of the project, although modification may well
occur as results become available.
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APPENDIX I

Defini Lions

Test Programme

T/R = Terms of
Reference/Protocol

Methodology

Methods

Procedures

Attribute

Evaluation

Ranking

Weighting

Scoring

Brand/Model

Sample(s)

Expert Opinion

Rig

Combination of particular terms of reference
applied to particular products for use in
particular situations.

Document outlining the extent and limitations
of the testing.

Theory relating the ways of obtaining data to
their significance. -..-..

Description of how each attribute will be
examined and measured.

What the people examining the tests actually
do, in detail.

A property/parameter belonging to the product
which relates to its usage.

The process of arriving at conclusions
representing the value of products to the user
(and also the conclusions themselves)

A list of the brands examined placed in order
of in/de-creasing value of defined attribute(s).

The relative importance/value of an attribute
(often quoted as a % of the value of the whole
product).

A measure of the degree to which one brand meets
the ideal specification for an attribute.

One particular design of the product (different
models from the same manufacturer/distributor are
normally treated as different brands).

An individual example of a brand/model.

The unbiased views of an independent assessor
possessing the necessary qualifications, skills an
experience relating to the products/attributes.

Semi-or-fully-automated test equipment/machinery
which operates the product and/or measures/observe
the performance.
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'User* or Panel Tests

Survey

Test Programme

Expert

Test Report

Project. Controller

Shoppers

Practical tests carried out under controlled
circumstances on products by a group of users.

The collection of information from a sample
of users (members, subscribers, or the general
public) either by interview, discussion, or
postal questionnaire (See IOCU Guide on Survey
Work).

The overall plan for comparative testing
including choice of brands, test proposals,
and proposals for panel test and survey work.

Anyone with specialized knowledge of the subject
being investigated.

Report of results of laboratory findings.

Person with responsibility for managing,
co-ordinating, and seeing through the work on an
individual project to its conclusion, including
reporting the results and drawing evaluated
conclusions from them.

The people employed by the testing organization
to buy samples for testing.
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. APPENDIX II

^CONDITIONS FOR TESTING BY CA TESTING DEPARTMENT

(HARPENDHN RISE AND GOSFIELD LABORATORIES)

.1. W-2 are able to perform INVESTIGATION AND TESTING OF PRODUCTS for some
organisations other than CA (with the exception of manufacturers and
traders), and this document summarizes the way in which we normally
work with such clients.

2. Before starting any tests it is necessary to discuss and agree TERMS
OF REFERENCEiwhich are the detailed instructions from the Client
to the Laboratory, on which the work will often be based. Terms of
Reference are written by the Client, but we can propose Terms of
Reference for discussion. An appreciable part of the Laboratories'
work is testing to relevant national or international Standards
(e.g. I3S DIN IEC CEE ISO), to manufacturers' specifications or
against claims.

3. The Laboratory can give preliminary estimates of the COST OF TESTING
to any Terns of Reference, but such estimates are not to be understood
as firm quotations unless they are issued on a TESTING AUTHORISATION
FORM or QUOTATION FORM over the signature of a Section Manager, and
the initials of the Head of Testing. Quotations will normally cnly
be given against specified, and agreed, Terms of Reference, for a
specified number of samples of each of tne specified number of brands
to be examined, and for agreed dates for delivery of samples at the
Laboratory and completion of the Laboratory Report. Obviously changes
in any of these conditions may alter the actual cost of performing
the work.

4. A QUOTATION issued and later accepted by a representative of the
employing organisation (e.g. by signing Section k of the TAF) will
be regarded as an official commissioning for the work to be performed
and, unless there is any exceptional circumstance, this commission will
be accepted when the Head of Testing signs Section 5 of the TAF, and
acknowledged by return of a copy of the TAF to the client. There is then
a CONTRACT between the employing organisation and the Testing Depart^r.^nt.
Payment for the work will normally be expected within one month of
presentation of an Invoice (after delivery of the Laboratory Report,
or other agreed termination of the Contract).

5. GOODS FOR TEST will normally be purchased by the Client and delivered to
the Laboratory at the Client's expense, although we may be able to give
advice and sometimes assistance in arranging transportation. Any spares,
accessories or replacements which are necessary to fulfil the tests
according to the agreed Terms of Reference, or because of faults in the
samples as supplied, will also be supplied by the Clients and delivered
to the Laboratory.
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AIL goods for test remain the property of the Client and we will
ensure that all goods are teturned to the Client after testing
(unless otherwise instructed by him); (cif will normally be
charged to the Client). The condition of tested goods will be
notified to the Client as soon as possible after completion of
testing, noting whether they are :

As new, Good (minor blemishes only), Repairable, Unsafe or Scrap.

• Goods originating from outside the UK must be consigned to
| Consumers' Association, 14 Buckingham Street, London WC2N 6DS, and
all transportation documents (delivery notes, bills of lading,
customs declarations) and̂  all packaging of the goods themselves must
bear the legend 'Imported under Consumers' Association General Bond
No : SOLR 2368/73).

6. The Laboratory will preserve until three months after delivery of the
Report all packaging, instructions, labels, guarantees and other
material that may be needed to identify products or to show the way
in which they are intended to be used or prepared for use.

The Laboratory will, so far as it can consistent with the testing
programme, take good care of and not make use of goods which are in
its possession for testing. While on Laboratory premises, Goods
for Test are covered by the Laboratory's insurance against fire and
theft. The Laboratory does not accept any liability for risks
inherent in the nature of the testing or which cannot reasonably be
foreseen.

The Laboratory will, unless otherwise requested, keep tested goods
until three months after delivery of the Report on its premises in
the condition they were in imuiediately after testing, together with
all component parts of tested goods, as veil as the remnants of any
goods damaged or destroyed in the course of testing, and will preserve
appropriate means of identification of particular products in relation
to the tests and the published report.
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7. It is usual for DISCUSSION to occur between representatives of the
Client and the testing staff of the Laboratory as appropriate during
testing and after completion and delivery of the Laboratory Report.
Any significantly unusual results or occurrences during test, or
points of principle about test methods will normally be notified to the
Client as soon as possible, especially if criticism of product safety
or performance is likely to ensue or if there is a likelihood that
;the Terms of Reference for testing might be changed in consequence.

The Laboratory will also inform the Client if any goods submitted
for test do not appear to be as specified in the Terms of Reference
or if. there are any obvious similarities between different brands,
or dissimilarities between samples of the same brand. The Client will.
be notified if any tests specified in the Terms of Reference appear to
conflict with manufacturers' recommendations or instructions for use,
or with relevant national or international standards.

Wherever possible the Laboratory prefers to use the Telex for such
communications in order to combine speed with the availability
of a written record.

(The Laboratory can accept letters or telex communications in French,
German or Dutch as well as English. Other languages will require
time for translation ).

8. The Laboratory will carry out the tests described in the agreed Terms of
Reference mentioned on the TAF and the results will be delivered to the
Client in a CONFIDENTIAL LABORATORY REPORT (written in English), the
copyright., of which will remain with CA.

The Laboratory Report will contain estimates of the accuracy of all
measurements and, where appropriate, statistical analysis of the
results (e.g. in User Tests). Any major criticisms of products which
during testing were notified to the Client will be marked in the
Laboratory Report as 'Purple Alerts'; in such a case the appropriate
original observations or measurements made by a Tester will have been
checked by the Section Manager, the Quality Assurance Officer and, in the
most serious cases, by the Head of Testing.
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ALL ORIGINAL OBSERVATIONS, MEASUREMENTS and RECORDS of communications
between the Laboratory and the. Client during testing will be retained
in Laboratory Project Files fcr at least twelve months in order to
provide original documentary evidence if required by the Client; this
file will be treated as Confidential to the Laboratory and the Client.
All original observations and measurements are recorded in Laboratory
notebooks and are initialled and dated as the records are made.
Measuring instruments are calibrated regularly against appropriate
standards and full records of such calibrations are maintained.

0
D

The Laboratory Report is prepared from a draft which is examined and
corrected by independent Checkers wholly employed by the Laboratory,

j whose comments are also retained in the Project File.

10. We will keep CONFIDENTIAL all matters relating to testing and reporting.
This covers every aspect of the relationship between the parties, and
nothing will be published or divulged to anyone (including, obviously
the press and broadcasting authorities) without the Client's specific
consent each time. This confidentiality will be kept both before and
after publication of any report by the Client (where applicable).

Examples of things which we will keep confidential are -

(a) The fact of having been commissioned to do the work.

(b) The products tested.

(c) The methods of testing.

(d) The results of the testing, or of any other observations
of the goods for test.

(e) The contents of the test reports.

(f) The contents of any draft report for publication (where applicable).

(g) The nature of and reasons for revisions in the draft report.

These standard Conditions of Contract require the Client to maintain the
same degree of Confidentiality. Either the Client or the Laboratory may
break this confidentiality only by express agreement of the other, or
if compelled to do so under^ or by virtue of} an order or rule of court of
law.
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11. When the TESTING is commissioned by the Client IN ORDER TO PUBLISH
a report on the goods, either to the general public or to subscribing
members of the employing organisation, the Laboratory can often help
if a copy of the draft publication report is sent to the Laboratory as
soon as possible for comments. In this case the Laboratory will comment
on the factual statements, and interpretation; if the Client wishes the
Laboratory to check any factual statements in the draft publication report,
the words 'Please Verify' should be written on the draft clearly against
the parts which are to be checked. The Laboratory will then indicate agreement
disagreement on the draft and return it to the Client initialled and dated.
If the Laboratory thinks that statements or interpretations in the
publication report are accurate or reasonable but cannot take responsibility
for them it will write 'Not Checked1, '?', or some similar indication.
Anything in the draft report left without comment is to be regarded as not
checked specifically.

12. The Laboratory may be able to supply 'expert witnesses' and would normally
expect to be able to verify the statements in the Laboratory Report.
However the results of investigations and tests may not be used for the
purposes of any civil dispute or criminal prosecution without the prior
written agreement of the Head of Testing. If the Client requires the
tests to be carried out in connection with any dispute (existing or
contemplated) the details must be disclosed to the Laboratory before the
Contract is signed. If Laboratory staff are required to prepare, or
present, evidence in connection with any dispute or legal proceedings,
whether instigated by the Client or anyone else, the Client will be
charged for the costs of additional time and expenses involved over and
above the original Contract for test work.

13. If any DISCOVERIES are made by Laboratory staff during an investigation
or test we reserve the right, after consulting the Client, to secure
ownership of the discoveries by patent, registered design or copyright
in any countries. In this case the Client will be entitled to a free,
non-transferable UK licence with limited period of exclusivity, and other
licences on terms to be agreed.

14. The Laboratory is not obliged to allow Clients to witness the tests,
or any experiments related to them, and reserves the right to exclude
VISITORS, although this right will not be unreasonably used. If
representatives of the Client do visit the Laboratory they will be
restricted to the areas and staff concerned with work being done for them,
in the interests of preserving the confidentiality of other work.
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APPENDIX III

"SMART"

EVALUATED CONCLUSIONS FROM COMPARATIVE_ TESTS

(Multi-attribute utility analysis)

1. Comparative testing, whether it takes place in a laboratory^
in users' homes or 'in the field' aims to assess products
in relation to the needs of their users/prospective users.

2. In order to make the results of the tests meaningful and
useful to the reader of the reports it is very necessary

(a) to make the process of arriving at conclusions clear,
objective, and reproducible.

(b) to present the conclusions to the reader so that he
can see-how the conclusions follow from the objective
data plus our assumptions about, users' nc^eds. Then,
if he wants to change his own understanding of these
needs it is not necessary for him to wade through all
the mass of detailed evidence - he will be able to 'dial
in' a new set of needs and obtain new conclusions.

3. Obviously we need to do two things :

(i) think about our assumptions of the user's needs, expose
them so that they are useful to the reader.

(ii) develop and use consistently an objective 'calculator'
for deriving evaluations of products.

These need to be done at Terms of Reference stage
so that we can see that project resources are being put
into obtaining data which is judged to be useful to
readers.

4. We cannot draw any conclusions at all from our work without making
some assumptions about the needs of a user; this follows from
the aims of our work which are to evaluate and compare products
in relation to their real usage and abusage. Obviously we should
try to find out what real users actually want and expect from a
product and how they will use and abuse it. Sometimes there is
survey information, sometimes we depend on our client/project
officer^ (rarely) there is a specification for use, sometimes
we are relying on our own experience as users (and perhaps our
own prejudices and peculiar needs).

5. For a long time some consumer organisations (notably VU CB SW)
have used an evaluation system which is relatively objective.
While it is not totally beyond criticism, it has many advantages
and is, in any case, one of the methods tried and proved by
many non-domestic purchasing organisations on both sides of the
Atlantic - the Americans refer to the problem of evaluating
products for purchase as multi attribute utility analysis.
This particular method is a simplified version called SMART
(Simple Multi-Attribute Ranking Technique).
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6. Starting with the whole product evaluation as 100^ divide this
into the main attributes which will be tested and assign
weightings to each.

(It is helpful here to remember that attributes of most
products can often be divided into size, and shape, features,
performance in normal use, negative aspects of performance
"(cost, noise, vibration, environmental damage etc)., safety
normal abuse, ergonomics, durablli ty, and maintenance.

Obviously normal usage/abusage/users do cover a wide range of
situations : in many cases it will not be sensible to decide
on one "average" evaluation, and perhaps several different
evaluation "trees" should be used to draw conclusions,
for different segments of the user/usage population.

e.g. for Washing Machines
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and subdivide these where necessary and appropriate e.g.

Further subdivision follows v.'here necessary and possible,
and the complete tree should be drawn (see over).
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-Flexibility
Strength
degradation by
;solvents
Ecsuit

pProgramme
I.; Result
Programme

I. . Prog-. (1)_6
Prog. (/,) h

2-
1-

1-
8-
2-

Corrosion
Materials
Pump

3H
2-

-Door ceal

V.'ashing (i) 10—

-hashing CO 7-
Drying 5—
Creasing 3~

—Electrical 10-
Door lock 5 —

(Un)loadir.g • 6 —
Controls *+-
Cleaning 3"
Filter 2-

Durability 15-

Pcrfornance 25-

-Safety 15-

Convenience 15-

Koise 10-

-Electricity 10—

Detergent 7 —

Water 3—I

—Sunning cost20•

Total 100

G
C
G
G
0
D
P

(This is an artificial example which leaves out some attributes
and the weightings are not right; it illustrates the principles
however).
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Method and scoring of results are inextricable.

7 - Deriving the conclusions from the results is then relatively
ctraightforv/ard.
Starting; from the left hand side (or more detailed branch of
the tree) one takes the test results and assigns a score on a
ten point scale to each product.

(a) for some tests which are inherently scores (e.g. user tests,
convenience assessments, 'instructions- etc) it is obviously
simple : if the original assessments by the tester/user are
only on a five point scale (and should be) then just multiply
by two to get a 2, kt 6, 8, 10 scale.

(b) for other tests which produce an apparently continuous
scale of measurements (e.g. 0-100' washing index, size,
electricity consvmption) it is necessary to think about a
reasonable range over w"ni ch a 10-point rating scale could
sensibly be applied : also the widths of the 10 sectors
of the rating scale do not have to be the same e.g.

0 10 20 30 ^0 50 60 70 80 90 100 working index

' _̂__* Pr°bable range of results

t , o 1- H — 2 — 3--4-T-5 H6-^7-*-8-(-9—HO possible scoring (but
value to the user and the

, needs of the user must be
considered)

(c) there are some attributes which ar^ measured on a continuous
ccale which actually is proportional (or inversely proportional)
to value to the user (e.g. fuel consumption).

8 - There are some attributes which can rule out a product totally
from further consideration (e.g. lack of adequate safety, or even
very poor performance in some respects). In order that this real
situation can be modelled correctly in the evaluation, the
appropriate values of these attributes which would rule the product
out of consideration can be given a score of -1000: the final score
of the entire- product will then be negative. For example, a scoring

' system for safety of : Hazardous = -1000
Potentially hazardous = -1000
Unsatisfactory " = 0
Satisfactory with minor criticisms = 6
. Satisfactory within limits*of tests = 10

would delete all products found to be actually, or potentially^
hazardous and highlight those which are unsatisfactory (perhaps for
further examination).
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9 - For each brand have a photocopy of the tree (section 6) with
the weightings omitted. Starting from the branch ends enter
on each 'twig' the score on the 'O-point scale (section 7)
multiplied by the weighting of the master tree (section 6).
This is the brand's score on that particular attribute. Work
up the branches, adding all the numbers from the previous
sub-branches, to arrive at a total score out of 1000 (100 .
x maximum of 10 on 10-po:.nt scale).

10- It is now possible to draw up a ranking table for all the brands.
Divide their final scores by 100 to get rankings on 10-point scale
Obviously further condensation to a 5-point scale is possible,
but not recommended for laboratory reports.

Including all the individual brand score sheets (section 9),
. the master weighting tree (section 6) and the bases on
which measurements v:ere converted to a 1C-point sacle (section 7)
as Appendices to the Report,will enable any reader who wants to
use different weightings, or different scaling of particular
measurements to do so quickly without having to read laboriously
through every page of the Report each time.

11- The key task is to prepare the master weighting- tree (section 6).
This is where all available information (from surveys, client,
consultants, previous experience, other publications) has to be
incorporated and a judgement has to be made.Substantial discussion will be
ncccessary and is desiraole (at least with tte Client).

12- There is a difficulty about attributes which are judged to be
important to the user (probably with good reason and evidence for
the judgement) but for which there are no data available (either
because the necessary tests have not been dene or cannot be done within
the limits of time and resources available). In these cases it is
not satisfactory to omit these attributes from the weighting tree
because that gives a falsely reassuring picture of the completeness
of the information. These 'difficult to assess' attributes should
be included in the weighting tree even though all scores for these
brands will be zero, for all brands. At least all brands will be
treated comparatively, though they will only be assessed against a
maximum possible score of 10 - (0.1 x weighting of unmeasured
attributes). For example, if the durability of dishwashers will •
is judged to be J,O% of the value to the user, and we do not test
durability (as is the case up to 1977) then dishwashers will
only be scored against a maximum score of 7.

13- Finally it is worth stressing that, whether it is spelled out or not, the
ways in which results will be appraised is inherent.in the Terms of
Reference and methods being used in the project - better, then, to be
explicit so that Report readers may more easily see clearly what has been done.
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Shallow Handpump Design : Summary

General Considerations

1. Pump cost should be related to the cost of the well, and
the extent to which people depend on it for their welfare.

2,, Designing a handpump tub ewe 11 is like designing a more
sophisticated water system. Many of the same factors should
be considered;- mapping the served population; (optimum
site selection, drainage considerations) ground water re-
sources (quality and quantity), alternative sources, total
population per pump, water useage patterns, gallons per
capita per day. peak demands„ financial status "of users/
local institutions/executing authority.

3. The output of a pump can not be considered independently
of the design and construction of the well. The latter
depends on ground water conditions (static water level $
permeability of aquifer, variation of static water level);
typej, diameter, slot size5 open area of well screen; and
type and degree of development of the aquifer.

Getting Started.

4. At the outset of a new handpump tubewell programme., improving
the traditional pump design or introducing a new one may
have high priority if shallow well puinps are usually out
of order an unacccptably high % of time, (say 3O>o) or deep
well pumps more than 10>S of the time. (The latter because
people normally depend more on a deep well pump).. A relatively
small amount of time and money spent at the beginning of a
HPTYJ programme to introduce or develop an improved pump should
reap manifold benefits in the long run. It might even be
worth consideration delaying the construction of large numbers
of new wells until at least an interim design is available.
("Why is it we always have enough time (money) to do it
over again5 but never enough to do it right the first time?").

5. It is normally preferable to separate the construction
programme from the research programme? at least to the extent
that a large programme is not held up waiting for a new design.
Better to introduce a modestly improved traditional design>
and then introduce improved models as they become available.

6. It is usually expedient to start a programme with a single
design to serve a variety of uses. As time goes on5 specia-
lized designs can be developed for specific uses.

..... 2/
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7. The primary design objective is reliability. Most traditional
designs provide sufficient quantities of v/ater-wheii they work.
Handpump programmes most often fail because pumps are out
of order too often and too long.

8. Normally, to be reliable a pump design should be simple, i.e.
few bearing surfaces, few numbers of parts, few kinds of
parts, locally replaceable spares.

9. If the handpump programme is rather large, and there' is
wide use of private handpumps and sufficient capacity for
local production, it may also be desirable to develop or intro-
duce a design which is locally reproduceable - both
technically and economically. For a large public handpump
programme, local reproduceability may be a major objective

/ in order to ensure ready supply of spare parts,

10. From the economic point of view, cost should be appropriate
to the investment in the well. Avoid exotic materials or
sophisticated technology, unless major gains in reliability
are resulted.

11. Acceptability is important. The people who use, produce,
purchase, install, maintain and repair the pump should
all be considered.

How to Proceed

12. In pump design work, start small. Begin with existing
models. Attempt modest improvements (larger bearing surfaces;
smooth, large dia. pivot pins) etc. Experience will show
what is best. Do not make major commitments to unproven
or inadequate designs.

13. Unsatisfactory traditional shallow well pumps can often be
made quite satisfactory by simple,.common sense design
improvements. (For deep set well pumps,, however, especially
for deep water tables of say 20 meters or more, innovative
departures from traditional designs may be necessary to
produce a reliable, economical pump).

14. Improvements can be graded as I - Urgent, Immediate;
II - as soon as practical; III - for further consideration.

I. Increased bearing surfaces, bigger, smoother pivots,
stronger structural design.

II. Simpler design, fewer parts, standard size of
fasteners, reduced weight, less expensive material.

III. More efficient, reliable valve systems, hardened bearing
surfaces, bushing or roller bearings, lubrication points,
preventing pin rotation.

3/
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15. Continuous observation o.f new or improved designs in actual
field situations (both extraordinary and normal intensity)
plus continuous observation of production processes will
reveal design weaknesses needing further modification.
Convergence tov/ards a satisfactory design solution is a
process of trial and success/error.

16. Only intensive field testing of a new design can reveal
its real weaknesses. Mechanical tests conducted in
laboratories often do not faithfully reproduce wear
patterns produced by field use.

17. Local production problems often cannot be anticipated in
the design office. They may become apparent only after
large scale production is attempted.

Outline of Procedures

(1) Define project goals, purpose, objectives, outputs, inputs

(2) Develop pump design criteria

(3) Estimate basic pump dimensions, capacity

(4) Choose most appropriate materials and production process
to achieve functional goals

(5) Sketch designs

(6) Prototype samples

(7) Field test

a) Normal use
b) Intensive use

(8) Evaluate wear patterns, performance, produceability

(9) Redesign

(10) Repeat 6-10 until design converges on acceptable solution

(11) Working drav/ings

(12) Tolerances

(13) Specifications

(14) Mass production

(15) Project implementation

(16) Refinement of design

General Observations

18. Handpump design, or redesign, is deceptively simple. One
should proceed slowly, carefully. Systematically investigate
effects of proposed changes on production and performance.

4/
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19. Handpump design is not really that difficult. After all,
the technology is relatively simple. The primary requirement
is interest, followed by perseverance, patience and a
willingness to work closely with local producer's and^people
who use and maintain the pumps.

20. Pump designs can be continuously improved. "Can we do it
better? Can we do it cheaper?" Should be asked continuously.

21. Adapt the technology to the people rather than vice versa.

22. Acceptability is important. The pump should bo acceptable
first of all to the users, also to producers, purchasers,
installing agency and maintenance personnel.

P_ro_duction of New Design

23. Traditional designs tend to be institutionalized. Great
energy is often needed to catalyze a design improvement
programme. The prospect of large sales of the improved
design may be the only force capable of starting the process.

24. Choice of pump construction - (i.e. cast iron, fabricated
from standard fittings at a central workshop, or fabricated
of local materials e.t site) will depend on available
technology, materials, and skills. Local acceptability
is very important.

25. Tolerances should be neither too strict nor too lenient.
Impractically strict tolerances may lead to high rates
of rejection, low rates of production, high costs. On the
other hand, tolerances must be strict enough to assure a
relatively uniform standard of good quality, and inter-
changeability of spares and components produced at different
times and places.

26. Drawings should be produced eventually, especially if mass
production by more than one supplier is intended. But it
may" be possible to do most of the R & D work with prototypes
and sketches. The use of drawings also depends on the
sophistication of the design and the general use and
comprehension of drawings in factories and workshops.

RP/psb
5.6.76
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OUTLINE

1. Health versus other sectors of development

2. Water versus other elements of health sector

3. Implementing agency choices

4. Funding sources

5. Personnel required : HPTVf programmes

6. Sources of specialized personnel

7. Single wells versus piped systems

8. Handpump tubewells versus other wells

9. How to begin

10. Shallow, deep, or multi-purpose handpump

11. Output of pump desired

12. How much to spend?

13. Imported versus local pump

14. If local made pumps - then what?

15. Imported pumps

16. Handpump research and development v/ork : who should do it?

17. Details of pump design

18. Considerations in site selection

19. Installation

20. Maintenance options

21. Continued development

22. Pump production



N O T E

This outline may be helpful to UNICEF Programme Officers

becoming involved with handpump tubevell programmes for

the first time. Perhaps this type of outline could be

amplified by others as time permits to include more

details, and perhaps cover more topics.



Bangladesh Rural Water Supply Programme .

Choices Associated with Handpump Programmes and Design

Health versus other sectors of development

(a) Health and disease as a constraint on economic development.

(b) Public demand for better health.

Water versus other elements of health sector

(a) Disease patterns affecting children.

(b) Proportion of water related diseases as percent of total.

(c) Water resources available to supply safe, potable water.

(d) Institutional arrangements to instal and maintain public
water systems.

I

(e) Public demand for and utilization of improved water systems,
(f) Resources available - material, financial, manpower.

3. Implementing agency choices

(a) National water authority
(b) Provincial water authorities
(c) Local water boards
(d) Rural development departments
(e) Cooperatives
(f) Private sector
(g) Public works departments
(h) Health ministries
(i) Others

k. Funding sources

(a) UNICEF regular resources
(b) UNICEF special assistance projects
(c) Bilateral donars

(d) Multilateral agencies

(e) NGO's
(f) United Nations or UNICEF special emergency appeals

(g) Self-help, reimbursed payment schemes

2/
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5. Personnel required : HPTW programmes \

(a) Ground water engineers i

(b) Tubewell technicians I

(c) Managers

(d) Logistics0, coordinators; procurement; follow up on
end use - storage, books.

(e) Pump technicians - depending on type of pump

(f) Mechanical engineer, Metalurgical engineer for pump
design, production.

(g) Communications, sociological, educators

6» Sources of specialized personnel

(a) UNICEF; country office, regional office, other country
offices, NYHQ

(b) UN agencies; UNDP, WHO, FAO, ILO, etc.

(c) International Consultants: ground water, water resources
planning, management

(d) Local consultants: technical, management, etc.

(e) Technical faculties of Engineering Universities and
Technical Institutions.

(f) Government agencies, departments, resource centres,
technical assistance centres, research organizations.

(g) Voluntary agencies; within the country, in developed
countries but interested in development.

(h) Specialized personnel and consultants of bilateral donors
and multi-lateral funding institutions.

(i) Foundations

(j) Retired personnel - especially logistics, retired from
armed forces but anxious to work.

(k) Through advertisement

(l) Private industry: advice on a wide variety of technical
mdtters related to supplies.

7. Single wells versus piped systems

(a) Demographic-sociological factors - how people are arranged
in settlements. If highly compressed into concentrated
settlements, then piped schemes feasible. If dispersed in
hamlets, then single well systems preferable.

(b) State of technology - ability to maintain, operate and
finance mechanized piped systems versus single well systems.

3/
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(c) Financial and other considerations:

1. Piped systems require relatively higher per capita
capital investments, recovered over a long tine,
if ever.

2. Piped systems often take several years to instal.

3. Financial management/maintenance problems often mean
low utilization of piped scheme investments.

4. Single well systems require smaller capital investment,
short installation time, relatively easier to maintain
and operate.

5. Access to piped vater systems often restricted to those
able to afford house connections.

6. Piped schemes often become disease distribution systems
if contaminated by cross-connections.

7. Piped water system service is often intermittent.

(d) Hydrogeological factors:

1. Single well systems depend on availability of ground-
water:

a. depth
b. quality
c. aquifer yield

2. Where safe surface water is abundantly available under
gravity pressure, piped systems may be the most practical
solution.

8. Handpump tubewellsjversus other jwel_ls

(a) Handpump systems are relatively sanitary. Open wells are
rather easily contaminated, either by the air, or water
lifting device - bucket, rope, etc.

(b) Handpumps require more maintenance than some simpler,
indigenous systems.

(c) In alluvial formations, HPTWs are easy to install, but
require casing and filter.

(d) In rockj holes are harder to drill, but filter and casing
may not be required.

• • • • •



(e) Handpumps must usually be centrally manufactured, whereas
some other systems can be made in the village.

9* How to begin

Whether you are choosing an imported pump, designing a new
pump or redesigning an old one, there is only one way to start:
start small. Experience by trial and error will then be the
most reliable guide for further choices. Believe it or not
the handpump choice problem is now very complicated - due to
a veritable maze of options of designs, models, materials
and assembly processes. To order large quantities of untried
designs could lead to disaster.

An equal danger is to do nothing at all. One is apt to bog
down in a quagmire of choices. It is necessary to make a
start. Not all the factors can be known in advance. By
proceeding slowly and cautiously, new factors can be dealt
with as they arise. The main point is to avoid over commitment
to one design, the performance and production problems of which
are not fully known.

Perhaps the starting point should be the observation of
available models already in use. Then choose an option which
seems appropriate, order a few, field test it, produce a few,
redesign, retest, etc., etc., etc., enough times until decision
making becomes more refined. The design should gradually
begin to converge around an appropriate solution.

0.. Shallow, deep, or multi-purpose handpump

(a) Depends on depth of water table, and uniformity of ground
water conditions.

(b) Where water level is normally 25' or loss, shallow well
may be used exclusively.

(c) Where water level is normally more than 30', deep well
must be used.

(d) Where water table varies considerably - say between 10-40
feet within small geographical area, a flexible design,
multi-depth setting pump may be used.

(e) Where water tables are likely to steadily drop, a design
which can later be converted from shallow to deep may be
worthwhile.

1 • Output of pump _desired

Designing a handpump tubewell is like designing a water system,
because it is a water system - having inlet, rising main, pump,
reservoir (the upper part of pump body) and distribution outlet

• • • • • \s I
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(spout). Therefore, it is not too surprising that handpump design
procedures should take into account criteria also considered in
the design of piped water systems, such as mapping of the served
area, ground water resources, local usage patterns, calculation
of average demands and peak flows, financial status of the
executing authority and the users, etc. These are outlined
further below.

All these factors taken together will give an indication of
the performance desired by the pump. Performance desired is
determined by two factors:

(a) Water per person per day needed to satisfy optimum, minimum,
or practical median v/ater requirements.

(b); Persons per pump.

These two figures can be more clearly determined by consideration
of the following:-

(a) Intended water use

1. Drinking water only
,2. Drinking, cooking, v/ashing utensils
3. Full domestic use
4. Micro-irrigation
5. Domestic use plus small garden
6. Or other combinations

(b) Intensity of use

1. Availability of other wells and/or other water sources.
2. Is well to serve 10, 50, 100, 1000 or more people?

Type of site:-

a) Single family unit
b Extended family, hamlet or small village
c Large village
d Urban fringe area
e Market place, bus station, boat landing, or other

high density public site.
f) School, health center or other institution

3. Queue factor: Will people draw water intermittently
throughout the day, or will there be peak demands at
sunrise, noon, sunset or other periods? If the queue
factor is significant, as it is in most traditional
societies, then the real test of how well the pump
satisfies the performance criteria may well depend
upon how v/ell it can meet these periods of peak demands.

.....
6/
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(c) Cultural factors

1. .Will the pump be used by men, women and children alike?

2. Or v/ill one sub-group predominate in well use? This
determines the mechanical leverage desired, and
volume of water v/hich can be lifted per stroke.

3. How far are people willing to walk to draw water?
Sometimes people v/ill walk a great distance to fetch
their minimal drinking water requirements, but v/ill
tend to use more convenient surface or other traditional
water sources (if they exist) for other needs such as
bathing.

4. Health awareness. The degree to v/hich people will
expend energy to obtain water from protected sources
may depend upon their awareness of the cause-effect
relationship between v/ater and health/disease. In
the overall equation, tbis factor is a variable, which
may be increased by educational efforts.

(d) Depth of water table and water quality may determine the
practical output of a pump, v/hich may be much less than
the total desired. That is, the performance of the pump
cannot be considered independently of the design and
construction of the well. A number of economic considera-
tions influence this choice also. For any given set of
ground water conditions, there is a maximum theoretical
yield, but the optimum economical yield may be considerably
lov/er. In well design in relation to HPTW programmes,
three general levels of output should be defined:

1. Maximum possible

2. Minimum desirable

3. Maximum practical

The practical output v/ould normally fall somewhere between
the minimum desired and the maximum possible. Generally it
is desired to provide as much water, as conveniently as
possible, within economic constraints.

Within these social and economic considerations, the well
design is normally determined by the following hydro-geological
factors:

1. Depth to water table,

2. Aquifer yield,

3. Degree of development of well, if in unconsolidated
formations,

4. V/ater quality may also be a factor in water use.

... 7/
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The design considerations are as follows:

,1. Diameter of filter

2. Diameter of rising pipe

Technical considerations aside, these two choices are
largely economic.

3. Filter slot size

4. Gravel packed, shrouded well or naturally developed.

These are largely technical decisions, requiring the
expertise of a ground water engineer. They will, however,
have a direct bearing on the output performance of
the pump.

i

5. Type, design and configuration of the filter. This
is a rather complex interaction of technical and
economic considerations. Generally, there are various
trade-offs to be considered - largely economic - such
as first cost versus yield and/or length of service.
Water quality factors, such as encrustation by carbonates,
bacterial slimes, or corrosion, acidity, etc. may be
overriding considerations.

6. Most suitable aquifer. This is a complicated technical-
economical decision. There may be a series of aquifers
at different depths having various yields and water
quality. It is normally desired to use the shallowest
aquifer which will adequately satisfy the needs of the
programme. Yield and v/ater quality considerations may
lead one to utilize a deeper layer.

However, this is a self limiting process, economic consi-
derations becoming overriding at a certain stated depth.
At some point it may be necessary to choose a water
quality or yield which is less than desirable, but is
the best yield or quality practical within economic
limitations.

At this point, adaptability and taste preferences of the
local people become critical. Most people are ready to
make do with less if that is all which is available.
They may also be willing to drink water of less than
• ideal taste.

(e) The static water level is an important factor in pump •'•.; J
and well design. But equally, if not more important, are

8/
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the annual fluctuations of the v/ater table and/or special
variations, i.e. the water table depth may vary considerably
from place to place within a relatively small geographical
area. Implications of these factors on pump design have
been mentioned above (10).

12. How much to spend?

How much should be spent on the pump?

The amount should be related to how much has been invested in
constructing the well. In Bangladesh, the materials used in
constructing a 1^" diameter tubewell 150 deep cost about
$60 - $70. These wells are easily constructed, and are being
installed by the tens of thousands in every village and for

k every two or three hundred people. The pump is presently costing
* about $20 (after the recent devaluation of the Taka). This

seems in line with the overall cost.

In other countries, water levels may be several hundred feet deep
through solid rock requiring a major capital investment and the
use of sophisticated drilling rigs to construct the well. In
such cases the well may serve several hundred to a thousand people
or more, some of whom may come miles to draw drinking water on
which their life depends.

In Bangladesh there are usually many alternative sources of surface
water or shallow ground water if the pump fails. But in many
places, the UNICEF well may be the only source of water supply.
Such wells will be severely stressed by intensive use.

Normally such wells would be constructed in relatively fewer numbers
and it is imperative that a very high percentage of them be in
good working order at all times. In such circumstances, a

I considerably higher investment is justified in the pump. The
desirability of improving the design as much as possible would
be equally great.

Possibly as a general rule of thumb for such deep well situations
the amount spent on the pump should not become a major financial
constraint significantly reducing the total number of wells. But
on the other hand, the amount spent should be sufficient so that
the pump is not out of order more than 10% of the time. If there
is no existing design which fits within this criteria, then high
priority may be given to developing an appropriate design, before
mounting a major programme to construct new wells, which will
then may be left without a satisfactory pump.

9/
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13. Imported versus local pump

a) Ultimate goal of UNICEF assistance?

If the goal is to develop a self-sustaining water programme,
local production of pumps may be a high priority.

b) Availability of local pumps : Industrial Base. Some
countries have almost no industrial base whatsoever. In
such cases, it may not be practical to hope for a locally
produced pump. In such case, decision-making is limited
to selecting the most appropriate import model.

On the other hand, even in countries with very little
industry, it may be possible to develop a water pumping
device fabricated out of locally available materials.
In such cases, emphasis should be given to developing
village level appropriate technology.

c) Foreign exchange position of the country.

d) Volume of demand : For a small number of pumps, it may not
be worthwhile sotting up local production.

e) Raw materials : Unavailability of raw materials should not
necessarily prevent local development of a handpump industry,
provided the necessary materials can and will be imported.
Japan for example has very few raw materials. Interest,
initiative and management are more essential.

^^• If local made pumps - then what?

a) Use traditional design? Introduce brand new design?
Or modify traditional design? A new or improved design
may be needed if:

(1) Existing pumps are out of order more than 30% of the
time (shallow wells), or more than 10% of the time
(deep wells).

(2) There is no design available which can give 90% trouble-
free operation within the price range appropriate for
the investment made in constructing the well.

Depending on programme priorities, it may be necessary to
begin with local varieties of pumps. Improvements can then
be introduced gradually. If at all possible, design
development should be separated from programme implementation,
so that programmes do not become dependent on unproven
designs still in the development stage. On the other hand,
traditional pumps originally designed for single family use
should either be replaced or reinforced as soon as possible,
to prevent the institutional!zation of an underdesigned pump.

... 10/
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Experience has shown that successful pump design is more
often achieved by starting with an indigenous design
and then improving it, rather than by trying to introduce
a totally nev; design. In order to be successful, a design
should be capable if being produced locally, and operatodd
and maintained by the beneficiaries. Local acceptance,
both by the user and the producer seems to play a key
role in good design development.

Similarly, if redesign of an existing pumps is the order
of the day, then improvements can be "classified according
to urgency: I - urgent-immediate; II - as soon as practical;
III - for further consideration.

"Urgent-immediate" changes are usually also simple by
nature - design aspects which can greatly improve the
service life of the pump, but requiring little major
changes. Using larger diameter pivots is an example. .'^
Enlarging castings for greater bearing surface or to reduce
breakage is an example of category II. Redesigned valve
systems.may be category III.

Establishing such design priorities helps to bring greatest
returns on time invested, while at the same time allowing
major programmes to get off the ground. Further design
work can proceed parallel to programme execution, rather
than hold it up.. Improved designs can be substituted as
they become available.

b) Design objectives

The overall design objective is SIMPLICITY - the simplest,
most economical design which will satisfy the functional
requirements of the programme.

In general nearly all aspects of pump design fall into
four general objectives. These categories can form the
basis for the analysis of almost any pump design. They are
not necessarily listed in order of priority. In fact,
it is difficult to consider anyone aspect completely
independently of the others. There is a high degree of
interaction among them.

(1) Performance

Does the pump provide water easily enough, adequate
to the needs?

Ma_intaina_b il ity

Is the design sufficiently robust to provide relatively
continuous operation, presuming a basic routine
maintenance service?
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There is an economic trade off here between first cost
and overall service life. In situations where govern-
ment maintenance systems are weak, and/or the local
capacity to maintain and repair pumps is marginal,
the long term objectives of the project will probably
be better served by increasing first cost, to provide
a more robust design which will minimize the maintenance
problem over the years.

The performance of a pump from the maintenance point
of view may depend significantly on the habits of
the people. For example, if they are in the habit of
lubricating mechanical equipment, the pump parts may
last considerably longer than places where no lubri-
cation is given. Also a conscientious caretaker who
really looks after the pump, detering vandalism,
arranging maintenance, etc. will help to improve the
service of the pump.

(3) Cost

Is the cost appropriate to the amount of money invested
in the well and the degree to which people depend on
it for their welfare?

(̂ ) Produceability

Can the pump be produced locally, relatively fast,
easily and economically?

Specifically, a pump should be designed as follows:

(1) Reduce maintenance breakdowns to manageable frequency,
so that maintenance system can keep pump in nearly
continuous operation. Spare parts should be few in
number, simple, easily replaceable.

(2) Design should be simple, economical, locally reproducable.

(3) Ease of lifting water may be a key objective.

(4) Minimize expensive, or imported materials.

(5) Discharge appropriate for needs in relation to water
resources available.

...12/
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c) Specific design improvements (mainly for shallow wells)

(1) Increased bearing surfaces (wider, bigger diameter).
One practical tip is that in village use, nearly all
parts move. A drawing may specify some parts as
fixed and others as moving, but usually they all
begin to shake loose sooner or later. Therefore, all
parts of the design should be reinforced as much as
economically practical. Field observations of pumps
under very heavy use will reveal the most critical
stress points requiring maximum reinforcement.

(2) Smoother bearing surfaces (round pins, instead of
threaded bolts).

(3) Harder bearing surfaces (heat treatment).

(4) Lubricated bearing surfaces.

(5) Reduced number of parts. ' <-

(6) Standardized size fasteners.

(7) Stronger structural design to resist breakage.

(8) Reduced weight where possible.

(9) Use of most appropriate materials.

The design improvements needed may depend grdatly upon
whether a shallow or deep v/ell pump is being used.
Experience has shown that a shallow well pump can be made
quite satisfactory by reinforcing bearing surfaces and
other basic, common sense improvements of traditional
models. However, in deep set well pump installations
especially where the water table is particularly deep
(say 100 feet or more), simply strengthening the traditional
models may not be sufficient to prevent excessive breakdov/ns
caused by the severe stresses on bearing points. For these
situations more innovative approaches may be necessary to
find a solution. (UNICEF New Delhi has done just this).

Also design objectives may be different if designing for
micro-irrigation. Each person may use a public pump as little
as five minutes a day. The objective is to have a pump
producing 5-10 gallons per minute and which will need
parts replaced less than once a year. The situation for
a hand operated irrigation pump is quite different. One
or two people may operate a pump continuously for 8-12 hours
a day.

Therefore greater outputs will be required. Ease of pumping
and mechanical leverage will be critical. Replacement of
parts will be less of a problem because the pump is owned
and maintained by the farmer.

"? 13/
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Beware; Beware of new ideas advocated by "experts", but
which have not been thoroughly tested under actual
field conditions-. Field tests almost always
result in rougher, more excessive wear patterns
than laboratory tests. It has been learned that
there is generally no easy instant solution for
handpump problems.

d) Design procedures

(1) Design criteria

(2) Sketch designs

(3) Sample prototypes

(4) Production models

(5) Analysis of production technique^

(6) Field test <

(a) accelerated testing in high density use.areas.

(b) normal testing in typical village site.

(7) Analysis of wear patterns. •

(8) Modified-improved design

(9) Production drawings

(.10) Tolerances

(11) Raw materials specifications

(12) Inspection guidelines. Quality control criteria.

(13) Tender documents

(14) Contract documents (

e) Type of production

(1) Cast iron
(2) Fabricated from steel pipe, standard fittings, etc.

(3) Constructed at site

This decision will depend upon the type of industry in the
towns, the raw materials available, and the skill of craftsmen

14/



at village level. A cast iron or pre-fabricated pump
requires little engineering at the installation sight.
Water pumping devices assembled or constructed in the
/village are able to utilize local skills and materials thus
• economizing on materials. The resulting unit is usually
locally understood and maintainable.

Multipurpose unit versus single design options

It may be necessary to begin a programme with a single
multipurpose design punp which will serve a variety of
purposes, even if not particularly well. As the programme
gains momentum, routine operational problems become reduced,
R & D capacities expanded, it may become possible to branch
out into several design options - each one appropriate
for a single use. For example one pump may be designed
specifically for single family use, another for small
hamlets of say 50-100 people, and another more robust
model for 100-200 people or more.

Also special purpose pumps, such as* for micro-irrigation,
can be designed as the need arises/ Here again there is
scope"for variety. The aim may be to water a small vegetable
garden plot with the household punps, or micro-irrigate
a small field crop of wheat, potatoes, sorghum, etc. with
a special pump designed for that purpose.

15. Imported pumps

a) OLGA may be helpful. But there are other pumps under
development which are not yet in OLGA, particularly shallow
well pumps in Bangladesh and Deep Well Pumps in India
which may be more suitable. HQ may be able to give advice
on the most appropriate model. Martin Beyer and Hans Lotje
should be the best sources of information.

b) If local production is the ultimate project goal and import
is a temporary expedient, then a simple design such as is
being produced in a nearby developing country may be the
most suitable design to begin developing local capacity.

