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Adequate sﬁpplies 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

" Znhabitants in the 90 developing countries surveyed in 1970 have access to

regular water supplics of acceptable quality., Data published in the World
Health Statistics Report (1973) reveale that the situgtion in the South-East
Asian region i8 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 18 indeed a difficult one.

The conventional approach to the solution of many rural water supply
problems congsisted in adapting a scaled down version of hardwarf and tech-

rology éOmmonly adopted in the urban situation. In technologically developed

- countries which also had the advantage of a better economy,'tQis adaptation

-

rocess did not create any special problems., . However, when 4 same was
P : P P 99

- extrapolated to the relatively underdeveloped regions, it wgsiéeen that these

solutions were seldom succegsful. TFor example, secveral rural aress in Thai-
land are provided with the conventional type of water treatment system con-
sisting of coagulation, sedimentation, filtration and disinfe'dtion. .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 ifnoperative or were performing defectively, Similar find-

Y
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ings have also been reported by WHO., A major reason for the failure of manyA't:.

of these village systems is the lack of skilled personnel for operation and
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f.'qing surface water for rural communities has been developed at the Asian

maintenance of sophisticated processes end equipment. It is then appareant

.- that rural water supply problems as well as any other rural development

3 progrem may require an entirely different approach £rom the urban situstion,

“A gsimple and inexpenecive two stage series filtration system for treat-

" Institute of Technology and put into operation at several locations in South-

-cast Asia (FRANKEL, 1974). The units at present use a gasoline pump for

lifting the water from the surface sources to the f;lter. Since éump repair
facilities are not generally available in most rurai areas ig this part of

the world, it was believed necessary to look for alternative pumping devices
that ere simplé in design and construction and require little skilled atten=-

tion. Furthermore, it was considered an added advantage from the point of

" view of poorly developed areas, to render the pump independent of conven-

tional motive means such as gacoline and electricity. The prinhipal ob-

jective of this work was, therefore, to identify and evaluate'simple pump=
1 .

'ing techniques that would not be subject to same limitationd %s their more

sophisticated and commercially available counterparts, Theéégéign, construc~

L]

tion and performance evaluation of a simple and inexpensive'pum?ing device
that would be suitable for a rural water supply syétem serving ; small com-
muﬁity was to form the major part of.the.wofk.. In order'to m;ximize the
benefits from the present research it was also desired to co;;ider other gim~
pléopumping devices with a view to evaluate their suitability to rural service
under different conditions. This latfer aspect was accordéd-only secondary
importance in this study consistent with avallable resources for the work.

The following sections briefly.repoft on the early part of this

investigatien.
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“RIA FOR SELZCTICN OF PUMP TYPES FOR THE STUDY

A water treatment system plagued with frequent breakdowns is as much
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 is

¢ pump failure (WAGNER'and LANOIX, 1959). 1Most community water supply systems

currently operating in the rural afeas use either gasoline or electric pumps.
Occasional pump failures inevitably occur in all cases. Repair and mainte-
n;nce of these pumps require ghe services of technically skilled personnel,
Such spgcialized skills are, however, not readily available in most rural
ereas in the region, It, therefore, becomes.neceésary, when pump fzilures
occur, to tske the units to the nearest town whe?e repair facilities are
usually located. Experience indicates that quite often this entails total
disruption of water supply extending over'aeVeraiAdays or even Yeeks. Provi-~
sion of stand-by pumps 1s beyond the financial resources of mosk villages
since these pumps, being mostly imported!items, afe father gxge;sive. In
order to miniQizc disruption of water supply due to pump faé%iée it appeared
that the purp should be simple enough so that repairs cduidibg‘carried out
b)} the villagers themselves at the point of u.se. e

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 mzjor 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 biilion (THANH, 1974). In view of the

.



Climited availability of finzuce it is not unfeasOﬂable to conclude‘that
ti more cmphzsis ghould be placed on developing inexpensive systems, A prag-
“ matic approach would be to encourage incorporation of locally made compo-
‘nenta to the maximum extent possible. To be practicable at the village level
_this would necessitate simplicity of Aesign and construction, even at the
- expense of efficiency, and the use of locally available materials. In so far
" as the objective 18 to provide aﬁ acceptable service with available resources
to the maximum number of pecple rather than to bring high quality service to
a nccessarily sﬁalle: number, such an approach would seem to represent a via-
ble solution to the rural water supply problems in the South-east Asfan region.
Many rural areas, even in the less developed parts of Asia, are, tcday,
endowad with a supbly of electricity and/or gﬁsbline which are the most com-
mon power sources for the commercial pumps. Consideration of mére primitive
sources of energy such as human or animal power for purposes sugh as water
11fting might, from this point of view, sgém rather out of dat%# When one
recognizes the fact that the hardware usi;g electric or gaso%};é power ag
¥71}

- energy source necessarily consists of sophisticated componenEéygoo complex

1

for production and maintenance locally, it is;seen that this is not the case.
At é;esent considerable'intérest is evident in the developmeﬁt:and exploita~-
tion of naturzally avallable enargy in wind power,vsolar radiaeion etc.
Because of the limited avallability of funds needed for such work of a more
fundamental nature, and a.desire to expedite fhg availability of the results
from this study, attention was concentrated iﬁ the search for a manually

operable device. A supply of human lator caﬁ generally be relied upon in

-most areas of South-east Asia, where .mass unemployment is a major.problem.