16* Handpump research and development work t Who should do it?

a) International Consultants.- Tend to be expensive, and take
a long time getting from the drawing board to prototype.
Difficulties in communicating complex technical questions
over long distances. May develop solutions which are

* UNICEF GUIDE JKEST (OSU-6400 May 1975, UNICEF HQ, NY)

... 15/
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neither technically, socially or economically appropriate.
(But usually do have highly qualified engineers. Good
for initial studies). •

b) Government Agencies. Ideal to involve government in
developing its own pumps. But often there is insufficient
motivation or technical skill.

c) Local Industry. Usually has technical skill, but lacks
initiative in developing improved, better-cheaper technology.
Existing technology tends to become institutionalized, even
though it may be more expensive, inefficient or both.

d) Beneficiary. For drinking water pumps, technical skills,
motivation and resources are not usually available at
village level. However, farmers in a famine situation often
develop an uncommon ingenuity for developing appropriate
means of getting water to the land. V

e) UN Specialized Agencies. Do not normally purchase large
quantities of final design units, and may have difficulty
getting their ideas into production.

f) UNICEF Office. Normally does not have technical staff to
initiate technical innovations and follow through into
production.

g) OPTIMUM combination for success = purchaser + designer +
manufacturer + beneficiary. That is, successful designs
develop through continuous interaction between the agency
responsible for purchasing the improved design, the designer,
the manufacturer, and user of the pump in the field. It
is sometimes most effective if the designer and purchaser
are one in the same.

Another formula for SUCCESS = 90% perspiration and 10%
inspiration. There does not seem to be any substitute
for people. People willing to wo*»k closely .with local
manufacturers, make frequent visits to field sites, back
to the drawing board, back td the workshops, back to the
field, etc., etc., repeated enough times until an appropriate
design is evolved. There is"-no easy solution to long range
development.

Another way of saying this is that nothing happens automa-
tically. An idea needs to be pushed and proded, revised
and pushed again every step of the way until it actually-
reaches the field and produces results.
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Details of pump design

A, Dimensions

1. Cylinder size. Along with stroke length, determines
the volume of water per stroke. The volume determines
the weight of water lifted per stroke. 2-g", 3" and
3ir" are common pump cylinder diameters.

A rather small increase in cylinder diameter may give
a relatively large increase in discharge, since discharge
per stroke depends on the cross-sectional area, which
increases as the square of the radius.

Combinations of diameters and stroke lengths are listed
below. These discharges are not theoretical, but are
general performance levels from existing designs
operating under field conditions:

f
Cross .;-.

Cylinder sectional Stroke Typical Pump
dia. area length discharge type
2£" 5.0 sq.in 4"-5!I 4 - 5 gpm Pak. G.I.

3" 7.1 sq.in 4"-5!l 4 - 6 » B'desh No.4

3|" 9.6 sq.in' 6"-7" 6 -10 " B'desh No.6

"•"• depends considerably on well.
/stroke length

2. Stroke length. A longer/gives a greater discharge per
stroke for a given cylinder diameter. A given unit of
discharge may be achieved by either a fewer numberoof
longer strokes, or a greater number of shorter strokes.
From the operational point of view, the optimum
configuration will have much to do with the size,
strength and work habits of the users. From the
maintenance point of view, it is thought that a smoother
pumping action results in less wear on the moving parts.

3. Discharge. A combination of cylinder diameter, stroke
length, number of strokes per minute, and number of
cylinders.

Note; The discharge of the pump can not be considered
apart from the design characteristics of the
well. These factors include:-

a) Diameter of filter and rising pipe
b) Slot size and open area of filter
c) Transmissibility of aquifer
d) Development of aquifer
e) Depth to water level
f) Fluctuations of static water level

17/
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5.

Handle length. Determines the mechanical advantage,
which, alongwith cylinder dia., and depth to water
table, determines how hard it is to work the pump.
Generally, the longer the better. The configuration
of the handle also seems to be important in the overall
use of the pump.

Overall size. Depends upon the size of the people :
using the pump, and the type of installation.

Thickness of bearing surfaces. It?" usually recommended
as total breadth of C.I. bearing surfaces around pivot
points.

7. Diameter of pivot pins. 5.1)

B. Materials

1. Cast iron

2. Plastics

3. Mild steel

4. Brass - Bronze

5. Wood
s

C. Assembly

1. Foundry

2. Workshop

3. At site construction )

f

These all relate to the
particular local economy/
technology, and the particular
engineering function which
each is to perform.

Depends upon local technology,
both in towns and at village
level.

D. Security

"You can't pump the pump because the vandal took the
handle".* Security problems vary from place to place,
but are likely to be increased in exposed public places
where there is no responsible caretaker. Lock and key
arrangements can be devised locally.

Stones, pebbles, etc. There seems to be a human impulse
to drop pebbles, etc. down a tube sticking up out of
the ground. A wire mesh barrier placed in the pump
cylinder, or sheet metal cowling over the top may be
solutions. This problem is more critical for deep
set we'll pumps where the cylinder mechanism is down
the hole..

Song by R. Dylan 18/



18. Considerations in site selection

a) Maximizing the number of beneficiaries

b) Responsible caretaker

c) Suitable drainage arrangement

d) Cround not too high to go beyond suction lift (for shallow
pumps).

e) Site not too iow to become flooded.

f) Far enough away from sources of pollution.

™ g) Maximizing possibilities of good ground water. (salt or
iron concentrations may be localized).

f
19. Installation '

a) A good concrete foundation and surrounding platform helps
maintain a sanitary seal and healthy conditions around the
pump, thereby increasing well use.

b) Details of design depend on local use patterns, available
materials and skills.

20. Maintenance options

a) By caretaker: May be possible depending on skills, tools,
spares available in village.

fc b) By local or union boards:: flay be able to manage finances
and coordination, but may have difficulty arranging spares.

c) Centralized agency.

- Advantages : Bulk purchase of spares
- Disadvantages : Cumbersome, inefficient administration,

financial burden on government.

21. Continued development

No design represents the "final" solution. The conscientious
designer will restlessly be agitated by the questions.

Can we do it better ?
Can v/o do it cheaper ?

J

19/
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Nearly always the answer is, "yes". Improved solutions are
developed the same way as original designs : continuous
interaction between designer - user - producer, as well as
a restless look out on the horizon for better/cheaper
materials, techniques, designs.

22. Pump production

a) One supplier or many?

b) Centralized production or regional dispersion?
/
Jhis of course depends on the quantities needed by the programme
against any one supplier's capacity to produce them. Dealing
with one supplier may be preferable at tfrie beginning since
supervision and supply of raw materials and subcomponents is
simpler. However having several producers improves UNICEF's
bargaining position for price, frees programme of dependence
on one source of supply, and helps to institutionalize the
design. Possibly, production could start with a single supplier,
centrally located and grow to include regional points as the
demands of the programme and UNICEF's capacity to manage
contracts increase.

RP/psb
26.5.76
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INTRODUCTION

Adequate supplies of safe water for their daily needs are beyond the

reach of the vast majority of rural population in developing countries. The

World Health Organization estimated that only about 12 percent of the rural

inhabitants in the 90 developing countries surveyed in 1970 have access to

regular water supplies of acceptable quality. Data published in the World

Health Statistics Report (1973) reveals that the situation in the South-East

Asian region is 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 ia indeed a difficult one.

The conventional approach to the solution of many rural water supply

problems consisted in adapting a scaled down version of hardware and tech-

r.ology commonly adopted in the urban situation. In technologically developed

countries which alco had the advantage of a better economy, this adaptation

process did not create any special problems. . However, when Aftq same was

extrapolated to the relatively underdeveloped regions, it was^seen that these

solutions were seldom oucceeoful. 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 disinfection. A recent

study on the Evaluation of the Effectiveness of the Community Water Supplies

in North-east Thailand (FRANKEL, 1973) revealed that 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 personnel for operation and
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maintenance of sophisticated processes end equipment. It is then apparent

, that rural water supply problems as well as any other rural development

program may require an entirely different approach from the urban situation.

'A simple end inexpensive two stags series 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 filter. Since pump repair

facilities are not generally available in most rural areas in this part of

the world, it was believed necessary to look for alternative pumping devices

that are simple 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 mean3 such as gasoline and electricity. The principal ob-

jective of this work was, therefore, to identify and evaluate simple purap-
i

ing techniques that would not be subject to same limitations, as their more

sophisticated and commercially available counterparts. The"design, construc-
«
i

tion and performance evaluation of a simple and inexpensive pumping device

that would be suitable for a rural water supply system serving a small com-

munity was to form the major part of the work. In order to maximize the

benefits from the present research it was also desired to consider other sim-

pie pumping devices with a view to evaluate their suitability to rural a&rvice

under different conditions. This latter aspect was accorded only secondary

importance in this study consistent with available resources for the work.

The following sections briefly.report on the early part of this

investigation.
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';.;..•• ;.••.... CRITERIA FOR SELECTION OF PUI-Q? TYPES FCR TKE STUDY

A water treatment system plagued with frequent breakdowns is as rcuch

of a threat to public health as no treatment at all. It has been reported

that the most common cause of breakdown of small water supply systems ia

pump failure (WAGNERand LANOIX, 1959). Most community water supply systems

currently operating in the rural ereas 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.

Such specialized Gkills are, however, not readily available in most rural

areas in the region. It, therefore, becomes necessary, when pump failures •

occur, to take the units to the nearest town where repair facilities are

usually located. Experience indicates that quite often this entails total

disruption of water supply extending over several days or even weeks. Provi-

sion of stand-by pumps is beyond the financial resources of most villages

since these pumps, being mostly imported!items, are rather expensive. In

order to minimize disruption of water supply due to pump fai*Lqi}e it appeared

that the pump should be simple enough so that repairs could bq 'carried out

by the villagers themselves at the point of use.

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 rural water service is well recognized.

A major retarding factor is, however, the scarcity of available funds for

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 a

capital expenditure of about $2.8 billion (THANH, 1974). In view of the
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"'.\":':'. lituited availability of finance it is not unreasonable to conclude that

;•'.:• , more emphasis should ba placed on developing inexpensive syeteca. A prag-

' • ' matic approach vould be to encourage incorporation, of locally made compo-

nents to the maximum extent possible. To be practicable at the village level

this would necessitate simplicity of design and construction, even at the

expense of efficiency, and the use of locally available materials. In so far

as the objective is to provide an acceptable service with available resources

to the maximum number of people rather than to bring high quality service to

/

/ a necessarily smaller number, such an approach would seem to represent a via-

.- ' ! ble solution to the rural water supply problems in the South-east Asian region.

Many rural areas, even in the less developed parts of Asia, are, today,

endowed with a supply of electricity and/or gasoline 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 suoh as water

lifting might, from this point of view, seem rather out of date.- VJhen one

recognizes the fact that the hardware using electric or gasoline power as
energy source necessarily consists of sophisticated components*too complex

• • : 1 '

for production and maintenance locally, it is seen that this is not the case.
*> * • • . :

• At present considerable interest is evident in the development and exploita-
| ; tion of naturally available energy in wind power, solar radiation etc.
i'.•": .'% • t »

i. • .'•' Because of the limited availability of funds needed for such work of a more

i fundamental nature, and a desire to expedite the availability of the results

I- • ' .
I - from this study, attention was concentrated in the search for a manually

•• • operable device. A supply of human labor can generally be relied upon in

! • ' • • . ' • ' ; • •

| • .'. • most area3 of South-east Asia, where-mass unemployment is a major problem.
j ' '
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Apart frca the above criteria, dictated priir.arily by tha technological

and economic limitations of the rural areas, the purap selection process i3

also influenced by the specific requirement of the contemplated service to

which it is to be put. The primary source of water in the South-east Asian

region is surface water requiring some form of treatment. The water supply

system can, therefore, be expected to incorporate a central treatment facili-

ty. Such indeed is the case in many of the existing systems. The service

required of the pump is, then, to raise the water from the surface source to

the inlet to the treatment unit. The volumetric capacity and lift of the

pump should be ouch as to be suitable for this duty.

>•.J

.
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SELECTION AXD PRELIMINARY DESIGN OF" A KAisUAL FJKP FCH RUKAL CClS-rJlSlTY WATER

SUPPLY

Having decided upon the essential attributes of the desired pumping

device, a search was initiated to find a suitable pump that would best satis-

fy these constraints. Available information on the various types of pumping

devices conmonly recommended for rural water supply systems was collected.

Pertinent characteristics of the different pumping devices were reviewed

with a view to evaluate their conformance to the selection criteria. Table 1

presents a summary of the main characteristics and assessment of the more

common varieties of surface-type pumps used in rural water supply systems.

Rural water supplies csn be classified into two broad categories:

(1) centralized systems which usually incorporates a water treatment faci-

lity located in areas where the natural supplies are not safe f6r direct

consumption. A distribution oystem may or may not be available; (2) where .

i

individual users draw their own supplies from the eource fotf direct consump-

tion without treatment. - .ir

At many locations in Thailand and other parts of South-east Asia, the

most readily available natural supplies of v?ater are from surface sources

and these waters usually require treatment to remove turbidity and harmful

microorganisms. This would seem to require a central facility and therefore

the pumping device to be selected should be suitable for incorporation in

such systems. Of the commonly available types of pumps only the electri- .

cally or gasoline driven pumps with their relatively large capacities seemed

to be suitable for such services. The hand-pumps, chain pumps and other va-

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
^ type

Charac-
teris tics

CONSTANT DISPLACEMENT

Hand Pumps
Plunger Type

Wind, Motor Dri-
ven Plunger Type

Chain or Con-
tinuous Bucket

Rotary Pumps

VELOCITY"

Centrifugal Action

Efficiency
range

Operation

Maintenance

Capacity
lit'ers/inin

Head, meters

Power source

Cost

Advantages

Disadvantages

Low: 257,-607.

Very simple

Simple, but valves
and plunger require
attention

10-50

Low

Manual

Low

Low speed; easily
understood by un-
skilled pecplej.
low cost

Low efficiency;
limited capacities
and heads

: 25%-607.

Simple

Same as hand pump;
Maintenance of Mo-
tor difficult in
rural areas

40-100

Up to about 60
meters

Wind or motor

Low

Low cost; simple;
to'J 'speed

Low efficiency;
maintenance of
motor difficult
in rural areas

Low

Very simple

Simple

"Good"

Relatively simple

Relatively easy,
but requires re-
gular attention

15-70

Low

Hand, animal,
wind, motor

Moderate

Simple; easy
to operate and
maintain

Low efficiency;
limited use

Up to 80 meters

Manual, wind,
motor

Moderate

Reliable service
life, relatively
easy to operate
and maintenance

Moderately high
cost

507.-857,

Relatively simple

Requires skilled
attention

25-10,000

Wide ranje

Combustion engine,
electric motor

Moderate t.o high

Reliable service
life; vide rar^e
of capacities and
heads

Unsuitable for
manual or animal
operation; high
coot; difficult
maintenance
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-.•water frcn: oource to individual users.

When the rural water supply literature failed to yield a suitable wa-

ter lifting device fulfilling the criteria outlined in the previous section,

the search was widened to the field of irrigation. A large number of de-

vices widely used in various parts of the world were reviewed but none of
0..

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 (IRRI), Philippines. Being intented for

irrigation use the pump apparently could deliver water at rates required in

a conraunity water supply system. The pump in the original design consisted

basically of two canvas bellows reinforced with metal inserts, and a dis-

charge box. When operated by one man it could lift 180-240 liters of water

through 1 to 2 meters (KHAN/1 1975). The basic configuration of fthe IRRI

pump was selected for further development in order to design a pump for sim-
1 . .

pie rural community water supply systems. - \- t

•**Yi

Even prior to adapting the IRRI foot-pump, a bellow type -jibvice driven

by a bicycle-pedalling mechanism had been conceived and tested'. Unfortu-

nately, the collapsible rubber bellow which constituted the pumping element

could not stand up to the pressures developed within during the pumping cycle

for significant lengths of operation. In the IRRI basic design, this funda-

mental defect of a bellow ha3 hopefully been corrected by use of a metal-

reinforced canvas bellow which, according to the original designers yielded

a rugged design with a long life.
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Pn?.'i.inylT:3.vry Design of !'-:m:al Pedal runp for Rural. Conmu.nlty l?atar Sv.pply

: The original IRRI'pump was designed in ouch a way that the pur.p body

needed to be partially submerged during operation. This feature wa3 consi-

dered undesirable for the service contemplated in the present study and there-

9 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 substi-

tuted for the original inlet valves in the bellows. Figure 1 illustrates

a schematic of the pump configuration adapted for the present work. The ba-

sic pumping element consists of two canvas bellows reinforced with metal

plates. The suction lines deliver water to the bellows. The bellows dis-

charge into the di3charge-box which is connected to the rising pipe. The

bellows are supported at the bottom by a base plate which is fixed to a wooden

frame. The box plate and the discharge-box could be made of metal plates,

but cheet metal was desired as the construction material for th.6 firstMnodel.

?uinp sizing in the preliminary design was based on certain.assumptions:"

It was reasoned that the most likely use of the pump wo'uxd be for

village systems serving a population of up to 1,000. This does not, howevers

pi*eclude use of the pump at least as a stand-by unit in larger systems to

guard against possible disruption in service due to failure of the regular

pump. If it is supposed that the per-capita daily consumption of water ex-

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 atrokes

per minute the pump should deliver approximately 7 liters per stroke. The

volumetric capacity or displacement volume of each bellow then works out to

be about 3.5 liters. The sizing of the pump was done to satisfy thi3 require-

ment. •
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Fig. 1 - Manually Operated Foot Puap for Rural
Conmunity Water Supply ' 4 *
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On the basis of existing water treatment systems of the two-stage fil-

tration type it seemed reasonable to expect that the pumps would be expected

to raise the water from the source through a head of about 5 to 7 meters.

Assuming this lift the theoretical power requirement was about 0.1 to 0.15

. HP. The actual requirement would be higher depending on the efficiency of

the pump. Little reliable data was available on the rate of energy transfer

possible through human labour. A range of possible values found in the li-

terature is from 0.1 to 0.4 HP (VITA, 1973). It would then seem that one or

;two persons operating the pump could probably deliver the required volume

7 through the 5 to 7 meter lift. The pump can indeed be worked by one or two
i

persons. In the design of the preliminary prototype model it was assumed

that two persons would be operating the pump simultaneously.

U'
'-• i.

t

' ti
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.:.'.;,Tii3 TESTING PROCEDURE

Pump testing in standard pump practice is carried out to determine the

head-discharge relationship and the energy efficiency-discharge relationship

•which in turn can be used to define the optimal operating range for the pump.

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 devices

it is to be expected that the volumetric discharge is directly related to

the cpeed of operation or number of strokes per unit time rather than to the
i

head. Assuming that the rate at which energy can be expended by a human be-

ing for sustained lengths of time to be more or Iec3 constant under standard

conditions, variation in the number of strokes per unit time is to be ex-

pected for operation at different heads. In the experimental stage both

variation in the frequency of pumping strokes and the discharge, will be

studied for different pumping heads. For'a given head the di,s<jharge as a

function of hours of pumping will also be determined so as to T>h>tain reliable

data to estimate optimal pumping hours for the operator. A H experimental

runs are to be replicated by having several persons to operate th'e pump so

that the results will represent average values to be expected in field use

rather than an individual operator1s performance. Despite these precau-

tions the results, nevertheless, will^remain to a certain extent qualitative.
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' • ADDITIONAL STUDY: INERTIA ?UK?

• •••'" In addition to the foot-cpersted bellow pump, the study will also in-

clude investigations on the performance of a proposed modification of the

simple inertia hand pump. The inertia purap (DAWSON, 1969, VITA, 1973) is

"an extremely simple device for lifting water from upto 3 or 4 meter depth.

The proposed modification is with a view to recovering part of the energy

that would otherwise be lost during the downward stroke of tha pump. The

pu=ip configuration under consideration is shown in Figure 2. Tha flywheel

is to be driven by a bicycle type drive.

t •

at* ,' .t



Bicycle-type

, <E
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cp body

Fig. 2 - Modified Inerti.a Pump with Flywheel and
a Bicycle-Type Drive
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THE FIELD TESTING OF HAND-OPERATED
WATER PUMPS

by

Phillip W. Potts

Introduction

i

Estimates of inoperable water pumps in developing countries range anywhere

from 50,000 to over 1,000,000 pumps, depending en the source of information*

These pumps are poorly designed, poorly manufactured, poorly tested and poorly

maintained, depriving the citizens of these countries of necessary potable

water. As a result, much of the population suffers from the effects of intesti-

nal parasites, mortality data revealing that enteric and other diarrheal diseases

are among the leading causes of death in rural Latin America, Asia and Africa

(with children suffering the most).

The impact of creating a more sanitary environment, however, extends

beyond the reduction of gastrointestinal disease. The nutritional status of

the population is also affected. As with infectious diseases, enteric and other

diarrheal diseases drain the body's resources and create a need for increased

caloric intake. The body cannot meet this need on the usual available diet,

therefore, malnutrition results.

Because of the lack of sufficient potable water in many countries of the

world, Georgia Tech has applied an established, proven methodology in Costa

Rica and Nicaragua that stimulates small-scale industry, generates employment

reduces the need for foreign exchange payments, upgrades local labor skills,

educates rural villagers to proper sanitary habits, and provides installed,

working, appropriate hardware(hand-operated water pumps) that eases serious

water shortages.

The overall objective of such a program as just described is to improve

the health of rural citizens by providing clean, safe water. However, the

importance of the role of local manufacturing in stimulating small-scale indus-

try and generating employment must also be emphasized. The program, more

specifically, consists of the manufacture of water pumps, designed by the

Agency for International Development (AID) through a contract with the Battelle
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Memorial Institute (Columbus, Ohio), the purchase of locally available competitive

pumps, installation of the pumps in rural villages, and evaluation of the field

performance of the pumps over a one-year period.

The AID water pump was designed to contain many features (low production

costs, long life under severe conditions, easy to maintain with simple tools and

unskilled labor, suitable for shallow- or deep-well installations with only minor

changes, capable of being manufactured by established firms within developing

countries with a minimum of capital investment, easily operated by small people,

and design features which discourage pilfering and vandalism). The attractive-

ness of local manufacturing has been noticeably an appealing feature because of

the obvious economic benefits as well as the more readily available supply of '

spare parts. Also, a great .deal of personal and national pride has been exhib-

itedby substituting "manufactured in Nicaragua" or "manufactured in Costa Rica"

pumps for those traditionally imported from Japan, Brazil, Canada, Germany, the

United States, etc.

Costa Rica

Costa Rica was chosen as a test country for the AID pump because of a

sizable well and hand-pump loan that had been made to that country by AID and

because of the country's need for an expanded water-pump program. Provisions

of the loan specifically included installation of water pumps on a large-scale

basis, and it was felt that assistance in such areas as pump selection, instal-

lation techniques, and pump maintenance, as a part of the field-test program,

would greatly benefit the government of Costa Rica. Costa Rican Ministry of

Health and AID officials also strongly felt that a locally manufactured hand

pump had many advantages that should be included in the Costa Rican loan program.

One aspect of this project that has been obvious from the beginning is that,

even though Costa Rica is a developing country, it is much more developed than

Nicaragua, and this shows up in the availability of rural community water supplies

for the two countries. For instance, based on recent surveys, representative

test sites chosen for this project show an average daily usage by approximately

60 persons in Costa Rica and 170 persons in Nicaragua. In Costa Rica, most com-

munities of 250 inhabitants or more have some form of piped water system, while

in Nicaragua, the size of the community will usually exceed 2,000 inhabitants

before piped water is found. In Costa Rica, most communities will have at least

one well with a pump, if not piped water, and in Nicaragua, springs, rivers,



and open, dug wells are the common sources of water. Costa Rica has a greater

degree of electrification in rural areas, allowing the installation of motorized

pumping systems that are not possible in many areas of Nicaragua. Further, the

Ministry of Health in Costa Rica has had a limited hand-pump program for some

15 years, while Nicaragua is just now in the beginning stages of such a program.

This does not mean that Costa Rica is without a need for improvement in its

potable water delivery system. The Ministry of Health, for instance, has

estimated that as many as 47,000 hand-operated water pumps are needed to provide

a suitable water supply to the country's rural citizens. Further, many existing

water pumps are inoperable because of a lack of maintenance and, where there are

functioning pumps, most of the well structures are poorly designed and completely

ineffective in sealing out contamination. There is also a great need for a

proper governmental organization infrastructure that does not now exist to carry

out an effective rural water supply program.

Active work began in Costa Rica in January 1977, when AID/Washington and

Georgia Tech jointly agreed that Costa Rica and Nicaragua should be the test

countries for the program described herein. A machine shop, subcontracting to

a local foundry for iron castings, was contracted with for the manufacture of

20 AID pumps, which were then produced and delivered to a Ministry of Health

warehouse for installation. Two different kinds of pumps were chosen with which

to compare the AID pump: a U.S.-manufactured Dempster and a Japanese-manufactured

"Lucky" pump. Thirty-one sites, representative of Costa Rica, were chosen to

receive the test pumps (16 AID pumps and 15 competitive pumps), most of which

already had installed pumps varying in condition from broken to fully operational.

Wells were randomly tested by chemical and bacteriological analyses prior

to test-pump installation and found to contain large numbers of intestinal bac-

teria, indicating that contamination was not being sealed off from the water.

The pumps were installed by the Ministry of Health, the wells were disinfected

with a chlorine-yielding compound, and attempts were made to seal off the contam-

ination sources. However, subsequent bacteriological testing has shown no

improvement in the quality of the water due to poor design and construction of

the upper well structures by the rural villagers and Ministry of Health person-

nel — a matter that has caused great concern within the Ministry of Health.

As a result, internal organizational changes have been made and technicians and

engineers are now being hired in an attempt to alleviate the situation.



Monitoring of pump performance has been carried out by responsible indivi-

duals in each test community with simple, printed report forms (see Form 1).

designed to provide information covering community usage, pump physical condi-

tion, and functioning problems, if any. These forms are filled out and returned

to Ministry of Health representatives every 15 days. If the returned forms

show complaints of any type concerning pump functioning or condition, a repair

truck is dispatched to the site for investigation and repair of the defect.

Should a serious pump failure occur that cannot be corrected readily by Ministry

personnel, the Ministry has been instructed to request, by telephone, immediate

assistance from Georgia Tech or the Central American Research Institute for

Industry (a counterpart organization of Georgia Tech that is a subcontractor

for the program in Costa Rica and Nicaragua).

Copies of all report forms, as well as a record of any repair work done

on either AID or competitive pumps, are maintained at the Ministry of Health.

This information is reviewed periodically by Central American Research Institute

for Industry personnel for inclusion in pump performance control charts. In

addition to the above, a site-by-site inspection of all pumps has been made

approximately every 60 days by Georgia Tech and/or Central American Research

Institute for Industry personnel.

Pump Performance

To date, the functional performance and acceptance of the Costa Rican-

manufactured AID pump has been satisfactory, but there have been casting

defects encountered which have caused the replacement of handles, shallow-well

caps and plungers (pistons). In all cases, these failures have been caused by

a lack of quality control at the foundry, which is not possible without labora-

tory facilities for testing the cast iron. The foundry used for the manufacture

of the AID pumps in Costa Rica was representative of what might be found in many

developing countries, but was not considered by project personnel to be the best

in Costa Rica. Better foundries were available; however, these foundries were

not interested in initial small orders even though the potential for much larger

orders existed for the future.

Leather cups have shown considerable wear in AID shallow-well pumps

manufactured with metal cylinders and coated with epoxy. The cups appear to

wear out for two reasons: first, the walls of the cylinders, even when the



Form 1

Bimonthly Inspection Report
of Water Pumps

Location:

Water pump number:

Date of inspection:

Name of inspector:

1. PHYSICAL CONDITION

Indicate the condition of the following water pump parts.

GOOD CONDITION WORN-OUT

Handle:

Plunger Rod:

Pins:

Nuts and bolts:

Pump stand:

BROKEN

2. PERFORMANCE

Indicate if there were a fault in the water pump

in the last 2 weeks. Yes No

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

Indicate if there have been complaints about the performance of the water
pump.

Yes No

If there were, describe it.

-24-



Form 1(continued)

3. USAGE

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-



epoxy coating is applied, are too rough and, second, the diameter of the metal

base of the plunger where the leather cup sits was made too small (causing the

leather cup to catch between the cylinder wall and the plunger, literally tear-

ing the cup apart). The roughness of the cylinder disappears as the cups hone

down the cylinder and corrects itself after several cups have been worn out.

If two or three changes of the cups in the early in the early life of the pump

are not acceptable, then the cylinder must have a PVC sleeve or be mechanically

honed down during its manufacture — an operation that may not be available in

some developing countries. The smallness of the diameter of the plunger's metal

base has been corrected by manufacturing units that are exact size or slightly

on the plus side of specifications (in other words, closer quality control).

PVC cylinders for the AID deep-well pumps have performed exceptionally

well, and there have been no leather cups changed in this type of cylinder

(which seems to indicate that PVC or honed-down metal cylinders should be used

for future pumps). There have been no_ significant problems with the U.S.-

manufactured Dempster or the Japanese-manufactured "Lucky" pumps to date.

In order to determine further the durability of the different test pumps,

attempts have been made to correlate the effects of different well depths and

the number of people using the wells with the amount of total stress exerted

on the test pumps. It is logical to assume that the greater the depth of the

well and the greater the number of people using the pump, the greater the

pump is stressed in pumping water over a given period of time.

Under normal operating conditions, a pump is never uniformly stressed,

that is, the force per unit area varies throughout the structure of the pump.

Due to the difficulty in calculating total stress for the entire pump, both

theoretical and actual work (in foot-pounds force) was determined on the

delivery system of the pump (the amount of work required to lift one pound of

water one foot in height). Even though theoretical work and actual work are

both directly proportional to stress, theoretical work increased with increas-

ing well depth, while actual on-site work measurements randomly varied with

depth (see Table i).

No correlation could be made between depth and work. These data indicate

that friction plays a dramatic role in the amount of work required to pump

water. If a water pump is kept in a well-lubricated state, has a smooth cylin-

der, has a cup that fits snugly but not too tightly inside the cylinder, and



Table f

WORK EXERTED ON FIELD-TEST PUMPS (COSTA RICA)
AS A FUNCTION OF WELL DEPTH (IN FOOT POUNDS)

Depth
(m)

3.20
3.25
3.85
4.10
4.20
4.50
4.90
6.10
6.30
7.61
9.60

10.00
10.35
10.50
10.80
11.55
11.70

y

Site
No.

10
31
11
23
13
8
22
7
17
18
29
28
5
19
6
1
2

Actual Work^
(ft-lb^) 1

39
54
23
13
11
70
30
52
58
21
39
49
38
46
38
42
58

Calculations for Actual

Theoretical
Work!/ (ft-lbf)

6
6
7
7
7
8
8
10
10
12
15
16
16
17
17
18
18

Work. Actual

Actual Work/
Theoretical Work

6.5
9.0
3.3
1.9
1.6
8.8
3.8
5.2
5.8
1.8
2.6
3.1
2.4
2.7
2.2
2.3
3.2

Type
of

Pump

AID-SW
AID-SW
Lucky
Lucky
AID-SW
AID-SW
Lucky
AID-SW
Lucky
AID-DW
Dempster
AID-DW
Dempster
AID-DW
Dempster
AID-DW
AID-DW

work figures were ascertained,
on-site, by measurement with a heavy-duty spring scale of the force required
to lift water from each individual well. The force was then multiplied by the
length from the plunger rod to the fulcrum point to determine the required
work figures.

2/ Calculations for Theoretical Work. When calculations are made to find
the amount of theoretical work on a hand pump lifting water, the theoretical
force must be found. This is done by first calculating the total number of
cubic feet of water from the pump to the water level. The equation used is the
following:

2 - (r) 2 - (r)

where

V
R
H

= Total Volume (ft.3)
= Radius of drop pipe (ft.)
= Depth of the well to the water level minus the height of the

water inside the pump assembly (ft.)
= Radius of the plunger rod (ft.)
- Radius of the pipe inside the pump assembly (ft.)
= Height of the water inside the pump assembly (ft.)

-29-



Table I(continued)

When V is determined, it is converted into pounds of water, assuming that
one pound of water is equal to 1.603 x 10"2 cubic feet. The total number of
pounds of water is then added to the weight of the plunger rod and the plunger
assembly. The total amount of force is the result. If this force is multi-
plied by the length from the plunger rod to the fulcrum point, total theo-
retical work is ascertained. For example, at Bristol (Site No. 10) in Costa
Rica, the variables are as follows:

R
H
r
rl
h
V
V
V

= 0.625/12 ft.
= (10.50 - 1.00) ft.
= 0.250/12 ft.
= 1.50/12 ft.
= 1 ft.
= TT (9.5)Qj0.625/12) 2 -
= 0.06801 + 0.04772
= 0.11573 ft.3

(0.250/12) + v (l)Q(l.50/12) 2 - (0.250/12)

Therefore, the total number of pounds of water is:

1 lb./1.603 x 10"2ft.3 = x/0.11573ft.3
x = (1 lb.) (0.11573ft.3)/(l.603 x 10"2ft.3)
x =7.22 lbs. of water

The total weight of the plunger rod and plunger assembly in this example is
6.75 pounds. The total force is then found to be 13.97 pounds (7.22 plus
6.75). With the distance from the plunger rod to the fulcrum point being
5/12 feet the total theoretical work is 5.82 ft.lbf (5/12 times 13.97 lbf).

/trf



has no surfaces that grind against each other, the amount of actual work

required to produce water will approach the theoretical work figure. If any

of the above conditions are not met (which is almost always the case), the

friction factor increases drastically and, as seen in Table $, a pump operat-

ing from a depth of 4.5 meters (Site No. 8) can require 1.2 times as much work

as a pump bringing up water from a well 2.2 times as deep (Site No. 2). Mea-

surements will continue to be taken during the remaining monitoring period of

this field-testing program to further analyze the relationship between stress

on a water pump and the depth of the well.

At present, usage has not been included in the calculations in Table

I, since accurate water consumption per person per day in unknown. However,

water meters have been installed on pumps at selected, representative sites

in Costa Rica. After a period of four to six months, these meters will be

removed and their data recorded. From this, and other daily, short-period

data, the total work exerted on each individual pump over a fixed period of

time will be examined.

Nicaragua

Nicaragua was also chosen as a test country because of a rural water supply

and hand-pump program loan by AID to that country involving the installation of

hand-operated water pumps. The loan provisions included potable water systems

that will construct 300-340 wells by the end of 1979, which the AID/Georgia

Tech program has complemented by providing technical assistance in pump selec-

tion, installation techniques, and pump maintenance, and which has enabled the

Ministry of Health in Nicaragua to take advantage of locally manufactured hand

pumps that can be produced at a cost lower then commercially available pumps^

increases spare parts availability, contributes to a positive balance of trade,

and stimulates local employment.

As in Costa Rica, program activities began in Nicaragua in January 1977.

A local foundry was chosen to manufacture 20 AID pumps which were produced and

delivered to a Ministry of Health warehouse for storage and installation. Two

kinds of locally available pumps were chosen to compare the AID pump with: the

U.S.-manufactured Dempster and a Brazilian "Marumby" pump. A pump developed

by the International Development Research Centre (IDRC) of Ottawa, Canada, was

also used for comparison. Thirty sites, representative of Nicaragua, were



approved to receive the test pumps (15 AID pumps and 15 competitive pumps), and

all of the sites required extensive preparatory work before pumps could be

installed. Pumps were installed by a Ministry of Health installation team, and

the wells were disinfected with a chlorine-yielding substance. As in Costa

Rica, the sites had chemical and bacteriological testing prior to installation

of test pumps and showed large concentrations of intestinal bacteria, requir-

ing further testing to determine if the contamination is being sealed out by

the addition of a closed well and the use of a hand pump for lifting the water.

As mentioned earlier, monitoring of pump performance in Costa Rica has

been carried out by designated, responsible individuals (usually school direc-

tors or teachers) in each test community where they have been provided simple,

printed report forms designed to provide information covering community usage,

pump physical condition, and functioning problems, if any. These forms are

filled out every 15 days and mailed to an AID engineer in San Jose for analysis,

who then reproduces them and turns the copies over to Ministry of Health repre-

sentatives. If any of the returned forms indicate that repairs are necessary,

a maintenance team is dispatched to correct the problem.

The monitoring system in Nicaragua is similar to that in Costa Rica,

except that all pumps are inspected every 15 days by Ministry of Health engineers

who are permanently stationed in the field and are responsible for the comple-

tion of the report forms as well as initiating any necessary repairs. Information

included in the report forms is reviewed periodically by Central American

Research Institute for Industry personnel and recorded on pump performance charts.

All Nicaraguan test sites have been inspected at two-month intervals by Georgia

Tech and/or Central American Research Institute for Industry, also.

Two major problems with the AID pump/jbecame apparent when installation of

the pumps began. The most critical problem was that the deep-well cap's weakest

point was where maximum stress was being applied by the handle fulcrum upon the

pivot arm of the cap, causing the pivot arm to break off from the cap. This

problem caused very close to a 100% pump failure and was partly the fault of

the design and partly the fault of the manufacturer. S©c©wse=«fetise^2naeBfaad

^asmt^f^Buiiii^i^^u^Camt^LMi^^tmmt aotwe6vgBa-ti^ i m •• Tiw<imn»re?
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alleviate the entire problem, the pump cap was redesigned

put into production at the manufacturer's foundry, installed on the pumps in

the field, and has presented no additional problems.

The second major problem encountered with the AID pump in Nicaragua ,

evolved when the manufacturer could not find 3-inch (inside diameter) PVC pipe

for the deep-well cylinders. As a result, the manufacturer used 3-inch (out-

side diameter) PVC pipe and expanded it, by heating, to a 3-inch inside

diameter. Quality control for such an approach was most difficult, and the

results were unacceptable. While several of these PVC cylinders were installed

in the field, it was decided that metal cylinders, coated internally with

epoxy, would have to be used until the correct size PVC could be made available

locally or imported from another country.

Excessive wearing of leather cups has also presented problems for the AID

pump in Nicaragua. Battelle drawings specify a 3-inch diameter leather cup for

a 3-inch cylinder, which would be satisfactory if leather did not expand when

wet. To allow for expansion, the dry cups should have been made approximately

1/16-inch diameter undersized. A replacement order for the original oversized

cups was filled by the pump manufacturer, and the wearing of these new cups has

been considerably less due to the use of a blanking tool that improves the

quality controls of the manufacturer. The blanking tool has proven to be very

beneficial and is being modified to resemble a method suggested by Dr. Eugene

McJunkin, in a recent publication:

For "mass production," wooden forms can be used. To make the forms,
use wooden boards about 3/4-inch (approx. 19mm) in thickness, having
holes of the same diameter as the pump cylinders, and nailed to a
stiff backboard. Cylindrical blocks, 3/8-inch (approx. 9.54mm) less
in diameter, are bolted concentrically within the circular openings.
The bolts should be long enough so that . . . wet and pliable lea-
ther, laid over the holes, can be drawn down by the bolts and blocks,
forcing the leathers into position . . . let dry, remove and trim



the wrinkled edge with a sharp knif (including the center hole),
soak for 12 hours in an edible oil (preferably neat's-foot), wax,
and lightly apply graphite grease to the wearing surface.1/

The Brazilian "Marumby" pump is beginning to have problems. The weakest

point of the pump appears to be where the handle and the pump cap are con-

nected. In three of the five pumps being tested, the pump cap has had to be,

or needs to be, replaced due to breakage at this point. Spare parts are also

difficult to find for this pump, and the local distributor does not carry a

large inventory of extra pumps for replacement purposes — a factor that

enhances the argument for locally manufacturing pumps so that spare parts can

be made readily available.

The Dempster pumps in Nicaragua, as in Costa Rica, have had no major

problems. The IDRC pump has performed well but has had some difficulty with

its foot valve sticking in the open position (allowing the pump to lose its

prime).

Attempts also have been made in Nicaragua to correlate the effects of

different well depths and the number of people using the wells with the amount

of total stress exerted on the pumps• Because of the tremendous role friction

obviously plays on the performance of the pumps (all types) and the many vary-

ing factors that change the amount of friction on an almost daily basis, no

correlation could be made between the durability of the pump and the depth of

the wells (see Table §0 . Water meters also have been installed at representa-

tive sites in Nicaragua to study the effects of usage of the pumps and their

respective maintenance requirements.

—' F. Eugene McJunkin, Handpumps for Use in Drinking Water Supplies in
Developing Countries, (The Hague, the Netherlands: International Reference
Center for Community Water Supply, 1977), p. 136.



Table jSL

WORK EXERTED ON FIELD-TEST PUMPS (NICARAGUA)
AS A FUNCTION OF WELL DEPTH (IN FOOT POUNDS)

Depth
(m)

3.50

3.75

5.85

5.95

9.46

10.16

10.42

17.60

18.75

Site
No.

28

14

2

29

22

21

4

23

9

Actual Work
(ft-lbf)

8

12

10

24

64

34

77

38

150

Theoretical
Work (ft-lbf)

6

7

10

10

15

16

17

27

29

Actual Work/
Theoretical Work

1.3

1.7

1.0

2.4

4.3

2.1

4.5

1.4

5.2

Type of
Pump

AID-SW

AID-SW

Marumby

AID-SW

AID-DW

AID-DW

Dempster

AID-DW

Dempster

Note: While the above data have been gathered from only nine of the thirty
sites in Nicaragua, it is felt that the measurements are representa-
tive of all sites. In the next several months all sites will be
examined and analyzed, however.

Conclusion

There are obvious indications at the present time that most definitely

encourage further manufacture, installation, and use of the AID pump. The AID

pump can be manufactured in a developing country at a competitive, profitable

price and at an acceptable level of quality if adequate facilities (foundries,

pattern makers, machine shops and skilled machinists, raw materials, etc.) are

available; however, the availability of adequate foundry facilities with accept-

able pump prices and quality controls are matters that must be determined for

each individual developing country. Public acceptance by rural villagers has

been good, both from an aesthetic standpoint and from a standpoint of the pump

being used easily by men, women, and children. Further, the AID pump should

have a positive impact in developing countries on the health of rural people,

on employment generation, on a positive balance of trade, and on instilling

national pride within the people when it is seen that these countries do have

local capabilities for manufacturing a relatively complicated product rather than

importing it.



As indicated above, the AID pump i^ adaptable to local manufacture in

developing countries if adequate facilities are available. While numerous

manufacturing problems have been encountered in both Costa Rica and Nicaragua,

the majority of these problems are problems that are to be expected when a

product such as the AID pump is introduced into production for the first time.

As subsequent orders are processed through the manufacturer's plant and as

personnel become more familiar with the pump itself, quality control should be

refined to the point where the orders are considered to be normal production.

A slide presentation now follows which shows much more vividly than words

the program just described. Please note that village labor was used for the

preparation of all upper well structures with technical assistance from engi-

neers representing Georgia Tech, the Central American Research Institute for

Industry, and local Ministries of Health.
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The view and interpretations in this report are those of the

authors. It does not necessarily represent the decisions or stated

policy of either the Government of Thailand or United Nations

Children's Fund*



The handpurnp evaluation and testing in Thailand for the

improvement of handpump design was undertaken by Office of Accelerated

Rural Development (API)) financially assisted UITICEP. The study had been

conducted from June 1977 "to September 197S» of which the final report

(is now being documented. This paper is an interira report to support

/

• the International workshop on handpump evaluation and testing and will

be attached to the final report as the introductory and conclusion,

2 Background

The provision of clean water for rural areas in Thailand v/as

initiated in 19^4* The cabinet appointed the executive committee

in 1965 with members represented frorr. various departments. The target

v/as to complete the supply of clean water to local inhabitants in

50,000 villages with several strategies as follows:-

a) Shallow dug wells and jet wells equipped with handpumps

b) Small diameter wells equipped with handpumps.

c) Deep wells equipped with handpumps,

d) Piped water supply. " *

e) Rainwater collection tanks.

f) Standard ponds.

g) Improvement of existing ponds,

h) Dykes and Reservoirs,



- 2 -

The first phase target was to complete providing clean water

to local inhabitants in 20,000 villages within 6 years, from 1965 to

1970j which was the same year as the second National Economic and

Social Development Plan ended. The target of the second phase which

was added to the Third National Economic and Social Development plan

was to provide clean water to the other 20,000 villages during

1971 - 1976. At the end of the Third Plan, the National Economic

and Social Development Board had requested the National Institute

for Development Administration (KIDA) to carry ovit the evaluation.

It was found that only 9*3 per cent of rural population had water

which is considered clean. There are many problems which obstruct

the achievement, one of them is the failure of HANDPUMPS.

At the national level, the responsibility for providing clean

water is shared by several agencies as follows:-

a) Department of Local Administration

This Department provides clean water to small communities

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 the end of 1977» a number

of 32f410 shallow dug wells and jet wells had been constructed.

Of these numbers, 5»#20 handpumps had been installed. The survey
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conducted by WIDA $>n the Northeastern region indicated that 34»7

per cent of handpumps were inoperative during the investigation*

"b) Department of Mineral Resour-ces

The Groundwater Division of this department provides clean

water through deep wells. The depth of the wells varies from 100

feet to 350 feet, while the average depth of the well is 1̂ 5 feet.

At the and of 1977, this Department has drilled 7793 deep wello

all over the country. Of these numbers, 92.3 per cent of the wells

were equipped with handpur.ips while the rest was equipped with mot or pump.

NIDA reported that 18.6 per cent of the handpunips installed by this

Department was out of operation during the survey undertaken in the

Northeastern region. Under the present plan, its target is to

construct 720 deep wells annually.

c) Office of Accelerated Rural Development (ARP)

This Office was established to help develop the under-eewcrd

areas which is now covering, 53 provinces. The main task is to

'construct rural roads and provision of clean water in the underserved

areas through construction of deep wells, shallow wells and standard

ponds as well as improving of existing ponds* At the end of 1977

a number of 2,37^ deep wells and 1,891 shallow wells equipped with

handpunips had been constructed. It was found that 26.3 per cent of



- 4 -

handpumps were out of operation during the survejr undertaken "by NIDA.