Apart £rcm the abéve criteria, dictated primarily by the technological

" and economic limitaticns of the rural‘areas, the pump selection process is
also influenced by the specific requircmeﬁt of the contemplated servige to

B which it 1s to be put. The primary source of water in the South-east Asian.
AAregion 15 surface water requiring some form of treatment, The water supply
syster: can, therefore, be expected to incorporaﬁe a central treatment facili-
ty. Such indeed is the case in many of the existing syestems. The service
required of the pump is, then, to raisé the water from the surface source to
thé inlet to the treatment unit, The volumetric capacity and lift of the

pump should be such as to be gultable for this duty,

T, &
~ o

#Cy A T
-—

P



‘i STINCTION AND PRELIMINARY DISIGN OF A MANUAL FUMP FOR RURAL COISUNITY WATER

<L SUPRLY

Having decided upon the essential attributes of the desired pumping

afildevice, a search was initiated to find a suitable pump that would best satis-
ofy these constraints. Available information on the variéus types of pumping
;':devices common1y~;ecommended for rural water supply systems was collected.

| Pertinent characteristics of the different pumping devices were reviewed

;t‘ with a view to evaluate their conformance to the selection criteria. Table 1

J presents a summary of the main characteristics ana assegsment of the more

cormon varieties of surface-type pumps used in rural water.supply systems,

Rural water supplies can 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 fér direct

consumption. A distribution system may or may not be availabfe§ (2) where

!

individual users draw their own supplies from the source foq;éirect consump-

- .t
U.
tion without treatment, ’ -'-";‘

. N ) R}
At many locations in Thailand and other parts of South-east Asia, the

.

most readily avallable natural supplies of water are from surface sources

and these vaters usually require treatment to remove turbidit; and harmful
wicroorganisms. This would seem to require a ceantral facilig;?and therefore
the pumping device to be selected should be suitable fof incorporation in

" such systems, Of the commonly available types of puwmps only the electri-

cally or gasoline driven pumps with their relativély large capacities seemed

to be suitable for such servicesljhthe 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
s )
Pump CONSTANT DISPLACEMENT VELOCITY
tain type Hand Pumps Vind, Motor Dri- | Chai c
Charac- an mpSs 'ind, Motor Dri- hain or Con- s P '
teristics Plunger Type ven Plunger Type tinuous Bucket Rotary Pumps Centrifugal Action
f .
Efficiency Low: 25%-60% . Low: 25%-60% Low "Good" 50%-85%
range .
Operation Very simple Simple Very simple | Relatively simpld Relatively simple
Maintenance Simple, but valves Same as hand pump; Simple Relatively easy, { Requires skilled
and plunger require Maintenance of Mo- but requires re-| attention
attenticn tor difficult in gular attention
rural areas :
Capacity : ‘ ‘ . e
liters/uin 10-50 40-100 15-70 - 25-10,000 B
Head, meters Low Up to about 60 Low Up to 80 meters Vide range
meters .
Power sourcé Manual Wind or motor - Hand; animal, | Manual, wind, Combusticn engine,
wind, motor motor electric motor
Cost Low Low Yederate Modcrate Moderate to high
Advantages Low Speea; easily | Low cost; simple; | Simple; easy Reliable service | Reliable service
understood by un- zgy;sgeed_‘ to operate and | life, relatively | 1ife; wide range
skilled people;, — L e | maintain easy to operate | of capacities and
low cost and maintenance | heads
Disadvantages | Low efficiency; Low efficiency; Low efficiency;i Moderately high | Unsuitable for

limited capacities
and heads

maintenance of
motor difficult
in rural areas

limited use

cost

manual or animal
operation; high

cost; difficult

maintenance




. wataer frem source to individuazl users.,

When the rural water supply literature fziled to yileld a suitadble wa~

'*i'ter iifting device fulfilling the criteria ocutlined in the previous gection,

the search was widened to the fleld of firrigation, A large number of de~
vices widely used in various pérts of the world were reviewed but none of
them appeared to be adaptable for raising water above ground. A closer

&

scrutiny of recent developments brought to our attention a manually operated

~ foot-pump evolved at the Agriculturzl Engineering Department of the Inter-

national Rice Regearch Institute (IRRI), Phiiippines. ,Being intented for
irrigation usé thé pump apparently could deliver water at rates required in
a community water supply system., The pump in the original design consisted.
basically of two canvas bellows reinforced with metal inserts, and a'qis- _
chacge box. When operated by oni man it could 1ift 180-240 litéréxlf :;gei
: wd DUF
" through 1 to 2 meters (KHAgzdf;75). The basic configuration offthe IRRI
pump was selected for further development in order to design algump for sim-~
ple rural community water supply systems} A o ?'