Under the World .Bank Loan Project from 1977 - 1981, the APJ) plans

! to construct 3?5OO deep wells and 520 shallow wells which will equip

! with handpumps.

! Department of Public Works

!i

' The Provincial ••Jc-.ter Supply Division of this Department

constructed deep wells in other regions outside Northeastern region.

Up to the present, 1971 deep wells have been constructed. However,

the data on number broken handpumps are not available. Under the

current plan, i ts target is to construct 200 deep wells each year.

kcff Health

The Department of Health has been providing clean water by

pipe since 1966 through the national budget, community participation

and also contribution from international agencies. Prom 1966 « 1977

539 piped water schemes have been constructed serving 1,43$,1OO

rural inhabitants which is a small portion when compare to the total

rural population. The Department of Health realized that in order to

provide more clean water, a new approach must be considered. The

small diameter well programme for the cotimunities 500' - 1?500 was

introduced in 1976 with UIJICEF assistance. As of September 1978,130

small diameter wells equipped with handpumps have been constructed;



It is planned to construct 350 small diameter wells equipped with

handpumps annually. v

There are also other agencies involved in the provision of clean

water for the rural areas but their inputs are relatively small.

Problem identification

It is envisaged that handpumps play a major role in the

provision of clean water for the rural areas in Thailand. The

mentioned government operating agencies have installed approximately

19?000 handpuiTips all over the country. Based on the sainpling

survey conducted by NIDA, it is estimated that 5»000 handpumps are out

of operation at ajiy one time. It means that a wasteful capital

investment at a given time for handpump itself vail be US$ 400,000

approximately. Furthermore the wells equipped with inoperative

handpumps will also be out of operation and the capital investment cost

of the wells ranging from US 0200 ~ 5»000 will also be worthless.

Ac a result of inoperative handpumps, the chance of maintaining

rural people of using clean water will be lost. Morever, a great

number of wells have been constructed with community participation

in cash or in kinds or both, the villagers may view the loss of service

as evidence their contribution was a poor investment and lose regard

for the operating agencies and the Government.
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The major causes of handptunp failure are as follows:-

a) Thore are many different kinda of handpumps installing

in the communities. It is very difficult for the local atvthoritieo

as well as the villagers to iviaintaiin all of them since spare parts

are not interchangeable.

b) H&ndpurnps are not durable because of inadequate handpump ,
i .

i . ; • . . • • • • . . . •

/ design,

c) The quality of production is not good enough due to poorly

quality control.

d) Lack of community participation in maintaining- handpumps

e) Some agencies do not have maintenance unit at all, some

do have but insufficient to service all handpumps provided for rural

inhabitants.

f) There is no effeotive coordination on the maintenance of

handpumps among operating agencies at the grass-root level.

g) The fund provides for each agency for running preventive

maintenance programme was limited.

h) Spare parts are not available at the localities due to

shortage of manufactures«

It may be concluded that what causes handpump failures are

poorly handpump design, lack of effective maintenance strategies, lack

of maintenance organization at a grass- root level, financial constraint
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and limitation of manufacture.

4 Scope of jstudy

This study concentrates on the improvement of the existing

handpumps' design particularly deep well peoiprocating- lift pump

(cylinder is submerged in the water). The study on handpump made of

PVC for shallow well (body of the pump contains a piston) is being

' undertaken by the Department of Health. The Asian Institute of

Technology will carry out a research on designing and developing a

typical handpurnp for Thailand in the future.

The study on the improvement of handpurnp design aims to solve

immediate problem regarding the durability of handpump. It is hoped

that the result of the study will lead to the standardization of

handpump in the country and an improvement of handpump maintenance

programme.

5 Objectives

a) To study of field performance of various types of

handpumps which are being used in the country.

b) To improve the handpump design in order to:~

— be able to withstand rigorous usage

— perform consistently as long as possible

— operate easily
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— be inexpensive

~ maintain locally.

— be versatile

6 Fruy

The work programme for the improvement of handpump designs

are as follows:—

a) Selection of location for testing and evaluating of

various types of existing, handpumps.

b) Installation of various types of handpumps

c) Collection and compilation of data on handpunip performance

under field operation in different static water level and different

areas,

d) Data Analysis

e) Improvement of handpump design based on the above data.

f) Field testing of the improved hamdpunps.

g) Monitoring and evaluation of hand pump performance

h) Report Preparation

The work schedule for the above program-Tie is shown below:
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on to-Jtina of handpî Tip tmder field operation

The handpuinp evaluation and tes t ing for the improvement of

handpuiap design in Thailand is conducted solely under f ield operation.

There is no laboratory "testing to confirm the resu l t . I t i s therefore

necessary to consider vi l la^era behavior carefully besides technical

components. There should be no attenpt to ch<uigc any behaviors of

vi l lagers during tes t ing of handpu.np in order to have r e a l i s t i c data

as close to local condition as much as possible. The followings are

the behavior of vi l lagers related to handpunip operation and maintenance.

7«1 Handpunip i s one of playthings for children in communities,

7.2 The at t i tude and knowledge of vi l lagers effect operation

and maintenance of handpitnp. If v i l lagers have good at t i tude towards .

handpui.ip given by the government and considered i t as community's property,

knowing the value of clean water, handpunip will be properly maintained.
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In case villagers still feel that handpunip belongs to the government

and the government must take care of maintaining it f handpunip will

i be broken easily and no one cares about it.
i

1 7*3 Villn("e leaders such an Buddist incnk and village headman

; play an important role in operation and maintenance of handpump. Most of
i
i
: them devote themselves for the community development and are respected

by villagers. These people will take care handpump carefully. However

some of them may lack of leadership ability, in thin case it

was found that the operation and maintenance of handpump is poor.

7.4 It was found that if handpump is the only water source, the

villagers will give the priority to such a handpurap and will operate it

with special care. In case other sources are available, the priority

of handpump will be decreased which will effect the operation and

maintenance of handpunp*

7*5 It was found that there is collation between education

background of villagers and maintenance of handpump. It shows that the

villagers who have higher education background would understand the

function of handpump and will be able to make minor repair and prventive

maintenance better than those who have lower education background.

7*6 It was observed that handpunip locates either in the tcmpsEx

or near the village headman's house-would.have better maintenance than

located elsewhere.
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7.7 The development programmes for community effect the

operation and maintenance of handpuinp because all programmes require

I cooperation of village leaders. The village leader particulary

: village headman may not have time to pay attention tc all programmes,

: If he does net understand the value of clean water, the maintenance of

i

i handpump even worse.

7<>'3 It is obvious that if the government operating agencies

pay much attention to handpurnp operation and maintenance, the handpurnp

performance will be good.

The above mentioned conditions will effect the testing and

evaluation of handpumps's performance under field study. In running;

field testing, the factor of community leader, villager's education

background, unity of villagers, tradition, custom, habit, handpump

location and the priority of handpump in the village should be taken

into account. It is proposed that the target villages should be left

as naturally as possible. The following are some suggestions:—

a) There should be no attempt to prohibit or warning children

. not playing handptf\,\w,j»,

b) The motived;ion programme and health education should not

be launched during the testing of handpump.

c) There should be no promotion on leadership ability during

the testing.
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!
i

d) There should be no maintenance and adjustment of handpump

during field testing by villagers o r other volunteers. I-Jhen it is

damaged, the villagers should inform responsible government officials

to inspect ?jid making record and repair and replace it if necessary.

It is suggested that a line of communication between villagers and

responsible officials e.g. postcard be established.

Future Work Plan

• a) The design of handpump has been finalized. The improved

handpiwips will be installed from 1979 onwards. The monitoring- and

evaluation of their performance under field operation will be conducted

continuously as vvdll as adjustment will be made if necessary.

b) It is expected that the evaluation and testing of handpump

for shallow well undertaken by the Department of Health will be

finalized soon, I3y that time, Thailand will have effective handpump

which can be used under a wide variety of conditions.

c) The Asian Institute of Technology will conduct a research

for a better and cheaper handpu/r.p. It is expected to be completed

in one and a half years from now.

d) With regard to the maintenance of handpuraps, each department

uses its own approach. The Department of Mineral Resources takes all

responsibility and assumes all costs for the maintenance and repair

of its own installed handpumps. The system works successfully in
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keeping handpumps operate continuously, but the cost is a l i t t l e bit .

high* With the increasing of the number of handpumps, the government

may "be inadequate, to maintain, all of them particularity- in the remote areas.

The Department of Health and ARD. therefore, introduce the new approach

by training villagers to be caretakers for performing preventive

maintenance and repair work on the upper part of handpump loce.ted

above ground. The provincial mechanics viill repair the lower part

of handpumps located within the wells as well as supervise village

caretakers. This approach will be monitored carefully and the result

will be documented in course.

e) It is planned to approach international and bilateral

agencies to promote handpump manufacture so as to solve the problem of

the availability of spare parts at the locali t ies. It will be helpful

if a manufacture of handpump could be established in the Northeastern

region. It is calculated that more than 10,000 handpwnps have already

been installed in this region. With the present trend there will be

more than 20,000 handpumps located in the Northeastern region by 199O»
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: 1?. August 1977

The purpose of this note? is to record tbe sail eat points'' in
the development cil the India M&rfc-II 4 Village; .Deep Tube VJell,,
Hand Pump. The design is now regarded as at&adara to the Govern-
cient of India/UK] CKF asciyted, village vateiv programme, vhere

! v,ille.ge-B are being; serviced by a deep tube veil under the ininijauia
need s p r o g r tiaa e .

UKXCSF became directly involved in this project, to improve
the. village hand pusvp, in 197^> when surveys and foed'ofick informa-
tion indicated, fit.t the locally produced and imported recip^ac-atl
•Tiand pump 3 were unsuitable for the conditions fouiid in the average
village application. •

For the cake of this record, it Is not necessary to detail
the problems „ existent, within the programme in 7k, cave to sayD-

:

that: the -situation was bordering on di'sastess &.nd. the drilling
progrriKujio, U!IICKF:s prime respotsfjibility, irss in dagger of bein,^
nullified, if a durable band pump could, net he supplied, as tne
end-result, to t'.ie operation.

The f-o 11 owing design criteria were established:*

1. The hand pump must have a trouble^-free cperation&l span,
r.fter installation, of at least one yecr, ser\irig.-
possibly a naxiinuE of tvo-thousand benef iciarieB, and
drawing %reter from a static vatsr level (SWL) of 1'JO ft.
(Our average installation serves 500 'beneficiaries &nd
SWL would be approximately 60/70 f t ) . •

2. The Pump Head, complete vith ICO ft. of rising main*
B class" IV E3P - connecting rod h" and 2%n ID c?ylinder
to coat lees than US$ 200. (Appreciate that the progr-arome
calls for a total of 150,000 installation 5 "by the end of
the next five year t>lan. Actual, unit' coat-in production

• $ 182). ' , ' . •:

3. The design nust be suited to local aah-iifa'fttnre and not
require any imported items or material*

h. Ease of operation to be a price consld.eration»; one adult
muDt be able to operate tiie pump without undue effort at
a SWL of 150 ft., if we are to encourage villagers avay
from their traditional unprotected water aource.'

5. The unit must be designed in such a vay that maintenance
can be effected by persounel having a minimum of engineering
skill.
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6. The above ground, siec'tianiaia, the puap head, nsust ensure
hygienic standards; it's mcuntiug- to fhe platform must pjr-event
any chance of pollution tc;-;.the tubevell by surface water
intrusion. • ' • •

The voluntary agencies in Maharashtra, sem^ors•of the AFABM
Gi'oaps vere av&re of.. ,the: problem witaiu their ovrn aJaall scale village-
water programmes. They had, in fact, developed a siraple design,
based on the single pivot action* fabricated in steel; and in field
reports, this "Jalna" -unit -was considered to be the most durable
installation under• vd 11 t.ge conditions. 'Further improvementB vere
incorporated and from the "Jalna" the !!SaoIapur" design emerged.
Adopting the "Sholapur51. as a basis for our development, we established
a working relationship with the AFARM Group and set up initial prod\;c-
tion. Our area of design improvement at this st&^e was concentrated

« the handle .mechanism, as field reports indicated that 70$ of our
e&kdown factor involved failure of this cqnrponaiit. To prove the

principle» we developed an adaption, of .the single pivot handle, to
the existing cast iron pedestal, to replace the origins! guided cast
iron handle mechanise. The unit v-as commonly kno^n as the "Sholapur
Conversion Head" (Fig. 2). Four- lrunar_e,d conversion head;? vere
produced and fitted to existing installations throughout Maharashtra,
by the State Government Agency. With every coaversion, cylinders
were removed end reconditioned, platforms were constructed and drainage
provided. Ilhere previous cast iron. pumps (Fig..!) failed within a
period of one or two months,* the conversion head, proved to he far
more durable, as 8b$ were still operating without failure, at the
end of a tvelve months trial period. Hovever, aB expected', by
elic:inatihg the failure in the handle mechanism,, f.ad increaeing the
operational span of the complete unit,, failures appeared in the
cylinder$ the connecting rods, the rising main and the pedestal
mounting, ;

It raust be appreciated that fundi vere. limited, and ve cou3.d sea

f pe necessity to convert the forty tb.ouse.nd case iron units already
nstalled in tne prograiajie areas. The originel cast :iron pedestal

mounting to the casing p5.pe through a threaded fl&nge could not
survive the shock loading of extended operation cow facilitated by
the fitnent of a conversion head. , Once again, baelrig our develop-
ment on a Sholapur concept, ve designed a pedestal to be Gr°uted
into the concrete platform, completely independent of the easing for
support. This pedestal has an internal diameter of 6 inches and
fits over our standard h" and 5" casing» forming a complete seal
to any surface pollution. This three piece assembly (pedestal-
vater tank-head) is the India Mark~II Pump Heed (Fig. 3), no-? under
mass production at Richardson and Cruddas, Madras (A Government of
India Undertaking').

• • / . . . .

W i



Costing: .

Hf.ad Punp coir-pie te with 100 f t . rising .main, connecting
rods and cylinder . Price US $ 182

Pump Head only (Head-Water tank-apragged pedestal)
Price US $ 63

Rising Main lh BS?. B class SI Pipe

To 100 ft (10' lengths) US $ 71

v ' j a a c : i . v -i. L.« <O :. - «.-* *U '2 --* *• - 5$ X 1 ̂  *•*''-> IA i 1 u. i> o A V J_ W *.t ii-^ i»u •"> / u *-• v •-- "•-*

Erass Cylinder Sholapur Type 2*5 ID Ball Valves US $ 26
Prices are ex-factory Richardson ?>•.' CruddaSj Madras s
and subject to change without notice.

Twelve pre-production India M&rk-ll pump heads vere iustalled
in the' Coimbtit.crr District of Tarrril N&du d-uring the mouth o:>>
October 1G. This area was selected because of its deep water table
and high density population, to ensure that the test units vrould 'f?c
exposed to the most extreme conditions. The i-?ork3.oad would be two
to three times o\ir average factor. A period of nine months elap.ieil
"before-a failure in a pump head-was recorded;' tlia viniC in q.uestioa
vas operating 19 hours per day serving in excess' of one t.hov.san'V
people. The cylinder is at 150 ft. and the pump head ia fitted
with a.n extended Tee Bar handle, giving a tvelve to one juechanical
advantage. After nine months constant operations the quadrant
chain failed; with tha shearing'of a linls pin. (There was soa>e
suspicion that the chain we.s faulty). The ox:e year tost--period
is now in it?"- eleventh month and the above instance is the only
failure recorded between the twelve pre--preduot.3 on units., that
actually caused a unit to cease operation. Observations during
the test rrve resulted in certain ninor engages to the .full produc-
tion -model. The appearance of fatigue cracks at the handle "bottom
stop, on som'2 units, has been overcome by provision of two gusaeta
to Btran^then this area. The loosening of one unit in itu mounting
resulted in a modification to angle iron spragg lega for better
bonding of the psd-sntal into the platform. The underside, opposite
the handle, of the pedestal flange has bfcen strengthened, by heavier
welding.- • Epoxy paint is now applied to the lower section of th«
handle'head to ensure sealing against rust. The handle has now been
standardised on xn eight to one mechanical advantage, "fabricated
fron 3 2 E H square bur. The handle, because of its solid conetsruc™
ticn;, counter-baianceE to aeventy feat, ac.d facilitates ease of
operation. Previous pumps in this area required upto five people
to operate, however, nov, under the seme circurantancas> the India
Mark-II can be operated by a ten year old child. The pivot point



of the handle is still to the standard,designed by Shclapur, and
utilises two SKF 6;?0!«.Z. Bfi.ll Races loel-.eu into place by the axle
pin, The beariD_g3;: are, grease packed, Bealed, s.rd. should not require
replacement for tiany. years 6'f operation.

The mass production o.f thi3 unit must not to under-estiiaated,
the design, appears quite simple.) however, there is a high order
of accuracy required in its Manufacture. Initially, ve 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 exint generally within this sector. To upgrade
this sector, would in itself be a long term project, and our progranme
would suffer in the intervening period.

To establish a reliable production, we •• have placed orders-with
Richardson and Cruddts (A Government of India Undertaking) in Madras.
They in turn have developed a production linfe utilising soiae sixteen«j.gs and fixtures, blanking dies, and backed by strict quality control
ispection. " Only in this way, can we ensure a 'first grade1 item

to the field. .

With the production of a satisfactory heavy duty-pump head, full
concentration•--i.fi now centred on developing a comparable standard
cylinder. • &' project was established in Bangalore under s. WHO
Engineer to research hfind.purrps and develop a durable cylinder Vising
plastic '-'Taa'-t'erials. Although we gleaned a lot of useful information
from this : experiment,- and .the Meehs.nical Engineering Research &
Development Organization ..(.MERAiX)) t Madras,'- endeeTosred to expand the
concept, we eventually withdrew our support vrhen re realised that Jit
vec impossible to control thei. quality of the plfestic. materials on a
masi; produced level. However, research is continuing on this
cylinder'-with Bichardaon and Cruddas on an independent basir. MKRADO.
also cooperated-with U3 to complete the field te?tto3 of tho pump
head, and finali e a set of production drawings. -The only obvious
solution to the cylinder problem at this <?tagc is to produce a

st quality standard brass cylinder, possibly sleeved in cast iron
reduce the ~Dasic cost, fitted with a five w^b: heavy duty piston

and 1st quality leather buckets. We'have',- in fact, decided on a .
particular standard, \init, and twelve pre-production .cylinders. and now
ready for installation in the Coimbatore test area* It may be noted
that various configurations cf the positive displaceaent cylinder
have been tested at Coimbatore, among them, the all plastic cylinder
using nylon ball valves, nylon piston yoke and follower, nsoprene
buckets; the standard brass cylinder with rubber- >jall valves of
various density ,using a piston.icachined from tSolid bress foi" added
strength. All have been discarded in favour of th-e• ccaaon design.
using: flat or poppet valves and cart ebsipeneats, as. this design •
proved, both In efficiency and durability, to: be superior under



the extreme conditions found ic the test area. Because of a surge
factor, VR "believe3 th?

:;s'tani'Jard cylinder..-with poppet calves returns &u
efficiency in excess of 1105? of t;:ie svept. volume., as opposed to a
.cylinder using "bt.ll 'valves r-eiurnin-g only-the displacement of the
swept ..volume. A ten per cent f lav -advant 'igo is worth considering
when oas realises that a unit serving one thousand t-sueficiaries
could be expected to de-liver, in the ••order of one and a half million
.gallons over & one ..year period. Similarly, it trill work continuously
for some 7000 hours and complete probably;1? raillion cycles •. a far
cry • from the hau&.pusap designed for-one .faiaily as previously supplied
to the programme. • - .

Hex* concepts are being S.e'-reiope'i; litersees s and vs "will' subait
them to field testing, as and-' »hea" th-ey become available. A concept
shortly to be'.tested in our application •••,1JB the cylinder the-t
for the retaoval of the piston' and foot Valve- "without thexu,E
of the rising main. Tbe added cost of providing £n iiS pipe icate&cl
pf our. standard lV' would be considerable, not- to jaention libe
installatio.n l-actorfi. ¥ith the -availability of High Deaelty. Poly-
thyleue (HDP).pipe ir. ths cotae.'tffy, ve expect to te3t, varicua . conf igur
,tioG3 In the near t'utuve» (l): As ft -ris-ivsg . iaaxn to the renovable
piston foot valve concept (2) as an-'integral "rising ra/iin aad cylinder
vrith a fcot valve ceteated in place-, so. that the pi-aton can be rss\o'-?e=
separately for repair. (The wear factor HD? vill be important?
however, in theory the piston can operate in &n ununed area of the
cylinder vheaevar it is replaced). This concept, if proved to b^
reasonably durable and 'by this tre mean one year's trouble-free opera-
tion, could bring village maintenance wit bin sight. In the msfvntiKH
ve can only upgrade the simple positive displacement braes cylinder
to a point >rher̂  it siatchss the pump bead In durabilitrr, hj operatinfi
without failiire £'o:r at leftflt one yse-r in the village.

Connecting rods, if nanufactured to Diandj,r&s
 ai*c re

reliable. Our standard rod ig V* Bright Round Bar, with.a coupling
welded t.: one end end threaded to 50 az. depth. Providing the
threads {ctd h" BSH) ere to re«o£nii:e& etanduvds and lock-nuts ere
provided, the rods will rot fail in operation.

The provision of a durable hand puap to the field is only the
first step: equally important is tl.J standard of the installation*
and the erectica of a viable maintenance structure, to ensure t?iet
potable water is constantly' a>'¥i^^iT"To""tlTe""v"fXraige. Our aiui for
a one year plur. operational span, brin.^3 viable maintenance within
the realms of possibility. Ucli&a the shallow veil hand pvanps where
village level sraintenance ie pocsible, the de_ej»^e_ll_unit requires*
r ac_ojvery_ejquipffient and tools to service the cylinder loc&ted at
depthlT'betveen TO and 20̂ ~~l't\,. belovr ground level. To this effect,
ve have organised mobile maintenance unite at district level under
government control. Sixty-tvo teaas? will be in the field by the
end of 77, initially con^'riinsIsjcleting inatallationa to the



ytafiderd; In excess o? 5G0G converticn headt have been fitted*
hot-ever, ' ̂ ovunjiieftt has agreed tc noe the ccnjilete pumt> head-fov a l l
future convsrsions, ' tii'd '.t^ea^^' thousand are novr "being produced ar.d
directed into tfc? various states.. With the completion of conversions
the 'team i*i 11 cover rouilmi'iiiainteaance, oupportcifl "oy "block' Isvel
and village level reporting. ' The ' tvn_year tirae frame of the :
progr&srrce should, see the introduction of R "service exchange system*
eistablishrceit of the diatrict ie^el H*?̂ .̂-8 ?̂? ~?c recondition ccaponects
and if possiliie soae ^OfJCjnt c'r preTentive iaaiiTte'niu~ce . S^fvi"ce'
equipment '.is • l>elag; developed to simplify the operation, and improve
the safety factor. It is esavi^eged that the coirolete servicing :
of en installation-by ^s<3,:"spi5ils_te_a 5̂ using t.er-vic« exeuan^e $.--'
coBpoueiits ant. inpi'-cvecl .methods, should be completed vith.-J.ii oae hour*
All inclusive cosr.dn^ ?.s expested to "be rln the region of twenty
dollars (U3$ 2C-) p&vi'unit per year, b&isoci oa :fi\'e huudrfe-d :lnstaile-
tions pei- mobile ••-t&ras. . •

^ Until the local Soiiet! \;;t ^block level are upgraded to cope- t^ith
maintenance, or v,&-'cae d̂ 'J-zl̂ a & unit that they can aaini ai/.i (
ve need a desp ?fcll •fet.jid •.;:>«'Xj> that the vil lage level can maintain)
then there is no' do"•:•;;>t. 1B our-; rsixids that only a f;(nr^rarntnt&lstru£
.at thie point ift ti:>.e-.'c4ri ••surjcecafxilly effect y?.abl"e" Juaiiit

Ken McLeod
Project Officer

Water 6 KriTironraent&l Sanitation
UHIC1SF, Hew Delhi



DRAFT INDIAN STANDARD SPECIFICATION FOR

DEEPWELL HAND PUMPS

AS ADOPTED BY ADHOC PANEL ON 10. 3. 1978

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 effectively 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. NOMENCLATURE

Figure 001 gives the installation details and the

main components of a deep well handpump as under:

i) Pump Head Assembly : The mechanism which is

above the ground level
and which operates the
cylinder.

ii) Cylinder : This contains plunger and
valves, etc., which lifts
the water upward in each
stroke.

iii) Connecting Rod : This provides linkage
between pump head and
cylinder.

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:
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•i1

Description

D)

TABLE 1 - PUMP HEAD ASSEMBLY

PUMP HEAD ASSMEBLY

A)

i)
ii)
iii)
iv)
v)
vi)
vii)
viii)
ix)
x)
xi)

. PUMP HEAD

Pump head flange
Side plate
Back plate
Axle bush (right)
Axle bush (left)
Guide bush
Bracket
Gusset plates
Front bottom end plate
Front top end plate
Front cover

B) HANDLE ASSEMBLY

i) Handle bar
ii) Bearing housing
iii) Housing holder
iv) Roller chain guide
v) Chain coupling (forged)
vi) Handle Axle
vii) Spacer
viii) Chain with coupling

C) WATER TANK ASSEMBLY

i)
ii)
iii)
iv)

Tank
Tank
Tank
Spout

pipe
bottom flange
top flange

STAND ASSEMBLY

i)
ii)
iii)
iv)
v)

Stand pipe
Stand flange
Leg
Gusset plate
Collar

Drawing No.

001-1

002

002-1
002-2
002-3
002-4
002-5
002-6
002-7
002-8
002-9
002-10
002-11

003

003-1
003-2
003-3
003-4
003-5
003-6
003-7
003-8

004

004-1
004-2
004-3
004-4

005

005-1
005-2
005-3
005-4
005-5

TABLE 2 - CYLINDER ASSEMBLY

CYLINDER ASSEMBLY

i) Plunger rod
ii) Reducer cap
iii) Sealing ring
iv) Plunger yoke body
v) Upper valve seat

006

006-1
006-2
006-3
006-4
006-5
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vi) Rubber seating
vii) Upper valve guide
viii) Pump Bucket
ix) Spacer
x) Follower
xi) Cylinder
xii) Brass liner
xiii) Rubber seat retainer
xiv) Rubber seating
xv) Check valve guide
xvi) Check valve seat

TABLE 3 - CONNECTING ROD - RTRTNG MAIN

i) Connecting rod

ii) Galvanised rising main 32 mm (N.B.).

006-6
006-7
006-8
006-9
006-10
006-11
006-12
006-13
006-14
006-15
006-16

007

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 supply

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 be

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 IS: 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)".
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5.7 The G.M. castings shall conform to Class V of IS:

1458-1865 "Railway Bronze ingots and castins (revised)".

The Brinell hardness shall be between 60 and 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 "Bright bars (standard quality)" and surface

finish to Grade III of IS: 7270-1972 Bright bars (standard quality)

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 steel (Tendered quality)" or 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 sheets used for manufacture of

cover for the Head Assembly shall conform to ordinary

quality of IS: 513-1973 "Cold rolled carbon steel sheets".

5.13 The hot dip galvanising of storage tank shall be done

as per IS: 4759-1968 "Hot dip zinc coatings on structural

steel and other 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 chrome tanned leather".
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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:

/ 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 All interior surfaces shall 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

b) One coat 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 batch is less than ten, the entire batch shall

be tested.
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/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 assemblies shall be checked

for conformity with the drawings.

7.2.3 The handle shall have reasonably good surface

contact with the top and bottom 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

checked with the help of a trisquare. For 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 Alignment of the rod with respect to the guide bush

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 guide bush freely.

7.2.7 The stroke of the pump shall be 100 mm jf 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.
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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 checked after

placing the cylinder 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 CONFORMITY

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 designated thus:

Deep well hand pump: 32 mm N.B. Stroke 100 mm.

IS
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11. PACKING

Unless otherwise agreed to 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 roa.d transits

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 DRAWINGS SHALL BE ALTERED
TO 14 mm AS RECOMMENDED FOR MEDIUM
FIT UNDER I.S.
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I. INTRODUCTION

This document is based on reports emanating from the work carried out in
Bangalore, Karnataka State, India, in 1973 to 1975 under the Government
of India project "Village Water Supply". This project has received and
continues to receive financial and technical assistance from UNICEF and
WHO.

Within this national project, of which the objectives are primarily to
provide safe drinking water to rural communities, a sub-project was
specifically formulated to develop an improved deep-well handpump suitable
for community use, and to investigate ways and means of reducing the cost
of such a pump. A WHO sanitary engineer, Mr V.J. Emmanuel, acted as
project co-ordinator and chief research officer, and he was assisted by
national engineers deputed by the Chief Engineer, Minor Irrigation and
Public Health Engineering Department, Government of Karnataka. Additional
assistance was given in the collection, compilation and analysis of statis-
tical data. The Mechanical Engineering Research and Development Organiza-
tion, Madras, collaborated in the project, prepared certain working drawings,
produced the prototype cylinder assemblies and executed the construction of
the accelerated testing device. Support and financial assistance were
provided by UNICEF. Annex 1 lists by name the various persons who have
Contributed directly to the project.

The data summarized in this report are taken principally from the "Report
on Deep-Well Handpump Development: Project IND BSM 002", prepared by
Mr Emmanuel. This draft report is in four volumes. Volume One identifies
the problem, lays down the plan of investigation, analyses the statistical
data, describes the development of the pump and analyses the results of
the tests. Volume Two consists of detailed plans of all the pumps studied;
Volume Three contains the statistical data collected in field surveys.
The detailed drawings of the improved cylinder assemblies, improved hand-
operated pump head and foot-operated pump head make up Volume Four. Volume
One was prepared in eighteen copies for limited distribution to Chief
Engineers of States in India,who have considerable requirements for deep-
well handpumps,so that they could provide comments; copies were also
provided to UNICEF. Very few copies of Volumes Two and Three were prepared,
but they are available with the WHO Regional Office in New Delhi, India,
for purposes of reference. Volume Four was distributed to a limited
number of persons,but copies of selected parts were made available through
UNICEF to a number of potential manufacturers in India. These volumes have
not received general clearance from the Government of India, but it may be
possible to distribute certain extracts to serious enquirers.

As a considerable part of the time spent on the project involved the study
ana evaluation of the different existing deep-well handpumps available,
it was evident that the good features of several types would need to be
combined in an improved version. As it turned out, the design of a cylinder
produced by the project depended very little on existing models, as,for the
improved cylinder,the use of plastic components was adopted and all parts
in brass or machined metal were eliminated. However, for the pump head,
the single pivot chain-link arrangement, first devised in India by the
Jalna pump manufacturers and subsequently modified in the Sholapur pump,
was adopted, some modifications being made to bearings and the roller chain.
The origin of this design is recognized and acknowledged as being a consi-
derable advance on older systems.

In recognition of the assistance given by the Government of Karnataka, the
name "the Bangalore Pump" has been selected to designate the improved hand-
pump system described in this document.
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II. BACKGROUND

The need to develop a suitable deep-well handpump for use in the national,
drilled-well, rural water supply programme become apparent early in the
operation of the WHO/UNICEF assisted village water supply project. Starting
in 1954, when the Government of India initiated its National Water Supply
and Sanitation Programme with the objective of providing safe water supply
and basic sanitation facilities to urban and rural communities of the
country, assistance was provided to State Governments to take initial steps
to identify the problems and draw up a phased programme of investigation,
design and construction. ';

Since the beginning of the Fourth Five-Year Plan (1969-1974), the Govern-
ment of India has placed increasingly greater emphasis on the need to
provide safe water supplies - in the first instance, to all rural communi-
ties in the country. The concept of a safe water supply in the hard-rock
areas had been to provide a piped community water supply, the quality of
the water meeting accepted national standards. It was found, however,
that the cost of constructing piped water supplies to all rural communi-
ties in India would be of such magnitude as to make it impractical to
invest so much money in a relatively short period purely as a social
service. A change of strategy was consequently required.

It was realized that meeting the basic water needs in rural communities
would have to depend on the exploitation of ground water, as,in many areas,
surface water sources were not available, were only seasonal or were
grossly polluted. The development of ground water sources presented a
problem in that most of the areas with acute water scarcity were under-
lain by "hard rock", thus making excavation of wells by hand practically
impossible.

It had been feasible for many years to drill wells in such hard-rock areas
using percussion or cable-tool rigs. Generally these methods required
three to six months per well, depending on the nature of the rock and the
depths drilled. Since these wells had to depend on the water contained
in the faults and fissures in the rock, there was an element of uncertainty,
and the success rate was sometimes of the order of only 30 to 40 per cent.
Such a method was thus expensive and unsuited to a country-wide programme.
The Lwo difficulties faced were therefore: (a) the location of fissures
containing the water, and (b) the drilling of holes to the depth required
in a reasonably short time.

WHO and UNICEF,agreeing to increase substantially their technical and
financial support to the Government for implementation of the rural water
supply programme, signed a plan of operation with the Government in
October 1970. Under this agreement UNICEF was to provide the equipment
necessary for geophysical exploration of ground-water, special drilling
equipment of the pneumatic hammer type and all the necessary ancillary equip-
ment such as air compressors, laboratory field kits, etc., and transporta-
tion; in the past few years, the efficacy of using drill rigs of this .
type, capable of drilling wells in two to three days, had been demonstrated
in connexion with drought relief programmes. WHO agreed to provide techni-
cal assistance to help the States develop their village water supply pro-
grammes based on drilled wells. Criteria for the selection of villages .
were: (a) preliminary surveys confirming the availability of water
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at accessible depth; (b) a chronic water scarcity or a high incidence of
water-related disease in the area; (c) suitable locally manufactured rigs
not being readily available, and (d) hand-dug wells being unable to meet
the need. . .

The programme benefiting from this assistance has been in operation since
mid-1970 and now involves ten States with extensive hard-rock areas.
Several thousand wells have been drilled and put to use. In keeping with
the Government's strategy of meeting the basic water needs of rural commu-
nities, the drilled wells were provided with deep-well handpumps, and by
virtue of the depth from which water was drawn, it was expected that these

j wells would supply safe water at the pump.

Although considerable attention was paid to the technological aspects of
the location of the wells and the drilling, insufficient thought was given
to the means of extracting the water from'the drilled wells, as it was
assumed that the indigenously manufactured deep-well handpumps would be
satisfactory for use in the villages. When the programme had been in
operation for some time, however, it was found, to the consternation of
those who were involved in the programme, that this handpump, which had
originally been developed for household use, could not stand up to the
wear and tear of use by a community.

It had been intended initially that one well and one handpump would be pro-
vided for about 250 persons. Subsequent studies showed, however, that, in
practice, a single pump was sometimes used by as many as 500 to 1000. This
situation arose from the Government's policy, which was revised during
drought conditions to give priority to the drilling of one well in each
stricken village irrespective of the population. The resulting strenuous
use to which the pumps were put caused frequent breakdowns and considerable
hardship, forcing people to travel long distances for water or to revert to
other, polluted sources nearer at hand. Such a situation obviously defeated
the objectives of the programme.

After about a year of operation, the percentage of pumps out of order at
any given time rose to an alarming level. Several reasons can be given for
the failure of the pumps, such as incorrect installation, inadequate (or
non-existent) maintenance and lack of well-defined responsibility for carry-
ing out repairs, but it became apparent that the one outstanding reason was
the fact that the deep-well handpumps manufactured in India were not
designed for the sort of duty to which they were being put. WHO and UNICEF
were concerned lest the massive investment in expensive geophysical and
drilling equipment be wasted, as all of the efforts would have been in vain
unless the delivery of the water could be improved. It became apparent that
the entire programme depended on the handpumps' being kept in working condi-
tion.

The State Governments themselves were confronted with technical and pro-
cedural difficulties in trying to choose one of the pumps available on the
local market. These difficulties stemmed from the fact that there is no
standard specification in India (or elsewhere in the world) for a deep-well
handpump, and that the governmental tender procedure is cumbersome and does
not lend itself readily to the purchase of the best equipment on the market;
price is usually the overriding factor.
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Thus the urgent need to develop a deep-well handpump suitable for use in
the1village water supply programme, as well as to standardize the pumps j
and:to establish satisfactory testing procedures and facilities, was }
already apparent to the State Governments. At this point, the Government |
of Karnataka suggested that WHO and UNICEF set up a sub-project to look '
into this matter. When the State Government put forward this request, I
a WHO sanitary engineer was already working in Bangalore, and this study
was therefore started with the State Government's agreeing to provide
local staff and meet local expenses, WHO to provide the sanitary engineer's
services to manage the project, and UNICEF to contribute up to $10 000 for
the necessary materials and equipment.

I I
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III.. PRELIMINARY ACTIVITIES

1 Review of Handpump Development • y

Before a new pump could be designed, a considerable amount of prelimi- !
nary work was required: to study the existing reports on the subject; |
to make field observations of the problems encountered and of patterns
of usage; to study the available indigenously made and imported pumps
in order to identify strong and weak points in design and construction,
and to analyse the data collected for determination of design criteria. *

A study of the literature reveals that the reciprocating pump was invented \
by a certain CLesibius in 275 BC , and that in the intervening period of i
some 2250 years, little has been done to improve it. This is particularly \
true in respect of the hand-operated reciprocating pump, which has found
less and less use with the advent of the centrifugal pump, internal combus-
tion engine and electrical energy. As industrialized countries have thus
virtually lost interest in this type of device, there has not been much ,
•published on the subject, and it is now left to the larger developing
'countries, where there is still considerable need for such a pump for
community use, to pursue its development.

The most significant contribution to the improvement of the deep-well
handpump which has so far been seen has been the work done by the Batelle
Memorial Institute, Ohio, for the U.S. Agency for International Develop-
ment. This work is described in two reports, dated September 1967 and
August 1970.2>3 In these reports, the problems in connexion with the
deep-well handpump have been clearly identified and design principles
laid down. The studies made covered wear and tear on components using
various types of cylinders, and identification of the reasons for the
differences in performance. The project also experimented with plastic
coatings on the cylinder walls and with synthetic cup washers. The
information collected in this study in respect of the metallurgical
aspects, particularly of the cast-iron components, is adequate, and no
additional investigation is necessary. It was felt, however, that
the reports did not contain adequate data on patterns of use
from which design criteria might be derived and that this question
needed further field investigation. Further, not much attention had
been given to the improvement of valve performance. While the use of
better materials in the flap valves was considered, the use of balls
in the valves also was discussed, and the comment made that American
manufacturers do not recommend ball valves because of the "distortion
of the valve seats caused by the pounding of the heavy ball checks".

A further report of some relevance was the one prepared for WHO by the
All-India Institute of Hygiene and Public Health, Calcutta,^ in 1973.
Although this report dealt with shallow-well handpumps for community

Eubank, The Story of the Pump and Its Relatives, 1972.

2
Frink, D.W. and Fannon, R.D. Final Report on the Development of a Water
Pump for Underdeveloped Countries, Batelle Memorial Institute, Ohio,1967.
3
Fannon, R.D. and Frink, D.W. Final Report on the Continued Development
and Field Evaluation of the AID Hand Operated Water Pump Batelle
Memorial Institute, Ohio, 1970.
^Majumdar, N. and Sen Gupta, J.N. Final Report on Study of Handpump
(Shallow TnbewelT) for WHO/UNICEF-assisted Projects and Other Rural
Water Supplies, AIIHPH, Calcutta, 1973.
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use, defects similar to those appearing in the deep-well handpump were found.
This report, supported by work done at the Central Mechanical Engineering
Research Institute in Durgapur, corroborates the findings about metal-
lurgical aspects which were described in the Batelle studies.

Field Study

The initial purpose of the field study carried out was to obtain infor-
mation on the way the pumps were being used, the principle defects and
the requirements of the users. It was hoped that in the study it would
be possible to collect data on frequency of stroke, length of stroke and
diameter of cylinder, which would be useful as a basis for design.

A sample size of 100 pumps and 20 users per pump was decided on as being
probably adequate to give representative information. All pumps had
similar pump heads, and the cylinders were 2-1/2", 3" and 4" in dia-
meter, the 3" size being the most common.

During the collection of field data, some modifications were made to the
plan for the surveys,as other factors appeared to have some bearing on
the investigation. (For example, the height of the individual user in
relation to the height of the pump-handle fulcrum appeared to have a
bearing on the efficiency of the operation of the pump.) An attempt was
also made to measure efficiency, as it became evident that to operate
different makes of pump a varying degree of effort was necessary.

Data collection was carried out for the field study over a one-month
period, with the help of four junior engineers and twenty students
employed by the State Government of Karnataka. Some delay was experi-
enced through the need to repair a number of pumps which were out of
order. The following data were collected:

(1) Number of users per pump (from 0500 to 2000 hours). Classified as
men, women and children.

(2) Average length of stroke. Top and bottom of each stroke performed
by the user in filling his pot of water measured, using a device attached
to the pump rod.

(3) Frequency of stroke. Number of strokes performed by the user to
fill the pot counted by means of a stroke counter fitted to the pump
rod. The time taken checked with two stop-watches and the stroke
frequency calculated.

(4) Rate of pumping. Quantity of water pumped in a given time measured.

(5) Height of user. Recorded for each user.

(6) Overall efficiency. An attempt made with each pump to make a
comparison of efficiency by recording the dead weight necessary, when
applied at 0.70m from the handle fulcrum, to move the handle through
0.25m in five seconds.

(7) Well data

(a) static water level in well
(b) make of pump
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(c) diameter of cylinder
(d) depth at which cylinder was installed
(e) size of riser pipe.

In addition to these tests carried out on a sample of pumps and users,
observations were made on the general problems being experienced in
the field and on the cause of pump breakdowns. It was found that most
of the breakdowns seemed to occur in the pump head. Wear and tear
were made worse by the excessive tolerances at all the working or
moving points. (This factor is dealt with further in Section 4
below.) It ia apparent that the pump head must be a robust piece of
equipment to be able to take the continuous daily use and abuse to
which it is subjected in community life. At least for the time being,
the inadequacy of pump maintenance organization must be accepted, and
equipment should be designed so that it can operate with reasonable
efficiency with a minimum of maintenance.

Cylinder problems arise mainly when cup or bucket washers wear out.
Excessive wear and tear on the leather washers nay be attributed to
poor surface of the cylinder wall, incorrect treatment of the leather
or tilting of the piston assembly in the cylinder. The leather washers
examined do not conform to the standard specification of the Indian
Standards Institution for these items, which states that the leather
should be impregnated with wax which has a 60°C melting point. Such
wax impregnation will produce a leather washer which is not water-absor-
bent and which will maintain its form and suppleness, wet or dry. The
leather cup washers examined were water-soaked and pressure formed in
hand presses. They absorb water and swell, adding to the friction and
are too stiff when dry but too soft when wet.

Another serious defect in the leather washers is that they are not of
uniform diameter) and the hole punched in the floor of the cup, to
anable it to be mounted over the follower, is often eccentric, some-
times by as much as 1.5 mm.

Lack of guides for the connecting rod also causes damage to the cups.
In operation, the piston assembly carrying the cup washers tilts in
the cylinder, resulting in greater friction and uneven wear.

Pumps also fail through disconnexion of the long connecting rod within
the rising pipe. The induced torque from the whip of the rod, combined
with the impact at the end of each stroke, tends to unscrew a connecting
rod at one of the connectors after some time. Such failure can occur
even when the connectors are "locked" satisfactorily at the time of
installation. The provision of guides at intermediate points on the
connecting rod and at the top of the cylinder should overcome this
problem.

Most Indian pump manufacturers have adopted a pump head design which
uses guide pillars and a guide to prevent lateral thrust on the piston
rod when the handle is operated over a long stroke. The fulcrum link
compensates for this movement. (See Drawings Nos. 1 and 2, pp.9-10,
showing typical handpumps and the names of the different parts. Plates 7
and 8 on p.16 may also be helpful.) It was observed in the field that
this guide system produced considerable friction owing to poor accuracy
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in manufacture and that, in any case, the double-hinged fulcrum link
could compensate for this thrust. As a check, the guide was removed
on a few pumps, and the operation proved to be much smoother and to
require less force. It is of interest that a recently manufactured
pump head from the USA, which was received through UNICEF, no longer
incorporates the guide and pillars, which were supplied with earlier
models.

It was observed that the energy level required to operate a handpump
was not excessive when the cylinder was no lower than 30 meters below
ground level and the static water level in the well about 10 to 12
meters below ground level. At greater depths the pumps were difficult
to operate, and where the pumps had to take this higher stress,applied
to lift the water a greater distance, early failure often occurred.
This observation was particularly true of the single-pivot, chain-link
type of pump head (see Drawing No.2, p.10).

While most pump heads of the conventional design are of the same height,
they are installed on foundations of different heights. When the pump

i handle is released at the bottom of its stroke, it rises sharply upwards
I to its highest position because of the dead weight of the connecting rod

string. Apart from the potential accident hazard, it was found that
often this top position left the handle beyond the reach of children.
It seemed in the study that for each user there were two heights of pump
handle which were comfortable, (a) when the handle was high enough for
the user to apply body weight and (b) in the low position, when a "stiff-
arm" operation could be used. Plates 1, 2 and 3 (p.11) show settings of the
pump handle as high, low and intermediate.

In the course of the field study many faulty installations were noticed.
As examples, Plates 4 and 5 (p.12) show where the incorrect mounting
of the pump led to early breakdown by not having a solid foundation to
which the pump was bolted. In both cases the foundation is crumbling,
and there is no apron or leadaway drain for excess spill vrater. In such
cases, the excessive movement of the pump, when used, contributes to
early wearing out of parts. A further problem is shown in Plate 6 (p.12),
which indicates a pump located in an insanitary position, which may
create a health hazard.

3 Analysis of Field Study Observations

3.1 Height of user

The heights of 2000 users of handpumps were recorded. As was to be
expected, there was considerable variation, between 926 mm and 1875mm,
with a mean value of 1512 mm. Although an attempt was made through an
additional controlled experiment to establish a statistical relation-
ship between the height of the user, the height of the pump fulcrum and
the efficiency of the pump, this was not conclusive. It seemed that
there was a human compensation factor which came into play, which made
a purely statistical analysis unrealistic.

3.2 Stroke length

For the total number of observations, the average stroke length recorded
was 114 mm. Some variation was measured in the mean stroke length

I
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NOMENCLATURE DRAWING OF DEEP WELL HAND PUMP

ft}-, p i M > R 0 D

GUIDE ROD

GUIDE

SPOUT
SCREEN

COUPLING

BRASS BUSH

PUMP CAP

FLANGE

FOUNDATION BOLTFOUNDATION
BED

STATIC WATER LEVEL—W?'.±

CASING PIPE

CONNECTING ROD

G.I. PIPE
PISTON ROD
ADAPTER (TOP)

CYLINDER
PISTON YOKE
POPPET
SPACER
CUP WASHER
PISTON FOLLOWER
CHECK VALVE YOKE
POPPET
VALVE SEAT
ADAPTER (BOTTOM)



SEA/Env.San./168
Page 10 DRAWING N o . 2

NOMENCLATURE DRAWING OF DEEP WELL HAND PUMP.
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Plate 1

Pump handle with
high setting.
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Plate 4

Poor pump foundation
without apron and ,
drain to soakage pit.

Plate 5

Crumbling pump
foundation without
bolts. No apron
or drain.

Plate 6

Insanitary location
for well surrounded
by animal dung.
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according to the different cylinder size: for the cylinders of 2-1/2"
diameter, the length recorded was 117 mm; for 3" diameter cylinders
it was 116 ram, and for 4" diameter cylinders it was 101 mm. This
indicates a further element of human compensation in reducing the length
of stroke for the greater load to be lifted.

3. 3 Stroke, frequency

This was measured by counting the number of strokes taken for the pot
to be filled and by timing this operation. Here again there was a
natural tendency for the user to match his energy capacity to the rate
of T~»uniriinrt since mean frenuenclss for pumn cylinders of 7—1/? . 3
and 4" diameter were found to be 64.0, 58.1 and 47.9 strokes per minute.

3.4 Time of pumping

The time of pumping ranged between 10 and 72.5 seconds. Averages for
i the different cylinder sizes were 26.0, 26.0 and 23.4 seconds for the
/ 2-1/2", 3" and 4" cylinders respectively. The distribution tended
/ to have a positive skew.

3.5 Pump output

The water delivered by the pump for each user was recorded, together
with the time of pumping. The output was calculated for each of the
three sizes of cylinder and was found to average 26.9, 30.0 and 34.8
litres per minute for the 2-1/2", 3" and 4" cylinders respectively.
On this basis, considering the time of pumping calculated earlier,
the average quantity of water drawn by villagers is about 13 litres.
It is, perhaps, interesting to note that to draw as much water from
a tap in the high-pressure area in Bangalore city would take more
than twice as long.

3.6 Classification of pump users

It is generally believed that women and children make up the main body
of users, and that men would not be expected to constitute more than
10%. According to the data collected between the hours 0500 and 2000
in this study, however, women made up 37.4%, children 34.8% and men
27.8%. The number of persons using the pump per day ranged from below
240 to above 1340, with an average of 683, for the 100 pumps studied.

3.7 Design criteria derived from the survey

The basic design criteria and conclusions derived from the field survey
are as follows:

(1) It is obviously impossible to select a pump height which will suit
the entire range of users. The most suitable height of pump for the
average-size users was selected as 1.00 m, exclusive of the height of the
foundation, which should be limited to 100 mm above platform level.

(2) Since there is undoubtedly an element of comfort involved in the
relative height of the user and the pump, if one could evolve a pump head
of which the operation was independent of the individual's stature,

r
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this would seem to be an advantage. From this reasoning, the concept
of a foot-operated pump head was derived.

(3) The most advantageous size of cylinder is 2-1/2" diameter. This
conclusion is based on the following considerations:

(a) the smaller diameter cylinder has a strong cost advantage;

1 (b) this size appears to have the highest efficiency;

(c) the output is better matched to the energy which the user can ;
supply, and

. (d) field observations have shown that pumps with the smaller cylinders
require less frequent maintenance.

(4) The stroke length should be about 114 mm (equivalent to 4--1/2").

(5) The stroke frequency for design purposes is taken as 50 strokes
per minute (likely to be somewhat higher in practice, but this is not
of particular consequence in the design of the pump).

Table 1. Summary of Analysis of Field Data

Item

Number examined
1

Average stroke length

Average stroke frequency

Average time of pumping

Average collected output

Unit

No.

mm

Strokes/
minute

Sees.

1/min.

Cylinder diam.

2-1/2"

13

117

64.0

26.0

29.9

3"

65

116

58.1

26.0

30.0

4"

22

101

47.9

23.4

34.8

Total

100

114

56.6

25.4

30.6

4 Workshop Study

4.1 Preparation

The workshop study was carried out on a series of sample pumps purchased
and provided by UNICEF. It consisted of two parts. As a first stage,
detailed drawings were made of the pumps and cylinders and of each compo-
nent. (These, comprising nearly 200 sheets, are compiled in Volume Two of
Mr Emmanual's report.) The second part of the study consisted of a
critical analysis of the design and manufacture of available pump heads
and cylinders.
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The conventional pump head is shown in Drawing No.l (p-9), which also
gives the names of the component parts. This pump head has a cast-iron
body, and the verticality of the pump-rod is maintained by a guide-pillar
and guide arrangement- Drawing No. 2 (p.10) shows the components of
a single-pivot chain-link type of pump head such as developed in India
under the names"Jalna", "Jalvad" and "Sholapur". This type of pump has a
body fabricated of mild steel sheet, and the pump handle is linked to the
connecting rod by means of a roller chain which rides over a quadrant.

Typical examples of these pump heads are shown in Plates 7 & 8, and an
exploded view of typical cylinder components is given in Plate 9 (see p.16).

4.2 Conventional pump head

The following defects were frequently recorded for pump heads similar to
the one shown in Drawing No. 1 and Plate No. 7. (Plates No. 10 and 11 show
some of the defects described):

/ (1) The moving parts are poorly matched. Tolerances and fits are exces-
; sive, allowing the handle and fulcrum link to rock sideways.

(2) The guide pillars are not fitted true to vertical. They are not
locked in the pump head cap and therefore tend to work loose.

(3) The holes in the guide have too high a tolerance, with the result |
that the guide tends to tilt and foul the pillars.

(4) Some makes of pump have a forged 1" square section handle between
the linkage with the piston rod and the fulcrum link. The fork at the
point of linkage with the piston rod is formed by welding pieces of mild
steel flats on either side of the square section. These strips are then
spread to accommodate the pump rod, but the technique tends to distort
the bearings and to produce uneven wear.

(5) The pivot pins are not truly horizontal in their bearing housings.

(6) The guide is held in position on the piston rod by a 6 mm set screw,
which often works loose, allowing the guide to ride up and down the pillars,
carried by the linkage point of the handle.

(7) The spout is shaped like an inverted P-trap to prevent the introduction
of sand and pebbles by children. A piece of mesh screen is also included
to protect the pump. The design is not effective in many cases, and sand,
etc., can .still be pushed inside until the spout is choked. Further, the
off-set of the spout is often inadequate, causing spillage of water.

(8) The holes provided in the flanged base are generally for 10 mm dia-
meter foundation bolts, which are not large enough.

(9) One of the imported pumps has a weak point where the pump rod joins
the connecting rod. Failure at this point has been observed.

(10) In several models of one imported pump head, the nipple provided
inside the pump body, to which the riser pipe is connected, has fractured.
Since this nipple is threaded both inside and outside, the wall thickness
is inadequate.
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(11) One pump manufacturer provides a screw-type mounting flange for
4" and 6" diameter casing pipe to match the base flange of his pump
head. This requires the end of the casing to be threaded to receive
the flange. Certain serious difficulties are encountered, viz., (a)
unless the casing pipe is perfectly vertical, the corresponding non-
verticality of the pump head will create additional stress on the
pump; (b) the provision of screwed ends on the casing pipe may involve
having to weld on a special threaded piece. The threaded end is very
susceptible to damage, resulting in poor mounting of the pump head.

4.:3 Single-pivot chain-link pump head

The following points of critical observation are made on the models of
this type inspected, similar to those shown in Drawing No.2 (p.10) and
Plate 8 (p.17).

(1) The mild steel fabricated body is imprecisely formed. Welding runs
are not continuous, and the base flange is not flat.

(2) Most ground waters from hard rock areas are slightly acidic, and
the mild steel sheet forming the pump body is liable to become corroded.

(3) There is a mild steel sheet welded across the pump head section
to serve as a stiffener and act as a discharge tray. The sheet is
sloped, finishing 10 to 20 mm below the level of the spout, so that
water collects at this point, which is particularly affected by corrosion.

(4) There is inaccuracy in the fabrication of the bracket carrying the
handle, and frequently the pivot point is not located so that the chain
is vertically central over the riser pipe.

(5) The quadrant is sometimes imprecisely formed, so that the pivot
point is off-centre of the quadrant, resulting in malalignment in some
positions of the handle.

(6) Mild steel sheet fabrication is not a manufacturing procedure or
technique which is suitable for mass manufacture.

4.4 Cylinders

The cylinder provided by all manufacturers is of brass. The trueness
and surface finish of these cylinders are not of a high order, and this
has been commented on by the Batelle Institute, Ohio, and by CMERI,
Durgapur (see Part III, 1). The poor surface finish of the brass cylinder
produces rapid wear of the leather washers. The components such as the
pump yoke, follower, check-valve body, etc., are crudely cast in brass
and individually machined, with very little quality control in regard to
dimensioning. The result is that manufacturers do not produce components
that conform to reasonable tolerance limits. Castings are of poor quality,
with blow holes and eccentricity as common features. Scrap brass is
often used for these castings.
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Plate 7

Example of conventional

type of deep-well handpump

pump head,of indigenous

manufacture.

Plate 8

Example of pump head for deep-well

handpump of single-pivot chain-link type,

or "Jalna" type.

Plate ?

Exploded view of

typical cylinder components.

•
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Plate 10

Manufacturing and design
i

defects shown in locally manu-

factured deep-well handpump:

non-verticality of guides and

high friction on guide in upper
i

position.

Plate 11

Manufacturing and design

defects: pillars not vertical,

high tolerance between handle

fork and piston rod9 pin bushes

of handle fork poorly aligned,

and pin not horizontal.
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An additional factor is that brass is an expensive material in India,
and the cost of the cylinder adds considerably to the overall cost of
the pump. There is a great demand for scrap brass on account of the
extensive cottage brass-foundry industry. It is a common experience
for brass components to be "lost1' when a pump is dismantled for repairs.

The leather bucket washers used are of very inferior quality, and the
leather itself does not satisfy Indian Standards Institution (ISI)
standards, as already mentioned.
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IV. CYLINDER DEVELOPMENT

In developing a design which will perform the required duty, four aspects
have to be considered, viz.,

(a) the fundamental design criteria based on usage patterns,
(b) the hydro-dynamic considerations effecting the design,
(c) the factors affecting mechanical design and
(d) the choice of materials of construction.

Design Criteria

The design criteria for the pump have been established by the field survey
described earlier.

Hydro-dynamic Considerations

The hydro-dynamic considerations have been dealt with at some considerable
length in Mr Emmanuel's draft report (see Introduction, page 1). The phenomena
described are, however, rather complex, and there is some disagreement as to
what forces actually come into play in the operation of the deep-well handpump.
For this reason, and because the theoretical considerations do not appear to t
be as important as the practical ones in this instance, it has been decided not ,̂
to include in this document any theory of the hydraulics involved, although it %
may be of interest to take this up elsewhere. In practice, the working of the
valves is of major importance to the operation of the pump, and the two valves :
encountered in the single-acting deep-well handpump are the check valve and the
piston valve.

; •

t

The check valve, as indicated in Drawing No.l (p.9), is at the bottom of the cylin-
der assembly. The conventional check valve uses a brass poppet with metal-to-metal f.
seating or, in some cases, a rubber-to-metal seating, where a rubber lining is I
provided on the underside of the brass poppet. Since the specific gravity of [
brass is high (about 8), some advantage can be gained by using a material of [
lower specific gravity to facilitate the upward passage of water when the piston [
is raised. Further, it is generally agreed that a ball valve gives better :
performance than a poppet type, but some authorities have expressed the view
that the pounding of the ball valve on closure may cause damage to the ball
and to the seat. This would apply possibly to metal balls of high specific
gravity, but by selecting a material of lower specific gravity this objection
can be overcome. Nylon balls (imported), loaded to give an effective specific
gravity of 4.5, have been used in the prototype experiment with excellent
results. Equally good results could be expected from a synthetic rubber ball
which could be formed over a steel core to give the desired composite specific
gravity. The ball sits on a moulded synthetic rubber seat with inclined
shoulders. The rubber ball could have a shore hardness 60, and the rubber
seat could have a slightly higher shore hardness.

The piston valve is incorporated in the piston assembly, as shown in Drawing
No.l (p.9). A type of ball valve similar to that described above can be used. In
this case the specific gravity could be lower (about 4.0), as the valve is
actuated by the reciprocating motion of the piston itself.
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Mechanical Design

The factors which require consideration, in so far as the mechanical design
is concerned, are:

preventing the piston assembly from tilting in the cylinder,
dampening the impact of the piston at the top and bottom positions,
preventing disconnexion of the piston rod from the piston yoke, and
facility of dismantling the cylinder assembly.

The first requirement is met by providing a plunger rod guide at the top of
the cylinder assembly. This guide may be of high density polyethylene (HDP)
or unplasticized poly-vinyl chloride (uPVC), and may be bushed in resin-
• impregnated fabric. This material is water-lubricated, and the bush may be
replaced as required.

The second problem may be solved in one of two ways: by providing a spring
buffer over the piston yoke and rubber buffer over the check valve, or by so
arranging the limits of the stroke that the piston does not hit the check valve
at the bottom or the rod guide at the top.

Disconnexion of the piston-rod from the piston yoke has been overcome by
moulding the first 25 mm length of the connecting rod into the piston yoke.

Dismantling is simplified by having all components of the cylinder assembly
made so as to be fitted sequentially into the galvanized iron (G.I.) cylinder
body. They are held in position by the G.I. reducing socket at the top and
the G.I. cap at the bottom. Drawing No.3 (p.22) shows the component parts of
the improved cylinder.

Choice of Materials

The guiding consideration in the choice of materials has been the unsuitability
of brass for the cylinder and the cylinder components, partly on account of the
cost and partly on account of the methods of production used. The fact that
brass components are likely to be stolen has also been kept in mind. There is
little doubt that mass production techniques such as die-casting and hot-stamp-
ing could be used in manufacturing some of the brass components, but this is
not done in practice, possibly due to the high initial cost of the dies and
the short production runs required.

The ideal cylinder sleeve should have the following characteristics:

(a) It should be non-corrodable since it remains immersed in water;
(b) It should have a good finish (smooth cylinder wall) at low production cost;
(c) It should have high abrasion resistance;
(d) It should have a low coefficient of friction against the material

of the bucket washer;
(e) It should be water-lubricated;
(f) It should have adequate structural strength;
(g) It should have low water-absorption and should not swell;
(h) It should be easily available locally, and
(i) It should be relatively cheap.
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DRAWING No. 3
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In considering substitute materials for the cylinder sleeve, it is evident
that there is no justification for the cylinder body to have a longer life
with respect to corrosion than the pipe string by which the cylinder is
suspended in the well. Since the pipe string is generally of galvanized
iron, the cylinder body could also be constructed in a standard size of
G.I. pipe and pipe specials.

The inside finish of the G.I. pipe is unsuitable for use as the cylinder
wall, and it is necessary to have a "sleeve" or "liner" v/hich can be used
inside the G.I. cylinder body to provide the desired surface. This arrange-
ment has an added advantage in that the G.I. cylinder body provides structural
support to the cylinder liner, thereby reducing the need for high structural
strength of the liner. A cylinder liner capable of withstanding the wear and
tear of about one year's use by a community would be satisfactory. The
Batelle Memorial Institute, Ohio, has experimented on various coatings on
mild steel pipe. These coatings have been bonded to the pipe to provide on
integral cylinder body. Vinyl, epoxy and uralkyd coatings have been tried,
and some have shown promise of long life. It hass however;, been necessary
for the entire cylinder body to be discarded when a replacement is required.
There therefore appears to be a distinct advantage in using a cylinder sleeve
with a sliding fit,which can easily be replaced in the field at a nominal
cost. This approach has been used to produce a suitable cylinder.

The most common types of plastic tubing commercially available are poly-vinyl
chloride (uPVC) and high density polyethylene (HDP). These materials, do not
have the abrasion resistance which is required in a community pump, although
they could very well be suitable in a pump which is limited to single-family
use. Such materials as acrylonitrile butadiene styrene (ABS) and epoxy resin-
impregnated fiber-glass mat are good materials but have not been given serious
consideration on account of difficulty of availability and relatively high
cost. A rolled tube, based on medium-weave cotton fabric and impregnated
with an epoxy resin, is manufactured in India on a commercial scale, is avail-
able in several standard diameters and wall thicknesses and could be made to
any dimensions if the order were big enough. The greatest application of the
epoxy-impregnated fabric is in bearings and bushes, where its water lubrica-
tion properties are needed. As the tubes are rolled on accurately machined
mandrels, they can be produced to acceptable tolerance with good surface
finish. This material, which bears the trade name in India of "Hylam TF 2211",
has high tensile and cross-breaking strength. The tubes are produced in
standard lengths of 1.09 to 1.25 metres, at a price of Rs 45.50 per length
of 64 nan internal diameter tube (equivalent to approximately US$ 5.70). At
this rate a cylinder sleeve would cost less than Rs 12 ($1.50). (For comparison,
the cost of a brass cylinder of similar size would be about Rs 60 ($7.50).

This material thus satisfies most of the criteria laid down for the cylinder
sleeve. The outside diameter of the tube required is limited by the inside
diameter of the G.I. pipe, which would have to be rough-ground to remove beads
of zinc. A slight increase in diameter may be expected. The outside diameter
of the resin-impregnated fabric tube should lie within the limits of 0.23 and
0.34 mm less than the inside diameter of the G.I. pipe, which should be between
0 and 0.5 mm greater than the stipulated diameter.
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The piston yoke is subject to considerable stress, mainly in tension, since
it carries the dead weight of the column of water and the connecting rod,
and is also subject to impact loads. The dead load may range to about 60 or
100 kg depending on the depth of the cylinder from ground level. A safety
factor of 5 or 6 is desirable to ensure that this component does not suffer
failure. The only materials which seem suitable for use in this component
are glass-fibre mat impregnated with epoxy resin, and medium-weave cotton
fabric impregnated with epoxy resin. The latter is preferred on account of
its lower cost and greater ease in moulding. The structural properties of
this material have been described above,and it will be seen that it is
suitable. !•

The washer spacer, follower and check valve body are not required to take
high stresses nor to have any special characteristics. The considerations
of cost and mouldability are the most important factors. HDP and uPVC are
both suitable for use in these cases.

While leather, properly treated, is an excellent material for the cup or
bucket washer, the washers available on the Indian market are of very poor
quality. The characteristics to be looked for in a good washer are:

- low water-absorption
- negligible swelling N

- equal suppleness, wet or dry
- low coefficient of friction
- low cost
- availability
- ease of production and reproducibility to correct sizes.

Since plastics are generally being proposed for use in the cylinder components,
it would be consistent to seek a plastic material which would be suitable.
Neopr^ne and acrylonitrile rubber are both satisfactory, the latter with the
advanLage of having a good moulded surface. The process of manufacture of
moulded items lends itself to a high level of quality control and the produc-
tion of a perfectly concentric and accurately dimensioned component, thus
overcoming the problems commonly encountered with the leather cup washer.

Details of the proposed new cylinder are shown in Drawing No.3 (p.22), and the
choice of materials from the various components is given in Table 2 (see next
page).
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Table 2. Specifications for Materials

(Specifications laid down for the cylinder components,
on the basis of this study)

Item Material Remarks

Cylinder top coupling

Cylinder body

Piston rod guide

Cylinder sleeve

Piston yoke

Cup washer

Follower

Valve seat

Ball (piston valve)

Buffer

Check valve body

Valve seat retainer

Cylinder bottom cap

Ball (check valve)

G.I.

G.l'.

HDP or uPVC

Hylam TF 2211

Hylam TF 2211

Acrylo-nitrile
rubber or neoprene

Hylam TF 2211

Butyl rubber or
neoprene

Nylon or rubber

Rubber

HDP/uPVC

HDP/uPVC

G.I.

Nylon or butyl rubber

Standard G.I. reducer socket,
2-1/2" x 1.25"

Standard G.I. Pipe 2-1/2" dia. ,
medium quality

Bushed in Hylam TF 2211 or
nylon

Resin-impregnated fabric

Shore hardness 60

Loaded to give Sp.Gr. of 4.0

Loaded to give Sp.Gr. of 4.5
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V. PUMP-HEAD DEVELOPMENT

General

The breakdowns in the pump head may be classified broadly as being caused
by either excessive wear at one or more of the pivot points, resulting in
inanobility or increased friction at these points, or fracture of the cast-
iron components of the pump head.

Fracture of the cast-iron components has been reported in the handle and
the pump-base flange. A few cases of failure of the pump body and the
spout have also been reported. These fractures have clearly been identified
as resulting from the high phosphorous content of the cast iron, and
precautions should be taken to keep this below 0.2 per cent.

Most manufacturers do not now use cast iron in the handles, but have substi-
tuted a handle with a forged fork end and a pipe handle.

Since most failures occur in the pump head, no attempt has been made to
reduce costs by cutting down on the sections. Rather, certain areas have
been strengthened and the design altered to widen the base along the line
of stress. Cast iron and sheet steel are the only possible materials in
this case, and cast iron is considered to be better both from the corrosion
point of view and from that of feasibility for mass production.

Although attempts were made to correlate efficiency of the pump with the
height of the hand pivot above ground level and the average height of the
user, these, as reported earlier, were not successful. For purposes of
design, a pump height of 1.50 m is being used as being the most suitable
height for most persons. This is based both on the data collected and the
physical observation of the "human compensation factor" mentioned earlier.
This is, of course, applicable only to the hand-operated pump head.

The Hand-Operated Pump Head

Field experience over the last three years, supported by the field and
workshop studies undertaken under this project, has shown that the pivot
points and moving points of the conventional pump head are weak points in
the pump and are generally the points at which breakdowns occur. The
conventional pump has shafting steel pivot pins riding in cast-iron "bearing"
holes. Various reports have stressed that breakdowns are caused by poor
maintenance. It has been found, in the course of the accelerated test
conducted in connexion with proving materials and design for the improved
pump, that even with good lubrication the type of pivot bearings provided
shows relatively high wear.

The reduction of pivot points and moving parts has been achieved to a
considerable extent in the Jalna and Sholapur type pumps (Drawing No.2,p.10),
which use the single-pivot and roller-chain linkage arrangement, the chain
riding over a quadrant placed tangentially to the connecting rod at the
end of the handle. This type of pump, however, uses a mild steel-sheet
fabricated body, which is not favoured for the reasons given in Section III,
4.2. The conventional pump, on the other hand, uses a tubular casting
which requires higher machining costs.
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The. design evolved and proposed by this project utilizes the single pivot
roller-chain linkage system with an open cast-iron frame. This frame
simplifies casting, gives easy access to the pipe system and reduces
machining costs to the minimum. The proposed improved pump head is shown
in Drawing No.4 (p. 29) and in Plate 12 (p.18). .-.r

3 The Foot-Operated Pump Head

It has been demonstrated that it is impossible to select a single pump
height which will cater satisfactorily for the large range of user heights,

i A logical approach it; io evolve a pump head which is independent of this
1 parameter. A foot-operated pump head will not depend on the height of the

individual and should give equally consistent performance over the entire
range of heights of users. The foot-operated pump head also has an advan-
tage in that the user brings to bear a part of his body weight to operate
the pump and is not required to apply muscular energy. Since the pump will
not require more than 5 kg. to operate, it will fall within the physical
capacity of the average child who would be called upon to draw water. : ,

The foot-operated pump head lends itself to a counter-beam arrangement for
providing the reciprocating movement to the piston (see Drawing No.5,p.30).
Such an arrangement reduces shock loads on the cylinder and pump-head
components,thereby increasing their life. Since the stroke limits arey
controlled, the spring buffer could be omitted, thus effecting a slight
reduction in cost. )r

The addition of a counterweight on the treadle beam actuating the piston
rod will allow for smoother operation of the pump and make for better
balance between the delivery stroke and suction strokes. The introduction
of the counterweight greatly reduces the effort or pressure on the foot
treadle of the pump which is required, A feature of the foot-operated
pump head is that the drive is carried on an independent cast-iron T-section
frame, while the riser pipe is screwed to the tubular pump pillar, which
sits snugly in a socket in the base plate of the pump body. This gives
accessibility to the riser pipe string and cylinder, without any need to
dismantle the cast-iron frame.

4 Details of Components

4.1 Bearings

The conventional pump uses cast-iron bearing housings with shafting steel
pivot pins, while the "Jalna" type pumps use either a heavy needle bearing
(from a Willys Jeep water pump) or a pair of standard ball-bearings. Where-
as the bearings in the conventional pump are very inefficient and show
wear in less than 100 hours of use, the bearings in the Jalna pump are
good, but comparatively expensive. Some problems with these pumps have
been experienced owing to poor alignment or lack of horizontality of the
bosses in which the shaft is housed.
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Ball-bearings are generally used for high speed and high load conditions,
neither of which requirements is found in the case of the hand pump. The
principal objection to the use of ball-bearings is their cost, which could
be justified only in the absence of an appropriate alternative, and there
is such an alternative in this case. Both the hand and the foot-operated
types of pump heads evolved in this project have been provided with sintered
bearings, manufactured by Messrs Mohindra Sintered Products, Poona (Types
MSP-409 and MSP-135), and provision has been made for oil reservoirs.

Sintered bearings, as manufactured in India, are quite inexpensive. They
should give excellent service if the pivot pins are turned to the recommended
tolerances and the bearings are lubricated twice a year. Grade SAE 30 oil,
mixed with 5 per cent 300 mesh graphite powder, is recommended as lubricant.
These bearings are mass manufactured in high precision dies by a process
of powder metallurgy involving forming and sizing operations. They are
guaranteed to close limits of accuracy on diameters, length and concentricity.
The adoption of standard sizes of bearings leads to higher efficiency, greater
economy and readier availability. The insertion and extraction of the
sintered bushes can be carried out in the field,using simple tools developed
for this task.

4.2 Pump base

The base mounting for both the hand-operated and the foot-operated types
of pump is rectangular in shape, with the axis of the longer side on the
stress line. The larger bearing area provides stabili ty for the pump head.
Customarily 10 mm diameter foundation bolts are used for anchoring the pump
to the foundation. These have been found to be inadequate, and provision
has been made in the improved design for four bolts, 16 mm in diameter, to
be used.

4.3 Pump spout

The improved design of the pump head provides a change of design in the
pump spout. Of the pumps examined, both indigenous and imported, the
outlet of the pump spout was only 150 mm from the pump pillar. This
distance is inadequate to allow the centre-line of discharge to coincide
with the centre-line of the water pot in common use in India. Considerable
spillage occurs because of this fact, aggravating the problem of waste
water disposal and increasing the energy input required of the user. The
spout provided on the improved pump head stands 200 mm away from the pump
pillar, overcoming this problem.

The earlier design of the spout had a "P" bend to prevent the introduction
of sand or pebbles through the spout into the pump. In addition, a mesh
screen was provided. This created a problem when the material inserted
accumulated against the screen. The new design provides a spout that slopes
away from its point of fixture to the pump head, ending in a vertical mouth
which is 50 mm long. Any sand or pebbles shored upwards into the mouth of
the spout will travel only part of the way and will then roll out of the
mouth.
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DRAWING No.4
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IMPROVED HAND-OPERATED PUMP HEAD
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i 4.4 Connecting rod
I

Most pumps use a mild steel connecting rod of 1/2" diameter. These rods
j are generally supplied in short lengths of 10'-6" to facilitate installation.

The G.I. riser pipe usually comes in lO'-O" lengths. Connecting rods are
joined by couplings, and it is usual for a coupling to be spot-welded to

| one end of each connecting rod and to lock the other end to the next rod
! by means of a lock nut.

There have been so many failures of pumps caused by disconnexion of the
connecting rod at one of the connectors that this source of failure is

| worthy of serious attention. In addition, the installation of the riser
pipe in conjunction with the length of connecting rod makes installation

I cumbersome. It is also necessary for the overall length of the connecting
k ^ : rod to be of a specific length in order to be able to provide the maximum
^ P stroke with the handle travelling through the most convenient range of
| height.

When a connecting rod whips on the down stroke, inducing torque, it results
in disconnexion of the connecting rod at a coupling when the rotation of
the rod is anti-clockwise. This can be prevented by the use of intermediate
rod guides, which may be placed 10 metres apart in the riser pipe string,
wedged in a pipe socket on either.side by the G.I. pipes. The rod guide
is made of nylon, with a central hole fitted loosely over the rod.

The use of a steel wire rope (6 mm diam. 2-tonne breaking strain) is
proposed as a substitute for the connecting rod. This substitution is
possible because the downward movement of the piston is produced by the
dead-weight of the water column in the riser pipe and the weight of the
connecting rod (wire rope) , and the stiffness of the rod is not a necessary
factor. The downward drag can be improved by the use of counterbalance
weights, as proposed for the foot-operated pump head described earlier.
The wire rope can be cut to the exact overall length required, and fitted

f with a clevis at either end, enabling connexion to the piston rod at one
end and to the pump rod at the other. The use of a wire rope as a substi-
tute for the connecting rod has the following advantages:

(a)y It can be cut to a pre-determined, exact length;

(b) Since it is in a single length, there is no problem of couplings,
in situ dethreading of connecting rods, or disconnexion;

(c) The installation of pipe lengths is made easier by the flexibility
of the wire rope;

(d) Pipe lengths of standard length can be used, thereby reducing
labour costs in threading and installation, and

(e) Intermediate rod-guides can be dispensed with.
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I
There is very little financial advantage to be gained from substituting

wire rope for the 1/2" diameter mild steel connecting rod, but the advan-
tages listed above make wire rope a worth while substitute.

The use of the industrial-type roller chain to link the pump handle to the
piston rod is an improvement, but a 200 mm length of 1" pitch roller chain
costs over Rs 40, which is rather expensive, and it is difficult for
government agencies to ensure that the chain provided is new. With a
modified handle, in which the wire rope can be anchored directly to the
quadrant, these difficulties can be overcome.

4.5 Riser pipe

Most state governments use 1-1/2" diameter G.I. pipes as the riser pipe.
The argument generally given is that such pipes are sturdier than those
of a smaller diameter and that there is less wear and tear on the threads
when the pipe string is dismantled frequently for the repair of the cylinder.
With the introduction of the improved pump, it is likely that the cylinder
will not have to be withdrawn from the well more frequently than once (or,
possibly twice) a year. In the circumstances, there is a strong cost
advantage in using a 1-1/4" diameter pipe instead of the 1-1/2" pipe.
From purely hydraulic considerations, a 1" diameter pipe would have been
adequate if it were not for the space taken up by the connecting rod or rope.

Plate 12

The improved hand-operated

pump head, prototype assembled

from welded mild steel plate.

" I E J V
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VI. TESTING

1 Testing of Cylinder Assembly ' ' '

1.1 Preparation of the test

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 were
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 Karnatalca.
MERADO scientists were associated with the tests and made several visits

to study the results. >
\ . • . •

1.2 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.
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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 operate at approximately
48 strokes per minute, with a 114 rnm(4-l/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,
i 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 f
cylinder gave no trouble whatsoever. • I

i
The breakdowns did, however, provide an opportunity for examination of the f
cylinder during the trial. !

1.3 Observations

During the course of the trial, the following observations were made:

(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,
fl'om initially about 21.5 litres/minute to over 24 litres/minute, but was
reasonably uniform throughout the 1000-hour test; f

(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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'' diameter, whereas the internal diameter of the cylinder was 80.77 mm.
'•''• ; 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

-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;

• (2) Epoxy resin-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

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;

(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

(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. v '

2 Testing of Pump Heads

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

• ••••i 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 they were

ihe 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.

•pry
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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. j

The pump handle was connected to the accelerated testing device in the
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 i

I level while the bearings were well lubricated.

I , ;
; (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. ' j

(3) Cylinders: no measurable wear on cylinder lining or on valves. |
i

It is claimed that, within the scope of the test conducted, the hand-
operated pump head worked satisfactorily.

2.2 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 beam 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 j
could be raised by the treadle to provide a 114 mm stroke. The treadle >
beam rested at 30° to the horizontal, the treadle travelling through s
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 i
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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VII. PRODUCTION AND COST ANALYSIS

1 Production

It is considered that the stage has now been reached where the pump should
be manufactured in sufficient numbers to enable field tests to be conducted
in a number of States, under varying conditions, over a long enough period
for defects to become apparent and minor improvements to be made. Contact
has been made with the Government of India undertaking, Messrs Richardson &

' Crudass Ltd., Madras, and this firm has expressed an interest in the manu-
facture of handpumps for rural areas on a commercial basis at nominal
profit. The firm has good foundry and workshop facilities, and has experi-
ence in injection-moulding techniques.

If an initial batch of pumps can be produced for supply to the various
States, they may be put into operation for a period of about six months,
under careful control with regard to maintenance requirements, breakdown
or wear of parts, acceptability to the user and general performance. After
this period of field-testing, and after such modifications as may be found
necessary have been made, the design could be passed on to any pump manu-
facturer who might care to produce it. It is desirable that at least one
pump manufacturer in each State be encouraged to produce the pump.

It is suggested that assistance from UNICEF may be sought to support the
manufacture of the first batch of pumps for free distribution.to the States
now involved in the drilling programme.

2 Quality Control

It is necessary that some quality control system be established to ensure
that the quality of materials and quality of production are maintained.
State government departments responsible for the village water supply pro-
gramme are generally not equipped to carry out tests on quality.

As mentioned already, the Mechanical Engineering Research and Development
Organization, Madras, which is a branch of the Central Mechanical Engineer-
ing Research Institute, Durgapur, has been associated with the project from
its early days and was responsible for producing the prototype cylinder
and the accelerated testing device. MERADO and other branches of the CMERI,
located in different parts of the country, are equipped to undertake
quality control tests. A possible solution would be for government depart-
ments to insist that all tenders for supply of the pump should obtain a
certificate from any branch of the CMERI to the effect that their product

. conforms to specifications laid down on the basis of the recommendations
made in this report. Any fees payable to the CMERI for this service should
be borne by the pump manufacturer.

3 Cost Analysis

Though it is difficult to give accurate costs for the cylinder components
of the improved pump, since the material costs are uncertain and the
injection-moulding techniques to be employed become more economical when
large runs of items are produced, fairly conservative estimates of the
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various parts can be made. Table 3 gives a list of cylinder components,
recommended material and estimated cost based on die costs, where appli-
cable, being amortized over a production run of 4000 of each item. The
total cost of the cylinder comes to Rs 79.95,or approximately US$ 10.00.
This compares very favourably with the costs of conventional brass cylin-
ders, which, from five different suppliers, gave the following range:

2-1/2" cylinder
3" cylinder
4" cylinder

Rs 150 to 210
280 to 320
350 to 400

Table 3. Cost Analysis of Improved Cylinder Assembly

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15..

16..

17.

Component

Cylinder body

Reducing socket cap

Sealing ring

Spring buffer

Piston rod guide

Piston rod guide bush

Piston yoke

Cup washers (2 No.)

Spacer

Ball (2 No.)

Valve seat (2 No.)

Follower

Buffer

Check valve body

Seat retainer

Sealing ring

Retainer cap

Material

G.I. pipe

G.I.

Rubber or neoprene

Steel wire

HDP

Hylam TF 2211 or nylon

Hylam TF 2211

Acrylo-nitrile rubber
or neoprene

HDP

Steel core, rubber
covered

Neoprene

Hylam TF 2211

Rubber

HDP

HDP

Rubber or neoprene

G.I.

Total

Estimated
Cost (Rs)

9.00

6.00

1.50 '

3.00

2.20

0.60

14.00

6.50

2.50

10.00

6.00

3.00 1

1.65 1

4.00

3.50

1.50 ;•

5.00

Rs.79.95 = US$ 10.00

Likewise, an estimated cost analysis of the improved hand-operated
pump head is given in Table 4, giving a total cost of Rs 306, or
US$ 38.25. The comparable prices for conventional heads offered ranged
between Rs 375 and Rs 425.
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Table 4 . Cost Analysis'of Improved Hand-Operated Pump Hend

Item

1. ' Cost of casting pump head 50 Kg at
Rs 3.50 per Kg.

machining

2. Cost of handle.including MSP bushes

3. Cost of pivot pin and nut

4. Cost of hex-head screws for spout

5. Cost of pipe and tee

6. Threading collar and providing bush

7. • Cost of 4 No. 16 mm dia. bolts and nuts

Estimated
Cost

175.

25.

60.

10.

2.

20.

10.

4.

Rs.306.

(Rs)

oo .'';.. .

00

00

00

00

00

00......

00

00 = US$* 38.25

As mentioned earlier, little or no saving would be gained from the use
of steel wire rope in place of the more conventional connecting rods,
although use of the rope would have certain advantages in practice.
With the proposed improved pump, however, and the thinner wire, it would
be possible to make a saving by using 1-1/4" G.I. pipe in place of the
more usual 1-1/2" pipe. At current prices of Rs 4.20 and 4.75 per foot
run respectively, this saving could be considerable over a large number
of installations.

To summarize, assuming a cylinder is installed at depths of 18 metres
and omitting costs of foundation, platform and casing, the cost of an
improved pump head and cylinder, with wire rope and 1-1/4" pipe, might
be about Rs 770, and that of the conventional installation about Rs 1020.
The saving might therefore be about Rs 250 in each installation.
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; EPILOGUE

Since the preparation of Mr V.J. Emmanuel's report:, which has been summa-
rized in this document, further developments have taken place which require
comment.

Bangalore Workshop

From 24 to 26 June 1975, a workshop was held in Bangalore at which the
Chief Engineers of the States in which deep-well handpumps are used in
large numbers assembled together with representatives from administrari vs
and village organizations to discuss problems associated with rural water
supply. In particular the objective was to study the improved Bangalore
handpump which had recently been developed. Representatives of the
Government of India, MERADO, UN1CEF and WHO also attended. An opportunity
was given to participants to examine the component parts of the prototype
cylinder and pump head and, later to test the assembled pump.

At the end of the meeting the participants recommended, inter alia, that
"a few hundred Bangalore pumps should he manufactured and distributed to
the various States for carrying out extensive field trials for a maximum
period of six months, to determine their suitability for lar'ge-scale
use in the rural water supply programme in India"".

UNICEF Assistance

The Government of India in July 1975 formally requested UNICEF assistance
in the production of 1000 Bangalore pumps on the basis of the draft report
and working drawings, which had been distributed to the Chief Engineers
and discussed at the Bangalore workshop. UNICEF subsequently called for
bids, and by November 1975 offers had been made. At the same time, however,
a number of snags came to light, related to both the cylinder and the pump
head, which made it necessary to carry out further development work before
a large number of pumps could be manufactured. At the end of 1975, there-
fore, UNICEF agreed that Messrs Richardson and Crudass, in collaboration
with MERADO, should prepare the necessary dies for the moulding of cylinder
parts and should proceed with the manufacture of a number of complete
cylinders for testing in Tamil Nadu State (Madras area). Subject to the
satisfactory operation of these parts, detailed working drawings will be
prepared and a sufficient number distributed to be tested in different
parts of India. Initially, it is proposed that the cylinder be tested
using the currently available Sholapur pump head, and the improved pump
head developed separately.

Comments on the Bangalore Pump

Whereas all Chief Engineers and a number of other persons in India were
invited to comment on the design of the pump as presented in the draft
report, few written comments were received. The subject was, however,
discussed at some length during the June workshop and subsequently, and
comments have been received from WHO Headquarters in Geneva and from UNICEF.

"Extract from mimeographed document entitled "Report on Government of India/
World Health Organization Workshop on Deep-Well Handpumps in the Rural
Water Supply Programme", Bangalore, India, 1975.
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• As mentioned in Section IV, paragraph 2 of this document, the chapter on
I , hydraulic phenomena in the draft report aroused some controversy, which

caused a delay in the issue of this summarized report. At this stage
j no attempt is made to discuss the theoretical analysis of the hydrostatic
; and hydrodynamic forces which come into play. Certain issues are still
, unsettled and may be discussed in a later document.

; Generally, comments were very favourable and complimentary to Mr Emmanuel
and his co-workers- In particular, the improved cylinder has been seen to

. have considerable advantages in terms of economy, durability, need for
| maintenance, and replaceability of parts. The pump head has been criti-
j | cised in some quarters as being:

; (1) very heavy as a casting,
• (2) easily cracked or broken if dropped or during fastening down,
•^^ (3) subject to breakage from the handle banging on the top piece, and
^ P (4) subject to interference with the top being open.

; It is expected that further trials will demonstrate whether these criticisms
i are valid and what modifications may need to be made.

i Certain problems with the wire rope were noticed when the prototype pump
I was set up in Bangalore, but they were partially overcome when the rope
j was connected to one full length of pump-rod attached to the cylinder,
I thus giving it the necessary rigidity at the bottom. This modification
j seems to be justified.
i
{ Progress in the development of the pump for widespread use is, therefore,
| rather slow, but, with the enthusiasm of those directly concerned in the
I production and testing, it is to be hoped that, in due course, the first
1 models of the Bangalore pump will be available to the public as an improved
j model and at a reasonable cost.
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ENGINEERING DEPARTMENT :

SHALLOW WELL PUI.IP IMPROVEMENT RESEARCH PROJECT REPORT,

REPORT ON STAGE I OF PROJECT. : PRELIMINARY SURVEY OP SHALLOW WELLS

A. INTRODUCTION . ;

The. Wells Programme Project in Malawi was started in July 1975* The programme
is organised by the Water Section of the Ministry of Community Development and
Social Welfare.

A type of well which could be easily constructed by villagers themselves was
evolved, with the Government providing cement, a concrete slab and a locally
assembled hand pump. Since the project commenced the pump has been developed
using PVC pipe, a perspex plunger, and a rubber or neoprene ball for the foot;
valve.

The. Shallow Well Pump Improvement Project, in Ilalawi started in December 1977
with a survey of some 68 shallow wells in the Dov/a District of the Central
Region of the country. The investigation was centred around Nambuna Village
and the survey work was carried out by studenis from the Ilalawi Polytechnic
under the supervision of the Ilinistry of Community Development and Social
Welfare, and the Polytechnic. The students who were involved in the survey were
those who are presently completing the course leading to the Diploma in
Engineering (Mechanical) of the University of Malawi*

The survey of the shallow wells is Stage I of the Pump Improvement Project,
which is funded by the International Development Research Centre, Ottawa, Canada..
The project is a joint venture of the Ilinistry of Community Development and
Social Welfare and the Malawi Polytechnic. The objectives of the project are:-

(i) to perfect the design of the existing hand punp so that, it can be
standardised for supply and future maintenance throughout the whole
programme and in other parts o.: the world;

(ii) to introduce applied research related to rural development problems
into the Malawi Polytechnic programme;

i

(iii) to develop close liaison between the technical education institution,
and the Government's development programme in rural water supply.

B. METHODOLOGY

A five-day intensive survey was carried out on 68 wells (during the period
16th to 21st December 1977)• Inspection of the wells and pumps was carried out.
Measurements were taken of the working components of the pump and details of
any damage or wear were noted.

Appendix: I shows the 'Site Visit Survey Sheet' which was used to record the
findings of the investigation. The survey was carried out. as follows:-

(1) Initial Findings; general observation of condition of pump and well
surrounds before dismantling; operation of. pump and measurement of
discharge..

(2) Measurement and Inspection of component, parts.

(3) Genaral Findings: comments of villagers regarding the maintenance of pump,
availability of water supply and frequency of faults, etc.

C. DETAILS OF SURVEY

(l) General; The, location of each v/ell visited is given in Appendix II
together with the date of completion (where recorded).