Even prior to gdapting the IRRI foot-pump, a bellow fypiagLvice driven
byba bicycle-pedalling mechanism had been conceived and test;di' Unfortu~
nately, the collapsible rubber bellow which consfituted the pum;kng element
could not stand up to the pres;urea developed within during th; pumping cycle
for significant lengths of operation. In the IRRI basic d»sié;, this funda-
mental defect of a bellow has hopefully been corrected by use of a metal-

reinforced canvas bellow which, according to the original designers yielded 3

- a rugged design with a long life.
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reliminary Declon of Manual Pedal Pump for Rural Community Water Sunply

The original IRRI ‘pump was designed in such & way that the pump body

needed to be partially submerged during operation, This feature was consi-

. dered undesirable for the service contemplated in the present study and there-

fore the design ¢f the pump was modified by providing external suction lines

"._to deliver water to the bellows. Yoot valveg on suction lines were substi-

P

- tuted for the original inlet valves in the bellows. Figure 1 f{llustrates

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 intoc the discharge-box which is connected to the rising pipe. The

‘Lellows are supported at the bottom by a base plate which is fixed to a wooden

| 5 1Y

veme., The box plate and the discharge-box could be made of metal plates,
dut sheet metal was desired as the construction material for th@ firstwmodel,

Pump sizing in the pfeliminary design was based on certafn.assumptions:‘
1]

It was recasoned that the moet likely use of the pump prfd be for

nl

village systems serving a population'of up to 1,000. This do&s not, however,

g
preclude use of the pump at least as & stand~by unit in larger systems to

guard agalnst possible disruption in service due to failure of the regular

pump, If it is supposed that the per-capita daily consumption of water ex-
i te
pected in the rural environment is 50 liters and that the average dailly pump-

"~ 1ng hours could be something like 8 hcurs, then the capacity of the pump

~ghould be about 100 liters per minute., Assuming oa an average 15 atrokes

per minute the pump should deliver approximateiy 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 this require-'l

‘ment.
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Fig. 1 « Manually 6perated Foot Pump for Rural
. Community Water Supply - ‘¢
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On the basis of existing water treatment systems of the two-stage fil-
" tration type it secemed rcusonable to expect that the pumps would be expected
"7 -to raise the water from the source through a head of about 5 to 7 meters.

:"Asauming this 11ft the theoretical power requirement was about 0.1 to 0.15

D ‘ !
|- wHP. The actual requirement would be higher depending on the efficiency of

5; ‘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 1i-
terature is.from 0.1 to 0.4 uUP (VITA, 1973). 1t would then seem that one or
two persons operating the pump could probabl; deliver the required volume

through the 5 to 7 meter 1ift, The pump can indeed be worked by one or two

B

persons. In the design of the preliminary prototype model it was assumed

‘that two persons would be operating the pump  simultaneously.

&
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. THE TUSTING PRCCEDURE

Pump testing in standard pump practice is carriecd out to determine the
head-~discharge relationship and the energy efficiency-discharge velationship
" .which in turn can be used to define the cptimal 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 ke expected that the volumetric discharge is directly related to
the apeed of operation or number of strokes per uﬁitAtime rather than to the
head. Assuming that the rate at which energy can be expenéed by a human be~
ing for sustained leugths of time to be more or legs constant under standard.

- conditions, variation in the number of strokeé per unit time i3 to be ex-
pected for oparation at different heads. In the experimental stgge both
variation in the frequency éf pumping strokes and the discharge, will be
studied for different pumping heads. For'a given head the disgharge as a
functicn of hours of pumping will also be determined so as té}%ﬁtain reliadble
data to estimate optimal pumping hours for the operator. AlI'é&berimental
runs are to be replicated by having.several persong t§ operate the pump 80
that the results will represent average values to be expected ih field use

rather than an individual operator's performance. Despite these precau-

tions the results, nevertheless, will remain to a certain extent qualitative.

s e ——
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ADDITIONAY STUDY: INZRTIA 2uLil?

In addition to the footécperated bellow pump, the study will &ico ine

clude investigations on the performance of a proposed modification of the

simple inertia hand pump. The inertfa pump (DAWSON, 1969, VITA, 1972) {is

' ’an extrcmely simple device for 1ifting water from upto 3 or 4 meter depth.

The proposed modification i3 with a view to recovering part of the eneryy
that would otherwise be lost during the downward stroke of the puxp. The
punp configuration under consideration is shown in Figure 2, The flywheel

ie to be dxiven by a bicycle type drive.

~~
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