Number of People served by Well:' It, was estimated that each well served
about 40 to 120 people. A few wells served as low as 15 people and some,
served as many as ?0Q



Depth of Wells: Depth to water level : 0»5 to 3.5m+

Length of pump cylinder: 2 to 4 n (mostly in range 2»5 to

5.5a)

(2) Condition of Well Surroundings - well apron/concrete slab and drainage.

All of the wells had a good concrete apron. Attention was paid to the
of stagnant water and good drainage, with signs that the surroundings were
kept, clean and tidy. It was considered that about 55$ of the wells were
acceptable on this criterion and 20$ were not acceptable* The remainder
were below average, but considered to be reasonably acceptable. The exact
findings are:

Very Good :

I
Good : 31%

i

%

$Pair : 26/5

Not Acceptable : 20$

(3) Condition of Well and Pump in General Terms

An initial assessment of the condition of the well and pump was made. This
was simply based on whether or not the well/pump was in operation with the
pump delivering an acceptable discharge for a given number of strokes/length
of stroke. :

It was found that on average the number of pump strokes of length 0,3 to 0.4::
to fill a standard bucket; (O,O16n3) va»re 24 to 33. A punp dclivcriijczcuch
ct. discharge \:aD conoidcTci to .bo acceptable. Ehicjivoc a voluuotric
efficiency of cbout 0,G5« A punp giving a volumetric efficiency below 50/=
was unacceptable*
It. was necessary to distinguish between a set-up which was either not;
operating _or operating inefficie ;tly due to (i) a rump fault, (ii) a well
fault as follows:-

Operating Acceptably

Not Operating: Pump ?ault.

V'ell Collapsed

low Water Level

Operating at Low Efficiency:

Pump Fault-

Low Water Level

No.

28

5

5

5

12

13

41.0

7.5

7.5

7*5

17.5

19.0

Total : 68 100.0

The above can be summarised: 41$ of the pumps/wells were in an acceptable
condition v/ith 25$ of them being in a poor condition due to the pump and
34/5 being in a poor condition due to the well/water level.

(4) Type of Pump (I lark 2 or 3):

The Mk. 2 punp has a steel pump rod. The IQc. 3 pump has a PVC tube as thn
pump rod which is reinforced at the top (normally with an inner PVC tube).
Appendi:: Ill shows the pump details.

The total number of. pumps which were actually inspected was 66.
48 pumps were IQc. 2 and 18 puraps were Ilk, g.
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(5) Condition of Rubber Seal at Concrete Base

Good Condition : 51

Poor (torn) : 11

No Seal : 2.

Not Reported : 2
Total

(6.) Wear at Top Bush

18

19

8

2

1

48

7

8

3

0

0

18

38

41

16.5

3

1.5

100$

The top bush consists of a PVC disc (63 mm o/d x 20 mm i/d x ? E E thick)
in the case of LDc. 3 pumps and a 2" x ^n- standard connection for the IBc 2
pump.

15k 2 Mk 3 Total

Extremely Excessive Wear
(bore : 30 to 40 mm)

Average - but Excessive
(bore : 25 to 30 mm)

Slight Wear

¥,o Wear

Not: recorded

Total

It was considered that the 'average wear1 of the top bush was not acceptaM
hence only a small percentage of pumps had acceptable, top bushes - many of
these were pumps which had been installed recently.

(7) Footvalve Vibration

In operation the pump waa subjected to vibration due to the ball footvalve
moving in an erratic way in the cylinder. Vibration was significantly
•felt1 at the plunger handle during both the delivery and return strokes.
The reason for this phenomenon must be hydro-dynamic effect. - the exact,
nature of which would become clear once the ball motion could be observed
(using a clear perspex tube).

It was found that there had been a common fault experience in many pumps -
that of the rubber or neoprene ball wearing to the extent of it falling into
the well - having been forced through a 30 nm dia. hole in the footvalve
seat-. (Diameter of ball : 35 mm). In other pumps the ball had stuck in
the seat. The local Community Development staff at Nambuma had attempted
to reduce the occurrence of this fault, by (i) inserting a PVC bush in the
ball seat in order to reduce the bore diameteri (ii) inserting wire,
restraints through the pump cylinder just above the footwalve (it being
assumed that, the ball wear was due to a vertical bounce effect). This had
certainly minimised/elijainated the problem of the footvalve ball disappear! i/;:
- the vibration problem, however, was still present. During the course of
the survey it was noted that some balls were becoming wedged in the wire
restraints. The majority of the pumps had the above modifications implemer'v

at the time of the survey. An assessment of the vibration of the footvalve
is as follows:-

Excessive vibration :. 13

Average vibration : 30

Below average vibration :. 15
Further faults:
l-Io ball : 3
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Ball worn excessively * :

Pumps not in operation :

Total 68

* Note '• It was not possible to take measurements of the diameter of the f oot-
val7e ball because of the restraining wires fitted to the pump cylinder.

Plunder Wear

The nominal diameter of the plunger was 56 mm. This gives a clearance of
1 mm in a pipe of 57 mm bore. The 59 plungers which were measured had the
following dimensions:-

Mean Diameter (mm) No. Ilean Diameter (mm) No.

56.5

56.0

55.5

55.0

54.5

54.0

1

20

21

7
?.

2

53.5

53.0

52.5

51.5

50.5

Total

: 5 (about Q%)

1

1

-

2

2

59.

Number of plungers broken (from 59)

{Z Taking an acceptable limit of wear to be 0.5 mm then we may conclude that
17 plungers had excessive wear (about 30$.

Host of the plungers had unifom. wear - about. 30/2 of the plungers had
Vitiations in diameter of about 0.3 mm. (These were not limited to those
which had excessive wear),

(9) Condition of Rubber Flap Valve (On Plunder);

The rubber flap valve had two faults - torn due to normal wear or an asseab"
fault of the rubber having been cut too small, so that it did not cover all
the holes in the plunger. The condition of the rubber valve:

Satisfactory :

Unsatisfactory :

(io) Volu>etric Efficiency:

47

12

Q0%

20$

Figure shows a graph of volumetric efficiency TO head for the pumps
tested during the survey. The general trend of the results obtained is
as shown with volitî tric efficiency in the range 0.8 to 0.2 for heads
between 1 and 3.5 m. In Section C. (3) the pumps which were considered
to be acceptable had voluuefcric efficiency no lower than 5°$.

It is clear from the voliusttric efficiency figures that there is
considerable piston leakage occurring in many of the pumps.

D. FURTHER ANALYSIS AKP DISCDSSIOr OF SURVEY FIUDIHGS: ;

(l) Wear at the Top Bush;

The weal" at the top bush was unacceptable and is caused by:-

(i) the short bearing length (about. 7 mm)5
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(ii) no leverage system on the pump which results in the pump rod being
forced side-ways during pumping rather than being operated vertically.
This results in oval wear (25 mm to 40 mm in extreme cases).

The bearing length should be increased to about two to three time the
diameter cf the pump rod - say ?0 mm. This would encourage pumping in a
vertical direction which in itsr-. Lf would reduce wear at the top bush.
In addition the question of providing the pump with a leverage system
should be considered.

(2) Foot-Valve Vibration:

A comparative analysis of the survey results with-particular reference to
foot-valve vibration and the discharge/stroke, length of stroke, etc. did
not reveal any apparent correlation. In particular the reason for some
pumps having negligible vibration while others had excessive vibration, was
sought. It did not appear to be a function of the discharge rate or the
well depth. It was thought that the position of the plunger at the.
commencement of the delivery stroke r:ight well be a contributory factor to
the vibration phenomenon. Laboratory investigation v/ould be required in
order to resolve this particular problem.

(3) Plunder Wear:

An analysis of the plunger wear data revealed the following:-

(i) As expected the plunger wear is a function of the period of service
of the pump. After a period of 5 to 8 months, with, normal usage, it
would appear that plunger wear was of the order of 0.5 mm. (the limit.
of 'acceptable, wear')•• Those pumps which had been in service for
1 to lilH- .years had unacceptable wear of 1 mm to 5.5 mm. (A few pumps
which had been in service for about two years without plunger
maintenance had the maximum recorded wear of 5.5 nm) Host of the old'
installations had wear of about 2 to 3 mm.

(ii) In ihe case of s. well which frequently ran dry (daily, say mid-morning
to mid-afternoon or seasonally) there was a tendency for wear to be
accelerated. Reason: no water lubrication plus the possibility of
sand, etc. being ingested*

(iii) Plungers which were not properly fitted to the pump rod - loose and
had 'play' - had a tendency towards increased wear. This was not s.
very pronounced wear effect.

(iv) There did not appear to be any significant correlation of the wear at
the top bush and the plunger wear. It was considered that due to the
length of the pump rod and, in the case of the PVC rod, a certain
flexibility of the rod, that the effect of any side-ways thrust at
the pump handle was small at the plunger.

(4) Cylinder Wall Wear:

During the survey it was not possible to measure the internal diameter of
the cylinder wall over the stroke length.

One section of a badly scored pipe was available for inspection. This pipv,
was out into sections so that measurements could be taken of the bore
diameter. It was found that there was little effective wear which v/ould
affect the clearance between the piston and the cylinder. Damage to the
surface finish of the pipe consisted of several longtitudinal score marks.
These were due to sand being trapped between the piston and the cylinder.
Unfortunately the pump piston was not available for inspection. In the
event of a perspex plunger being continued to be used then laboratory tests-
should be carried out to determine the wear characteristics of perspex on
PVC.
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(5) Major Faults (Over the past two years approx.)

Ba.sed on the maintenance requirements of the pump and well (past and present c.~
at December 1977), the following major faults were noted:-

(i) Eg11 Foot-Valve disappearing or stuck in seat - at least one-third
of the pumps had experienced this fault..

(ii) Plunder becoming loose or breaking - about i" of the pumps had a
history of the plunger breaking or the securing nut (in 14k. 2 pumps)
becoming loose. The latter problem is resolved in the 1.2$:. 3 pumps as
and end cap is solvent-cemented onto the end of the pump rod.
The problem of the plunger breaking (l in 13 chance of this occurring
is linked to the plunger wear. As new, the minimum thickness between
the plunger holes and theoutside diameter of the plunger is about
3.5 mm. Some of the older installations had plunger wear of 2 to
5.5 mm - i.e. 1 to 2.75 mm on the radius. The minimum thickness is
therefore reduced to 2.3 to 0.75 am. Breakage of the plungers took
place around this thickness of the material. This problem can be
remedied by either reducing the diameter of the holes in the plunger
or reducing the pitch circle diameter of the holes together with a
reduction in the number of holes.

(iii) Wear of Rubber Flap Valve - about 1 in 6 pumps experienced problems
due to wear of the rubber flap valve. Other flap valve materials and
arrangements should be investigated.

(iv) Low Water Level - At least; -|- of the wells had problems with daily or
seasonal water shortage. A check should be carried out on all wells
towards the end of the dry season and where necessary the well should
be deepened,

(v) Well Wall Collapse: About 1 in 9 of the wells had problems of the
collapse of the v/all of the well.

The above were the major faults detected, some others include:-

(a) rust on the pump rod (ilk. 2 pumps);

(b) pump rod bent (or broken at the top - 2 cases) - Ilk. 2 pumps;

(c) missing parts, i.e. self-taprdng screws (top bush); steel
backing plate (concrete baseK

Maintenance had not been carried out on the top bush although this was
clearly necessary.

E. COITCLUSIOHS AND RECOIG.IErJSATIOIJS :

The survey carried out on the shallow wells and hand pumps has shown that there
is considerable room for improvement in both the pump design and in the well
construction.

The introduction of the Wells Programme in Ilalawi lias naturally made a
significant contribution to the provision of safe water to the rural communi+y'
Furthermore, the development of the present PVC pump is a step in the right /
direction as it is clear that PVC pumps do have a considerable role to play m
the water supply of rural communities worldwide.

The results of the survey show that about 1Q% of the wells inspected were in
operating condition. However, about half of these were operating at low
efficiency either as a result of a pump fault or a well fault such os the well
not being deep enough. Hence only about 40% of the pumps were considered to
be operating efficiently (see Section 0(3)). It should be noted that about
15 to 20$ of the pumps had been in italled 6 to 7 months prior to the present
survey - a relevant, point to remember when the working life of the component
parts is considered.
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It. was noted that i of the faults were attributed to the punp while 7 of
the faults were attributed to the well. It is therefore just as important.
to ensure that the wells are dug deep enough and with acceptable walls as
it is to improve the hand pump. A pump can only be as good as the well to
which it is installed.

The major faults of the existing pump can be confined to the following
components : footvalve, plunger, top bush.

The erratic behaviour (and the resulting wear) of the ball footvalve
(neoprene) is a major drawback to the use of this type of valve. The present
method of dealing with the problem (see Section c(9)) is far from satisfactory-,
Unless the ball can be contained in some way it would appear that an
alternative footvalve arrangement will be required.

i
; An analysis of the plunger wear shows that about 10% of the plungers had
' acceptable wear. Further laboratory tests are required in order to
establish the wear characteristics of perspex on PVC. Indications at the
moment, suggest that such a combination may be acceptable. It has already
been pointed out (Section I>(5)) that the plunger requires modification -
i.e. smaller holes. It is further recommended that, with the existing
plunger set-up, the perspex disc be replaced (ideally) every six months.
It should certainly not be allowed to exceed a period of 1 year without
replacement.

Wear at the top bush is unacceptable as this gives rise to much leakage.
The bearing length of this bush should be increased to about 50 mm. The
possibility of using hard woods for the top bush should be investigated.

With regard to the plunger flap valve it is recommended that other
materials and methods of fitting this valve be investigated.

PROVISIONAL •./OFJC PR0GRAI1E FOR STAGE II:

The sectnd stage of the project is concerned with the adaptation and
modification of the pump. The existing pump will be critically reviewed
in the light of the survey findings and other promising pump designs will
be considered. In this context the work which has been carried out at the
University of Waterloo on an inexpensive plastic hand pump and well
(Waterloo Research Institute Project l\To, 6O9-Ol) is relevant and of
considerable interest. Appendix IV gives some comments of the 'Waterloo
Pump'.

The provisional work programme is as follows:-

(l) Foot. Valve Development and Assessment:

(a) Ball Foot-Valve Vibration Problem:

Investigation of the vibration problem of the ball foot-valve will
be carried out. This will involve laboratory tests with a perspex
pipe section fitted to the bottom end of the pump cylinder so that
the ball movement can be observed. The test variables will be:
length of stroke, pumping speed, pump lift, relative position of
the plunger above the f oot^valve at commencement of delivery strci...
and the ball size.

(b) Assessment of Alternative Foot-Valve Arrangements:

Plate-type foot-valve arrangements will be tested - especially the
plate-valve which has been recommended by the Waterloo Research
Institute. This seems to be an effective valve - especially the
simple 'non-recoverable' type (Figure 3A of Waterloo report).
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(2.) Plunger Investigation:

Tests v/ill be carried out to determine the pimping efficiency and the wear
for various piston/cylinder clearances and pump lift/head. These will be
obtained for the following plunger materials and arrangements:-

(i) perspex plunger;

(ii) PVC plunger;

(iii) PVC plunger with one polyethelene piston ring (this v/ill be a

simplified version of the Waterloo pump piston - it will have a
short piston length - see Figure l);

•(iv) as for (ii) and (iii) but with a two stack arrangement; (see
j Figure 1 with the addition of dotted outline).

The above work will be additional to the data which is already available
(polymer on polymer wear tests carried out by Waterloo Research Institute -
see above mentioned report, and the wear data obtained from the Malawi pump
field survey). The aim will be to arrive at the optimum or acceptable
clearance for a plunger without sealing rings - with wear of piston and
cylinder taken into account. An assessment of the life of various
arrangements will be obtained - based on the Malawi survey findings of the
life of a perspex plunger.

(3) Top Bush Arrangement:

Various top bush arrangements will be assessed. One possibility which
will be tested is to make the top bush from local hard woods. The length
of the top bush will be increased (compared to the existing, pump). A simpl\
top bush-cum-casing cover made of wood along similar lines to the Waterloo
design will probably be tested.

(4) Assessment of Punp Rod/Piston Arserably of Modified Waterloo Pump:

The proposed simplified version of the Waterloo Pump is shown in Figure 1.
It is proposed that the pump rod/piston assembly be carried out by solvent
cement bonding of the various parts, A load (tensile) test will be carrioa
out on this assembly to ensure that this method of securement is feasible.
If need be a pin.may also be inserted through the punp rod and the piston
securing spigot.

It will be noted that the single piston component can be used for the douo]
bearing piston as well as the 'non-recoverable' foot-valve (which would be
solvent cemented to the pump cylinder-or secured by screws or pins).

(5) Assessment of Final Design(s):

The measurements taken during the proposed work programme of laboratory
tests will include wear and tear data and the maintenance requirements of
the pump. The designs under test v/ill take due consideration of the
objectives of pump maintenance at the village level and the possible local
manufacture of some components. After laboratory assessment one or two
pump designs v/ill be selected for field installation and evaluation.

W1CK/ILC

7th April 1978
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APPI-JMDIX II

LOCATION OP \7SLLS

LOCATION

I.itsiro
Katontha
Kazulanbonda.
Nthondo
Liwitungwi:
Kasakali
Chiwazula.
Siwinda. (4.)
Njala (2)
Chilemba
Nsampha (2)
Chiponda
Nabwenje
Nthondowa
I.lailoni
Kasinja.
Nkwinda (2)
Chiwoza
Iiphambonya
IteaEipha (2)
Ilpopela ( l ) Kachitev/e
I.Ipopela (2) Kachitewe
Khungwa
Halangwasira.
Ilsokonezi
Chiwala
Chisa:d ( l )
Chisani (2)
Dzidzi (2)
Chimdikeni (Kandiwo)
Njala
Katikwa (ilbuta)
Ilanyinda
Ilalangwisila
Ilkwinda ( l )
Ndulu
I Iatuaatuwamba
Ilsakadziko
Usampha (3)
Chimbalo
Siwinda (3)
Ilzowa
Ilbuta ( l )
Ilbuta (2)
Kalungula
Chidang\ve.
Ilbalani (Ngombe 2)
Dzidzi ( l )
Kontho ( l )
Ngombe
Sunche.
Iiasiwiti
Ilbuta (2)
Chilemba
Chulu
Katontha
Chitsotsa
Siwinda ( l )
Ilkulumimba (3)
Malanda-
Kaphiza
Ilkulumimba (3)
I.Hculumimba (2)
Swayi
Katedwa/Il'buta
Ilbuta
Kanoto ( l )

WELL NUl'UER

51
16"
2Z
27
10
39
45
66.
14

7
40
52
19
34
36
23
68
67
24.
4.0
54
61
43

6
2.
3

17
18
38
70
63
49
24
21

1
6

46
60
41
31
33
20

47
72
71
57
37

56
9
8

49
7

14.
16
48
29
11

4,
53
13
12
55
42
42
69

INSTALLATION BATE

16th Hay 1977
24th liay 1977

9th November 1977

25th February 1977

5th July 1977
22nd June 1977
17th May 1977

2nd June 1977
14th July 1977
24th February 1977
8th January 1977
1st October 1976

26th Hay 1977

29th April 1977
15th December 1976
16th June 1977
16th June 1977
1st November 1977

8th November 1977
18th June 1977

16th June 1977
16th June 1977
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SHALLOW WELL P.V.C. HAND PUMP

PARTS LIST

Item Description

1.

2.

3.
4.

5.
6.

Bush
Tee
Bend

75mm

P.V.C
20mm

63 x 20

63 x 50
45°x 50mm
Class 16 pipe x 50cm

„ V/elded flange

P.V.C. bush

7« Steel backing plate 3" table D
8. 5/8 x 3" Bolts Nuts and Washers x
9. Rubber Gasket

10. Self taping screw

11. Perspex plunger

12. Rubber flap

13. end cap 20mm

Neoprene ball 3

15- Reducing bush 63 x 32

16. 16mm pipe x 1m
17. 20mm pipe x depth of Well + 1ft
18. 63mm. pipe x depth of Well + 1ft

19. Tee 32 x 20
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/ '• APPllIiDIX IV

COIgSHTS OH TIE 'WATERLOO' HJIIP (RUF. W.VJII3L00 :TJS:i\RCH INSTITUTE
REPORT QU PROJECT 609-01)

We feel that the 'Waterloo' punp has definite possibilities. At the moment
for our purposes - shallow wells - we consider that several simplifications
can be made,

V/e propose several modifications:-

(i) Hon-recoverable footvalve (this agrees with one of the recommendations
on page 57 of the report).

(ii) A simplified piston. A short-length piston is suggested of the sane
design as the above footvalve (see Figure l). A piston ring may be
fitted although we believe that this is not strictly necessary for
low lifts. If no piston ring is fitted and the piston material is
PVC (in a PVC cylinder) then the wear of the punp cylinder has to be
considered (see later note).

Should our tests indicate some advantage of a longer piston then a
second short-length piston would be fitted as shown in Figure lo

(iii) Fitting, of Piston to Pump Rod: Dispense with the need for a bolt and
nut by solvent cementing the parts together. A pin. •: may be fitted if
necessary.

(iv) Leverage System and Casing Cover: These are interesting features and
would probably be introduced at a later development of the wells
programme. For simplicity we will omit then at present.

V/e are on the same lines as regard the following items: pump rod, top end
and spout, and casing.

Polymer on Polymer Wear Tests:

These tests are interesting. Me require information on the wear of perspcx o:.
PVC (our present plunger/cylinder combination). Field tests have established
that a perspex disc plunger of diameter 56 mm. in a pipe of diameter 57 am wears
by 0,5 m in a period of 5 to 8 months. Me do not have the corresponding wear
data for the PVC cylinder.

The data in the V/aterloo report on the wear of PVC on PVC is of interest. Mo
are contemplating using the PVC piston without the polyethelene piston rings •••
giving wear of PVC on PVC. From the data in the Waterloo report - assuming G;.i
allowable wear for the piston to be 0.5 mm then (from Table 4 B of report)
the.wear of the PVC cylinder for this plunger wear would be:-

0.5 x 96 = 0.0209 mm.
4

If we assume that this wear would take place in 6 months then the wear of the
cylinder in 1 year would be 0.0418 mm and in 10 years could be 0.418 mm. This
is only a very simplistic calculation ti't it docs inO.icc.te the possible
adverse affect of dispensing with the polyethelene piston rings.

on PVC/ If comparable wear data for perspex on PVC and for PVC/were available then
v/e would be able to come to a better estimate of the life of polyethelene
rings or the PVC plunger (if no rings) as compared with the known life of
perspex on PVC.
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REPORT FORMAT FOR FIELD TESTING OF HANDPUMPS
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Preamble. : The ultimate criteria io?: choice of a hand pump would be :

(a). Performance, in "terms of longevity (measured :ui manhours of

• use be two or break-d c<ra) B

(b)6 .Ease of operation.

(c)o Cout of PUGp.

(d)o Simplicity of maintenance.

While these factirn can be sub-divided with several sub-factors,'

the inter re lat i in ships of which are quite complex, this study

will limit i tself to the more easily assessable components.

•Two types of harrl* pumps are available for testing - viz : (a)

shallow well pum >? and (b) deep well pump.

Two sets of pump ; are to be tesWd ±a d:Lfferent location, each
(••'<•( c / ,

set consisting o .' : 1 eliallow v»Qll-purnp from India

1 $:'v.vuc-<.^ " ;| " Bangladesh,

1 deep " ' " " Thailand.

For case of refe: ence, the f i r s t set could be

I]_- , B-i and >\ with the 2 n d coiad be labellod.
i

1^ , V>2 and ''2 .

For comparable T- suits to be obtained, the four shallCH well puaps,

I]_ j Bj_ and I2., Bg ) should be installed under similar hydraulic.

conditions - iae : where the depth from ground level to the water

bearing'stratum : s the sa me and the seasonal drop in ground water

is about the samr « To ensure that the test is wit&on these limits,

the length 6f pi]e installed on all 4 pumps should be the same„

Since the c ;ep well pumps are of the same manufacture, they

may be- installed under different hydraulic conditions, so that

"~~--.x their performance under these condition may be observed.

The two pumps maj be installed where the ground water levels are

at about 12 in ane 20 m respectively below ground level.
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Tost procedure :

The study will consisi of :

a) Inspection of the ]. -imp - cyliuider and pump head in respect of materials

of construction, ph/sieal n^d mechanical features. This information

could provide some correlation with ultimate performance»

b) Longevity — this te.it would comprise of two parts —

i) Number of breakdowns is a given period (measured in actual man

hourse of use),

ii) Pall-away in performance.

The first ±3 a "Wor]> -bench1' inspection and a format is given under

the heading "Wcrl:-be .ich inspection" (Form i).

Since a element of s ibjcctivity is involved, the same investigator1

• should inspect and r-port on all the pumps.

The second is a fiel<. performance test,' carried out under actual - use

comditions« This wii; consist of:

a. The measurement o:i output and its variations during the perioel of the

test. .-.

b. The assessment of nan-hours of actual use.

C A record of repairs / break-downs.

The tent (a) will consist of the measurement of the time taken,

under normal pumping use, to fill a bucket of 15 litre capacity.

• Three repetitive test will be ran each time, 5 times during the entire

period of the test. A.1 suming that the test will be run over four months,

the timing of the tesi will be as bclovr.:

1. Day of installing "-pump - Test

Test
Test
Av.
Output

2. 31 day afte;1 installation - Test (a)

Test (b)

(a)
(b)
(c)

Test (c)

AT:

Output

sees
sees
sees

sees
l/min.

sees

sees

sees

sees

l/min



( 3 )

nd
j. tv aay alter in ;taiJ-aoion - rest

Test

Test

Av.

Output

rd
U. 93 day after in;tullation - Test

- Test

Test

Av.

\aj •

(b) :

(c)':

:

* '

(a) :

(b) :

(c) :

sees

sees

sees

sees

litrq /min

sees

sees

sees

sees

Output

•Hi

12h day after in ;tallation - Test (a)

- Test (b)

Test (c)

Av •. '

Output

3CCS

sees

sees

sees

litre/rain.

The information obtained is filled into the f o m "Field test " (Form 2).

The pumping should be done for all £ tests byithe samePerson to climate

the "human factor" in the test. ( length of stroke & strokes/min ) .

The assessment of actua'. use of the pump will be made by an physical

count of the number of users/d; yf and the average usage time/person*

The test should be done on at least 3 days, during the entire.period of

the test, preferably, 5 days, 'he clocking of average, time/user would be done

at random over about 25 person: per test day. The information is filled in the

format titled " Field test (b)' ( Form 3 ) . '.

A record will have to k( pt of all minor & mayor breakdox<m and a reliable

reporting systems will have to be established to enable quick action to be taken

to restore the pump to working order. The information on repairs required and

effected is provided on the fo] m with the heading " Record cf Break-downs "

( Form Ii ) . „..,.-• :



( 4 )
Form 1

11 WORK - ls.3HCJi

Pump Code No.

i

h h 3.
1

lo CYLIloHR . ! . ;

a0 Body material ! ̂ -' |

bo Cylindei" material ' '\-r--j.\

ca Cylinder surface smoothness \
do Cylinder ovality ;
f o Cup water material • j

i ) smoothness
ii;) tolerance to cylinder :

' ' iii) pliability ^ d.

S• Piston yalve_

i ) inaterj.al of valve
i i ) materiel of seat
i i i ) typo of valve
iv ) efficiency (loalcagc) ' O(

h. Checl<-_. yalye.
i ) iuaterial of valve : \:. .,^
i i ) material of scat j <{

i i i ) type of valve ' -..'...''_
iv ) efficiency (leakage) ; Sj__

i . Rcplaccbility of components \__£+
2o Pump head. i

i T type' ( ITl tegral^iparate) : ^ • . : r_
i i ) No. of pivot points . i

i i i ) i.b.;;erial of pivot points i "° •

iv ) Toleranoc / f i t of pivot "; "" !

point. | I

T

"t: ..',j_L

13 T..
1

T

j ';_!

P=poor

.4-

v ) typo of lubrication
3. Puriip Iiandlc.

ii
iii

material of construction \..LHS.^L
mechanical advantage [ _...?

4» Puiiipin^ effort (low/moderate/
high).

r

1.

',/;/ --o r / f i_ /

I N D- I A

.__ ...._! [ L i

Bi'u-IGIi'JlESH



1« Pump code No,

2© Location

3« Typo of installation

4-o Drfcc of instal la t ion

56 Date of tes t ( i ) -

60 Vlater level ('below G-oL

lp_ield Cost (a ) „

• Open well / dril led well

I . day .

No,, of strokesI Time in sees
j ..__ ...

Tent consists of clocking '.'estCa)'

time taken to f i l l a 15 l i t r e Dest(b)j

bucket.The number of strokes rest(c)

taken aslo counted. Repeat -YveragC;

3 times for average) Output = 1 / min ( l i t r e per minute )'

6. Date of t e s t ( i i ) - •

V/atcr level ( below G.J..)

7, Date of tes t ( i i i ) . - •

Water level ( below,G.I,)

lie day

Time in sees i llo, of strokes

'lost (a):I

5est (b):;

'.test (c) : |

/.verage :'

Output = 1 / min ( l i t r e per minute. ) ,

Tost (a):

Test (b):

Test (o):

Average :

Time in '

I I I . day .

sees No.

—.

of strokes

s

Output - 1 / min ( l i t r e per minute ) .



80 Date of t en t ( iv ) , .

Y/ater l eve l ( be low a.L.

IV. Day

T Line i i i «e c s

- •- —

Ho. of strokes

• — • • • ; - - • •

9. Date of test ( v )

Vfater level ( below G.L.)

Test (a) :

Test (b) :

Test (0) :

Average :

Output.. = 1 / iriia ( l i t r e per minute ) .

V. Day

1 t

j Tine in sees

Test (a) :

Test (b) :

Test (c) :

Average :

No. of strokes

Output s= 1 / mjn ( l i t re per minute ) .

Signature :

Investigator.



1 . Pump code No.

2 . Data of count .

3» Count of t isers.

' • ( 7 )

Field. Tes t (b)

Form 3 <>

TT.Ml

05,00 -

06,00 -
07-co -•

•09.00 •-
12.00 -
IU.00 -
15.00- -
16,00 -
10,00 -

h° Av. time to f i l l ,
15 1 . bucket User Ho

1

2

3

• U

6
7

0

9
10

t
11

! 12

060 00

07.00
09,00
12-00
1 it-. 00
i 5 *oo
16.00
.18,no
20,00

•

: T i l i3/SCC3

~ j " • - "• -

i
II
i

i

1
I

1

•

User No

13

ia
15
16

17

18

19

20

21

22

23
• " > ' •

25

i

-

J

1

TOTAL

r.i.rae/secs i

1

— -

<•.) Av. t i 1 n/xsicr ' sees

1)) Output / r i n : O.itrer.

. a) Total man - hour/d^.y -•

b) Total man hours for t o u t period =



Form 4«

*

Record of breakdowns

Pump code No.

Date of i n s t a l l a t i o n ,

3, Date of breakdowns

a

b

c ' •

d

f

g

Description of broaJcdownrj
Date of
repair.

• • - . -

Cost ox
Repair.

. . . 1

Equipment required.

Item

•

•- •' 1» Stop v/atch
/ 2» Steel xcm Scale (30 cm)

X .'3. Outside calipers 6"
>C / 4. Inside calipers 9"

j 5, Steel tape 30 m . ,
X /6« 15 - lit, graduated plastic bucket
x J 7« Tally counter

Signature

Quantity

two
one
one
one
two
two
two

Recorded by
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Scope

This Code establishes a procedure for con-
ducting and reporting tests of metering, power
and steam pumps to determine compliance with
the provisions of the Standards.*

This Code specifies test conditions for meas-
urement of metering pump capacity and provides
limiting conditions for all methods of quantita-
tive determination of power pump capacity and
measurement of pressure and power input.

Except where specifically stated otherwise
herein, this Code shall be understood to apply
to tests of the pumps proper, and the terms
"capacity", "total head" or "total pressure",
"efficiency" and "power" are to be taken as
referring to the pumps only.

While the pumps may handle a variety of
liquids in addition to water, most pumps can be
satisfactorily tested on water For those pumps
where this is not practical and subject to specific
agreement between manufacturer and pur-
chaser, tests may be made with a clean petro-
leum oil of approximately 250 SSU viscosity at
a pumping temperature between 60 F and 130 F.

This Code is not intended to cover tests where
unusual liquids are handled. The methods of
determining performance when pumping liquids
other than water or oil are subject to specific
agreement between the pump manufacturer and
purchaser although the general procedure herein
established may be used as a guide.

It is intended that the tests conducted under
this Code shall be made and reported by quali-
fied personnel, trained in the proper application
and use of the various instruments and methods
involved.

Test Tolerances
Metering Pumps

The test used to measure and time actual
pump delivery should provide for the collection
of a volume or weighted sample in a specified
time period with a demonstrated variation of not
more than one fourth of the percentage variation
specified for repetitive accuracy of the pump.

• Test in accordance with these standards will nor-
mally be conducted by Die manufacturer only when
specified by tho purchaser. Otherwise, manufacturers
may conduct tests incorporating only those portions of
these procedures which their experience with a particu-
lar type or model of pump has indicated are necessary
to establish the suitability of the pump for the service
intended.

The pressure measuring equipment should '
certified as having been calibrated to be with
0.5 per cent of the total pressure as determin-
by a "dead weight tester" or master refercn
pressures. |

i

Power Pumps

Since the fluctuations in flow and pressn'
inherent to a power pump make it difficult !
obtain exact readings and since all measur.
ments are subject to some error, a tolerance o
plus and minus 2 per cent shall be allowed o>
all values directly measured and plus and minu
2 per cent on efficiency which is calculated (re
the readings of capacity, pressure and pown
In addition, a plus tolerance of 5 per cont ov :
rated capacity may be allowed, with a corn
sponding allowance in horsepower input, pro
viding the driver is not overloaded beyond it'
allowable service factor.

Production Test Procedure
Metering Pumps

Pumps to be tested shc'ill be run in, and all \
conditions must be stable for each test, e.g.: ;
suction pressure, discharge pressure, speed, t
liquid temperature, etc. ,

Each pump shall be checked for rated capac
ity and for repetitive accurncy by conducting two
test runs which will be monitored at 100 per
cent capacity and maximum rated or specified
pressure under constant conditions without
changing any pump controls. Pump delivery dur-
ing each test run shall bo equal to or mon.; than
the rated capacity of the pump. The difference in
the delivery between the two tests represents tho
repetitive accuracy in which the difference is ex-
pressed as a percentage of maximum capacity.

All factory adjustments on relief valves, refill
valves, and control accessories when furnished,
are made to specified service conditions.

All assembled parts function normally with-
out drive motor overload.

Pump Calibration. When pump calibration
curves are required by the purchaser, the actual
delivery at four capacity settings over the spe-
cified range (including maximum and minimum
setting) shall be measured and recorded at spe-
cified or maximum rated pressure. These data
shall be plotted as a percent capacity setting
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versus capacity curve with the test conditions
as indicated.

Pump Witness Tests. When pump witness
tests are required, the manufacturer should be
consulted.

Test Procedure
Metering and Power Pumps

When acceptance tests are made, the pur-
chaser and the manufacturer shall be repre-
sented and shall have equal rights in determin-
ing the conduct of the tests.

The plan of test and procedure shall be estab-
lished by purchaser and manufacturer and shall
cover the methods to be used in measuring all
major quantities, including capacity, head, power
input and speed.

The unit to be tested shall be run in and all
conditions must be stable for each test point.

The results of the test shall be computed and
found to be acceptable before the test can be
considered terminated and the test equipment
removed. The test report must be approved by
both parties and, if published, shall follow the
presentation explained in detail elsewhere in
this Code.

Alternate Test Procedures
Metering and Power Pumps

Where the manufacturer's power supply is in-
sufficient to test the pump at the maximum con-
ditions or the motor, engine, turbine, etc., in
the manufacturer's testing facility is not capable
of operating the pump at the required condi-
tions, the following procedure is to be used sub-
ject to specific agreement between manufacturer
and purchaser:

Test pump at contract speed and capacity
at maximum differential pressure that driver
rating will permit.

Test pump at contract differential pressure
at maximum pump speed and capactiy that
driver rating will permit.

Corrections to specific pressure and capacity
shall be made as explained later in this Code.

Steam Pumps

In many cases, the steam or air supply avail-
able at the manufacturer's plant is insufficient to
test the pump at the contract conditions.

Under these conditions the steam pump shall
be operated with steam or air at sufficient speed
and pressure, pumping water at ambient tem-
perature to assure proper operation of the pump.
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No mechanical or volumetric efficiency tests
are normally made on steam pumps.

Inspection
Metering and Power Pumps

Careful inspection shall be made before, dur-
ing and after tests to insure the proper opera-
tion of the pump. Items 1, 2, 3, 5 and 6 should
be inspected before the test and Item 4 during
the test.

: 1. Alignment of pump and driver
2. Direction of rotation
3. Electrical connections
4. Operation of stuffing boxes and lubrication

system
.. 5. Clearances

6. Liquid passages

Hydrostatic Test
Metering, Power and Steam Pumps

Hydrostatic tests shall be made on all parts
under hydraulic pressure using water at room
temperature and at pressures equal to one and
one-half times the maximum working pressure
that a part is subjected to, unless specified
otherwise.

Any casting (cylinder, chest, pot, pipe, etc.)
that is under hydraulic, steam or air pressure
when pump is in operation, shall be tested for
five minutes and/or sufficient time to permit
examination of the parts being tested.

Preliminary Tests
Metering and Power Pumps

It is advisable for the manufacturer to m;>ke
one or more preliminary tests for the purpose
of determining the adequacy of the instruments
and apparatus and the training of the personnel.

When conditions do not permit such prepara-
tory runs, operations may be started and the
time at which conditions may become satis-
factory can be chosen later as the starting time
of a test.

Operating Conditions
Power Pumps

The most important factors affecting the op-
eration of a power pump are:

Suction conditions
Total pressure
Effectiveness of pulsation damper on

discharge side of pump
Unless suction line is short and un-

t^»»;.JH-»^^.TJip:-1^|...T»J^»- WB",'l»f*1Tf"V*

c*.n?!y . , 7 .,-- : rvr
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throttled, effectiveness of pulsation
damper on suction side of pump is
reduced.

Where oil is used as the test liquid, viscosity
shall be maintained within 10 percent of that
specified for the duration of the test.

The total suction lift and total suction head
are to be measured as specified on pages 236
and 237. During tests, the total suction lift shall
not exceed that specified or, if a positive suction
head is specified, the total suction head shall
not be less than that specified. If the condi-
tions set forth above are not immediately ob-
tainable, the test shall be delayed until such
conditions have been established.

If it is necessary that a valve in the suction
line be closed partially to obtain specified inlet
pressures, an effective pulsation dampener shall
be installed at or near the pump to absorb the
cyclical flow variation inherent to a power pump
to prevent excessive pressure fluctuation, vibra-
tion, or noise.

When it is impossible to obtain the specified
conditions of capacity, head, and speed, correc-
tions to correspond to specified conditions shall
be made.

In the measurement of capacity, corrections
shall be made for the difference in temperature
at the pump and at the measuring device to
compensate for the volume difference.

Before the tests are begun, or before con-
tinuing the tests after an important change of
conditions during operation, the apparatus shall
be run under stable conditions for sufficient
length of time to bring about equilibrium and
steady readings.

Records
Metering and Power Pumps

Complete records shall be kept of all infor-
mation relevant to a test. The suggested form
for tabulating these data are given on pages
240 and 241.

The manufacturer's serial number, type, and
size, or other means of identification of each
pump and driver involved in the test, shall be
recorded in order that mistakes in identity may
be avoided. The dimensions and physical condi-
tions, not only of the machine tested, but of
all associated parts of the plant which have any
important bearing on the object of a test, shall
be determined.

lest coiie
While these records apply to the •

unit including the driver, the Code itsel
only to tests of the pump.

Calibration of Instruments
Power Pumps

The supplier of all instruments shali
evidence that they have been properly ca
that they are being used under conditi
responding to the calibration, and that
in good condition corresponding esser
that at the time of calibration.

Measurements
Power Pumps

The essential measurements for
power pumps are:

Capacity
Total pressure or total head
Power input to the pump
Speed

Volume Measurements
Metering and Power Pumps

The standard unit of volume shall
United States gallon or the cubic fc
standard U.S. gallon contains ?31.
inches. One cubic foot equals 7V!H05
The rate of flow shall be expressed in
per minute (gpm). gallons per hour (
barrels per day (bbl/day). A hand, as
these Standards, is considered to be ec
to 42 U.S. gallons.

The preferred method of determining
is by measurement of weight or volume
of time.

Measurement of capacity by weight
upon the accuracy of the scales used a
the accuracy of the measurement of I
the density of the liquid pumped.

Measurement of capacity by volume
that sufficient measurements of the rer>i
tank be taken to establish its volume aci
When there is doubt as to the volur
reservoir, it shall be calibrated by weig
volume of liquid it holds.

Where it is impractical to determine
by volume or weight methods, positive ».
ment or volume meters may be used.

Venturi meters, orifices or nozzles
used only with a large receiver, or a lc
or a pipe with straightening v.mes c
ahead of the flow-sensing device so



$ J test cade
essentially steady flow exists as the liquid enters
the measuring device.

The use of a venturi meter, orifice or nozzle,
for capacity determination, requires accurate
determination of the coefficient of the meter for
the various characteristics of liquids.

Measurement of Pressure or Head
Power Pumps

Accurate determination of the working pres-
sure of a power pump requires the use of a re-
ceiver or pulsation damper of sufficient size
to essentially absorb the cyclical variation in
flow before throttling to establish the desired
pressure. Throttling the line to a pressure gauge
or the use of a damping device only in the gauge
line does not insure an accurate pressure
reading.

Head or working pressure shall be designated
in pounds per square inch (psi). The relationship
between pressure expressed in pounds per
square inch (psi) and that expressed in inches
of mercury (in. Hg) is:

psi = 0.49 x in. Hg

In dealing with power pumps, it is customary
to express head in pounds per square inch (psi)
when referring to discharge head or suction head.
Fig. 94 shows how measurements of head are
made where the pressure is above atmospheric
pressure. As the gauge reads psi. it is only
necessary to correct for elevation (Z) and veloc-
ity head, both in terms of pounds per square
inch.

Where there is suction lift or vacuum on the
suction side of the pump, this is usually referred
to in inches of mercury (in. Hg). Fig. 95 shows
how measurements are made where the pressure
is below atmospheric pressure. To find suction
lift in terms of psi, multiply inches of mercury
by 0.49, to which should be added the correc-
tion for elevation (Y) and velocity head, both in
terms of pounds per square inch. (When cal-
culating total differential pressure on a recipro-
cating pump, gauge elevation above or below
datum and velocity head are negligible quan-
tities and can be ignored.)

The datum shall be taken at the outlet port.
In horizontal pumps this usually will be the low-
est point of the discharge valve seat. In vertical
pumps this may be, in the case of inverted
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pumps, the bottom of the plunger at the en
of the suction stroke.

The gauge connection orifices shall be flu?
with and normal to the wall of the liquid passag
and the wall shall be smooth and parallel wi
the flow in the vicinity of the orifices. The or
fices shall be from V& inch to Vi inch in diar
eter, and their edges shall be free from bur
or irregularities and shall be rounded to a radii
of '/i6 inch. All gauge connections shall be tigr

The following definitions apply to Figs. £
and 95.

Pd = Total discharge head or pressure
in pounds per square inch
above atmospheric pressure at
datum elevation.

P. = Total suction head or pressure
in pounds per square inch
above atmospheric pressure
at datum elevation.

P, = Gauge reading in pounds per
square inch.

h, = Suction gauge reading in inches
of mercury.

Y = Elevation of suction gauge con-
nection to inlet port above
datum elevation in feet. (Nega-
tive if the gauge connection to
pipe lies below the datum elev-
ation.)

Z = Elevation of discharge P/iuge
zero above datum elevation in
feet. (Negative if the gouge
zero is below the datum eleva-
tion.)

Vd = Average liquid velocity in dis-
charge pipe at discharge gauge
connection in feet per second.

V, = Average liquid velocity in suction
pipe at suction gauge connec-
tion in feet per second.

g = Acceleration of gravity 32.17 feet
per second per second.

sp gr = Specific gravity of liquid pumpe

In the case where gauge pressure is ab
the atmospheric pressure and the connect
line is completely filled with liquid:

Pd = P, + .433 X sp gr \z +

• • • : i



-Gauge connection

w©

Datum

Fig. 94 TEST ABOVE ATMOSPHERIC

In the case where gauge pressure is below
the atmospheric pressure and the connecting
line is completely filled with air, with a rising
loop to prevent liquid from passing to mercury
column:

P. = -.49 h. + .433 sp gr [ Y + p J

The "total pump head or pressure in pounds
per square inch (psi) is given by the formula:

P - Pd - P.

Note: P. must be subtracted algebraically

Connecting line ——
air filled

Gauge connection

Datum Mercury

Fig. 95 TEST BELOW ATMOSPHERIC

Measurement of Power Input to Pump
Power Pumps

The unit of power input to pump is the horse-
power.

1 horsepower = 550 footpounds per second

= 33,000 footpounds per.
minute

= 2545 Dtu per hour

- .7457 kilowatts

Power Measurements
Power Pumps

Pump input horsepower may be determined
from calibrated motors or from transmission or
torsion dynamometers, if suitably damped.

Calibrated Drivers. When pump input horse-
power is to be determined by the use of a cali-
brated motor, the following shall be applied.

All measurements of power input shall be
made at the terminals of the motor to exclude
any line losses that may occur between the
switchboard and the driver itself.

Certified calibration curves of the motor must
be obtained. The calibration shall be conducted
on the specific motor in question, and not on an
identical machine.

Such calibration curves must indicate the
true input-output value of motor efficiency and
not some conventional method of determining
an arbitrary efficiency.

When the pump is arranged with a speed-
changing device between the driver and the
pump, the input to the pump shall be the actual
output of the driving element less the loss
through the speed-changing device. The value of
this loss shall be certified by the manufacturer
of the speed-changing device. If a speed-chang-
ing device is an integral part of the pump, the
loss through this device shall be considered as
part of the losses in the pump.

Transmission dynamometers may be used if
equipped with a suitable means of damping out
the cyclical variations inherent to a power pump.
When pump input horsepower is to be deter
mined by transmission dynamometers, the un-
loaded and unlocked dynamometer must be
properly balanced prior to the test at the saint!
speed at which the test is to be run, one) the
scales should ba cfiecked against standard
weights. After the test, the balance must be re-
checked to assure that no change has taken
place. In the event of an appreciable change, the
test shall be rerun. An accurate measurement of
speed is essential.

Torsion dynamometers of the strain gauge
type may be used if the electrical circuit effec-
tively damps out the cyclical variations inherent
to a power pump. Direct reading torsion dyna-
mometers are not suitable for power pump tt^.ts.
When pump input horsepower is to be deter-
mined by torsion dynamometers, the unloaded
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dynamometer shnll be statically calibrated prior
to the test by measuring the angular deflection
for a given torque, the tare reading on the dyna-
mometer scale being taken at rated speed with
the pump disconnected. After the test the cali-
brations must be rechecked to assure that no
change has taken place. In the event of an ap-
preciable change, the test shall be rerun. An
accurate measurement of speed is essential.

Measurement of Speed
Power Pumps

Measurement of speed shall be made by
means of revolution counters or tachometers.

For speed measurements taken by means of a
revolution counter, the timing period shall be of
sufficient length to obtain a true average speed
and the stopwatch used should be checked
against a standard timer.

When a tachometer is used, it shall be cali-
brated against a revolution counter before and
after test. Tachometer readings should be made
at frequent intervals during each test point to
obtain an accurate measurement of average
speed over the reading period.

Measurement of Viscosity and Density
Power Pumps

While viscosity and density do not directly en-
ter into the performance calculations v/hen the
capacity is measured directly in volumetric
terms, as gallons per minutes, and the total
pressure as a unit pressure in pounds per
square inch, the density must be checked at suit-
able intervals if the capacity is determined by
weight. Similarly, viscosity does not enter into
performance calculations, but if a specific pump
is tested on oil rather than water, viscosity
should remain constant within the limits set in
Operating Conditions page 234 and should be
checked at suitable intervals.

Note: Refer to ASME, Power Test Codes, Instruments
and Apparntus, for method of viscosity and density
determination.

Calculation of Output Horsepower
Power Pumps

Since the total head is expressed in pounds
per square inch, the formula for liquid horse-
power, irrespective of specific gravity of the
liquid, becomes:

liquid hp =
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Calculation of Input Horsepower
Power Pumps

The input horsepower (bhp), when measured
by a transmission dynamometer, is calculated
from the following formula.

bhp 2irLWn

"33,000

where

L = Length of lever arm in ft.

W = Net weight in lbs.

n = Speed in rpm

7T = 3.1416

The electrical horsepower input to an electric
motor is given by:

kw
.746

ehp

where

kw = Kilowatt input

The input horsepower to a pump driven by an
electric motor is:

bhp = ehp X Em

where

Em = True efficiency of motor.

Calculation of Efficiency
Power Pumps

The pump mechanical efficiency is calculated
from:

10Qinput bhp

The overall unit efficiency of a motor driven
unit is calculated from:

or

E. = " ' ' i i x 100
ehp

t-o — t.p P\ ^m

Correction to Constant Speed
Power Pumps

Where specified spend cannot be reproduced
during a test, corrections shall be made by using
methods shown below.

This correction should be limited to plus or
minus 20 per cent of the specified speed.



Correction of Capacity
Power Pumps

At constant pressure, the capacity will vary
with speed as follows (plus or minus 20 per cent
of specified speed):

Q2= Q?(Q1 + S ) - S
"i

where

Qi = Capacity at test speed (gpm)

Q, = Capacity at specified speed (gpm)

n, «= Test speed

n, = Specified speed

S = Slip (gpm), which equals the difference
between the theoretical displace-
ment and actual capacity at test
speed.

Correction to Input Horsepower
Power Pumps

Input horsepower will vary approximately as:

E
where

bhpi = Power at test speed

bhps = Power at specified speed

n, = Test speed

n, = Specified speed

Plotting Results
Power Pumps

The capacity, efficiency, and input or brz
horsepower, are usually plotted as ordinates
the same sheet against total head as abscissa
shown on Fig. 96.

I i SPFIO 1150 R f M
viscosuy JSOSSU
UOUID I U O K I C A I I M O OIL
INLti PfttSSURC > -7 4 * S

bhps = bhp, X
n, Fig. 96 PLOTTING RESULTS POWER PUMP
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SUMMARY OF NECESSARY DATA ON PUMP TO BE TESTED

The necessary data on pump to be tested are as follows:

General:

1. Owner's name

2. Plant location

3. Elevation above sea level.

4. Type of service

Pump:

1. Manufactured by.

2. Manufacturer's designation

3. Manufacturer's serial number _

4. Arrangement: horizontal.

5. Inlet: single

6. Size suction: nominal

7. Size discharge: nominal

.vertical

.double

.in., actual,

.in., actual.
.in.

.in.

Intermediate Transmission:

1. Manufactured by

2. Type

3. Serial number.

4. Speed ratio

5. Efficiency.

Driver:

1. Manufactured by

2. Serial number

3. Type: motor

4. Rated horsepower

5. Rated speed

6. Characteristics (voltage, frequency, etc.)

7. Calibration curve

.turbine . other

i

Specifying Rated Conditions

The necessary data on pump rated conditions are as follows:

1. Liquid, water .

2. Liquid, oil, of _SSU;spgr.

3. Liquid, other liquids, of.

4. Pumping temperature

240

.SSU; spgr.
.at.

-at,

F

F

F.



in.

n.

si:;-1

coie k
5. Capacity

6. Total suction lift

7. Total suction head

8. Total discharge head.
pressure

9. Total head

-gpm.

.ft

.ft

.ft _

.in. Hg.

. gph bbl

.in. Mr? (below atmospheric pruss

_psi (above atmospheric pressure)

_psi (above) (below) atmospher

J t .

10. Liquid horsepower.

11. Brake horsepower.

12. Speed

13. Pump efficiency. per c

TEST INFORMATION

Test results, listed substantially in the following order, shall be given as:

General:

1, Where made.

2. Date

3. Test made by

4. Test witnessed by.

Capacity:

1. Method of measurement

2. Meter—Make and serial number

3. Calibration curve

Head:

1 . Suction gauge—Make and serial number.

2. Calibration curve

3. Discharge gauge—Make and serial number.

4. Calibration curve

Power:

1. Method of measurement.

2. Make and serial number of instrument.

3. Calibration curve

Speed:

1 . Method of measurement,

2. Make and serial number of instrument

3. Calibration curve

241
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ISO GUIDE 12-1977 (E)

Comparative testing of consumer products

0 INTRODUCTION

This document sets out a number of principles relating to the operation of comparative testing programs. In these programs,
different products offered for the same purpose are subjected to analyses and tests, the results of which provide consumers
with information on the characteristics of these products, enabling them to make a choice among products offered to them
on the market that best meet their particular needs and budget.

Comparative testing is usually undertaken by independent bodies specializing in the management and operation of consumer
information systems.

Consumer information systems based on comparative evaluation of products are, however, often undertaken by bodies whose
main activities are not necessarily directed towards consumer information systems.

In compiling this document. Technical Committee ISO/TC 73 carried out an extensive survey of the systems and procedures
followed by bodies operating comparative testing programs, especially members of the International Organization for
Consumers Unions (IOCU).

i

ISO/TC 73 also bore in mind the fact that ISO and IEC, through their technical committees, have launched an extensive
program for the preparation of standard methods for measuring the performances of consumer products (SMMP). These
methods are intended for technical testing of products for consumer information systems, including comparative testing.

Comparative testing programs usually consist of the overall evaluation of different products or services of the same kind. This
involves the accumulation and recording of characteristics, many of which are non-technical and influenced by conditions
prevailing in the particular country, region or market under survey. For this reason, comparative testing programs may be
different from place to place and influenced by factors such as money and facilities available, market conditions and
legislation in force, custom and tradition.

Technical test results obtained should, however, be based on test procedures which might be internationally applied, such as
SMMPs. These SMMPs provide test results on th? performance and durability of products that are technically comparable,
irrespective of the country, region or market in which such a project is undertaken.

This document deals mainly with the technical aspects of the testing of products and gives only broad outlines of the
non-technical aspects.

1 SCOPE AND FIELD OF APPLICATION

This document sets out guidelines for the conduct of comparative testing programs of products_for_the_information of
consumers.

2 DEFINITIONS

2.1 comparative testing : For the purpose of this guide, the subjecting to tests of different products offered for the same
purpose, the results of which allow consumers to be provided with unbiased information on the characteristics of these
products.

This information should enable consumers to make a rational choice, among products offered to them on the market, that
best meets their particular needs and budget. Such information is supplied by making available, via publications or through
other means, results of tests and, as the case may be, of subjective assessments made in accordance with methods and
criteria judged adequate to provide a meaningful objective comparison of prices, specific performance characteristics and
other complementary criteria of the products under review, including their likely effects on the environment.

In addition, the analysis may serve to give consumers more general information about products of the same kind.
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i

2.2 body responsible for comparative testing (hereafter referred to as CTB) : The body which not only organizes and
manages comparative testing programs but also arranges and accepts responsibility for the dissemination of information to
consumers based on such comparative testing programs,

n

3 GENERAL PRINCIPLES

|S| 3.1 Body responsible for comparative testing

The CTB should ensure that all aspects of the work are carried out in a proficient and objective manner.

J 3.2 Choice of the type of products

"I
4

The choice of the type of products to be tested must rest entirely with the CTB. This choice should, however, reasonably
reflect the consumers' needs for information and take into account the possibility of conducting the test within the
recommendations of this guide. Products submitted to tests should be sufficiently representative of the variety of products
offered on the market for one and the same purpose. The CTB may also deal with a limited selection of products if there are

f unique or specific aspects of interest to consumers (for example safety or doubtful effectiveness) or may limit itself to a given
price range.

3.3 Choice of the sample

The method used for the choice of the sample of products subjected to testing should ensure randomness of selection of
products as far as possible in the same way as consumers normally select them on the market. The sample should be obtained
through normal retail channels, and care should be exercised that special samples are not introduced for testing purposes.

The CTB should take reasonable steps to ensure that the models selected for tests will be available on the market when the
test results are published.

3.4 Size of the sample

For the determination of the size of the sample, it is not always possible or desirable, in the light of 3.3, to take a purely
statistical approach. In this case, precautions should therefore be taken to ensure that the results obtained are representative
of the products on the market. Such precautions may include an assessment as to whether a fault is due to poor design or to
an exceptional product failure, the checking of results against manufacturer's specifications, the substitution or repair of a
sample, the presentation of certain test results individually to manufacturers for comment, and consideration of the
experience of consumers themselves.

, With certain products, such as perishable goods, particular attention should also be paid to the trading channels used for the
purchase of the items, conditions of sampling, transport and storing before test in order to ensure the comparability of test

) results,
i

NOTE — The statistical techniques for the determination of samples are described in the reference standards ISO 2859. Sampling
procedures and tables for inspection by attributes, ISO 3319, " Guide to the use of ISO 2859. and ISO 3951.1 ' Sampling procedures and charts
for inspection by variables for percent defective.

3.5 Choice of characteristics

Unless a special survey is made for a particular purpose, such as the investigation of safety or reliability, all characteristics of
the product which are relevant to its use by the consumer should, as far as possible, be taken into account. These may include
running costs and likely total cost for ownership, safety, health, the effect on the environment, the conservation of natural
resources and energy consumption. Attention should also be given to other aspects which are relevant to product satisfaction,
for example packaging, delivery, installation, instructions for use, guarantees, maintenance costs and servicing, including the
availability of spare parts.

In order to further the exchange of information, the definition of characteristics should, whenever possible and appropriate,
be those recognized by international standards organizations (in the form of SMMPs), by the national standards body, by
government or by other qualified bodies.

3.6 Program of tests

The program of tests should particularly take account of any legislative requirements relevant to the product.

1) At present at the stage of draft.

2
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3.7 Test methods

The test methods used should be, as far as possible, the SMMP provided by standards approved or recognized by ISO or I EC,
or by the national standards body. If these standards are deemed not appropriate and alternative methods are used, it is
recommended that the CT8 give the reasons for this choice and indicate the methods it has decided upon to the national
standards body.

The chosen test methods should be reproducible, at least to the degree necessary to obtain test results allowing the
establishment of a consistent and reproducible ranking order of products.

NOTE — It is advisable to consult on this subject ISO 5725,1 ' Determination of the repeatability and rcproducibility of a standard test method.
This document will be especially useful in cases of dispute, for it contains the description of a procedure for controlling test results by means
of inter-laboratory tests. ',

When characteristics can only be evaluated subjectively, the evaluation should be based on assessments made by experts or
consumer panels, or on surveys of ordinary consumers. In the latter case, the survey should be conducted and analysed in
accordance with accepted statistical practice, or the methods used and the limitations of the survey clearly stated.

i

3.8 Verification of test results
i

The CTB should take steps to minimize errors in testing or results from faulty samples. One way of doing this is to inform the
manufacturer of test results on his own product and to invite his comments in sufficient time before publication. The test
results submitted to the manufacturer should be accompanied by the list of characteristics tested and the test methods used.
If the manufacturer disagrees with the test results, it is recommended that he supplies data to the CTB to demonstrate that the
test results are wrong or that the tests used were unsuitable. The CTB should give consideration to these comments but is not
bound by them.

3.9 Evaluation and presentation of test results

The evaluation and presentation of test results should be made in a manner which is technologically sound but also in terms
which can be easily understood by consumers. Where statutory units or symbols meet the latter requirement, they should
preferably be used. In assessing all test results, care must be taken not to emphasize differences between products if they are
of no practical importance or are relatively insignificant for ordinary consumers.

Without flooding the consumer with scientific details, the system of presentation of test results and overall evaluation should
be clearly explained in so far as this knowledge is required for an appreciation of the test results (for example criteria for the
choice of products, constitution of the sample, method of sampling, characteristics chosen and reasons for excluding certain
characteristics, test methods or surveys used, with their limitations, relative importance attached to the different tests and
characteristics, stating the reasons).

Price and running costs in relation to results of tests are essential elements of choice. This information should, as far as
possible, be given and should reflect the market situation at the time of publication. In order to assist consumers in choosing
products most suited to their needs and budget, the conclusion of the test report may suggest a number of best possible
purchases.

These conclusions should leave the ultimate decision to consumers but may nevertheless stress those products that may
represent best value for money in the opinion of the CTB.
*>

3.10 Publication

CTBs should not accept commercial advertising in the publication used for the test report. Other channels of disseminating
information may, however, be used at the discretion of the CTB, to reach as many consumers as possible.

CTBs may permit the use of test results by third parties only when this is done in a way which does not alter their meaning
or affect their objectivity.

Although CTBs cannot be held responsible for reprints by third parties, they should take all possible precautions to ensure
that breaches of these requirements do not occur.

1) In preparation.
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y
INDONESIA . F o r m : 1

"WORK - BTCHCH INSPECTION"

("Pro-installation check )

HAND PUMP: Type:

Origin/Country:

Codo:

Place of Ins ta l la t ion : ,

1. CYLINDER:

a. Body material: .

t>. Cylinder material:

c. Cylinder ovalty:

d. Cylinder 3Tnootheness':

«. Cut> water material- smooth:

f. Piston valve material: '

Type of valve:

Efficiency of valve:
(leakage)

2. PUMP HVAD:

Type- integral/separate:

No.of pivot points:

Material of pivots :

Type of lubrication :

PUMP HANDLE:

Material of handle:

Typo of handle:

4. PUMPING EFFORT:
Low:

Moderate:

High :

Repair of the hand pump needed? :

Place : Date: 19



FIKLD TflST ( a )
Form: 2

Type of pump

Code : Place :

Date of installation: Date of test :

Water level(below G.L.) Type of well: Open/Drilled ?

Test consists of clocking time taken to fill

a 15 litre bucket. Number of strokes taken also counted.

( Repeat three times for average)

Date of test:

Water level:
(below G.L.T

Date of test:

Water level:

Date of test:_

Water level :

of test:_

Water level:

Date of test :

Water level :

(Signature

; in sec. No. strokes

m.

Test a.

b.

c.

av:

TesUa.

b.

c.

av:

Output: lit/min:_

Output :lit/min:

Output:lit/min:

Test a.

m.

c

av:

Output: lit/min:

Test a.

b,

c.

av:

1 Day

2 Day

Test a.

b .

c .

av:

3 Day

1\ 4 Day

5 Day

Output: lit/min:

w \



( b )

Form: 3

1. Type of pump:

2. Cods:

3, Place of installation:

TIMR

. •. 5i - 6 hrs
6 - 7
7 - 9
9 - 12

12 - 14
14 - 15
15 - 16
16 - 18
18 - 20

No.of Users TOTAL

Total ussrs:

Averarge time to fill 15 lit, bucket:

,' US^R

1
: 2

3
• 4

5
6
7
8
9
10
11
12

Time/sec. || , UŜ IR j Time/see.

"i i3 !

1

•

! 14 !
15
±b

! 17 |
lii ;
19
20 !
21
22
23
24 I

k 25 !

a) av.time/user : sec:

b) output/min : litre :

Total No.of man per day:



RECORD OF BREAKDOWNS

Form: 4

Type of hand pump:

Code: Place:

late of installation: 19

Dat«: 19 Signature:
(Recorded by:)

Equipment required for test:

Item Quantity:

one
one
one

1. Stop watch
2; Steel tape +30 n
3. Caliper (out) o r o n e d o u b l e

4. " (in )

5» Tally counter . one

6. Bucket, gradusted,plastic, 15 lit, 1 pc.

Date of breakdown

]

Description of the
breakdown

•

Date of
repair

Cost of
repair j

!
iI
9
(

i

1
s

j
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ANNEX C

HAND PUMP MANUFACTURERS

ARGENTINA

Fabrica de Implementos Agricolas, 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
Bombas Americana Ltd.

Industrias Mechanicas Rochfer Ltd. A v < M a r g i n a l d e

Caixa Postal 194 v i a ^^g^^ 5 8 0

Franca, Sao Paulo P q # S a o D o m i n g o s

(water operated piston pumps) Sao Paulo
("M1400", "M 1500")

CANADA

Beatty Bros. Ltd.
Fergus, Ontario

("Beatty")
("Dominion")

GSW Pump Division
Hill Street »
Fergus, Ontario NlM 2X1

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

Monarch Industries Ltd.
889, Erin Street
P.O. 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")



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
Vaclavske nSm.c60
P.O. Box 1111
11187 Praha 1

("Intersigma")

FINLAND .

Vammalan Konepaja Oy
38200 Vammala

tel. 2667

("Nira")

FRANCE

Les Pompes Andre Bodin
Usine des Regains
B.P. 29
37150 Blere

("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")
("Aral")
("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 Arraaturen
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
Rakhi a1, Ahmedabad-2 3

("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-lift & deep well pumps)

Kumar Industries
P.O. 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-lift 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

("Senco1; 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

("Wasp")

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.O. Box 110, Higashi
Nagoya

("Kawamoto")

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

("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.O. 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
Apeldoorn

tel. 055-213283

NIGERIA

DIY pump

PARAGUAY

-Bombas Americana Ltd.
-Av> Marginal de Via Anhangucra 580
Pef*—Sao Domingos

("M 1400", "M 1500")

Kasaraatsu S.A.
Comercial & Industrial
Chile 452 - Piso 20 Edificio Victoria
Casilla de Coirreo No. 52
Asucion

(Gera models "G-60", Gera models "M")



PHILIPPINES

Avenue Mfg. Co. Inc.
P.O. 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.
Km. 16 McArthur Highway
Malanday, Vanlenzuele
Bulacan

(Pitcher Pumps)
("England" deep well)

Triumph Metal Mfg. Corp.
P.O. 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.O. 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 Westmans • Vag 5
S-13300 Saltsjobaden

TANZANIA

Shallow Wells Programme
Shinyanga Region
P.O. Box 168
Shinyanga

UGANDA

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

UNITED KINGDOM

Autometric Pumps Ltd.
Waterside

Maidstone, Kent ME14 1LF

tel. 54728

(Rotary)

Barcley, Kellett & Co. Ltd.
Joseph Street
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")



English Drilling Equipment Co. Ltd.
Lindley Moor Road

Hudders Field, Yorkshire HD3 3RW

tx. 51687

("EDECO")

H.J. Godwin Ltd.
Quenington, Cirencaster
Gloucestershire GL 7 5BX'

("WlH")
("X")
("HLD")
("HLS")

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

tel. 01-928-7102/3/4

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

Lee, Howl & Co. Ltd.
Alexandria Rd.
Tipton, West Midlands DY4 8TA

("Oasis")
("Colonial")

Mono Pumps (Engineering)Limited
Mono House
Sekforde Street
Clerkenwell Green
London EClR 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

("23 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, Illinois 60204

("Clayton Mark" cylinders,
valves and leathers)

A.Y. McDonald Mfg. Co.
P.O. Box 508
Dubuque, 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.O. Box 324
Elizabeth City, N.C. 27909

tel. 919-338-3995 .
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Handpunps for Drinlcing Water Weils ~ A KSCST Project

I. Modes of failure of handpumps

After the project was sanctioned by the KSCST,

Dr.J. Gururaja, the then Convener, visited 60 handpump

installations with his colleagues in order to ascertain

the failure patterns. Due to time limitations, this

survey was necessarily confined to facts that, could be

observed or inferred without lifting'the entire pump

assembly. The failure pattern emerging out of this

survey is as follows (figures on the right hand side-

indicate the .percentage of pumps which failed in the

mode indicated): • .:

(i) Uncoupling of plunger rods and
of the coupling between the •
plunger rod and handle, or
breaking of the plunger rod at
the top . ... 64$

(ii) Wearing of the pivot and fork
connection (Patel type) and
axle bearing support (Jalna type) ... 18$

(iii)Malfunctioning of valves and
leather buckets (washers) ... 11%

(iv) Disconnection of riser pipe at
the pump body ...

It is possible that some of the above figures are

approximate, since firstly an element of inference is

involved in ascertaining the failure mode and second, other

modes of failure which have been observed recently by the

present worKing group (e.g., uncoupling of strainer from

cylinder, uncoupling of cylinder from the riser pipe etc.)

are not included, since they could not be inferred from

observations of parts above ground.



The above failure pattern is also confirmed by the

notes prepared by the Executive Engineer, .. P.H.E.Division,

Chitradurga, v/ho attributes 70$ of the failures to uncoupling

of plunger rod and breakage cf the rod at the top, 20% to

malfunctioning of valves and leather buckets, uncoupling

of G.I. pipes (probably below the ground), wearing of guide

rods etc., and 10% to the uncoupling of the whole assembly

from the pump body.

It is thus seen that between 70$ and 80$ of the

failures are caused by uncoupling of the plunger rods and

of the riser pipe.

II. Causes of failure

The basic causes for each mode of failure are considered

below, since understanding of the cause is essential to find a

solution.

(i) Uncoupling of plunger rods: Scre^wed^^onnections tend to

become loose under sufficiently strong vibration. In

the case of plunger rods, this vibration is excited by

the bu'$:etting given to the assembly when, e.g., the

handle comes to rest more or less abruptly at the end of

the downward and upward strokes, or when it starts

accelerating at the beginning of the strokes; if the

piston strikes the top or bottom of the cylinder at the

extremeties of its movement; even during normal operation

if, for example, the axle supports have worn-out a little.

During half a cycle of vibration, the mating threads in

a coupling will be relieved of pressure against each other,

and if one part of the connection carries load, such as the

weight of water and self weight in this case, it tends to

unscrew.



(ii) Breaking of plunger rod at the neck: The rod carries a

static load 'between. 50 and 100 kg. depending on the

depth of the well. This load is composed of 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 is being accelerated, and

the inertia of the mass acts together v/ith the static

load, to make a total load of around 150 to 200 kg.

as a conservative estimate. This gives rise to a tensile
2stress in the rod, of about 200 kg/cm at the maximum,

.which is well within the allowable tensile stress of the

/rod material. Breakage of the rod could thus be due to
1 an isolated defect in the rod, such as a crack. In the

Patel type pump, this could also arise if the pump body

is shaking or if the riser pipe coupling with the pump

body has loosened. In that case, large bending moments

may come at the top of the plunger rod eventually leading

to fracture.

(iii)Pivot and fork connection (Patel type): Since all the

Patel type heads are now being replaced by the Jalna type

head, we will not concern ourselves with this in the future.

(iv) Wearing of the axle bearing support (Jalna type): This is

due to insufficient thickness of metal used in making

the head.

(v) Malfunctioning of valves and leather buckets: Malfunctioning

of valves is mostly due to wear of the rubber seating with

use.

The leather buckets often expand a little when

submerged in water for a length of time, leading to

increased friction and difficulty in operating the pump.



(vi) Disconnection of riser pipe; This is also due to vibration

and buffetting arising in the pump operation. Apart from

the reasons discussed under (i) above, an additional

contributory factor in the uncoupling of riser pipes is that

when the bolts securing the pump body to the casing pipe

flange become loose,, additional buffeting load comes on the

riser pipe, leading to uncoupling.

('", III. Proposed methods of attack on the above problems

/ The present approach concentrates on the uncoupling

of the plunger reds and riser pipe. As already stated, these

account for 70$ to 80$ cf the failures, and a successful attack

on them will make the problem much more manageable. Further,

replacement of the pump head by the Jalna type, and a slight

chipping of the leather bucket before installation which makes

it a bit loose, eliminate much of the remaining reasons for

failure. As such, the following will be concerned only with

the uncoupling of the plunger rods and riser pipe. Several

alternatives are considered, which can be conveniently divided

into (1) the simpler solutions and (2) the other alternatives.

L ' The reason for this division is that it is now proposed that

^ the simpler solutions be incorporated immediately in the forth-

coming pump installations without waiting for the results of

the vibrations and buffetting tests of all alternatives, going

to be conducted shortly,

(1) The simpler solutions; The basic principle behind the

simpler solutions is to increase the friction between

mating threads of the coupling, so that resistance to

relative rotation increases. Increase in friction can

be achieved in two ways.



(a) By increasing the pressure between mating threads:

This can be achieved by using locknuts, spring washers

etc. In fact, locicnuts are already used in the present

installations. The locknut is tightened against the

hexagonal collar welded to the plunger rod length being

jcoupled, so that a small axial strain is introduced in

both the locknut ..md collar. This strain develops -.\.

.permanent stress, which is balanced by the pressure

.developed between the mating threads. The frictional

{force between the threads is proportional to this pressure

(the constant of proportionality being the co-efficient

of friction). Therefore, the tighter the locknut is

turned against the collar, the greater should be the

resistance against relative rotation. In spite of this,

why do the couplings keep becoming Ioose7

The answer is that the strain induced in the nut

is extremely small, and is readily relieved by a slight _̂

wear or formation of rust at the interface. If this ~"

happens, the ordinary locknut becomes useless.

It is therefore proposed that commercially

available spring washers (i" size) be used at all the

couplings of the plunger rod: one spring washer will be

needed at the connections to the piston and to the handle

chain, and two at each intermediate coupling. The force

needed to compress a commercial spring washer is 45 kg.

This corresponds to the load carried by the plunger rod.

A spring washer therefore guards against uncoupling due

to accelerations of the order of 2g. Accelerations of a

higher level are not of much importance, since they would

be of a higher frequency and there would be correspondingly

little time for relative rotation of the coupled parts to

take place.



,(b) By increasing the coefficient of friction between

mating threads;. This can be achieved by, for exanple,

applying cotton thread and paint on the G.I.pipe thread

before screwing the collar on. Friction between metal

on the one hau-i arrl paint and cotton'thread on the other

is much greater than friction between metal and ir.et.al.

Resistance to relative rotation is therefore increased

compared to the present simple collar joints. The paint

and cotton thread will have to be applied at both ends

of each length of G.I.pipe, on the strainer- where it

is screwe^d to the bottom reducing nut, on both the

reducing nuts where they are screwed on to the cylinder,

and on the nipple at the pump body to which the entire

assembly is screwed, on.

It has already been said that the loosening of

the bolts securing the pump body to the casing pipe

flange could lead to fracture of the plunger rod at

the top in the Patel type pump (though not when the

Jalna type head is used). In addition, a shaking pump

body will lead to the wearing out of threads on the

nipple to which the pump assembly is screwed on,

ultimately causing the entire set to fall into the

well.

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 bjrush at the top,

which has a very large coefficient of friction against

mild steel. As an additional safety measure, spring

washers also should be used.



To summarise, therefore, the simpler solutions consist

of the following:

(i) Use spring washers at each screwed connection of the

plunger rod: one washer is needed at each screwed

end of a length of rod. They should therefore be used

not only at each coupling, but also at the connection

to the piston at the. bottom and to the handle chain a$

the top.

(ii) Use cotton thread and paint on the thread at each end

of every length of G.I.pipe.before it is screwed into

the bottom reducing nut; on both the reducing nuts

/ where they are screwed into the cylinder, and on the

/ nipple in the pump body to which the pump assembly

is screwed on.

(iii)Use spring washers and nylock nuts on the bolts connect-

ing the pump body to the £a;i-^M •/OyV' /)(ci<j<L

(2) The other alternatives: These alternatives are more expensive

to carry out than the simpler solutions, and are outlined

below: •' )

(a) For the plunger rod:

(i) use of nylcck nuts and multitooth washers in addition
to spring washers for the couplings;

(ii) use of a locking plate to secure the couplings. The
locking plate will be screwed on to hexagonal ends
welded to the plunger rod;

y (iii) use of flange couplings, the flanges being again
A connected by screws with spring washers;

\/ (iv) avoid a screwed connection altogether and use a
pin connection between plunger rod lengths.

(b) For the riser pipe:

(i) use of flange coupling for the pipes;

(ii) modification of pump body design to prevent the
falling of the pumpset into the well;

(iii)use of tie rods to prevent uncoupling of cylinder;

(iv) use of spring washers for the riser pipe couplings
also.
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IV. Laboratory tests

A programme of laboratory tests is drawn up to evaluate

the various alternatives suggested to prevent uncoupling of

plunger rods and riser pipes. All the alternatives will be

subjected to vibration and repeated buffstting in a test rig j

•designed for the purpose, over a length of time sufficient to

eliminate the poorer alternatives. Since the rig is motorised, an

accelerated test is possible and it is intended that operation

of the hand pumps in the field over a period of several months

should be simulated, as far as vibration is concerned, over a

period of a few days in the rig.

V. Importance of field data

By the very nature of things, field phenomena cannot

be simulated perfectly in the. laboratory. If the field conditions

are more severe than in the laboratory, the solutions given by

the laboratory tests will not be satisfactory. If on the contrary,

the laboratory conditions are more severe, the solution suggested

would be more expensive than necessary. It is therefore essential

to get a feedback from the field on how the solution will work out

under actual operating conditions.

VI. Proposed immediate field programme

Feedback from field tests will be slow in coming, since

operation over a period of at least one year will be necessary in

order to get meaningful results. Moreover, the results can be

relied upon only if a sufficiently large number of pumps is fitted

with the suggested alternatives. This will be expensive- both in

time and money. One possible course of action would be to carry

out the modifications suggested by the laboratory test results

and then evaluate the performancein the field after a year. This

would be reasonable since the laboratory results are expected in

March.



Hov/ever, in this particular problem, another course of

action..is possible. This is to go ahead and adopt the suggestions

detailed under "The simpler solutions" (page 7) without waiting

for the laboratory results, because of the following advantages;

(i) Similar methods have ooen successful in machines operating

under high levels of vibration, e.g., diesel engine driven
1 machinery, textile maehiney etc

(ii) The material cost involved is negligible, being of the order

of Rs.10/- per pump. The cost of labour involved in carrying

out the modifications is also negligible.

(iii) In the next two or three months necessary to get results

from the laboratory tests, several hundred new pumps are

going to be installed,, If the suggested modifications C'i.'L?-

Ou?W incorporated in these pumps and if they are successful,

the huge expenditure on later repairs will be avoided.

(iv) Finally, nothing is lost by carrying out these modificatiexLQ,

since the performance will not be worse than what it now is.

It is therefore suggested that as the immediate field

programme, the "simpler solutions" be incorporated in all the

new pumps to be installed from now onwards, as well as in those

old pumps which have to be lifted cut of the wells for repairs.

gpr/20.1.1977/
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RATE OF WEAR OF PVC PUMP CYLINDERS

(Conducted by Prussag, Kunststoffe u. Armaturen, Hannover, Germany)

Lengths of (3" 0) sized PVC pipe are being tested for application

ar. the vorking barrel of piston puiip. The object of the test is to measure

the wear (loss of material from the vails) of the pipe. Two test benches

vere built each vith sixteen cylinders mounted as individual units vith a

• gate valve and a manometer.

"~ j The system is driven through a transmission (at 30 cycles/minute)

vhich alternatively lifts and depresses, tvo transverse bars to vhich the

^^ piston push rods are connected.

Each piston consists of four PVC plastic discs vith four 16 mm

diameter holes at 90 around a center hole (occupied by the ho cm long push

rod); the holes are covered by a 2 ran thick flapper of nylon reinforced

neoprene. Tvo lea.tl.ier cups make a seal against the cylinder vails.

The 30 cm long PVC cylinders Vere cut from randomly selected

production pipe. The vail thickness vas measured at selected points in

w the middle of the cylinders and each point vas marked. The cylinders vere

installed in the test benches, the vater tanks vere placed under them and

^^ filled vith vater.

When the piston ascends vater is lifted from the tank and pushed

through the discharge pipe in •vhich the gate valve is located. The gate

valve is adjusted to provide an impedence to the egress of the vater, thereby

creating a pressure vhich is measured by the manometer. The vater is then

recirculated in the tank.



Annex h
Page 2

The vater tanks are open topped, allowing atmospheric dust and

'' foreign matter to enter the vater. Periodically water is added to the

tanks to cpmpensate for evaporation.

The test benches simulate pressure heads ranging from 0,5 to

?..O atmospheres (pumping depths of 15 to 200 feet).

'The PVC cylinders were removed after 3^0,000 cycles and measured

for wear at the narked positions. A maximum decrease in wall thickness of

0.10 mm was recorded. Pumping pressure was observed to remain constant,o
After ^00,000 cycles the cylinders were again measured for wear.

^^ A maximum decrease in wall thickness 0.15 mm was observed also vith an

unchanged pressure reading. The experiment continues.

O
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Pushrod
Kolbenstange

Staffing box
Stopfbuchse

PVC pipe '

PVC-Rchr

Cup Seals

Topfmanschette

Test Stand for Rate-of-Wear Experiment
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Introduction

Development of Handpump for Rural Thailand

by

Suwanrat Limrat

Rural Water Supply Division

Department of Health, Ministry of Public Health

Bangkok, Thailand

The total population of Thailand was estimated at 44 million in 1976.
Approximately 77%-80% of this total, or about 33-35 million live in rural areas
where the problem of access to safe water supply still exists. The government
of Thailand had set up a National programme on Rural Water Supply in 1965 to
stimulate in providing access to safe water supply to all of this rural popu-
lation. There are seven Government Agencies implementing for this National
Rural Water Supply Programme of which five Agencies construct water supply sys-
tems and other two Agencies are associated with these activities through finan-
cial support to assist small communities and institutions. It is reported by
the National Economic and Social Development Board (NESDB) of Thailand that in
1977 about 14 million of the rural population have been provided with water sup-
ply by various means implemented by these Agencies. Among these means, both
shallow dug wells and deep wells incorporated with hand pumps contribute to a
high percentage (about 32%) of the Programme's result. It is anticipated that
the handpump will play a very important role in the achievement to the success
of the proposed plan of the National Water Supply Programme which aims to ful-
fil the objective of the International Drinking Water Supply Decade (1981-1990)
at the end of which all population of Thailand are expected to have access to
safe water supply. Perhaps the significant role of handpumps will be better
appreciated if it is realized that during the coming future an estimated of
quarter to half of the rural population of Thailand will have to rely for the
access to safe water on community sanitary dug-wells and tube wells equipped
with handpumps.

Historical background and problems

The handpump has a long and successful history as a device for supplying
water from a shallow family well. Most of the present day pumps are descen-
dents of those earlier pumps. Several types of handpump for household use or
farmyards namely Dempster pump, Red jacket, Myer Marine pump, etc. had been
introduced to Thailand under the assistance of the U.S. Government to the Ru-
ral Health Development Project which started in 1959. From the field-experience,
the RHDP had designed and developed a new model of handpump and named it 'Korat
Pump' or '608 Pump' in 1964. It is a gear type reciprocating handpump that can
be used either for shallow dug wells or deep wells. The 608 pump has been widely
used for community handpumps in the Nation Rural Water Supply Programme by the
Department of Local Administration (for shallow wells) and by the Office of Ac-
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celerated Rural Development (for deep wells). Presently there are two main
types of handpump are being used by Agencies engaged in the National programme.
They are as follow:-

1. Dempster's type, the Department of Mineral Resources and the
Department of Public Works use this type for their deep wells.

2. 608 pumps or gear-type pumps are used by the Department of
Local Administration for its shallow well with handpump project and by the De-
partment of Health for its tube-well project.

The Department of Health also use market-type Japanese-design hand-
pump which are contributed by local communities in some tube wells as a test.

The problems with the use of handpumps in Thailand as well as the pro-
blems of that on a global scale are associated with the community handpumps
and are more or less similar in cause of problems such as quality of the hnad-
pumps due to inadequacies in design or manufacture, poor installation and lack
of maintenance. Field investigations of the installation and use of shallow-
well handpumps in Thailand were carried out by the Handpump Subcommittee of the
National Rural Water Supply Programme in 1976. The result of the investiga-
tions indicated as follows:-

1. that approximately 75% of shallow-well handpumps installed
by the Government programme in the investigated wells were not in operation.

2. that handpumps go out of action due to poor maunfacture
and due to a lack of maintenance after varying periods of operation, which
ranged between a few days and 5 years.

3. that with a few exceptions villagers were not able to repair
and to maintain the hand-pump in operation.

4. that the shallow-well and handpump programme of the Government
is being implemented by the administrators without adequate technical and fi-
nancial support for installation and maintenance.

Research and Development Programme of handpump in Thailand

With a better view to the increasing important role of hand-pump to
the success of providing access to safe water for all the rural population of
Thailand, and with a bettor understanding of the problems of handpumps used in
several water supply projects, the Executive Committee of the National Rural
Water Supply Programme, in 1977, has set up a Working Committee comprising of
all of the rural water supply implementing Agencies to study and develop one
good typical model of handpump which will be suitable for use in either shallow
dug wells or deep wells and also to develop a hand-pump managing scheme. The
Hand-pump study programme is by now carried out by the Agencies engaging in
the Working Committee having the National Economic and Social Development Board
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of Thailand act as the chairman and the coordinator.

The Department of Health, in answer to the request from the Na-
tional Rural Water Supply Committee is preparing to conduct' a field test and
evaluation of handpumps currently in use in Thailand. All models of handpumps
in use in community wells, both for shallow dug-wells and for deep wells or
tube wells will be included in this programme. It is proposed to carry out
this programme in Hang Chat District of the Lampang Province as a part of the
preventive health measure projects in support of the Primary Health Care pro-
jects in this district. The work plan for the Hang Chat District is being
prepared. Other handpurap programmes which will be conducted by the Depart-
ment of Health in preparation to support to the proposed objective of the Na-
tional Rural Water Supply Plan for the coming International Drinking Water
Decade (1981-1990) are:-

(i) Field testing of the PVC handpuinp for shallow dug-well
(ii) Development of PVC handpump for small diameter tube-well
(iii) Development and field testing of the handpump preventive mainte-

nance scheme on a district basis.

The idea of having a handpump of reasonable low cost, light in
weight, simple and easy to install, operate and maintain leads to the develop-
ment of the PVC handpump. The Agricultural Engineering Division of the Depart-
ment of Agricultural Technology had developed a PVC handpump in 1975 for the
purpose to use in household. It was extensively tested in the laboratory. The
Rural Water Supply Division of the Department of Health with the corporation
of the Agricultural Engineering Division has later modified some features of
the PVC handpump in order to be more suitable for installation and operation
in the field test as a community handpump. In 1977, the Department of Health
has secured a grant of U3 $10,000 from the World Health Organization (WHO) to
have 400 PVC handpumps for the field testing. At present, trials are being
conducted with the installation of this handpump in existing dug wells in some
villages of the Rajburi Province, Saraburi Province and in Rang Chat District
of the Lampang Province. It is expected that the field tests of this handpump
will be commenced soon at the early of 1979.

The PVC handpump will also be modified, developed and tested for
use in the tcjs well project of the Department of Health. A part of the sub-
sidy from the 'WHO' for the production of 400 PVC handpump is also intended to
enable the development of the PVC handpump for the tube-wells.



It Is generally recognized that the major failures of community hand-
pump are due to the lack of maintenance. This experience is shared by many
developing countries. The handpump preventive-maintenance programme is being
prepared to develop and to field test in some selected districts. The results
will be evaluated and a suitable and efficient preventive-maintenance scheme
will then be developed from the evaluation of this field study. This program
is supported by the WHO and another part will be supported by the UNDP.

A field test programme on the use of handpumps for deep wells is also
being carried out by the Office of Accelerated Rural Development in 1977-78
under the support of the UNICEF. The purpose of this field study are to im-
prove the handpumps used for deep wells at the present time and to study the
utilization of water from hand operating pumps. Four types of handpumps cur-
rently used by the Government Agencies in their rural water supply projects and
one type of household shallow well hahdpump are being tested in selected deep
wells of various conditions. The capability of each type of handpump tested
and also the advantages and disadvantages of the handpumps are reported in the
3rd Progressing Report of this programme. This test programme is expected to
give final recommendations on improving of the handputips at the early of 1979.

A project on study, design and develop a typical handpump for rural
Thailand is also being prepared to be conducted by the Asian Institute of Tech-
nology with the cooperation from various government agencies concerned namely
the National Economic and Social Development Board, the Mineral Resources De-
partment, the Department of Health, the Public Works Department and %he Office
of Accelerated Development, follow the Workshop on'Handpump and Drilling Rigs
for the Rural Water Supply Programme'which were organized by the National Eco-
nomic and Social Development Board (NESDB) of Thailand in cooperation with the
international Development Research Centre (tDRC), Canada, in Chiengmai in Jan-
uary, 1978. The overall objective of the project is to design and develop a
typical handpump which can perform consistently as long as possible, be inex-
pensive, operate easily, can maunfacture,maintain and repair locally, look good
and be versatile. This project is expected to receive fund support from the
IDRC.

Conclusion

Although handpumps had been successfully used as a device for supplying
water from wells long time ago, the handpump is now still a very simple but in-
creasingly important device which is significant to the achievement of provid-
ing access to safe water to all rural population in developing countries. In
Thailand, shallow dug wells with handpumps and tube wells or deep wells with
handpumps will share a major part to the success of the National Rural Water
Supply Programme. However at present, the problems concerning with the design,
manufacture, operation and maintenance of community handpumps still exist in
Thailand. Several government Agencies engaging in the National Rural Water Sup-
ply Programme and institutions are carrying out research and field study on hand-
pumps in order to improve the efficiency of the handpumps and also to develop



an efficient handpump operation and maintenance programme which in turn will
lead to the success of providing safe water supply to all population in rural
Thailand. It is recommended that a good cooperation among the government
Agencies concerned and the institutions conducting the research and field
study be established.

In addition to the government/institution cooperation , it is ne-
cessary also to have the full cooperation of the communities involved, to en-
sure the success of the programme.
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1.0 FINAL DESIGN

Figure 1 is an assembly and detail blueprint of the final recom-

mendations which were reached after the research recorded in this report.

Some general remarks are prepared here before details of the

various components are considered.

The guiding objective in this design has been the optimum usage

of modern materials and production methods. The pump recommended here is

extremely simple in concept. Our studies have shown that it is reliable

and easy to operate under heavy usage conditions. Whatever repairs may be

necessary are very easily made. The entire assembly is easily removed and

replaced in the well. There are no important corrodible components and

wear is localized in cheap, simple components.

A cost estimate is attached (Appendix II). This appears to be

the least expensive hand-operable pump design, to the best of our knowledge.

Almost all the components are made of plastic materials. These

have been selected for ease of manufacture and low cost, as well as for

their efficiency in this application. Many of these parts are standard

size, extruded items which are provided by many plastics suppliers. Special

tooling is thus not needed. The relatively few special shapes which are

required can all be injection molded quite easily. None of the moldings

are complicated. All the recommended plastic parts are based on rigid

poly(vinyl chloride) (PVC) or polyethylene. Both are low-cost commodity

polymers. Exotic materials have been avoided.

Obviously it would be impossible to provide a universal design

which uses strictly indigenous materials, since such products vary from

country to country. The authors believe that local craftsmen will have

little difficulty in understanding the operation of the pump and effecting
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repairs, when these are necessary, with alternative materials which may be

at hand.

The pump design is particularly suitable for depths up to about

100 feet. The lever system is Intended to limit the pumping force to about

40 pounds. Deeper veils should use smaller diameter casings so that the

weight of water on the piston will not be excessive. The modifications x>

for deeper well design will be obvious to people with a minimum of skill /**k-.J

in this area.

The pump involves a submerged piston, with unique piston ring

hydraulic seals and plastic pump rods. It has been extensively tested at

simulated depths which are at least as deep as any that will be used in

practice 0v200 ft). The basic design is suitable for any depth, with human

motive power.

Many different pump designs have been considered over the course

of human history. In Appendix III we show the rate at which

a human being can lift water from a given depth is limited -entirely by

this depth and the power of the operator. No pump can improve this perform-

ance so long as the human operator supplies the motive power. Of course,

various pumps may vary in efficiency within this limit. The piston pump

researched here appears to provide the best balance of low initial cost,

reliability, ease of repair, efficiency and ease of operation.

As mentioned, the pump is based primarily on items which are

"off-the-shelf", at least in countries with moderately developed plastics

industries. Replacement parts are readily available in international

markets and specialty items like metal castings are not used. Special

plastic shapes are preferably injection molded, as noted above. In emer-

gencies, however, these can be cut from stock shapes of the same or other

plastics.
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Although this report considers the pump operating in a new well,

it is obvious that it can be adapted in a straightforward fashion to

replace all or some parts of pumps which are in disuse on existing wells.

A separate report (1) has surveyed plastic well casings for this

application. It was concluded that rigid PVC provided the best plastic

pipe for present purposes, and this report assumes that the pump described

here is to be used in such casings. Readers are referred to the original

report (1) for details of polymer and pipe specifications,methods of handling

and joining pipe sections, etc.

The present report first describes details of the various com-

ponents in the recommended final design which is shown in the assembly

drawing of Figure 1. Later sections of the report give experimental results

which support this design choice, as well as descriptions of alternative

components which may be equally satisfactory under some circumstances or

which have been considered and rejected as deficient compared to the final

preferred configuration.

This and the preceding report (1), provide a comprehensive summary

of the background research together with the well design which resulted from

this research.

2.0 COMPONENTS

2.1 Leverage SyBtea

The leverage system consists of a very simple pedestal and lever

arm. The pedestal shown in Figure l(a) is a 6 inch series 160 high density

polyethylene pipe. This particular casing has a wall thickness of 0.75 inch

and this dimension and the polymer choice (PE3406, duPont of Canada Sclair

polyethylene (1)) means that the plastic pipe is literally unbreakable.
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This pedestal type is far more rugged (and expensive) than is

actually needed. It is able to withstand prolonged and intensive abuse as

well as normal use. A thinner wall, smaller diameter plastic pipe may well

be suitable for this purpose in many applications. PVC and ABS (1) could

also be substituted for the polyethylene. These are more rigid than poly-

ethylene but are not as tough, in general.

In any event, the plastic pipe should be stabilized against ultra-

violet light degradation. If this is not done the pedestal may become

embrittled in locations where the sunlight is very intense. Adequate,

inexpensive stabilization is provided by using about 3 per cent by weight

of a small particle size carbon black which is well dispersed in the polymer.

Raw material suppliers can provide suitable compounds.

It is possible to design for a particular use but not for abuse,

since the stress levels under abusive conditions cannot be forecast. We

have therefore selected this particular polyethylene pipe as the toughest

pedestal material whose properties can be guaranteed by the designers.

Concrete pedestals are alternatives and it is also possible to

encase the plastic pedestal and the top end of the well casing in concrete.

This is not as reliable a procedure a priori as the plastic pipe since it

is impossible for the well designer to anticipate variations in concrete

quality which may exist between various locations.

However, if concrete is used, the recommanded volume mix propor-

tions for general use in regions where weigh patching is neither feasible

nor desirable are ONE (bucket or shovel) cement: TWO fine aggregate-sand:

FOUR coarse aggregate-gravel. Enough water should be added to produce a

workable mixture. It is not necessary to use any reinforcing.

The plastic pipe pedestal shown in Figure la is secured by bolting

it to the concrete pad (same volume mix proportions) through an attached



plastic flange. Of course, an alternative Is to cast the pipe into the

concrete when the pad itself ia being cast.

The polyethylene pedestal is provided with support holes for the

galvanized iron pipe fulcrum pivot and is slotted to limit the piston

stroke. The slot is sized also to restrict side play of the handle.

The handle shown consists of an oil-impregnated hardwood bearing

section, bolted to a length of iron pipe to obtain the required leverage

ratio. The fulcrum pivot and yoke pivot will turn in the wood section and

will be stationery in the pedestal and yoke.

Galvanized steel in oil-impregnated hardwood provide a very long-

lasting, low friction bearing (2). The wooden handle and bearing holes are

sized to the recommendations of Professor Y. Sternberg to-provide a larger

bearing surface and avoid overstressing of the wooden handle. This com-

ponent requires no lubrication and should last for a long time. The wood

type and oil are not specified since products of the locality will very

likely be satisfactory.

Oil impregnation is a simple procedure. The two holes shown

should be bored undersize and the handle then immersed in oil. Both the

handle and the oil should be heated until the gassing process due to release

of air and water subsides. Of course, care should be taken not to char the

wood. Finally, the holes should be rebored to size.

As mentioned, wear is restricted here to the oiled wood/galvanized

iron interface and the bearings need not be sealed or lubricated.

The pipe strapped to the wooden handle limits the pumping force to

a maximum of 40 pounds. In series 100 nominal 3 inch PVC pipe there is

3.775 pounds of water per foot of depth. Thus, a 9:1 lever ratio is needed

for a 100 foot hydrostatic head and lower lever arm values may be used for

shallower wells.
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2.2 Pump Rod

The pump rod is required to be adequately strong, reasonably

flexible, light and securely coupled. It is alBO an advantage if the rods

float, so that sections which are inadvertently dropped into the well are

easily retrieved. These properties can be combined with reliable perform-

ance and relatively low cost by using small diameter PVC pipe as the pump

rod.

Besides giving buoyancy, a sealed pipe will be less likely to

buckle than a rod of similar material with the same area. This can be

shown by considering the Euler buckling load for the case of a column pinned

at both ends (3) and often referred to as the fundamental case. The crit-

ical or Euler buckling load is given by

where I is the smallest or least moment of inertia, E is the modulus of

elasticity and L is the column length. In cases where different restraints

exist then instead of the actual column length, the effective column length

is used, L . For the general case L • KL, where K is the effective length

factor which depends upon the end restraints. In this instance for the

pump rod, K is the same whether a solid rod or a pipe is used.

Considering a solid rod, the critical buckling load will be:

PCr - - ? (2)
CrR KL2

and for the pipe

irEI
p
Cr - — rCrT KL2
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if now equation (2) is divided by (3) we have for the same column length:

Crp

The moment of inertia for a rod is given by:

(4)

while that for a tube i s :

Ip s irR|t (6)

where R_ is the radius of the rod, and R_ is the average radius of the pipe

and t is the wall, thickness.

Substituting equations (5) and (6) into (A) thus gives:

P r- <7>
Crp

2
Now considering the areas. That for the rod is R_ and that for

the pipe is 2R_t. For the sane area, then

hence R^ - 4R^t2 (8)

Substituting equation (8) into (7) and rearranging:

P «» — . P?Cr p t PCr R

which shows that the critical buckling load of a pipe is greater than that



for a solid rod of the same area by Che rate of the average pipe radius to

the wall thickness. For the 3 in. dla. pump, the average radius for the

schedule 80 pipe used for the pump rod was 0.431 in. and the wall thickness

was 0.177 in. Hence the critical buckling load for the pipe was 2.4 times

(0.431/0.177) greater than that for a PVC solid rod of the same area.

The pump rod as shown in Figure l(b) is made up of 20 foot

lengths of 3/4 inch PVC pipe solvent welded together using PVC double

socket couplings. Each pipe section has both ends plugged with a PVC plug,

solvent welded into place. These will make the rod buoyant as well as

strengthen the bolted connections at the top and bottom.

The end connections make use of two short lengths of galvanized

steel pipe bolted to the pipe and piston at the bottom, and to the yoke

and pipe at the top. The bolted connections are necessary- to allow the

piston to be removed and dismantled. The rod need not be dismantled as the

pipe's flexibility allows it to be pulled from the well intact. It is

recommended that slotted plastic or wooden spacers (see Figure 32) be

placed on top of each coupling to prevent excessive lateral motion and to

prevent wear of the coupling on the well casing.

The tensile properties of this rod were tested. The solvent

welded coupling proved to be the weakest, but even then the strength averaged

2020 pounds. The water in a 200 foot well would subject the rod to a weight

of 650 pounds. Therefore the rod has a factor of safety of 3.1. Although

the fatigue properties were not tested the rod should last indefinitely as

there are virtually no stress risers in the rod.

The bolted connections at each end can be made as strong as

desired by increasing the bolt shear area of the plugged pipe. In this

manner a safety device can be constructed by making the top bolted connection
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slightly weaker than the solvent welded PVC couplings. This will restrict

any pump rod breakages to the convenient top coupling.

2.3 Top End and Spout

The top end and spout as shown in Figure l(c) is one for a

typical 3" well. The entire structure is made from 4" schedule "80 PVC pipe

and connections, solvent welded together. The heavy duty components should

be rugged enough but as a precautionary measure it may be encased in a

concrete pillar.

A reducer coupling is used to connect the 3" well casing to the

top end which is made up entirely of A" components to allow the piston and

foot valve to pass when dismantling the pump. The 4" pipe from the reducer

is connected to the bottom of the tee joint. This tee joint acts as the

outlet to the spout which is a 45° elbow. A small protrusion may be solvent

welded on top of the elbow to enable a pail to be hung from it.

The joining pipe between the tee joint and elbow has a PVC

grating solvent welded ahead of it in the tee joint to act as a strainer.

Another short section of pipe extends from the top of the tee joint allow-

ing it to be connected to the casing cover.

Z,h Casing

The casing for this particular pump will be a 3" series 100 PVC

pipe. This pipe has many attractions since it is inert, easy to work with,

inexpensive and has a very smooth inner surface (1). The only disadvantage

is it has a tendency to take on an oval shape after being stacked in large

piles (1). This would result in efficiency losses during operation.

The casing as shown in Figure l(d) comes in 20 foot lengths and

should be solvent welded together using double socket couplings. Care must

be taken when making these joints as the piston with its rings will have
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to move freely. The inside edge of the pipe may have to be chamfered

slightly and the inside diameter of the coupling mist natch the pipe's.

The bottom pipe will be fitted with a retainer ring. This ring

can serve two purposes; first to support the foot valve and thus the column

of water in the casing and secondly, the bottom strainer pipe may be chosen

such that it can be solvent welded into the ring.

This casing of 3" pipe will be suitable for a well up to a 100

foot depth. Deeper wells will require a smaller size casing as the

leverage ratio becomes too great if 3" is used.

When this casing is installed there should be approximately 3"

protruding from the base to allow the connection of the reducer coupling

for the top end.

2.5 Casing Cover

The casing cover as shown in Figure l(e) will allow the pump rod

freedom of movement in two directions while keeping the top end closed off.

This cover consists of one PVC coupling, one PVC threaded plug and two PVC

washers. The coupling is a threaded-socket type with the socket end

solvent welded to the pipe while the plug is threaded in the other. The

plug has an oval slot allowing the rod to move back and forth from the pump

ing action. The bottom washer with an identical oval slot acts as a stop

for the smaller washer. This small washer has a close clearance fit hole

allowing the rod to slide through it but moves laterally with the rod thus

covering the exposed opening of the slot.

The debris that slips through the slot in the plug can be removed

by removing the threaded plug. The removal of the plug is also necessary

when the piston or foot valve are to be removed. An additional plate

similar to the sliding PVC disc may be placed on top of the whole assembly
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to act as a cover plate and eliminate debris accumulating in the oval slot

cut in the top PVC plug.

2.6 Piston

The piston as shown in Figure l(f) appears to be somewhat complex

but actually the majority of the components are stock items. These include

a large bolt to hold the entire assembly together, a short length of 2-1/2

inch PVC pipe to act as a spacer between the top and bottom sections, a

rubber washer for the plate valve, a short length of pump rod to guide the

plate valve, two leather washers to seal the mid section and finally the

polyethylene piston rings. The top and bottom sections are identical and

must be injection molded or machined,'whereas the remaining components can

be cut from 6tock items. For example, the piston ring may be cut from a

standard polyethylene pipe. The polyethylene was chosen as ring material

due to its relatively low coefficient of friction on PVC (see section 4.0).

Not only does this reduce the pumping force but according to the wear

tests performed the wear will be limited to the rings.

Therefore the component requiring periodical replacement would be

the ring which is both easy to make and relatively easy to install.

Since these rings seal only under a dynamic condition the piston,

if withdrawn slowly, can be removed by hand. This occurs as a result of

the water flowing past the rings thus allowing removal of the piston even

when the pump has a full head of water.

Once the piston is removed it can be completely dismantled by

removing the small bolt connecting the piston to the pump rod.

2.7 Foot Valve

The foot valve as shown in Figure l(g) is very similar to the

piston. The slight difference is the eyebolt holding the valve together and
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the polyethylene cup which provides a static seal thus eliminating the

need for rings. Also the top coupling is a PVC double socket coupling which

limits the travel of the plate valve.

The eyebolt will facilitate removal by using a hook on the end

of the pump rod. The polyethylene cup offers little frictlonal resistance
i
i

when being removed but provides an excellent static seal.

While in service the foot valve will rest on the retainer ring ~" "

thus supporting the column of water. As the water rushes up through the

valve during the pumping action the resistance of the polyethylene cup will

be sufficient to hold it down in position.

3.0 PUMP TEST RESULTS

3.1 Two Inch Pump Tests

The main objective was to design a pump which would be virtually

maintenance free and would have a maximum projected well depth of 200 feet.

Simplicity was the keynote in designing the pump.

Materials that might fail should be easily replaced. Plastics

such as PVC and polypropylene were investigated and on the basis of

performance figures, a design could be recommended for field testing. Test-

ing on shallow wells could be performed on an actual head model while deeper

well testing could be performed on a simulated head pump.

3.1.1 Simulated Head Pump

Introduction

A simulated head apparatus was designed and constructed to perform

deep well testing as well as providing an alternate means of testing shallow

wells. Pressurized water (0-100 psi) acted on top of the piston to simulate

a column of water (0-230 ft.) (Figure 2). A pressure chamber was mounted

above the PVC casing and piston assembly (Figure 3). Upward movement of the
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SIMULATED HEAD PUMP PARTS LIST

- 3/8" Cold Rolled Steel Pump Rod

- Restrictor Plates (2) - 9" dia. x 1/4" thick

- Tierods (3) - 3/8" dia.

- Aluminum Cap - 7-1/2 O.D.

- O-Ring Seal - 3/8" I.D.

- Pressurized Water Chamber - 6-1/2" O.D. x I/A" wall thickness

- Pressure Chamber Inlet Port - 1" dia. pipe

- Pressure Chamber Outlet Port - 3/4" dia. pipe

- Pressure Gauge - 0-100 psi

- Pressure Relief Valve - 10-125 psi

- Aluminum Cap - 7-1/2" O.D.

- Upper End P.V.C. Plate - 7/8" I.D.

- P.V.C. Casing - 2" SDR 26 x 16" long

- Piston and Valve Combination

- Foot Valve-Plate Valve Assembly

- Lower End P.V.C. Plate - 3/16" holes x 8

S) - Water Inlet
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piston drew water through a non recoverable foot valve (Figure 3(a)) from

a water reservoir which is monitored to establish the total weight and

hence the total volume of water displaced. During the upward stroke,

pressure increases on top of the piston opening a pressure relief valve,

allowing water to flow through the outlet. By measuring flow back through

the foot valve a direct means of establishing leakage rates was possible.

The above ground section of the pump had a 4 inch schedule

40 PVC post. The handle consisted of a 2 inch by 4 inch spruce block with

a 3/4" pipe attached with U-bolts. A 6:1 mechanical advantage was used

for all tests conducted on the simulated head apparatus. A short section

of chain link inserted in the pump rod insured a vertical path (Figure 4).

Pistons

Pistons of similar material and dimensions but with different

valve arrangements were used (Figures5-9). A PVC pipe 2.125 inches outside

diameter and 5 inches long was used as the basic shell.

Centrally Pinned Flapper (Figure 5)

This piston consisted of a convex PVC cup with one piston ring

on the upper section of the piston. The ring served as a hydraulic seal

as well as giving guidance for the piston within the casing. The valve

ports consisted of eight 3/16" holes countersunk slightly to reduce turbu-

lence and insure proper seating of the rubber flapper.

Flapper Pinned at One Side (Figure 6)

This piston consisted of a concave PVC cup with a pin in the top

section for mounting the piston to the pump rod. More freedom of movement

was attained with such a setup. In this case the piston ring was on the

lower section of the piston. The valve port was one hole 7/8 inch in

diameter. A rubber flapper with a flat washer backing served as the check

valve.
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Ball Valve (Figure 7)

The shell was similar in nature to that of the piston vith the

flapper pinned at the side. The valve port was a 3/4 inch hole vith a

3/16 inch deep countersunk shoulder. A standard 1 inch steel ball bearing

completed the valve by sealing on the chamfered shoulder.

Plate Valve (Figures 8 and 9) (Preferred Design)

I

The shell was similar in layout to that of the centrally pinned

flapper. Pistons with one and two rings were tested but the basic operat-

ing principles of the two valves were the sane. A central sleeve acted as

a guide for a washer shaped disc made of various materials. The washer

had the freedom to travel 3/8 of an inch opening and closing. The valve

ports were eight 3/16 inch diameter holes slightly countersunk to relieve

turbulence. With the two ring layout the hollowed out middle section was

slightly smaller in diameter to accommodate the second ring.

Testing Procedures

Tests for flow rate and static leakage rates were conducted at

various pressures and various well depths. Flow rates were recorded and

plotted versus stroke rate (Figures 10, 12-18). From these graphs theoret-

ical flow rate, leakage rate past the piston*and actual flow rate can be

observed.
Theoretical - Leakage Past - Leakage Past « Actual

Flow Piston Foot Valve Flow

Polypropylene Plate Valve with Two Polypropylene Rings (Figure 10)

Polypropylene was ductile enough that the piston rings could be

installed very easily. The rings were springy, a quality needed for effi-

cient sealing. Although its ductile qualities were excellent machinability

proved to be a problem. A perfectly flat surface free of ridges and burrs

was impossible to attain. Hence the sealing properties of polypropylene

•--jrv
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were erratic as evidenced in the irregularity of the flow rate curves

(Figure 10).

The polypropylene was not flexible enough to conform to irregu-

larities (i.e., waviness) in a mating surface. This lack of conformity

'results in a considerable static leakage rate past the foot valve (Figure 11).

I
j TABLE 3.1.1.A Polypropylene Valve - 2 Rings

Well
Depth
(ft)

50

80

140

220

Flow/
Stroke

(Igal/stroke)

.037

.034

.024

.014

Efficiency
(2)

51.0

46.0

32.0

19.0

The polypropylene rings showed considerable wear after use. The

outer bearing surface of the rings were scored through wearing on the PVC

casing. The poor surface of the rings were another reason for the extremely

high leakage rate past the piston.

Rubber Flapper Valve Pinned at a Corner - One PVC Ring (Figure 12)

The rubber flapper was 3/16 inch thick but to add stiffness a

washer was bolted to the center of the flapper. Even with this added stiff-

ness, at 60 psi or 140 ft. head of water, the flapper was forced through

the hole due to the high pressure differential. This problem may be resolved

by one of two methods:

1) Attach a large washer to the back of the rubber flapper.

The washer should be larger than the valve port hole.

2) Have numerous smaller holes (1/8-1/4") rather than one

large hole.
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At shallow depths the valve worked efficiently and offered very little

resistance to flow.

TABLE 3.1.1.B Rubber Valve Corner - One PVC Ring

Well
Depth
(ft)

25

80

Flow/
Stroke

(Igal/stroke)

.061

.051

Efficiency
(%)

82.5

69.0

With the flapper pinned at one corner there is not an even distribution

of the pinning force over the entire flapper. Leakage rates past this

type of flapper are higher than those of a flapper pinned in the center.

Rubber Flapper Valve Pinned in the Center - One PVC Ring (Figure 13)

An even distribution of the pinning force enables this type of

valve to seal better at its extremities. This force while offering good

sealing properties also offers increased resistance to flow. While no work

should be done on the downward stroke this valve arrangement would not

permit the water to flow through the valve fast enough at 60 strokes per

minute without exerting some work. The hardness and the thickness of the

rubber are important in this type of valve. A rubber which is harder than

60 Shore A or thicker than 1/8 inch would present too much flow resistance.

Another problem with such an arrangement is the degree to which the pinning

force is applied. If too much force is applied the rubber curls up at the

edges increasing leakage.

— wyy "p
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TABLE 3.1.1.C Rubber Valve Center - One PVC Ring

Well
Depth
(ft)

25

80

140

220

Flow/
Stroke

(Igal/stroke)

.066

.054

.043

.034

Efficiency
(Z)

89.5

73.5

58.5

46.0

Ball Valve - 1 Inch Steel Ball Bearing (Figure 14)

Results obtained with this valve arrangement were quite inconsis-

tent. A stroke rate of 35 strokes per minute could not be attained for

well depths beyond 80 feet.

At high pressures a hydrodynamic boundary was set up between the

ball and the seat. This cushion of water caused the ball to float on the

seat rather than sealing immediately. When the boundary layer was broken

down with the passage of tine of a second or two, normal pumping action

could be carried out for another couple of strokes until the layer built

up again. The problem can be remedied by controlling the port hole size to

be between 5/8 and 2/3 of the size of the ball. Restricting the vertical

travel of the ball would help return the ball faster but may not correct the

problem.

Flow resistance was very low and at shallow depths, pumping 60

strokes per minute or more was easily performed. The contact area between

the ball and the PVC should be kept to a minimum for maximum sealing

properties. Line contact is an ideal situation.
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TABLE 3.1.1.D Ball Valve

Well
Depth
(ft)

25

80

Flow/
Stroke

(Igal/stroke)

.060

.043

Efficiency
«)

80.5

58.0

A steel ball bearing will corrode in time therefore a non-corro-

sive material would be required for the ball valve.

PVC Plate Valve (Figures 15 and 16)

PVC is much easier to machine than polypropylene but is still

not flexible enough to conform to a mating surface. The smoother finish

gives a more favourable leakage rate (Figure 11) but leakage past such a

valve is still 2 gallons per hour at a well depth of 200 ft. In a 3 inch

casing the head would drop 68 feet if left standing for a ten hour period.

PVC presented a problem when installing the piston rings. The

rings had to be either heated in hot water to soften the PVC or small

grooves on the internal diameter of the ring could be used to relieve

stresses upon installation of the rings. This problem should only occur

with piston rings smaller than 3 inches in diameter.

The clearance between the plate and the guide post has to be at

least 1/16" to prevent cocking the plate. The plate must rise 3/16 inch

to 1/2 inch off the seat to reduce flow resistance and allow free passage

of water through the valve.
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TABLE 3.1.1.E PVC Plata Valve - Different No. of Rings
44

Number of
Rings

2 PVC Rings

j
i

i

1 PVC Ring

*

No Rings

Well
Depth
(ft)

25

50

80

140

220

25

80

140

220

25

Flow/
Stroke

(Igal/stroke)

.068

.052

.043

.036

.027

.066

.037

.031

.025

.036

i
Efficiency

GO

92.5

70.0

59.0

49.0

37.0

89.0

50.0

43.0

34.0

49.0

The efficiency for pistons with one and two rings is virtually

the sane. But with no rings the efficiency drops drastically. The port holes

were the saae size as those with the centrally pinned flapper but the flow

resistance was reduced substantially with the plate valve.

Leather Plate Valve (Figure 17)

Leather 7/32 inch thick cut in the shape of a washer was used as

the plate valve. The central hole required 1/16 inch clearance to prevent

the leather from dragging on the central guide. Leakage past the foot valve

was reduced to nil- at all well depths. The leather became 9oft and gunany

when exposed to water. This allowed the plate to secure itself to the top

of the foot valve and piston foraing an excellent seal. Although the seal-

ing properties were excellent flow resistance past the valve increased

T
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accordingly. The strong attraction between the leather and PVC had to be

overcome on the downward stroke requiring added work. The flexibility of

the leather allowed it to conform to any waviness in the top of the foot

valve and piston.

TABLE 3.1.1.G Leather Plate Valve

Well
Depth
(ft)

50

80

140

220

Flow/
Stroke

(Igal/stroke)

.054

.050

.042

.025

Efficiency
(Z)

74.0

67.0

57.0

34.0

Any leakage past the piston would be by the rings and not through

the valve on the piston.

Hubber Plate Valve (Figure 18)

The valve was a washer of 3/16 inch thick rubber with a hardness

of 60 Shore A. The rubber possessed the ability to confona to its nating

surface. Leakage past the foot valve was nil at all depths tested. The

clearance between the rubber and the central post must be at least 3/32 inch

and nore if possible. The rubber dragged on the post and remained open if

the clearance was any less. Flow resistance was minimal compared to that

of the centrally pinned flapper.
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TABLE 3.1.1.B Rubber Plate Valve

Well
Depth
(ft)

50

•80

140

220

Flow/
Stroke

(Igal/stroke)

.053

.049

.039

.032

Efficiency
(%)

72.0

66.0

53.0

44.0

The problem of the plate securing itself to the surface did not

occur, as with the leather plate.

Dempster Pump (Two Leather Cups) (Figure 19)

The Dempster Pump is a 3 inch diameter PVC casing vlth a brass-

leather piston arrangement. The foot valve had a zero leakage rate at

all well depths tested.

At a well depth of 125 ft. and more the piston required too ouch

force to move with a 6:1 mechanical advantage in the .lever arm. At 80 ft.

leather cups offered three times the drag as that of the two PVC ring

piston (Appendix I). The sealing properties of such a pump are extremely

good but are limited by the depth at which they can be effectively used.

3.1.2 Actual Head - 25 Foot Pump (Figure 20)

Introduction

The piston and PVC casing were identical in material and dimensions

to that of the simulated head pump (section 3.1.1). The casing was 25 feet

from foot valve to exit noz2le. three sections of 3/8 inch steel rod

coupled with brass fittings were used as a pump rod. Due to the corrosive

nature of the steel, rust appeared in the water after extended use.

The superstructure was similar to the simulated head with a few
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minor changes. A 2 inch steel pipe was used as the post with a steel pivot

point. The handle was one continuous piece of wood 60 inches long with a

1:1 mechanical advantage. «

The piston remained at least 18 inches below the water level at

all tines. This insured the pump would remain a positive displacement

pump at all times and not rely on suction.

Since the foot valve was submerged It was difficult to measure

leakage rates directly.

Test Results

Rubber Flapper Valve Pinned at a Corner - One PVC Ring

Flow/Stroke Efficiency
(Igal/stroke) (Z)

.065 88.0

Rubber Flapper Valve Pinned in the Center - One PVC Ring

Flow/Stroke Efficiency
(Igal/stroke) (Z)

.066 90.0

Ball Valva - 1 Inch Steel Ball Bearing

Flow/Stroke
(Igal/stroke)

.060

PVC Plate Valve - One PVC Ring

Flow/Stroke
(Igal/stroke)

.065

PVC Plate Valve - Two PVC Rings

Flow/Stroke
(Igal/stroke)

Efficiencv
(Z)

81.0

Efficiency
CO

89.0

Efficiency
(Z)

.066 90.0

The flow rates for different stroke rates for the various combinations of

valves and rings are given in Figures 21-25.
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The overall difference between the values obtained with the simu-

lated head and the actual head pump was about 12. This error is attributed

to many variables within the two systems which cannot be established

exactly. These are pressure, flow, and stroke length.

Conclusions

1. There is very little difference between the efficiency of pistons with

!
one or two rings. However, as expected a dramatic loss of efficiency

i
occurs when no rings are used.

2. Leather rings or cups offer too much resistance to piston travel at

depths greater than 100 feet.

3. The ball valve is too unpredictable at depths above 80 feet.

4. Plate valves exhibited high efficiency.

5. Leather and rubber plate valves displayed highly desirable properties

for use as a plate valve.

6. The plate valve setup was very simple although it did not have the

freedom of movement in the pump rod of the concave piston configuration

(i.e., ball valve and rubber flapper pinned in one corner).

Recommendations

1. A non-recoverable foot valve (Figure 3(a)) could be injection molded

easily. A minimum of three parts could give a very simple and efficient

valve. The plate should be made of either leather or rubber for maximum

sealing efficiency. Valve port holes should be countersunk to reduce

turbulence and insure a surface free of burrs.

2. A plate valve piston (Figures 8 and 9) should be used as a final piston

design. While giving maximum efficiency this setup also maintains

maximum simplicity. One or two piston rings can be used with very

little change in efficiency. Rubber or leather should be used as the

plate itself.
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3. A pump rod bolted directly to the piston (Figure 8) can be used effec-

tively. The fixed position of the rod does not limit the lateral

movement of the upper end of pump rod enough to cause problems. There

are fever parts than with the concave design (Figure 7), hence greater

simplicity.

4. Leather cups while displaying excellent sealing properties, should not

be used for wells deeper than 100 feet.

5. The total possible flow area past the valve should be at least 1/10

the total cross sectional area of the piston. This would amount to

eight holes 7/32 inches in diameter if the piston is 2 inches in

diameter. This helps reduce flow resistance and reduce work input on

the downward stroke.

3.1.3 Kent Meter Test

The purpose of this test was to determine if the Kent water meter

could be incorporated into the pump thus recording the total volume of water

pumped. It was hoped that Installed pumps could be accurately monitored in

this manner.

Test Procedure '

The meter was installed below the foot valve as shown in Figure 26

on the following page. The pump had a 2 inch casing with a 25 foot head.

The foot valve was a rubber flapper type pinned at one side. Three pistons were

used thus allowing the volumes pumped to be compared with previously measured

volumes. The three type pistons were as follows:

(i) Piston - Rubber Flapper Valve - Figure 6
Polyethylene Ring

(ii) Piston - Sane Valve
PVC Ring

(iii) Piston - Steel Ball Valve - Figure 7
PVC Ring
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Observations

Test (1)

A pumping rate of 30 strokes per minute was sustained for 3 minutes

totaling 90 strokes.

The neter indicated a volume of 3.37 U.S. gal.

Observed

Theoretical

Efficiency

Volume

778.42 in3

1915.11 in3

40.6Z

Test (ii)

A pumping rate of 30 strokes per minute was sustained for approxi-

mately 7 minutes totaling 200 strokes.

The meter indicated a volume of 14.65 U.S. gal.

Observed

Theoretical

Efficiency

Volume

3383.42 in3

4255.8 in3

79.5%

Test (iii)

A total of 200 strokes vere carried out in 7 minutes with a pump-

ing rate of approximately 30 strokes per minute.

Observed

Theoretical

Efficiency

volum

3095.

4255.

72.

te

08

8

72

in3

in3
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Meter
Indicated

Previously
Measured

Pinned Flapper
Polyethylene Ring

40.62

N/A

Pinned Flapper
PVC Ring

79.52

86.1%

Ball Valve i
PVC Ring

72.72

70.52

As indicated by the ball valve results, the meter does not restrict

the flow. The difference in the pinned flapper results can be explained by

the fact that the aeter will also read backwards thus any leakage past the

piston and foot valve would lower the indicated volume. This fact was not

discovered until the third test. Therefore the first two results are lower

as the high leakage rate back through the foot valve decreased the indicated

volume. The error was reduced in the third test by rapidly dismantling the

pump to read the indicated volume.

3.1.4 Recoverable Foot Valve - Spool Type

Experiments were conducted using a spool type foot valve in the

hope of developing a foot valve that could be easily removed after the well

was installed.

Test Procedure

To check its feasibility, a spool valve of solid ?VC was installed.

This valving arrangement caused an excessive thumping during the pumping

action. To determine the cause it was decided to install a clear plastic

casing (PMMA) at the bottom end. This arrangenent is shown in Figure 27 on

the following page. It then became obvious that the spool was too light;

therefore a solid brass spool was constructed and installed. This proved to

be too heavy and caused excessive vibrations. Therefore a spool valve with

interchangeable weights was constructed as shown at the bottom in Figure 27.
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For the final test the weights and pumping rates were varied and the spool's

upward displacement was recorded. The results are shown in the following

Table 3.1.4.A and Figure 28.

TABLE 3.1.4.A Spool Valve Displacement

Strokes
min

30

40

! 50
i

!
t

i

60

Spool
242 ga

1/8"

1"

3-1/2"
-varying,
long then
short

Spool + 1 Weight
269.8 ga

1/4"
-slight clatter

1-1/2"

2"

r-3-1/2-

Spool + 2 Weights
297 ga

1/8"
-tips to one side

1/4"

1/4"

3-1/2"

Spool + 3 Weights
335.3 go i

1/8" ;
-tips to one side

1/8"
-tips . j
-slight clatter

-varies

4fl-4-l/2"
-consistent

Figure 28 clearly shows that the displacement is not dependent upon

the stroke rate but upon the upward velocity of the piston. Therefore an

optimum spool weight would have to be determined by comparing the range of

piston velocities to spool displacements. Although in this test, the spool

with an additional weight seems to be the optimum.

Selection of a suitable spool weight is a touchy matter. It was also

likely that a spool valve which had the right weight to respond quickly to pis-

ton movements would pound its retaining ring to pieces. • It is not recommended

that this design be used. It will work if made properly but maintenance costs

are likely to be excessive.

3.1.5 Plate Valve Piston Test

The optimum design for the piston had been previously determined, but

on inspecting the piston it was found to have a poorly fitted plate valve. This

allowed considerable leakage and as a result the FVC plate valve was incorrectly

judged as being inferior to rubber and leather. It was then decided to con-

struct a new piston using a PVC plate valve and retest ics feasibility.
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Test Procedure

For this test a new piston was constructed and the clear pipe

with the optimum spool valve was used. To measure the volume pumped, two

water meters were coupled in series at Che outlet of the pump. To insure

the spool was functioning properly a slow upstroke was used. These results
i

were then compared to those obtained earlier.

Observations

Trial 1

Observed

Theoretical

Efficiency

Kent

18.

18.

96.

Volume

Meter

363

Badger

18.

85 in3/stroke

8:

Meter

132

Trial 2

Observed

Theoretical

Efficiency

Kent

18

18

97

Volume

Meter

.294

Badger Meter

18.57

.85 in3/stroke

.82

Comparison

Previous
Measured Efficiency

89.85

. New Piston
Efficiency

Trial 1 96.82

Trial 2 97.82

By conparing these results, the rejection of the PVC plate valve

is questionable and it was decided to carry out further tests using a PVC

plate valve.

"FT
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3.1.6 Water Pumping Efficiency Tests

These tests were conducted using a PVC piston plate valve and a

269.8 gm spool foot valve to determine the pump mechanical efficiency as

opposed to the hydraulic efficiency.

Test Procedure

A strain gauge load cell was installed in the pump rod belov the

pump handle at the head of the experimental PVC hand pump. The output from

the strain gauge ring was recorded by a strain gauge bridge and load cell.

Samples of output are presented as Figure 29. The horizontal scale on the

output graph is time, each mm representing 0.20 sec and the vertical scale

is force, each mm representing 5 1b.

To determine the average force required to carry out the pumping

task the area beneath the force curve for ten strokes was measured with a

planimeter. Then this value was converted to equivalent product of time sc

force and the average force was calculated.

The average stroke length was found by dividing the average volume

delivered per stroke by the area of the piston. For these trials the piston

diameter was 2.125 inches. The weight of the piston rod is included in the

efficiency calculations and the value used was 11 lbs net including buoyancy

effects.

The efficiency was determined by calculating the power required

to raise the water plus pump rod and dividing through by the average force x

average stroke for the time period. The value for time was taken to be half

the time taken for a stroke, the up and down portions being of equal duration.

Calculations

(1) PVC Pump Characteristics

Time to pump •* 13.5 sec. Density of water 8.32/gal.

Time for power input •* 6.75 sec.
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Water pumped 1.29 gal. @ 23.5 ft.

.*. Power required to pump vater

v m 1.29 gal, x 8.32/gal. x 23.5 ft.
r0 6.750 sec.

- 37.36 ft.lb./sec.

Power Input

Q Average Stroke - -1*29 8^1.Stroke x 8,32/gal.

62.4/ft.J

- .0172 ft.3

A/Q -ii
-Stroke — 144 ln.2/ft.3(.O172)

.*. Stroke « .698 ft.

Average Force (by planimetry)

Stroke 0's 41-50

Measured 269 squares, 33 for time

.'. Force - 40.75

- *0«75 ^ .698 x 10-

- 42.U ft.lb./sec.

.\ Efficiency n - P J?.
out m

37.36 ft.lb./sec.
" 42.14 ft.lb./sec.

- 88.66%

(2) PVC Pump Characteristics

Time to pump -•• 7.8 sec.

Time for power input -*• 3.9 sec.

Water pumped -*• 1.37 gal. Q 23.5 ft.

Power output required to punp water
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p 1.37 gal, x 8.32/gal. x 23.5 ft.
0 " 3.9 see.

» 68.68 ft.lb./sec.

Power Input

Average Stroke « —* —
62.4/ft.

1 1.06252 /144 ln.2/ft.2

- .742 ft.

Average Force (by planimetry)

A Stroke 65 74

Area 287 sq. time 35 units

.*. Force - 57.4 + 21.42

•\ Power Input

57.4
2.5

21.42
1.4

x .742 x 10

- 283.88 ft.lb./sec.

.'. Efficiency - 242 ......

The calculations for the first trial performed at a pumping rate

of about 40 strokes per minute indicate that the total efficiency of the

pump is between 85 and 90S.

The second trial was performed at a ouch more rapid rate, 60 strokes

per minute average, showed a great reduction in efficiency using only 25%

of the power input to raise water.

In both cases efficiency calculations used only the left side of the

cycle to determine the time period for power input as shown in Figure 30.

Summary

Through the use of strain gauge ring the puap rod forces for an

experimental ?VC pump were measured. The results are inconclusive due to
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the difficulty in maintaining a constant input and the inability to determine

the time over which input power was applied with any degree of accuracy.

Discussion

When pumping is performed at a comfortable rate of about 40-45

strokes per minute the efficiency is in line with normal efficiency expected

from a piston pump. Figure 31 presents n as stroke length with the measured

results Included.

The lower performance of the trial carried out at the more rapid

rate is due to the higher loses in the system and the inability to make very

precise measurements on the output data. In both cases the results are very

sensitive to measurement errors and so the results may not be reproducible.

This may be seen in the first calculation where a small change in the time

base greatly alters the efficiency calculated. As well, values such as

average stroke distance and force may not be representative of the values

over the entire pumping period. These variations will be difficult to

eliminate as long as a non-mechanical input is used.

3.2 Pump Rod Tests

3.2.1 PVC Pise Coupling Test

This test was to determine the strength of 3/4" and 1/2" PVC pipe

and couplings. A socket-threaded coupling was chosen to determine whether

a glued or threaded joint was stronger. The sample pipes were constructed

as shown below.

( *̂
Glued y } \ ^ Sceel

( ^
Onlv ( ^* Threaded B o t h E n d s

Coupling

The steel inserts prevented the pipe from collapsing in the jaws

of the Tatnall testing machine. This machine has a dial readout and therefore
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only the ultimate strength Is" indicated. The results obtained are as

follows in the table.

Pipe Size

3/4"

3/4"!

l/2";

1/2"

Thread Engagement
i Turns.

5

5

4-1/2

4-1/2

Max. Load

2000 lb

2040 lb

1380 lb

1480 lb

Comments
j

Glue Joint Failed

it it it

it ii u

•• II ••

Froo these results, it is obvious that either glued or threaded

sections will be strong enough, as the weight of water in a 200 foot 3 inch

well is approxinately 650 lbs. The threaded joints nay be susceptible to

fatigue failure. For future reference, the shear stress of the glued joints

were calculated.

Pipe

3/4"

3/4"

1/2"

1/2"

X-Sect.

.5154

.5154

.3528

.3528

Area

in2

in2

in2

in2

Shear

1.62

1.62

1.325

1.325

Area

in2

in2

in2

in2

Stress

3880

3958

3911

4195

ia Pipe

psi

psi

psi

psi

(Causing
Shear

1234

1259

1041

1116

Failure)
Stress

psi

psi

psi

psi

The shear stress should be equal to that of PVC-because the joints

are solvent welded. The only possible explanation is that there was not

100% glue coverage in the joint.

3.2.2 Bolted PVC Pipe Couplings

Couplings which could be glued were bolted to the pipe and the

tensile properties were tested. Since these were boltad together, there were

oany possible nodes of failure. These included the following:
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1. Bearing on pipe

2. Bearing on coupling

3. Shear of bolt

4. Shear tearout of pipe

5. Shear tearout of coupling

6. Tension failure of pipe

7. Tension failure of coupling.

To natch the tensile strength of the pipe with the shear strength

of the bolt, a 3/16" dia. stainless steel bolt was used. To attain the

maximum strength the shear area of the pipe and coupling was aade equal.

To further increase the strength of the pipe, a PVC plug was solvent welded

into the end. Since there was a limited supply of couplings, only one test

on each pipe was carried out and the results are shown below.

Pipe

3/4"

1/2"

Max. Load

1540 lb

830 lb

The mode of failure proved to be shear tearout of the coupling in

both cases. To increase the strength of a bolted connection a piece of

galvanized pipe could be used as a coupling thus allowing the shear area in

the PVC pipe to be made as large as possible, increasing strength as ouch

as desired.

3.2.3 PVC Rod - Piston and Pump Rod Connection

Tensile tests were performed on threaded PVC rod to determine its

feasibility as a connection to the piston. The first specimen had a national

coarse thread on one en(d and a national fine thread oa the other. This was

simply to determine which thread was strongest. The coarse thread proved to
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be the weakest as it failed in tension at a load of 900 lbs. The second

specimen was a 1/2" PVC rod threaded on both ends with a 20 National fine

thread. Each end was engaged 1/2" in the holders. The ultimate tensile

strength proved to be 1200 lbs as shown in Figure 31.

The strength of the FVC was sufficient to support the weight of

the water but its fatigue strength may be greatly reduced by the threads.

For this reason, it would be advisable to use galvanized or stainless steel

connecting links.

3.2.4 Pump Rod Test in 2 Inch Well

A PVC pipe to act as a pump rod was constructed as shown in

Figure 32. It was placed in the 2 inch well to test its feasibility.

The piston was a plate valve type with a PVC plate and the foot

valve was the spool type. The results were as follows:

Trial

1

2

! 3

4

5

Strokes

100

101

! 100

100

100

Volume

7.85

8.125

8.23

7.65

8.1

Efficiency

93.5%

96.8%

98%

91.1%

96.5%

These results show that the PVC pipe will function adequately as

a pump rod.

3.2.5 Pump Rod - Load Limit Device

In order to prevent the pump rod couplings from failing the

surface, a short length of pump rod could be perforated to limit its tensile

strength. The following are the results obtained frcm the tensile tests.

"Each pipe had four holes in it of the indicated size.
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Hole Size

1/2"

15/32"

7/16"

3/8"

Load

1050

1200

1550

1750

3.3 Three Inch Pump Teats

A three inch pump was constructed to test the feasibility of having

the piston identical to the foot valve. This enables the piston and foot

valve to be renoved after the well is installed. Both can be easily repaired

since the majority of parts are the sane, the only difference being the seal-

ing devices and the center bolts holding them together. This difference is

shown by Figure 33.

3.3.1 Piston-Foot Valve Tests

Testing was performed in order to determine the optimum sealing

components for both the piston and foot valve. For each test both components

had a PVC plate valve.

Test fll

The piston had two PVC rings while the foot valve had a tvo layer

leather cup. The results of the 4 trials made on this configuration are

tabulated below in Table 3.3.I.A.

TABLE 3.3.1.A'

Theoretical Volume per Stroke .22619 U.S. Gal/Stroke

Trail

1

2

3

4

Volume
U;S. Gal/Stroke

.1689

.1675

.167

.17

Efficiency

74.73

74.13

74Z .

75S
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These results indicate that on the average .059 U.S. gal of water

leak past thr piston on each stroke.

Test 02

For the second test a double layered leather cup was added to the

piston. The results of this test are found below in Table 3.3.I.B.

TABLE 3.3.l.B

Trial

5

6

7

Volume
U.S. Gal/Stroke

.22

.2975

.29

Efficiency

977.

97.52

952

Although the efficiency increased markedly the frictional restriction of the

leather cup defeated its purpose.

Test 03

For this test the leather cup was removed from the piston and

replaced with a polyethylene cup. The results are shown below in Table 3.3.1.C

TABLE 3.3.1.C

Trial

8

9

Volume
U.S. Gal/Stroke

.279

.270

Efficiency :'
I

912

882

The frictional resistance was greatly reduced but the efficiency was somewhat

lower.

Test 06

For this test the leather cup on the foot valve was raplaced by a

polyethylene cup and the piston had ?VC rings and a polyethylene cup.
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TABLE 3.3.1.D

Trial

10

11

Volume
U.S. Gal/Stroke

.30167

.3033

Efficiency

98.82

99Z

Test 05

For this test the piston had a polyethylene cup only and the foot

valve had a polyethylene cup.

TABLE 3.3.1.E

Trial

12

Volume
U.S. Gal/Stroke

.2675

Efficiency

88Z

Test 06

For this test the piston had PVC rings with notched inner diameter

and the foot valve had a polyethylene cup.

TABLE 3.3.1.F

Trial

13

14

Volume
U.S. Gal/Stroke

.2875

.305

Efficiency

91.52

97Z

For trial 14 a faster stroke rate was used thus increasing the efficiency,

as expected.

Test 07

For test 07 the piston had tvo high density polyethylene rings and

the foot valve had a polyethylene cup.
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TABLE 3.3.1.G

Trial

15

16

Volume
U.S. Gal/Stroke

.290

.3075

Efficiency

952

98Z

The stroke rate was Increased for trial 16 and again there is an increase

in the efficiency. It was also noticed that if this piston was raised very

slowly there was very little sealing of the rings. This will enable the

piston to be raised slowly by hand as the water flows past it.

Since this arrangement was to be the final design its ability to

retain a head was checked.' The leakage rate proved to be .059 V.S. gal/hr.

To put this in perspective this leakage rate means that overnight the level

in a 3 inch well would drop 1 ft. 8 in.

3.4 Casing Coupling Tests

. These tensile tests were performed to determine the optimum method

for making joints in the casing. The most important*aspect of the joint is

to insure the inner diameter matches that of the casing. There must be a

smooth interface to allow the piston and foot valve to pass freely. The

couplings tested were a heat shrink sleeve and a bell type. The results are

given in Table 3.3.I.H.

TABLE 3.3.I.H. -"

Pipe Used ' "

PVC

PVC

PVC

Polyethylene

Coupling j Ultimate Strength •

Heat Shrink

2 Layers Heat Shrink

Plas-Tyton

Heat Shrink

870 lbs

1900 lbs

50 lbs

635 lbs
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4.0 POLYMER ON POLYMER WEAR TESTS

Object

To determine the component vear rates in a hydraulic pump made

from various plastic components.

Conditions of Tests

Close simulation of the normal stresses, sliding velocities, sand

contamination, and stroke length as those observed by the pump elements.

Test Apparatus

In order to simulate the pump motion and loads for different combina-

tions of polymers and yet maintain Identical contamination conditions, a nine

stage reciprocal wear test apparatus was constructed. The features of this

wear test apparatus are shown in Figure 34.

The arm A is pivoted at E and supports the specimen holder B. In

this specimen holder B is the specimen C, which is referred to as the rider.

At the end of the arm A a normal loan N is applied to simulate the various

pump pressures. The specimen C is stationary and the frictional drag occurs

on the same contact at all times. In this fashion, it simulates the wear of

the piston rings as employed in the actual pumps. The complimentary com-

ponent to the rider is the semi circular block D also referred to as the

base. This base undergoes an oscillatory rotation about its center of

approximately 1.3 rads. In this fashion it simulates the wear on the cylinder

wall of the pumps. A fresh patch of the base material was subject to the fric-

tional forces. In diagramatic form the equivalence between these tests and the

pump is shown in Figure*35.

The major dimensions of the rider and base are given in Table 4.0.A.
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iCIMEN C SPECIMEN C =

BASE D

PISTON
RING
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PISTON RING

PISTON
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TEST PUMP
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TABLE 4.0.A

length

width

thickness

Rider

23 mm

E) ^̂ ^̂ 1 3̂

Base

75 8BS $

13 mm

25 sm

The rocking motion of base D was provided by a crank mechanism, operating at

a fixed speed of 90 cycles per minute. This provided for two wear passes

per cycle. The normal loads H were calculated to give equivalent pressures

experienced by the piston ring for the following depths of water above the

piston; ^ for 20 m, N2 for 40 m and N. for 60 m. All of the 9 test stages

were completely submerged in water to which 10% "Ottawa River" grade sand

was added. A special stirring vane on a rocking shaft prevented the sand

from settling.

Wear Measurements

To measure the wear of each specimen the dimensions from the

bottom of the rider to the top of arm A were measured with a micrometer.

This provided for a linear wear measurement on the rider only. To determine

the wear on the base it was necessary for it to be removed and measure the

depth of the wear track. In order not to disturb the set up of the components,

the wear on the base was only measured after each test was completed.

An appropriate measure of wear is given by the following expres-

sion: •

m thickness of material removed per pass
length of the pass

The units of the wear measured are m/m or inch/inch. This wear measure is

very suitable for the particular application of the punp because diaensiocal
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changes are more important than the net amount of material removed.

As a wear rate the following measure was used

• total linear wear on rider and base r > ,
w • r 2 im/pass] .number of passes l ' J

Table 4.0.B contains values for the measured total linear wear w , and values

for the total linear wear rate w_ of both sides and base for the various

material combinations tested. Also indicated is the percentage distribution

of the individual component linear wear. Zw .. and %v, .
rider base

To calculate the total linear wear for any pump geometry the follow-

ing formula is used

Xv. Zw .,
w - {(w x — = - ~ ) x (w x — * e? x stroke length)} x number of
L T 1 0° T 10° pumping strokes

where w is the total linear wear for the pump. The formula is based upon

the fact that the piston ring is total wear path length sensitive while the

cylinder line is only pass sensitive. For example: A pump with a 60 m head

and 20 cm stroke whose components are PVC throughout will have worn the follow-

ing amount per one million pumping strokes. From Table 4.0.B under PVC-PVC

for a 60 m head we find;

wT - 127 x 10"
11 m/pass

wT - 254 x 10"
10 m/m .>

X w b a s e - 6 . • • • • ' .

%wrider ' 9 4«

Substitution of this data into the above equation gives as a total linear

wear;

wL - {(127 x lO*
11 x ~ r ) + (254 x 10"10

 X ^ x . 2 ) } x l 0 6

r- 4.85 x 10"3 m.

•p~r
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TABLE 4.0.B

Rider
Material

*

UHMWPE
t

| UHMWPE \

UHMWPE

] PVC

• PVC

• PVC

HDPE
i

HDPE

HDPE

LDPE

LDPE

PVC

PVC

PVC

LDPE

LDPE

LDPE

Base
Material

PVC

PVC

PVC

LDPE

LDPE

LDPE

PVC

PVC

PVC

LDPE

LDPE

PVC

PVC

PVC

PVC

PVC

P.VC

Depth
Simulator

(m)

20

40

60

20

40

60

20

40

60

20

40

20

40

60

20

40

60

Zw . ,
rider
(Z)

»100

"100

«100

«o

«100

*100

*100

86

58

96

94

94

»100

• "100

«100

Zw.
base

«0

-0

-0

'' . *100

=100

=100

»0

»0

14

42

4

6

6

=0

=0

»0

(m/m) ' (m/pass)

xlO10 [ xlO11 •

5 2.5

52 26

23.5 11.8

13.7 6.86

9.94 ' 4.97 !

22.9 11.4 !

42.5 • 21.2

65.7 32.8 •

115. • : 57.5 :

545 273 j

1980 986 !

106 ; 53

231 ! 115

254 , 127 j

62

• ' 52

158

31
j

79

UHMWPE » ultrahigh molecular weight polyethylene. This is an extrenely high
molecular weight high density polyethylene.

HDPE » high density polyethylene.

LDPE • low density polyethylene.
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The total dimensional loss would be approximately 5 am with almost

all the wear occurring on the ring.

Friction Measurements

Only very preliminary friction measurements were made at the highest

loads. They were obtained by measuring the friccional drag on the arm from

the crank-rocker mechanism and subtracting the fricticnal drag due to the

rocker shaft bearings and seals. Crag forces were measured under dynamic
i

conditions and the following friction coefficients u were obtained.

(rider + base) + water and sand

UHMPE on PVC u - 0.38

PVC on LDPE V - 0.81

PVC on PVC v - 0.25

LDPE on LDPE u - 1.0

LDPE on PVC v - 0.81

There are two important observations to be made here

(1) The values of y are high compared to metals and other

solids. (This is common for plastics because of

viscous dissipation in the matrix.)

(2) The value of u is completely insensitive to the wear

(rate). This is a well known fact in tribology.

Conclusions . '•'

The major conclusions to be drawn frcrm the wear tests are as

follows:

(1) Polyethylene piston rings on a PVC casing yield a situation in which all

the wear is on the piston ring. This is desirable because the ring is

a replaceable item.

(2) The wear on the polyethylene piston ring increases in the order
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ultrahigh molecular weight > high density > low density polyethylene.

The first material is obviously the best, but it is not generally

available and either of the latter two is preferable from a cost/benefit

point of view. The ring can be sliced from a polyethylene pipe with

appropriate diameter and should cost pennies.
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» 6.0

6.1

APPENDICES

Aooendix I

Maximum Possible

i

1

1

1

1

1

Flow in

•

Gal.

Gal.

Gal.

Gal.

Psi.

a 6"

it d 2

T~"

-f2.

(U.S

(Imp

(U.S

(Imp

.)

.)

.)

.)

Stroke

2

125"
12

2

x

.13368 ft.

.16710 ft.3

8.342 lbs.

10.427 lbs. of water

2.31 ft. of water

.1671

- x .5 x -

• .0737 Gal. (Imp.)

Drag Due to Leather Cups

Weight applied
60 lbs.

Weight of Handle
2.5 lbs.

Weight of Water 3 80 ft.

....I 245 lbs. water
40 lbs.'rod + added

weights
DRAG

80
80 - 3.93 ft.3

3.93 ft.3 x 62.4 lb./ft.3 - 245 lbs.

62,56 lbs. x 6:1 mech. adv. » 375 lbs.

285 lbs + Drag » 375 lbs. (for equilibrium)

Drag - 90 lbs.

Circumference of Dempster Leather Cups (Fig. 19) • 9.4 in.

Drag/In of Circumference - 9.6 lb./in.
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*T 6.2 Appendix II

I
Cost Estimate

8 It is not possible to estimate a cost which is applicable every-

g where and at all times. The plastics used in this construction are commod-

ity items and their prices vary with the periodic oversupply and shortage

which is characteristic of this type of production. The following cost

estimate is for a 60 foot well with casing and piston pump. Components
i

1 are costed approximately at prices which would apply for large volume pur-

| chases in North America in 1977.

1) Pedestal - 6 inch polyethylene pipe

I series 160 - 6 feet long 16.00

2) Pump rod - schedule 80 PVC

! 3/4 inch pipe - 6 feet 13.50

3) 4 schedule 80 3/4 inch socket couplings 2.50

4) 60 feet series 100 3 inch PVC pipe 25.65

5) Solvent cement 1.00

6) 1 increaser (3"-4") socket " 2.30

7) 2 4" socket-socket couplings 5.00

8) Spout and various top end items 15.00

9) Piston 5.00

10) Check valve .: 3.50

11) Miscellaneous (bolts, PVC rod, wood) 10.00

99.45

exclusive of costs of concrete.

. This estinate can only be regarded as a "ball park" figure because

very large discounts off list prices are available for volume purchases for

export. A North American producer could make the product out of imported
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•*s plastic resin which is available at very low prices in times of oversupply.

JSj), He would be exempt from effective duty if the fabricated products were

reexported and here cost could be substantially lower than that estimated

here. Conversely, the price will be much higher for manufacture in

countries with heavy import taxes and no local primary plastics production.



UNITED ICiTIONS CHILDREN'S FUND(UNICEF)
DACCA,

Report on the Final Evaluation of the
Pilot Project for Maintenance of Hand
pump Tubewells with people's participation

This has close reference to the interim evaluation(carried out at the
end of one year of operation) report dated 2.7.77 submitted to the
Chief Engineer by the committee appointed for the purpose.

As per recomaendation(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 Committee at their meeting held
on 4 January 1977. The comnittee constituted originally for the purpose
consisting of the following persons:

1. Mr. V. P. N. Nayar, WHO Chairman

2. Mr. A. Awal, UNICEF Member

3. Mr. Matiur Rahman, DPHE Member Secretary

4. Mr. M. Asghar, DPHE Member

5. Mr. M. A. B. Siddique, DPHE Member

was entrusted to do this evaluation.

The committee conducted field inspections of the project union hand
tubewells, union offices etc. and also interviewed local village^/.
beneficiaries, union chairaan, mechanics and caretakers.

A sumnary of the visits held on two days with a tabulated statement showing
the condition of tubewells inspected is enclosed.

A divisionwise summary of the tubewells maintained in few of the project
unions and a consolidated random survey of the same for the country as a
whole is also enclosed.

The following are the observations the connittec wish to make 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 tubewells(ahallow/deep set pump/deep wells) which are to be classified
as public, besides the tubewells in the private sector as well as those
constructed primarily for minor irrigation purposes.

Contd P/2

F"
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For drinking and other domestic purposes:

End 1977 . Shallow Dee-p Set

i-pprox. Public 5,30,000 2,000
Private 3,00,000
MOSTI 22,000
(irrigation)

With the ongoing programme of 155,000 shallow tubowells/5,000 deep
tubewells of the current Plan of Operations and the number proposed
under the approach plan period of 1978-80 tho figures will still
grow higher.

End 1980 Sh&Llcw 3eep Set Deep _

Public 4,88,000 9,000 16,200
Private 3,25,000
MOSTI 90,000

Y/ith the projections contcnplated as per C.H.P. exorcise these will
go still higher and by the end of 1985*

End 1985 Shallow Deep Set

Public 7,38,000 14,000
Private 4,00,COO
MOSTI 90,000

2,40,000 - (subject to funding by USAID)

In summary, by end 1985 the country would have approximately the
following numbers of drinking water and minor irrigation(usod for
drinking as well) shallow/deep tubewells that require the same kind
and quality of maintenance.

1985 Public 7,73,000
Private 4,00,000
MOSTI 90.000
Total 12,63,000
MOSTI 2,4O.OOO(US AID)
Total 15,03,000

If the purpose of providing these wells is to supply water at least
to a reasonable degree of satisfaction from considerations of
convenience, comfort and health, at least 80^ of the wells must be
in working condition all the time. That such a state of affairs to
be ensured needs tremendous efforts by way of trained manpower, spare
parts, logistics, funds and administrative arrangements need not have
to be emphasised.
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It was only in this context the DPHE/WHO/UNICEF jointly decided to
carry out a pilot project study on a country-wide basis.

The observations of the committee based on the compiled records,
visits to various unions, interviews etc. are briefly narrated below:

1) The pilot projects have been run to better standard of record
keeping, visits by LEs, conditions of naintenance of wells etc,
over the period from January 1977 to December 1977.

2) Reporting by officers at various levels had also improved
considerably.

3) Quite a few of the wells among those visited by the comoittee were
found to need little or no maintenance at the hands of the union
mechanics or by the beneficiaries.

4) Even on those that needed such maintenance, the off take of spare
• parts from the union raechanic(UP Office) has been generally low.

5) In most cases where repairs were needed, the people used to buy the
parts, those readily available from the local market and have the
wells repaired.

6) Caretakers were found to take an active role in routine maintenance
of wells in at least 25% of cases.

7) In most cases mechanics did not do sufficient motivation to have the
people agree to buy the parts from them and have the wells repaired.

8; L perfectly working pump with all parts intact was not often required
by the people -all that they wanted was something that would somehow
lift some water for them. In other words they preferred to have the
minimum and not the optimum maintenance done, obviously to save cost.

9) Use of the tubewell water for purposes other than drinking was still
rare except where other sources were totally absent/badly lacking.

10) Properly told and understood, the beneficiaries were prepared to pay
for the parts.

11; In certain 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.

12) Chairman were not easily available in many unions as they were often
called in for all kinds of thana/local meetings and functions nost
of the time.

13) Maps and records were found kept and naintained fairly well only
in few unions. Any way a start on proper lines has been made.

14) Pain+ing the number on the barrel of the pump for proper identification
wat aid done in most cases.



Findings

1. The availability of spare parts in the market at cheaper prices
could presumably be only to the thana aechanics disposing the
departmental free supplies for lesser consideration to them and
thus making some extra money for theueselves.

?. 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/- per well per year in the pilot project unions
tends -to indicate that large scale Governricnt spars parts issued
free of cost to the regular mechanics are finding an outlet in the
local market through the mechanics.

2. Reaction of the Union I'arishad - 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
unions do not have to pay. The system proves to be much suitable to
the local people and local condition.

3. The appointment of the Tubewell Attendents one for each Pilot Union
is found justified in view of othe area of each union, number of
tubewells, communication difficulties in the villages. This is considered
a right step in bringing services nearer to the people of othe rural
areas.

4. This is perhaps the first and right step tov.'ards having participation
of the people and the Government in the maintenance of .rural water
supply system which, however, may be -ultimately taken over by the

. people fully. The systcn will possibly fit nicely into the
maintenance of proposed rural sanitation system. Community participation
will be elaborated further in booklets.

ReccreceadaticpB

1. Adoption of the system for other unions

This system of maintenance of rural water supply should be adopted
nationwide. Extension to all other unions phould be nade. progressively
-phase-wise.

2. Appointment of Tubowell attendents

The pre-requisite for adoption of the above system is the appointment
of Tubewell Attendents one for each union, the earlier the better.



3. Training - The Tubewell Attendents when appointed, will need
comprehensive training on the basic principles of tubewells and
their raaintenance v/ith tools and bicycles. UNICEF in the meantime
has agreed to bear the cost of training, provide them with tools
andbicycles. •

4. Prices of Spares - The price of any spare parts should not exceed
lCfo of the purchase price of items fron the manufacturers and the
prices so fixed should be reviewed and revised if necessary at
least once in 6 months,

5. Storing: of Spare Parts - Ls in the case of pilot unions, spare
parts must be made available by DPHE to all union offices as distance
fron villages to thanas are often too great.

6. Motivational Works - Until the 1,644 tubewell mechanics, the proposed
4,500 Union Tubewell i-ttendents and the Caretakers of each well are
motivated properly -into the service aspects of the maintenance and
until the DPHS thana set up with stores is fully established with
adequate spare parts of standard quality, the technical control of
the DPHE over the Union Tubewell attendents nust continue.

7. Standardisation of Punps and Parts - To facilitate interchangeability
and availability of punp parts, DPHE in co-operation with the
Bangladesh Standard Institution should standardise the different
types of handpurips and advise the private nanufacturers to abide by
the design while nantfacturing then for private selling.

0. Stock Piling of Raw Materials - DPHE should prepare estimated
requirements of raw materials necessary for nanufacturing of the
apare parts on annual basis and inform the Trading Corporation of
^ angladesh for importing the raw materials especially the pig iron,
coke etc.



STATEMENT OF SPARE PARTS USED IN THE MAINTENANCE OF TUBEWELLS

IN THE PILOT PROJECT AREA

Pi lo t Project Area indicated by - A...
Adjacent P . * outside p i l o t project - B

Type of Project
I _ , SPARE PARTS USED

? T^sto"r7TBaseTHcaci T T
I rod I I C \ "a

SEP t Percentage \ Uni t cost
ise "Hicad T°"u 7- I n , | Nuts 8 ] o f running j o f repa i r

* „ J Handie \ Barrel :
 0 , , i T1, . ,. Y £ ij Cover { i J. Bolts j TH at any timet for I year

REMARKSf
year |

Name of subdivision:Jhenaidah
Peropd(Jan !76 to^ Dec ' 77 )
A. Porahati

Be Padnaker

87

55

Nene c f subdivis3on:Jessore Sadar
Period(0cc l76 to Dec !77)

A* Keshabpur

B. Tr icob in i

87

63

33

93

138

206

49

107

147

230

14

13

28

52

5

5

25

23

1

-

2

4

-

2

7

6

-

1

7 -

12

-

2

3

1

186

. 243

. 457

495

96#

100%

95%

96%

Tko4o09

Tk.14.63

Tk»18.26

Tk.34.10

fJacie o f subdivls lon:Ma}ura
Per iodUan *76 to Dec l 7 7 )
•L, Jag dot

B . Chu l la

Name o f subd iv is lon :Mara11
Per iod ( i5 Jan'76 to 31 Dec'77}

Ao Auria

B. Bhaddrauila

arce o f subdivision:Heherpur
Per iod( i7 Jan«76 to 31 Dec >77)

A^ Amjhud

B. Kutubpur

•

83

80

69

55

82

97

54

52

80

117

77

265

96

137

117

140

103

323

22

22

25

48

23

75

20

25

13

34

18

74

-

1

1

3

5

-

2

4

10

3

10

4

6

2

15

6

18

- •

1

~.

2

2

1

w

205

251

357

490

382

964

96%

100%

96%

99%

100%
95%

T k .C ,25

Tk.11,58

Tk.12.87

Tk.32.71

•

Tk.12.35
Tk.31.85



STATEMENT OF SPARE PARTS USED Iti THE MAINTENANCE OF TUBEWEILS

IN THE PILOT PROJECT
P i l o t P ro j ec t Area i nd i ca ted by - A

Adjacent U»P, ou ts ide p i l o t p r o j e c t - B

Type o f P ro j ec t I No.of t

I

SPARE PARTS USED
pJucketTSeat
I [ Valve

J PIunger \ P i s t o n l Base i! Hoadl \ fihndle
1 1 Rod I I Cover 1

\ Percentage \ IlnJt' cost j f
Bnrcel { Nuts « \ of running \ of repair I REMARKS

. I Bolts \ TW at any time I for 1 year}

Name of subdiv1sion:Myn!«Sadar($)
From 19 Dec »75'tV 31 Dec »77

A. Bailor 116

B. Kanthal 96

fJa-29 of subd5vislon.:MyiiioSadar(N)
Fron Jan*76 to 31 Dec, '77

A,' Douhakhala 76

8. Tarundia 81

Na/ne of subdivision;Kishoreganj
From Jan '76 to 31 Dec, «77

Aa Chouddasata 86

B. Binnati 44

Kane of subdivisionrJaiaalpur
From 1 Jan'76 to 31 Dec. '77

129

276

36

49

145

87

i 126:

319

45

63

124

149

38

76

10

1.6

39

49

35

39

10

19

23

38

2

3 2

2 3

6 6

13

139 86#

9 1065 87?

211

307

552

732

862

822

Tk. 9.81

Tk.33.82

Tk. 4.68

Tk. 8.94

Tk .13.90

Tk.36.44

A.

B.

Name

A.

8.

Kendua

Ti lpui lah

of subdivision:f;!etrakona

Chain sha

Rouha

110

111

59

63

220

234

91

139

238

231

59

144

d

102

50

22

38

ft

66

50

19

38

0

9

_

3

11

12

5

7

24

20

6

12

-

1

_

4

234

720

168

419

912

902

982

892

Tk.25.51

Tk.24.30

Tk.12.21

Tk.29.45



SUMMARY

STATEMENT OF SPARE PARTS USED IN MAINTENANCE OF THS THE PILOT PROJECT AREA/

Pi lo t Project area indicated by - A

Adjacent U.P, outside p i l o t project - 8

Type of Project i No» cf } Nos of | TTercentage of { Unit cost of J
I running TIJ at \ repair for \ REMARKS
I any time { one year I

SPARE PARTS USED
I Pro j ect I TWs I Bucket} Seat J Plunger fPUton I D plead { Handle! Barrel I Nuts~S

Valve J 1 i cover} 5 I Bolts
KWLf-IA C

A.

B,

DACCA CIRCLE

A.

B.

RAJSHAH! CIRaE

A.

B.

CHITTAGOfG CIRCLE

5

5

5

5

2

2

408

350

445

395

160

128

382

733

531

785

95

172

514

937

592

906

100

188

112

210

211

229

21

*7

81

161

153

184

9

37

4

13

2

23

1

2

14

30

17

30

2

7

19

52

33

62

1

17

5

7

18

-

1

1587

2443

956

3925

362

359

96? Tk. 11.10

99? Tk. 25.05

85%

100%

A.

B.

3

5

354

284

236

304

192

234

45

51

16

37 18

5

13

1

18

522

935

Tk. 13.95

Tk, 25,64

Tk, 6,86

Tk. 21,30

Tk. 8.30

Tk. 14.36

GRAND TOTAL
17 1367 1294 1398 389 259 7 38 54 6 3429

17 1157 1994 2265 537 419 55 80 149 26 7652

Tk. 10.81

Tk. 22.21



STATEIiEOT OF SPARE PARTS USED If) THE MAIHTEWAKCE OF TUBEWELLS

P i l o t Project Area ind ica ted by - A

Adjacent U.P. outs ide p i l o t p ro jec t

T iPr i p , + * N o ° o f *
T"pe of Project 1 j ^ -r

1 "S I
Name of subdivisions. Ctg. Sadar(N)
(Period 5 quarter)

A. Rangunia 64

B. Hosnabad 61

Name of subdivision:Ctq. Sadar(S)

A. East Gundandi 54

B. West Gundandi 59

Name of subdivision: Syl»Sadar
(Period 5 quarter)

A. Tukker Bazar 80

B.. Hatkhola . • 61

flane of subdivisiontHabiqanj

A. Deorgachi 98

B. Paikpata 50

Name of subdivision: Sunaracjani

A. Lakhansree 68

B# Aftabnagar 53

- B

Bucket

25

128

4

54

53

73

133

33

16

16

5 Seat-
l Valve
A

30

125

2

7

72

66

76

28

12

8

I PI unc

f

8

23

3

6

11

8

19

10

4

4

IN THE PILOT PROJECT AREA

SPARE PARTS USED
jor I Piston

\ Rod

4

22

3

-

1

8

6

6

2

1

\ Base \ Head .
\ \ Cover

1

6 6

: : .

2

~ —.

11 3

2

1 1

2

1

5 Handle

I

-
7

. .

4

•*

3

1

3

-

1

T Barrel jj Nuts &
\ I Bolts

- 99

455

2

156

1 117

221

- 239

69

65

i 33

| Percentage I
r o f running \
\ TW at any t ime}

100%

100%

100%

100%

100%

100%

100%

80%

100%

100%

Unit cost I
of repair \ REMARKS
for 1 year I

Tko 6.07

Tk.21«99

Tk. 1.39

Tk.10.41 ,

Tk.10J9

Tk.21.5B*

Tk.15.98

Tk.11.53

Tk,. 3.72 .

Tk. 4.38



Pi lo t Project Area indicated by - A

Adjacent U.P, outside p i l o t project - B

STATEMENT OF SPARE PARTS USED IHJHE MAINTENANCE Of TUBE'£LLS
IN THE PILOT PROJECT AREA

No. of jj
TWs {Bucket } Seat

I \ I Valve

J Percentage I Unit cost {
'I of running } of repair I REMARKS
\ J\! at any time I for 1 year I

Type of Project
SPARE PARTS USED

| Plunger 1 Pi ston
I Rod

J Baac Head j Handle! Barrel
Cover I 1

Nuts I
Bolts

Nano of subdivision: Pabna Sadar
From 21 Apr. '76 to 31 Oct. '77

A« Hanayetpur

B, Haligacha

fJane of subdivision
Fron 19 Apr. l76 to

A* Ullapur

B« Hohanpur

: Serajganj
31 Oct. '77

106

61

5*

67

. 59

108

36

64

53

118

47

70

17

34

4

13

6

25

3

12

2

1

-

4

2

S

1

16

284

212 100%

Tk. 6.21

Tk.29.67

76

147 100?

Tk. 8.13

Tk.13.68



a P.

FHOLPS Pr MTCHPU DISTRICT (CENTRAL RFGIpv)

This is a second survey on CSC funded boreholes, following the
first one done in Chiradzulu district - Southern Region - sometime
in Movember and December last year. A total of 16 water sources
of which all bar-one were boreholes (one was a safety well) were
surveyed under the following guide lines:-

1. The condition of different parts of the pump
2. Distance to potential sources of pollution (latrines)
3. Condition of the apron/slab
4. Condition of the drainage system
5. Contamination of the water system by coliform bacteria
6. The use of the boreholes.

Objective .

The main objective of providing the communities with boreholes
is to improve the health of the people by providing them vith clean
and safe water. After the provision of these water sources it
became essential to find' out whether they serve the purpose they
were meant for. It was also important to find out whether the
communities served appreciate such services..

Method Used

The appropriate way to study the feasibility of a borehole and
its service" to the community is to study the social structure of
of the community itself mainly the sanitary values it holds. This
study would in most cases have an influencing factor to the better
use of the borehole by the community.

Condition of the Pump:

This was determined by visual check of the pump-parts as well
as measurement of the pump flow. Pumping rate of 30 strokes per
minute was chosen as a standard. The quantity of water obtained
indicated the condition of the cup-leathers, valves and the condi-
tion of the rising main or both in some cases.

It was found out that 88*' of the pumps were of the climax
(wheel-type) type, with average best performance of 14 litres per
minute at the mentioned standard rate of pumping. The pump yield
is direct propotional to the length of the stroke..

DISTANCE TO THE SPAREST SOURCE OF POLLBTIO"

The potential sources of pollution taken into account were pit
latrines. These are the main pollution sources in Rural Areas save
septic tanks in mission stations where the survey was also done.
The distances were determined in most cases by using a distrance
metre gauge fitted on a fork of the bicycle with a wheel, so that
by moving the wheel on the ground, distance was recorded. For
accuracy, distances were run twice, i.e. to and fro the source of
pollution and the average was regarded as the accurate distance
indicated.

COyJDITIQM OF THE

After a successful drilling of a borehole and installation of
a pump, the drillers construct a 2x3 ft concrete slab around the
pump, formally the community is asked to extend the slab into an
apron as well as dig and line the drainage channel with a soak pit
at the end, some distance from the pump. However, need to construct
a drainage channel and a soak pit depends very much on the terrain
where the pump stands as well as the kind of soil available. Where
the pump stands on a hilly or domed, place with adequate slo^eness
around the construction of the mentioned becomes but a formality.
Likewise where the adequate slope is accompanied by clay soil which'
is impermeable. Therefore, the necessity to having an extended
slab and drainage channel depends very much on the position*of the
borehole in relation to the surrounding.

2/
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Classification of the condition of the apron was done as follows:-

: - Poor: The slab is worn out and suspended due to erosion; so that
't surface water soaks in around the hole* This condition is
' in most cases liable to contamination of the borehole water.

Fair: The slab is well protected by surrounding it with stones and
; soil to avoid accumulation of water in pools around the
! slab. If the extended slab (apron) is cracked, the condi-
• tion was regarded the same.
i

' - Good: The slab has been extended into an apron of approximately
I 3 metre (10ft) diameter; hence giving the central point
I where the pump is installed some kind of a dome shape. This
i enables the water splashes from the pu/r.p to run-off into the
! channel whence into the soak pit.

The classification of the condition of the drainage system was based
on the same pattern of the aprons.

- Poor: There is neither a drainage channel nor soak pit conse-
w quently - depending on the terrain - water accumulates
| around the slab into pools.

' ~ Fair: There is either a cemented on uncremented drainage channel
but with no soak pit or there is an uncremented/lined
channel with soak pit at a reasonable distance of 15 metres.

; or more.

• - Good: The drainage channel is lined with bricks or cement and
'• ends up into a soak pit at equally reasonable distance of
; 15 metres or more away from the pump.
i

; Bacteriological test

81# of the borehole (safety well inclusive) had their water tested
for the presence of coliform bacteria; by means of a portable
millipore incubator. Water is pumped from a sterilised pump out-
let or tap into a steritised graduated cup. Whence 1OOcc of water
is drawn through a tube fitted on the inlet side of .monitorr whose
out-let end is fitted to a syringe. Water is drawn in via a filter-
which has affinity to trapping bacteria by filtration - in the field
monitor and finally out through the out-let end of the syringe.
The appliance is then disconnected from the field monitor which is
then incubated at 35 +.0.5 centigrade for 24 hoars after introdu-
cing Endo-media on which the bacteria if any would feed on hence
be able to multiply. After this period of incubation the monitors
are removed from the incubator and colonies of coliforms are counted
and classifed as follows:-

- Good: *TQ colonies in 100 ml (100CC) of water
- Satisfactory: Less than 5 colonies of total coliform bacteria

present in 100 ml of water (100 c = c )
Suspicious: Between 5 and 20 colonies of bacteria present in

100ml of water.
- Contaminated: Over 20 countable colonies present in 100ml of water.
- Badly contaminated: Uncountable number of colonies.

j USE OF THE 30PEH0LE:
1 To determine how much used the borehole is, is rather subjective
\ and controversial; for it is mainly dependent on the time of obser-
: vation. Observation at peak points give a rather" true picture of
j how well used a borehole is whereas observation a low points could

give a distorted picture of this. However; a fev/ signs and details
around the water source help to build or justify the use of the

j borehole. These are:-

1. Condition of the foot-paths leading to the water source.
2. dumber of foot-prints the water source (This could be ques-

tionable as a few people could frequent the water source)
3« Pools of water and the wetness around the hole.
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The Criteria of classifying the degree of borehole use was based
on the number of people found drawing water; although in some
cases population figures of the villages served by the borehole give
some impression] of how well used a borehole is* Here we will base
our classification on the former.

Little used:

Fairly Used:

Either no one or only one person was found at the
borehole or arrived to draw v/ater curing our visi t .
The surrounding paths were.overgrown with grass and
absence of adequate wetness also indicated unpopula-
r i ty of the borehole. Usually an alternative source
with more palatable water compaired to the borehole
existed within ear-shot of the community's premises.
Salinity, smell and rust in the water are usually
refraining factors to borehole water use.

More than one person was pumping water during our
visit but less than five people.. Paths and the
drainage channel indicated that many people use the
borehole regulary.

Veil Used: At least five people arrived at the site for pumping
water during our visit. The sorroundings clearly
indicated that many people use the borehole.
Usually a village or villages were seen near the
borehole at roughly 200 metres away-

OBSERVATIONS

In order to visualise our observation at a go, it would necessitate
to put them in a tabulated form; thereafter detailed description
would followJ-

4/
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SURVEY OF BOREHOLES IN NTCHEU DISTRICT

H0HE-E01Z; iPOPULATION
. HO- 1 LOCATION i'SBRVED

S1I 22 | Dombole ; 500
j Schoo l - : p e o p l e

YEAR {
DRILLED'

PUMP
TYPE

DONOR
FLOW IN j DISTANCE ; CONDITION! j RESULT OF
LITRES/WIN: TO LATRINjl! OF APRON : DRAINAGE WATER TLol

USE OF

1975/
1976 Climax EZE 56m Fair

L 243* ; Senzani 1 ' \ Climax| - 4.2 70m Fair

Fair

Poorly
kept

Satisfaotory

BOREHOLE.. [REMARKS

Well
Used I i'ater very

Rusty

Suspicious Well Pools of water
Used :around cat t le

drink from
over-f lov.'S.

R 83?
(SK 166)

; Ntonda i 260

i < s 'W e 1 1) i people

FP 161 . Solomoni ; 2,000
Lazj.ro • people

1978 j P res i - ! Dev.of
i _ent ; Health 17.3
j i Centre

| Services

90m Good

1974/ |
1975 ! Climax' E . Z . E J 1«

R 83* ? ! Diwiza. vgej 553
i ; people

} 197 ! Climax ? 9.4

14m

14m

Fair

To be !
extended !

ooirta-
minuted

Roll
Used Water i s clear

Fair Satisfactory

Fair Poor

'well
Used

, I'luddy • + unk ep t

Fl-I 551 |KholaH.U. I 300 | 1977/
• : per day j 1978 Climax j ICCO 9.1

Manjawira \ 1,246
| people

1968/
1969

R 77* doc
people

FP 1

1969/
1970

28m

B & C
i Bread for
. the world 5.5

Climax
_42m_

270m

Fair

Fair Fair

I Skspioloas Well
User1

Krall 5K away

Badly
Pair

Well jvicight misplaced
Usv'.d bines puoping is

•difficult.

Senzani
II

1973/
1974'

Li-
1

Climax : E.Z.E. 13.6 14m

FC 136* iGongolo | 399
people

i 1973/
i 1974

• Danchur-
Climax : ch aid 6.7 91m

Fair Poop

Badly conta- Well
minatgd [ used
Badly conta- Well
rninatcd I Used

jstroke been
jreduced
iV/ater tested
from tap

Good tFair

Fair iFair

Suspicious i VJell
Used

Surrounding clean
save for unlined
•drainage

Badly conta-
minated Very rusty

water

3 / * • • •<
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3CRE-H0LE
NO,

IOCTTON : p o p U L l ' l T I 0 ^ YE^R - PUI- IP 'nmn'? P L 0 'A ' I N I DISTANCE ' CONDITION j RESULT OP j USE OP
" : SERVED ! DRILLED' TYPE <umUli LlTRES/lIIN TO LATRINE; OF APRON DAINAGE 1 WATER TE.iT BOREHOLE REIIARKS

R 86

3K 23 A

155A

X 1

R 88

! Ganya
: S c h o o l

Gowa
1 School

1969/ !
1970 I Climax' EZE 9.1 i 100m I Pair

.4

Poor
j Badly con- ! V.'ell
taminated 1 Used

1975/ : Climax ICOO '. 12.1

i^6 ; J J
I Penga-
' Penga

400
people

; 1970/
A r\i A •

.1

1
T

1971'

PC 78 ' L i b v a l e z i 502
j School , peop le

Climax) DANCIilJR- 8 . 5
CHAID

1971/ ' Climax DANCinjR-
1972 i CHAIDj

i Iluwalo
; School

1969/
197O1 Climax EZE

; Beni : 1010 ; 1969/
, Chauya^ ; peopie j ^70'

Climax EZE

28n

60m

12m

70m

Fair

Fair

Pair

Good

Poor

Pair

Not
ess&ntial
Good,

Badly cort-
taminated

Badly con-,
taminated

Poor
: Not
Tested

Pair

Poor

Not
Tested

Well
Used

Well
Used

Not
I Tested

Borehole
pump frequen-
tly out of
order

Ne;vly replaced
pump.

VJater is
Clear

Borehole out
of order

Borehole out
of order

Borehole out-
of order

6/.



Among the 16 boreholes surveyed, one is a safety well dug by
C.S.C. well digging team. This project was not quite finished, what
remained was sterilization of the well and pump and completion of
the storage tank.

Of the 16 boreholes, borehole L243 is a D.D.C borehole. The
reason fcr having surveyed this borehole was the fact that it sub-
sidises borehole ^o.FP1 within the same big village -~ Senzani. It
was also found that the boreholes at Manjawira and Diwiza had the
same number R83. Ve believe this was a mistake done by the drillers.
Later on the office records showed that Manjawira borehole bears
two numbers R83 and SM166 whereas borehole.R83 at Diwiza is not a
C.S.C. funded borehole. This is funny.

POPULATION

The population served by the borehole is in some cases the totals
of the population of the surrounding villages served by t^t o*r>ti-
cular borehole and in some other cases the enrollment of a. school
where most of the pupils are d^y scholars. In most cases the popu-
lation given give a general impression of how well used a borehole
is. Although it aoes not necessarily mean that all the people would
depend on the borehole for their water. Alternative sources are in
many cases available and some people would depend on these because
of either their nearness, quality of water in comparison to the bore-
hole w,ater.

(*Tote: T h e figures shown were obtained from population census records
at the District Commissioner's 'Office).

PUMP TYPE

88^ of the pumps were of climax type with 4jf'! stroke. These
are very durable pumps but expensive. Little problems could be
expected from these pumps. A common problem observed during this
survey was that the leathers of the glands were worn out in most of
them; so that considerable amount of water was being wasted through
the glands.

i Of the 16 pumps observed one is a P^e61'dent (Limani) pump with
f 8" stroke fitted on a safety veil. This is equally j durable and solid
! pump with the best observed flow. The other -pump observed was a
i Brown and Clapperton hand pump at Manjawira* Nor.r.ally this pump
; has a 3"-4" stroke. It was funny to find that this particular pump
i had 2^" stroke.

Generally speaking most of the pumps looked well maintained
for 81% of the boreholes were functioning. Thanks to the maintenance
team.

YIELD

The best time to test borehole yield is during driest time of
the year i.e. September to November. However tests done a few months
after the rainy season would at least give some needed information.

The mean maximum yield for a climax pump is 14 litres per minute
whereas the minimum could be taken as 4 litres per minute taking 30
strokes per minute as a standard. Only one borehole FP1 at Senzani II
village indicated a yield rounded off to this; whereas the rest fell
within the two dead-lines. The President pump fitted on the safety
well, showed a very high yied. This is obviously because of the
longer stroke but could also be because of the reservoir in the safety
well which does not exist in the boreholes. The Brown and Clapperton
hand pump had one of the lowest yields despite the well maintaining
of the pump because of the reduced stroke.

7/
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TO SOURCE OF POLLUTION;

The recommended distance to a source of pollution is 30 metres
(100ft). However; this minimum distance is meant to be no more
than a guide to good practice and may be increased depending on the
position of the pollution source in relation to water source i.e.
whether up or down slope from it, the kind of soil whether permeable
or impermeable and underground streams.

25% of boreholes situated less than 30 metres from a pollution
source were found to be either under suspect or contaminated. However
6 boreholes (38%.) were-found to be under suspect or contaminated
despite the fact that they were situated beyond 30 metres from the
source of pollution. This could be because of either soaking of
dirty water through the unprotected surface or infiltration or see-
ping through of the bacteria in sandy soils run by underground
stream*.

POSSIBLE CAUSE OF POLLUTION

Mtonda Safety well - Lack of treatment of water with chlorine after
completion. The pollution might have originated
from the diggers.

PM551 Khola Health Unit - Lack of a proper apron ana drainage channel.

R83 Manjawira - Pools of water around the borehole. Borehole situa-
ted down stream from some houses.

I?77 Msipe Mission - Borehole situated down slope from the school
(and possibly septic tank)

FC136 Gongolo - Borehole situated downslope from houses nearby.
The soil is sandy.

K86 Ganya - Vaterpool. around the borehole inadequate apron and
poor drainage.

SM23A Gowa School - The short distance from teachers' houses and

latrines, situated up-slope* The soil is sandy.

R8 3 Diwiza - A cattle Kraal situated some 5m . away from the source.

USE OF THE BOREHOLES
All functioning boreholes were well used save Borehole ^To.

FC136 where we found no people at a l l ; the reason being the water
is very rusty. A few people were seen carrying water from the near-
by r iver .

The following are the number of people we found drawing water
at the boreholes during our v i s i t .

SM22 Dombole - 40 people at 11:12 a.m.
L 243 Senzani 1 - 2 0 people at 12:10
R83 Diwiza - 14 people at 12;O5
PM551 Khold H Unit - 8 people at 4:50 p.m.
FP161 Solomoni Lazaro - 25 people - at 3:35 p-m.
R 83 Manjawira - 30 people at 11: 30
R77 Msipe - ^o people because the engine was in operation. People

draw water after the tank for the missionaries is full
at 10:00 a.m.

FP1 Senzani II - 5 people - at 1:40 p.m.
FC136 Gongolo - Mo people - at 11:35
R 86 Ganya - 5 people - at 3:00 p.m.
SM 23A Gowa - r t pupils-at 1:00 pt.m.
Y 155A Penga-penga - 10 people - at 5:40 p.me
R88 Beni Chauya - *To people. Borehole breakdown*
X1 Muwalo School - *TO people. Borehole breakdown.
FC78 Libvulezi School - *>To people. 3orebole breakdown
^tonda safety well - ^o people. Over head concrete tank under cons-

truction - at 1:50 p.m.
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IMPRESSION FROM THE SURVEY

1. There is no feeling of' ownership of the boroholes among the people.
2. In some cases people do not know who to approach in case of

borehole breakdown.
3. Sanitary values are in most cases still less realised to commu-

nities provided with boreholes.
4. Hygine comparison between borehole water and other water from

unreliable sources is. very limited.

SUGGESTIONS A^D FUTURE PLATTS (Subject to discussions)

1. After a successful drilling of a borehole and installation of
a pump, it would be important to hand over the borehole to the commu-
nity in order to establish a sense of ownership among the people.
This system has shown to be very effective in the Gravity piped water
scheme. Most of the times people have a tendency to take care of their
own property better than of others, it is for this reason that this
point is emphasized.

2. The community should-be informed of the responsible office who
would be approached in case of pump breakdowns. Two fair examples
of places where villagers had no idea of who to approach when their
pumps could not work are:- Libvulezi School. Borehole FC78 and Muwalo
School. Borehole. X1 . When the Ntcheu maintenance team was approa-
ched later it was found out that they never received any report
from the villagers about that.

3. The community need to be educated in order to appreciate Sanitary
values. The cleanliness of the borehole surrounding is very essen-
tial. There is equally need to warn the people of the danger of
establishing pollution sources near the boreholes.. This situation
happened at Diwiza where a cattle kraal was about 5 metres away from
the borehole. It is not suprising that the v/ater there is contami-
nated.

A. People need to be discouraged from using water from Unreliable
sources Md. be encouraged to use the borehole water despite some
qualities in connection with unpalatability.

PROBLEMS:

1. Since some boreholes have been found to be contaminated, a way
has to be found to get rid of this by means of treatment. However;
this will not help if there is a permanent source of pollution
nearby. In order to achieve this it would be necessary to improve
the aprons and the drainage system of the boreholes.

2. One of the other problem to be looked at seriously is that of rust
in the water due to oxidation of iron ions (Ferric ions) in the
water. Although calcuim hydroxide is the thought of chemical for
such a problem,method of application still remains a problem.
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